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Design of an elliptically-slotted patch antenna for multi-purpose wireless 
wi-Fi and biosensing applications 
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A B S T R A C T   

Radio frequency (RF) biosensor research is advancing in the medical point-of-care diagnostics field with the 
increased demand for smart adaptive contactless RF biosensors for a holistic tailored healthcare provisioning 
including cancer detection. This paper introduces an elliptically-slotted patch antenna (ESPA) designed to 
perform optimally in biosensing applications. The verified performance shows resonance frequency difference of 
the ESPA is 2.5% compared with the primary slot-less patch antenna of 6.6%. Hence, the proposed model 
compares with the conventional slot-less patch antenna, demonstrating a significant improvement in its band
width efficiency by over 62%. The fabricated ESPA yields a total gain of 6.75 dBi at 2.74 GHz. This novel 
biosensing antenna is suitable for bio-sample detection and signal transmission applications. Moreover, the re
ported novel ESPA will support multipurpose sub-6 GHz 5G/Wi-Fi 6/6E (2.4 GHz, 5 GHz, and 6 GHz) point-of- 
care diagnostics wireless data transmission and connectivity for medical applications. This system’s miniaturised 
size enhances a compact, portable label-free, reliable, real-time detection with a cost-effective fabrication. The 
highly sensitive ESPA satisfies the minimum size, weight and power-to-cost (SWaP-C) requirements.   

1. Introduction 

In the rapidly evolving landscape of wireless communications, there 
is a growing demand for multifunctional devices capable of serving 
varied applications while conserving space and providing optimal per
formance [1]. A critical component in the arena of wireless communi
cation systems is the antenna, a device responsible for transmitting and 
receiving electromagnetic waves [2]. The development and integration 
of compact, efficient, and broadband antennas are essential to ensure the 
robustness and versatility of modern communication systems [3,4]. 

Patch antennas have emerged as a preferred choice for many wireless 
applications due to their low-profile, ease of fabrication, and compati
bility with integrated circuits. Traditional rectangular and circular patch 
antennas have long been the focus of research and have found wide
spread applications in Wi-Fi, satellite communication, and various other 
wireless systems [5–7]. However, the need for antennas with broader 
bandwidth, dual-band or multi-band operation, and unique radiation 
characteristics has spurred research into more complex geometries and 
configurations [8,9]. 

Slot antennas have been utilized in many different applications and 
provide a number of benefits. Different antenna slot designs are 

examined, and they offer the further benefit of allowing for required 
bandwidth modifications [10]. In order to function in the sub-6 GHz 5G 
bandwidth of 2.32 GHz-5.24 GHz, an ultra-wideband antenna based on a 
redesigned ground plane is provided [11]. It has also been suggested to 
use elliptical/circular slots [12], T-shaped slots [13], L-shaped slots 
[14], and numerous other forms of the slots incorporated in the antenna 
geometry targeting multiband operation [15]. The elliptically-slotted 
patch antenna is one of these novel designs that has gained popu
larity. In today’s diversified wireless environment, their unique struc
ture makes it possible for them to have expanded bandwidth and several 
resonant frequencies [16]. Specifically, the incorporation of elliptical 
slots in the patch not only provides a means to introduce multi-band 
operation but also offers an opportunity to tailor the radiation pat
terns to cancer detection and bio-sensing applications. 

Furthermore, with the growing interest in the field of bio-sensing, 
where antennas play a pivotal role in sensing biological parameters 
and ensuring communication between sensors and devices, the need for 
multifunctional antennas has never been greater. The capability of 
elliptically-slotted patch antennas to operate at frequencies relevant to 
both Wi-Fi communication and biosensing applications can lead to 
groundbreaking advancements in integrated wireless health monitoring 
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systems [17]. For instance, the use of radio waves and intense magnetic 
fields to identify the variation in energy absorption rate birthed the 
magnetic resonance imaging (MRI) technique. This method enhances 
picture quality with the introduction of contrast liquid into breast tissues 
and is excellent at late-stage cancer cells diagnosis [18]. Existing liter
atures have shown lower values of permittivity and conductivity for 
fatty tissues and higher values for the glandular tissues with the breast 
tissue [19]. With the assistance of its electrical property variations, radio 
waves can detect the existence of small malignant tissues in a rapid, 
sensitive and specific way. Due to the emission of non-ionising radiation, 
patients favour microwave-based breast imaging methods. This method 
considers the variation in the electrical properties (such as permittivity 
and conductivity) of each tissue, depending on the water content of the 
tissues. These properties are exploited to detect tumour presence from 
the healthy host tissue, as malignant tissues possess more water and 
thereby higher permittivity than other tissues [2,20]. The return loss 
(S11) and the dielectric properties corresponding to each biotic specimen 
varies under RF/microwave frequencies, and antenna biosensors exploit 
this feature for sensing. 

