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Abstract:This paper introduces a compact, dual-band antenna for critical 

biomedical imaging and satellite communication applications. The antenna 

is designed to be extremely efficient at two primary frequency bands: 2.27 

GHz – 2.47 GHz, which is particularly optimized for biomedical 

applications like microwave imaging for stroke diagnosis and tumour 

detection, and 3.48 GHz – 4.57 GHz, which covers the C-band for satellite 

communications, including 5G NR mid-band and radar systems. The design 

prioritizes high radiation efficiency, stable gain, and compactness, making it 

very appropriate for both implantable medical devices and satellite ground 

station applications. Through meticulous examination of return loss, 

bandwidth, and radiation patterns, the paper demonstrates the antenna's 

robust performance and reliability, emphasizing its promise for critical 

applications in healthcare and communications technologies. 
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Introduction

 
The need for compact, high-gain antennas that can function across multiple frequency 

bands has risen markedly in recent years [1]. Biomedical imaging and satellite 

communication systems, in particular, demand efficient and compact antenna 

structures to improve performance in their applications [2]. 

Microwave imaging serves as a non-invasive diagnostic tool in biomedical 

applications for identifying irregularities such as strokes and breast cancer [3]. It is 

particularly suitable for such purposes to use the 2.27 GHz to 2.47 GHz frequency 

range, as it can penetrate human soft tissues with minimal attenuation and produce 

high-resolution images [4]. Due to its compatibility with biological tissues, this 

frequency range has been extensively researched and is considered highly appropriate 

for medical diagnostics [5]. 

 

Simultaneously, the frequency range from 3.48 GHz to 4.57 GHz is 

categorized as part of the C-band, which is commonly utilized in satellite 

communication systems, such as ground station links, meteorological observation, 

and radar applications [6]. The growing need for satellite communication systems that 

operate efficiently and without interference has propelled research into compact 
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antennas with consistent performance across the full frequency spectrum [7]. Mid-

band 5G NR and radar technology have a particular focus on the C-band, 

necessitating the creation of antenna structures that are both effective and resilient [8] 

. 

2 Proposed Desgin 

 The proposed compact dual-band microstrip patch antenna operates at 2.27–

2.47 GHz for biomedical imaging and 3.48–4.57 GHz for satellite communication in 

the C-band. The antenna, built on an FR4 substrate, demonstrates efficiency, stable 

gain, and a wide bandwidth, making it suitable for medical and satellite applications. 

Its compact design offers flexibility and reliability in essential systems. 

a. Antenna Design Structure 

Built on an FR4 substrate (εr = 4.4, thickness = 1.6 mm), the proposed dual-band 

antenna is optimized for two essential frequency ranges: 2.27–2.47 GHz for 

biomedical imaging and 3.48–4.57 GHz for satellite communication. To ensure a 

compact form factor and high radiation efficiency, the design uses a rectangular 

microstrip patch with custom modifications to achieve dual-band functionality. 

Impedance matching is accomplished via a coaxial probe feed, and a partial ground 

plane with strategically positioned slots improves bandwidth and radiation 

performance. In order to achieve further miniaturization of the structure, slots and 

stubs are added. This allows for dependable functionality across both frequency bands 

while maintaining performance, thus making it highly appropriate for advanced 

medical diagnostics and satellite communications Systems. 

 
                                     1(a)                                               1 (b) 

Fig.1.a)TopViewb) Radiating Surface View 

 

b. Configuration and Parameters 

Using ANSYS HFSS, simulations and modelling of the single-port microstrip patch 

antenna were conducted to assess its performance across two frequency ranges: 2.27–

2.47 GHz, appropriate for biomedical imaging, and 3.48–4.57 GHz, suitable for 

satellite communication. The antenna was built on an FR4 substrate (εr = 4.4, 

thickness = 1.6 mm), and its performance was assessed using key simulation 
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parameters: S11 (return loss) for impedance matching, VSWR (with a target of 

VSWR < 2) to confirm impedance matching, gain and directivity to assess radiation 

efficiency, radiation patterns to evaluate directional performance, and bandwidth to 

define the operating range at both resonant frequencies. 

3. Outcomes and Conversation 

a. Signal Antanna Design Results 

The S-parameter graph (S11) demonstrates the return loss behavior features of the 

single-port microstrip patch antenna that has been optimally designed for biomedical 

and C-band satellite applications.  

The results of the simulated response indicate the presence of two separate resonating 

frequency bands Resonating at a frequency of 2.437 GHz and an S11 parameter of 

−22.03 dB, the biomedical imaging antenna achieves effective impedance matching 

and minimizes reflection. With a working bandwidth of 2.27–2.47 GHz, it is suitable 

for applications such as tumor detection and stroke imaging.  