The proposed first-order ESPA design yields a total gain of 6.75 dBi at 
2.74 GHz. With a digitally assisted reconfigurable nth-order ESPA, very 
low resonance frequency differences would be achieved at the respective 
resonant frequencies for the infinite approximation and the finite sub
strate. This would enable the sub-6 GHz Wi-Fi 6E bands (including 2.4 
GHz, 5 GHz, and 6 GHz) to be realised on-demand. Its functional sig
nificance is in the seamless connectivity of the growing number of de
vices in the world. The potential high directivity of the proposed ESPA 
design promises to enhance 5G-enabled point-of-care diagnostics and 
other vertical use cases applications. Moreover, a frequency shift due to 
the fringing fields around a patch antenna makes it seem longer. 
Consequently, the general design rule-of-thumb is to trim a conventional 
patch antenna by typically 2–4% to enable it to resonate at the desired 
centre-design frequency. The presented novel ESPA obviates the need 
for an undue antenna sizing by optimising its elliptically slotted fractals 
to account for the potential fringing fields near its radiating surface. 

This paper is organised as follows. Section II presents the elliptically- 

Fig. 1. ESPA System on Finite Ground.  

Fig. 2. ESPA System (Back View).  

Fig. 3. Instantaneous Electric Field Current of the ESPA Model.  
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slotted patch antenna system design, including the system design pa
rameters, and its various configurations. Section III shows the simulation 
and experimental results as well as detailed discussion on the fabricated 
models. The paper is concluded in section IV. 

2. Elliptically-slotted patch antenna design 

The foundational designs of patch antennas were primarily rectan
gular or circular microstrip patch antennas. These structures offered a 

Fig. 4. Instantaneous Magnetic Field Current of the ESPA Model.  

Fig. 5. Current Distribution Magnitude at 2.6 GHz.  
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basic level of efficiency, simplicity in design, and compatibility with 
integrated circuits. However, they were typically narrow-banded and 
required a larger surface area. 

To address the inherent limitations of traditional patch designs, 

researchers began to investigate slot-based modifications. Initial slot 
designs were straight cuts or circles, which provided slight improve
ments in bandwidth. The elliptical slot was introduced as an innovative 
approach to further enhance the patch antenna’s bandwidth and multi- 

Fig. 6. Current Distribution Magnitude at 2.8 GHz.  

Fig. 7. Current Distribution Magnitude at 3.0 GHz.  
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band capabilities. The elliptical shape’s inherent geometric properties 
allowed for enhanced electric field distributions, enabling the antenna to 
resonate at multiple frequencies. 

The primary advantage of using an elliptical slot over a regular patch 
was the possibility of multi-resonant frequencies [2]. This made the 
design particularly appealing for applications that required dual-band or 
multi-band operations. Additionally, the elliptical slot provided an 
enhanced impedance bandwidth, making it more versatile for various 
communication applications. The novelty of the elliptically slotted patch 
antenna is in its good correlation between simulated and real-life models 
and the very low resonance frequency difference (2.5%) between the 
finite and the infinite grounds approximations compared with the con
ventional patch antenna (6.6%). The ESPA model improves both the 
finite and infinite substrates, thereby eliminating the need for the 
geometrical size of the finite substrate to be increased to achieve the 
infinite approximation. 

This novel ESPA configuration enables reliable, small footprint and 
portable antenna systems for multipurpose real-time label-free bio
sensing and Wi-Fi 6E applications to be developed [21]. With its reduced 
resonance frequency difference, the novel ESPA fractal is suitable for 
embedded circuit-emulating non-invasive and non-ionising radiation 
sensing implementations. Moreover, the directivity of the ESPA 
configuration changes with the different dielectric substances that 
interfere with its field distribution. This is a more appealing alternative 
for specific conventional wireless biosensing transducers and very 
promising for biosamples identification, selectivity, and profiling. The 
design technique adopted for the ESPA subsystem development is 
amendable to digitally assisted multiband, multi-standards reliable, 
small footprint/form factor and portable RF antenna for Wi-Fi 6E and 
cellular narrowband IoTs applications [8,22]. 

2.1. Patch antenna configuration modelling 

A model geometry of the proposed novel elliptically-slotted patch 
antenna (ESPA) system is shown in Fig. 1. The elliptical slot is designed 
at the centre of the patch to detect the variations in the performance of 
the antenna with the introduction of a biological sample in it. 

The substrate is a Rogers RT duroid® glass fiber reinforced poly
tetrafluoroethylene (PTFE) composite designed for microstrip circuit 
applications. The actual patch component is a substrate-centralised 
elliptically-slotted copper metal with a thickness of 1-1.6 mm. The 
ESPA system is excited with a pin such as a Subminiature version A 
(SMA) connector. The ESPA feed assembly is a coaxial cable or probe 
feed is from underneath through the ground plane as shown in Fig. 2. 
The outer conductor of the coaxial cable is connected to the finite 
ground plane and the centre conductor passes through the substrate to 
the patch antenna. Figs. 3, and 4 present the instantaneous electric and 
magnetic currents of the ESPA system at 2.8 GHz. 

Figs. 5, 6 and 7 depict the magnitude of the current distributions of 
the ESPA system at 2.6 GHz, 2.8 GHz and 3.0 GHz respectively. 

The models of various geometrical shapes are created at the centre of 
the patch to find the appropriate design for biosample sensing by 
comparing their performance. The CAD model of the rectangular slotted 
patch antenna (RSPA) with 5 mm length and 2.5 mm breadth; square- 
slotted patch antenna (SqSPA) with 5 mm per side; and spherical 
slotted patch antenna (SpSPA) with 5 mm radius shown in Figs. 8, 9 and 
10 respectively. 

Mathematically, the resonant frequency, fr of an RF/Microwave 
rectangular patch antenna is given by: 

fr =
1

2π
( ̅̅̅̅̅̅

LC
√ ) (1)  

where the inductance L initialised into the design through the pin feed 
and C is capacitance which is directly proportional to the effective 
permittivity and effective area whereas which is inversely proportional 

to the thickness of the dielectric substrate. RF range extends from 20 
KHz to 300 GHz and commonly used for radio communication purposes. 

The parameters which influence the properties of a microstrip patch 
antenna include the length (l) and width (W) of the patch, height of the 
substrate (h); and dielectric constant of the substrate (ϵr). The operating 
(centre-design) frequency, fc, is regulated by the length of the patch and 
given by: 

fc =
c

2l
/( ̅̅̅̅ϵr

√
) (2) 

Fig. 8. Rectangularly-Slotted Patch Antenna (RSPA).  

Fig. 9. Squarely-Slotted Patch Antenna (SqSPA).  

Fig. 10. Spherically Slotted Patch Antenna (SpSPA).  

J. George et al.                                                                                                                                                                                                                                  
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where c is the speed of light in the vacuum (ms− 1), (ϵr), the relative 
permittivity of the substrate. 

The width of the patch, (W), is derived using: 

W =
c

2fr
/( ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(ϵr + 1)/2
√ ) (3) 

The dielectric constant or permittivity of the substrate is a significant 
parameter that modulates the fringing fields of the antenna and subse
quently affects the radiation. The effective dielectric constant, (ϵeff )

takes into account the fringing fields extending beyond the physical 
dimensions of the patch: 

ϵeff =
ϵr + 1

2
+

ϵr − 1
2

⎛

⎜
⎜
⎝

1
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
1 + 12 h

W

√

⎞

⎟
⎟
⎠ (4) 

As the permittivity lowers, it leads to broader fringes, which aid to 
attain preferable radiation. Lower permittivity values have better an
tenna efficiency and lower impedance values. However, the potential of 
higher permittivity to reduce the antenna’s size is exploited by many 
fields and gives patch antenna more attention in designing field. 