The second resonance occurs at 3.825 GHz, with an S11 value of −27.08 dB. Its range 

is from 3.48 GHz to 4.57 GHz, which falls within the frequency used for C-band 

satellite communications. This band is appropriate for uplink (5.925–6.425 GHz) and 

downlink (3.7–4.2 GHz) operations, providing secure communication for satellite 

technology-dependent applications. 

 
                                          Fig. 2. Antenna S11 Frequency 

The lower S11 values recorded at every resonance indicate effective impedance 

matching and efficient radiation performance, thus validating the antenna's 

appropriateness for dual-band use in biomedical imaging and satellite 

communications systems. 
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b. 2D GAIN 

A fundamental characteristic of an antenna is its gain, which indicates how well it can 

direct emitted energy toward certain directions. The antenna exhibits gain 

characteristics at the operating frequencies of 2.4 GHz and 3.6 GHz, making it 

suitable for a range of applications including Wi-Fi, Bluetooth, biomedical imaging, 

and satellite communication.  

With a frequency of 2.4 GHz, the gain pattern is almost omnidirectional, making it 

suitable for effective short-range communication. At a frequency of 3.6 GHz, the 

radiation pattern takes on a more directive nature, making it appropriate for satellite 

communication uplink/downlink and 5G applications.  

 
Fig.3. 2D Gain 

With a maximum gain of approximately 4 dBi, the antenna exhibits strong 

radiation efficiency. Minor variations in gain across angles indicate the presence of 

slight nulls in the radiation pattern, which should be factored into placement 

optimization. In summary, the antenna’s dual-band functionality and stable gain 

performance make it well-suited for applications requiring consistent signal 

strength and directional precision. 

c. 3D GAIN 

The antenna's total gain, ranging from -9.8 dB to 9.9 dB, is illustrated by the 

color bar in the 3D gain radiation pattern, which shows a spatial distribution of this 

gain. The red color indicates the areas of maximum radiation (high gain), while the 

blue color denotes the regions of minimum radiation (lower gain or nulls). The 

antenna's ability to concentrate gain in a specific direction makes it suitable for highly 

directive communication systems such as satellite communication, radar systems, and 

5G systems.  
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Fig.4. 3D Gain 

The regions of low gain (indicated in green and blue) correspond to side 

lobes and nulls, which can impact the overall radiation efficiency. The pattern aids in 

analyzing beamforming performance and coverage efficiency in practical 

applications. 

d. VSWR 

The Voltage Standing Wave Ratio (VSWR) is a fundamental parameter in 

antenna design, reflecting how efficiently power transfers from the source to the 

antenna while minimizing reflections. The plot of VSWR against frequency illustrates 

how well the antenna can match impedance across a specific range of frequencies.  



 

4. 
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Fig.5. VSWR 

 

When the VSWR ratio is below 2:1, it ensures optimal matching conditions, 

resulting in minimal power loss and maximal radiation efficiency. The graph 

illustrates different resonance points at which VSWR values reach their lowest, 

signifying frequencies at which the antenna operates with high efficiency and no 

reflection. High VSWR values at certain frequencies point to impedance mismatches, 

which lead to greater power reflection and reduced efficiency.  

4.   Gain, Vswr, and Radiation Pattern Evaluation 

The antenna's performance is evaluated by measuring its gain, Voltage 

Standing Wave Ratio (VSWR), and radiation pattern at both operating frequencies.  

4.1 Gain Analysis 

The antenna demonstrates a stable gain at both resonant frequencies, 

signifying effective radiation characteristics. The maximum gain values allow for 

effective signal reception and transmission, making it very suitable for its intended 

applications.  

4.2 Examination of Vswr 

The VSWR values at the two resonant frequencies are consistently below 2, 

indicating appropriate impedance matching and minimal reflection losses. This 

situation allows for the transfer of maximum power between the antenna and the 

corresponding system, thus minimizing signal degradation. 

4.3 Analysis of Radiation 

  The radiation pattern illustrates the antenna's directionality, demonstrating 

consistent performance across both frequency bands. The pattern verifies that there is 

stable radiation and even coverage in the desired directions, with minimal distortions. 

The results validate the effectiveness, stability, and double-band features of 

the antenna with optimal electromagnetic properties for multiple applications.  
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5. Conclusive Results 

The antenna discussed above has undergone thorough performance testing at 

two resonant frequencies, confirming its suitability for multi-band communication 

systems. The gain at the two operational frequencies indicates effective radiation and 

minimal loss, which guarantees efficient signal transmission. With a VSWR of under 

2 at both frequencies, this indicates effective impedance matching and minimal signal 

reflections, thus enhancing overall efficiency. The antenna is appropriate for directed 

communication due to its stable and directional radiation pattern.  

It is designed to be compact and optimized, which guarantees high efficiency 

while occupying little space. The results confirm the antenna's ability to provide dual-

frequency operation with stable and dependable performance, rendering it a suitable 

choice for diverse wireless communication systems. 
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