This section’s investigational procedure validates the elliptically 
slotted patch antenna model’s quality with other geometrical structures 
instead of an ellipse. The performance of a rectangular shape at the 

Fig. 11. Reflection Coefficient vs Frequency of RSPA.  

Table 1 
Performance analysis of RSPA .  

Performance Parameter RSPA values on Finite Ground 

Frequency at 50 Ω impedance 2.74 GHz 
Gain 6.75 dB  

Fig. 12. Reflection Coefficient response of SqSPA.  

Table 2 
Performance analysis of SSPA .  

Performance Parameter SSPA values on Finite Ground 

Frequency at 50 Ω impedance 2.74 GHz 
Gain 6.75 dB  

J. George et al.                                                                                                                                                                                                                                  
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centre of the patch is modelled, and the corresponding reflection coef
ficient versus frequency graph is shown in Fig. 11. 

The rectangular slotted patch antenna (RSPA) resonates at 2.86 GHz 
on the infinite ground and 2.74 GHz at the finite ground, thereby 
yielding a 4.1% difference in resonant frequency. Though the centre 
design frequency is selected as 2.79 GHz, the RSPA system exhibits the 

same reflection coefficient of approximately -9.1 dB at a frequency of 
2.81 GHz. This result depicts a precise performance analysis of RSPA, 
showing that the ESPA model has preferable behaviour than the RSPA. 

The performance responses of the RSPA to the impedance magnitude 
and total gain are shown in Table 1. The second pattern, which explored 
for the comparison is a square shape and the centre of patch antenna 
modelled such a way to generate a square slotted patch antenna 
(SqSPA). From Fig. 12, the resonating frequencies of the SqSPA model 
are 2.84 GHz on the infinite ground and 2.74 GHz on the finite ground. 
The resonance frequency difference for this model is about 3.8%, which 
is better than RSPA; however, it is not as efficient as the ESPA model. 
The finite and infinite response of SqSPA system resonates together close 
to the design frequency at a reflection coefficient value of -9.5 dB. 

Table 2 illustrates the performance of SqSPA. From the values, it is 
clear that the potential of SqSPA displays a better performance 
compared with RSPA. The third structure, which modelled and analysed 
in this section, is a spherical model at the centre to place the biosample 
and its performance in terms of reflection coefficient versus frequency 
shown in Fig. 13. Unlike other geometrical shapes, the spherical model 
exhibits a significant frequency shift from the designed frequency and 
thus not suitable for biosensing applications. However, the patch an
tenna resonates at 2.77 GHz on the finite ground and 2.68 GHz on the 
finite ground, resulting in a difference of 3.2% in its resonance fre
quency. Though it yields an acceptable difference, the same reflection 
coefficient of -9.1 dB occurs at a frequency of 2.72 GHz. 

Table 3 illustrates the performance of SqSPA. From the values, it is 
clear that the potential of SqSPA displays a better performance 
compared with RSPA. 

Fig. 13. Reflection Coefficient vs Frequency of SpSPA.  

Table 3 
Performance analysis of SpSPA .  

Performance Parameter SpSPA values on Finite Ground 

Frequency at 50 Ω impedance 2.68 GHz 
Gain 6.75 dB  

Fig. 14. Differences in ESPA models based on radii on Reflection coefficients.  

Fig. 15. Differences in ESPA models based on radii on Mismatch loss.  

Fig. 16. Differences in ESPA models based on radii on Impedance Magnitude.  

J. George et al.                                                                                                                                                                                                                                  
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2.2. Performance of ESPA on radii differences 

The radii of the ellipse to create the ESPA model selected has a major 
axis of 5 mm and a minor axis of 2.5 mm. The difference in the reflection 
coefficients, mismatch loss, and impedance of ESPA is summarized in 
Figs. 14, 15 and 16 respectively. 

From this, it is clear that the basic ESPA model’s radius is better 
compared with other radius choices. The slots’ effect in a rectangular 
microstrip patch antenna is affected by the increment in the slot size and 
can decrease antenna frequencies. The second-order model is shown in 
Fig. 17. 

Figs. 18 and 19 show the third-order configurations with various 
positioning of the ellipses. However, the second method of third order 
ESPA was designed so that three ellipses joined together towards the 
centre of the patch. 

Fig. 20 shows the fourth order ESPA with four ellipses on the patch 
with a distance of 20 mm and 14 mm between the centres of ellipses 

horizontally and vertically, respectively. 

3. Result and discussion 

3.1. Antenna gain and efficiency 

The antenna efficiency (or radiation efficiency), ϵR can be written as 
the ratio of the radiated power, Pradiated, to the input power, Pinput , of the 
antenna: 

ϵR =
Pradiated

Pinput
(5) 

Fig. 21 shows the plot of the antenna gain vs frequency. At a design 
frequency of 2.8 GHz, the gain of the designed antenna is approximately 
6.2 dBi. 

Fig. 22 shows the axial ratio of the designed antenna. The lower axial 
ratio value is due to the bespoke geometry design and feeding 

Fig. 17. Second-Order ESPA System Model.  

Fig. 18. Third-Order ESPA System Model.  

J. George et al.                                                                                                                                                                                                                                  
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mechanism of our antenna. 
The total efficiency, ϵT , of an antenna is the radiation efficiency, ϵR, 

multiplied by the impedance mismatch loss of the antenna, ML, when 
connected to a transmission line or receiver (radio or transmitter). This 
can be summarized in equation: 

ϵT = ML × ϵR (6) 

Considering a centre design frequency of 2.8 GHz, source excitation 
of 1 V, 0∘, 50 Ω, this yields an input power of 0.02 W. The radiated power 
(Fig. 23) at 2.8 GHz is approximately 15 mW. The mismatch loss at 2.8 
GHz (Fig. 24) is 0.95. The radiation efficiency is calculated to be 0.75. 

Therefore the total efficiency, ϵT, at 2.8 GHz, is given by:ML×

ϵR=0.95× 0.75=0.7125=71% 

3.2. Performance of CSPA versus ESPA 

The outstanding potential of electronic technologies exerted into the 
biotic field to understand the physiological variations in the body and 
ultimately leads to the development of biosensors. The active sensing 
part that acts as a biosensor in this investigation is the patch antenna, 

and the performance of conventional slot-less patch antenna (CSPA) is 
compared with the elliptically slotted patch antenna (ESPA). The 
model’s operating frequency is selected as 2.79 GHz with a frequency 
range of 2.6 GHz and 3.0 GHz. The design specifications of this first- 
order ESPA model is in Table 4. 

The models of both antenna systems are created, and the perfor
mance is analysed on finite and infinite grounds. The infinite system 
designed such that the ground is a planar multilayer substrate with layer 
one as a perfect electric conductor (PEC) with a thickness of substrate 
height whereas, a homogeneous, free space medium is considered for 
finite ground design. Figs. 25 and 26 give the reflection coefficient 
response for CSPA and ESPA systems respectively. 

The resonating frequencies of CSPA on the infinite ground are about 
2.87 GHz and 2.70 GHz on the finite ground. This conventional patch 
antenna system introduces a general difference of 5.9% in its resonance 
frequency. However, the designed ESPA model resonates at 2.83 GHz on 
the infinite ground and at 2.74 GHz on the finite ground with a reso
nance frequency difference of about 3.1%. A considerable improvement 
of almost 2.8% of the CSPA model is achieved using the proposed design. 
Any sensor design based on electromagnetic principles should exhibit an 

Fig. 19. Third-Order ESPA System Model (Closer Approach).  

Fig. 20. Fourth-Order ESPA System Mode.  

J. George et al.                                                                                                                                                                                                                                  
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acceptable interrelationship with simulated and real-life models. The 
concurrence of reflection coefficient values on infinite and finite 
grounds of CSPA is approximately -6.0 dB (Fig. 25) whereas, it is much 
better in ESPA with -11.0 dB (Fig. 26) at the operating frequencies. 

The geometrical size of the ESPA system modulated such that it 
emulates with the infinite estimation as the practical implementation 

follows the simulated designs. The system is flexible in terms of its 
weight and portability and even allows the merging of designs based on 
meta-materials, improving the bio-sensing capabilities. The impedance 
magnitude of the ESPA system is shown in Fig. 27. In any given RF 
design, there is a factor that opposes the designed system known as 
impedance and the proposed ESPA model achieved a characteristic 

Fig. 21. Antenna Gain vs Frequency.  

Fig. 22. Axial Ratio of designed antenna.  

J. George et al.                                                                                                                                                                                                                                  
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Fig. 23. Radiated Power vs Frequency plot.  

Fig. 24. Mismatch loss vs Frequency plot.  

Table 4 
Design specifications of the first order ESPA model .  

Model Parameter Value (mm) 

Patch Width 46.8 
Patch Depth 33.2 
Substrate Height 2.87 
Substrate Width 80 
Substrate Depth 50 
Feed Distance 8.9 
Feed Radius 0.65 
Minor Radius of Ellipse 2.5 
Major Radius of Ellipse 5  

Fig. 25. Reflection Coefficient response (CSPA).  

J. George et al.                                                                                                                                                                                                                                  
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impedance of 50 Ω at a frequency of 2.74 GHz. 
To improve the power transmission from source to load, an imped

ance matching circuit is a crucial criterion in biosensors development. 
Such a design leads to a balanced system with less interfered signals in 
bio-sensing applications. Fig. 28 depicts the ESPA system’s radiation 
pattern with a total gain of 6.75 dB in the vertical orientation. 

Fig. 29 give the reflection coefficient versus frequency for the 
second-order ESPA configuration. The second-order model resonates at 
about 2.66 GHz on the finite ground and 2.74 GHz on the infinite ground 
with a resonance difference of about 2.9%. Second-order model exhibits 

a 0.2% drop in its difference from the first-order ESPA with a frequency 
shift of almost 0.1 GHz. The simulated model with two ellipses generates 
the same reflection coefficient of -9.8 dB at 2.69 GHz. 

The characteristic impedance of 50 Ω appears at the resonating fre
quency of 2.66 GHz on the infinite ground and is shown in Fig. 30. It is 
evident that the correlation of impedances on the finite and infinite 
ground occurred at 2.62 GHz with the same impedance magnitude of 
89.8 Ω. The second-order system’s radiation pattern is linearly polarised 
with a total gain of 6.0 dB at 2.8 GHz. 

Fig. 31 shows the frequency response to the reflection coefficient of 
the third-order configuration. This model’s resonating frequency shifted 
away from the designing frequency to about 2.64 GHz with a reflection 
coefficient value of 15.05 dB on the finite ground. The third-order 
resonating frequency on the infinite ground is almost 2.72 GHz with a 
reflection coefficient value of -14.5 dB. The resonance frequency dif
ference is further reduced by about 0.4% from the second-order 
configuration and which is approximately 2.5% in the third-order 
configuration. The models give the same reflection coefficient of about 
-9.8 dB at 2.68 GHz. Both second and third-order models show similar 
reflection coefficient values at the matched models with an approximate 
difference of about 2 dB from the basic ESPA model. 

The impedance magnitude with characteristic value is exhibiting on 
its resonant frequency with a 0.09 GHz from the first-order model and 

Fig. 26. Reflection Coefficient response (ESPA).  

Fig. 27. Impedance Magnitude of the ESPA System.  

Fig. 28. Radiation Pattern of the ESPA System at 2.8 GHz.  

Fig. 29. Reflection coefficient response for the second-order ESPA 
configuration. 

J. George et al.                                                                                                                                                                                                                                  



e-Prime - Advances in Electrical Engineering, Electronics and Energy 6 (2023) 100368

13

shown in Fig. 32. 
The radiation pattern shows a similar gain as that of the second-order 

ESPA system. Fig. 33 represents the frequency response of another third- 
order model with variations in the alignment of the ellipses. The system 
shows same resonance difference in both models with three ellipses 
irrespective of the location. However, there is a significant change in its 
reflection coefficient values compared with the prior model. The finite 
model resonates with a reflection coefficient value of 12.4 dB, whereas it 
is about -11.7dB for the infinite model with the same value at -9.35 dB. 

The third-order model resonates at 2.66 GHz, which is about 0.13 
GHz away from the designed frequency (Fig. 34). This frequency shift 
attributed to the presence of more ellipses at the rectangular patch. 

Fig. 35 shows the reflection coefficient versus frequency of the 
fourth-order configuration. The model with four ellipses on the finite 
ground resonates at 2.65 GHz and on the infinite ground resonates at 
2.71 GHz. The resonance frequency difference is reduced to 2.2%, which 

is about a 0.9% drop from the first-order model. 
The first-order ESPA was designed to work on 2.79 GHz, but it is 

resonant at 2.74 GHz. It is evident from the further order configurations 
that the resonant frequency shifts away from the design frequency. As 
the number of ellipses increases, the fringing fields around the antenna 
contributes to the frequency shift. Fig. 36 shows the fabricated ESPA 
fractals. 

3.3. Experimental procedures and proceedings 

This section introduces the designed patch antenna’s experimental 
and test procedures (Fig. 37). The major requirement for the model’s 
testing is the spectrum analyser, and used in this project is N9917A 18 
GHz FieldFox Microwave Analyzer, provided by Keysight Technologies. 
The patch antenna connected to the analyser through N9910X-701 
Rugged phase-stable cable of Type N (m) to Type N (m) and the coax
ial adapter provided within the analyser kit. The S11 parameter values of 
the fabricated patch antenna are available on the spectrum analyser and 
shown is in Fig. 38. From Fig. 38, the presence of reflections from the 
antenna is visible. The variations in the expected results from the 
simulation indicate certain reflections from the patch antenna. This is 
mitigated by designing an impedance matching circuit at the antenna 
with the assistance of Advanced Design System (ADS) software provided 
by Keysight Technologies. The block diagram of impedance matching 
concept with the antenna is given in Fig. 39. The source used for the 
antenna is usually a standard source of either 50 Ω or 75 Ω, and the 
design based on the operating frequency of 2.79 GHz. To make a new 
schematic of the matching network design, the input impedance to the 
antenna at the working frequency is required. Table 5 shows the fre
quency vs S11 values obtained from ADS. 

A graphical representation of the reflection coefficient values with 
respect to the frequencies from 1 dB to 5 dB are shown in Fig. 40. The 
value of S11 parameter before matching shows -1.629 dB at 2.79 GHz. 

Fig. 30. Impedance magnitude plot vs frequency.  

Fig. 31. Frequency response in relation to the reflection coefficient of the third- 
order configuration. 

Fig. 32. Impedance magnitude with characteristic value.  
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The S11 values of the antenna measured from the spectrum analyser, 
is used for matching. The conjugate of the impedance at operating fre
quency is added to the desired location within the smith chart section 
and thereby selecting an appropriate network from the options provided 
by ADS. A low pass LC network is selected so that it passes only the 
desired frequency and neglects all other higher frequencies that reflects 
from the load. An inductance of value 5.23 nH and a capacitor of value 
1.761828 pF is designed with the assistance of ADS software and 
simulated the S11 response for antenna and obtained as in Fig. 41. 

Fig. 42 shows the S11 response after matching. There is an enormous 
improvement of -14 dB at a frequency of 2.6 GHz after impedance 

matching. 

3.4. Performance of ESPA with complex dielectric properties of 
biosamples 

The dielectric properties of biosamples can be introduced into the 
ESPA model by creating a cylindrical shape at the centre of the ellipse. 
The properties such as density, relative permittivity, loss tangent and 
conductivity are initiated into the cylinder at the ellipse centre to behave 
like a bio- sample for the simulation. 

Fig. 43 indicates the frequency response comparison of the first-order 

Fig. 33. Reflection Coefficient response of Third- Order ESPA (Closer Approach).  

Fig. 34. Impedance response of the Third- Order ESPA (Closer Approach).  

Fig. 35. Reflection Coefficient response of the Fourth-Order ESPA.  
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Fig. 36. Fabricated ESPA models.  

Fig. 37. Measurement setup for the ESPA.  

Fig. 38. Measured S11 response of the ESPA.  
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ESPA on the finite ground and the ESPA with the properties of blood. 
The finite ESPA with a single ellipse resonates at 2.74 GHz, and the 
model with blood properties resonates at 2.75 GHz with about -31.5 dB. 

Fig. 44 shows the reflection coefficient versus frequency for the basic 
ESPA system and the system with the dielectric properties of fat at the 
centre of the ellipse. The ESPA with fat resonates at about 2.74 GHz 
which is similar to the previous one but, with a significant variation in its 
reflection coefficient value of approximately -30 dB. The variation in the 
values of reflection coefficients are critical as this is responsible for 
detecting the changes in each bio-sample. 

Unlike contrasting with the ESPA on the finite ground, the frequency 
response of two bio-samples such as blood and cortical bone with their 
dielectric properties are shown in Fig. 45. 

The choice of microstrip patch antenna for the biosensor design 
helped the proposed design to provide a miniaturised size for the system. 
A thick dielectric material with a smaller value of the dielectric constant 
can produce better radiation efficiency. However, the minimum size, 
weight and power-to-cost (SWaP-C) requirements present challenging 
design considerations. The lower the SWaP-C design solutions, the more 
the conceptual design and the mission objectives align together. Hence, 
the presented ESPA antenna finds extensive multipurpose communica
tion and biosensing applications in co-operative satellite-cellular 
convergence ecosystem networks, Integrated sub-6 GHz 5G/Wi-Fi 
communication systems need multipurpose transceiver frontend an
tennas to operate with the SWaP-C design objectives. 

The fabrication cost of patch antennas is comparatively lesser than 
other traditional antenna models and enables mass manufacturing. The 
lightweight and robust nature of the microstrip patch antenna enhances 
the system’s possibility to be used in real life. However, spurious radi
ations because of the patch, slots, feed points, and any other connection 
points may affect the overall efficiency of the system. Moreover, the 
dielectric and conductor losses, along with cross polarisation radiation, 
affects the system negatively. Another major area of concern is the lower 
power managing capacity and intrinsic lesser impedance bandwidth. 
The introduced system holds several advantages over disadvantages. 

Table 6 shows a comparison of the designed patch antenna with 
other states of the art antennas within the sub-6 GHz frequencies. 

4. Conclusion 

This paper presents the design of an RF multi-band elliptically slotted 
patch antenna for cancer detection and bio-sensing applications. The 
proposed system consists of various order configurations with the 
insertion of more fractals, exhibiting a significant improvement in its 
resonance differences on finite and infinite grounds. The sensitivity of 
the system is tested using the dielectric properties of bio-samples within 
the ellipse. The variations in the reflection coefficient corresponding to 
each sample promises the viability of the system in bio-sensing appli
cations. The resonance frequency difference is reduced to 2.2%, which is 
about a 0.9% drop from the first-order model. The ESPA model is more 
fitting for real-time bio-sensing applications as the scaled down chip size 
leads to easy fabrication with low cost. The designed ESPA model 

Fig. 39. Impedance matching concept.  

Table 5 
Design specifications of the first order ESPA model .  

Frequency (GHz) S11 (dB) 

2.0 -2.246 
2.1 -2.858 
2.2 -2.033 
2.3 -1.394 
2.4 -1.224 
2.5 -1.271 
2.6 -1.442 
2.7 -1.768 
2.8 -1.733 
2.9 -1.629 
3.0 -1.563  

Fig. 40. Frequency response before matching.  
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Fig. 41. Matching network for designed patched antenna.  

Fig. 42. Matched patch antenna’s S11 response at 2.790 GHz design frequency.  

Fig. 43. Reflection Coefficient response of ESPA (with properties of blood).  
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promises to be a vital integration within a reconfigurable transceiver 
architecture, to investigate the effect of biosamples in the sub-6 GHz 5G 
frequencies. 
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