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PAPER

Advancements in Breast Cancer Detection through 
Broadband Microstrip Antenna Technology

ABSTRACT
In this paper, a novel method for detecting breast cancer utilizing an ultra-wideband (UWB) 
microstrip patch antenna operating in the UWB frequency range is presented. The promise 
of non-invasive, radiation-free breast cancer screening is provided by UWB technology. We 
give a brief overview of the difficulties in detecting breast cancer as well as the benefits of 
UWB technology in medical applications in this study. This study presents a compact printed 
microstrip patch antenna used for the bio-medical application at industrial, scientific, and 
medical (ISM) and UWB frequencies. The proposed antenna consists of a hexagonal-shaped 
microstrip patch antenna with a slotted ground antenna used for high bandwidth for a wider 
range of applications. The compact biomedical antenna is printed on Roger 5880 substrate 
with an overall dimension of 25*25 mm. Due to the high demand for results accuracy, 
Roger 5880 substrate material is used because it has good dielectric characteristics and loss 
factors that are appropriate for medical and radio frequency (RF) applications. A 50-ohm 
impedance line is used to feed the antenna. The proposed antenna has a higher bandwidth 
of almost 12.5 GHz at such a low frequency, starting from 3.53 to 16 GHz. The antenna has an 
acceptable gain of 3.38 Db, which is enough for the required application. The UWB microstrip 
patch antenna has the potential to improve breast cancer detection accuracy and reliability, 
which would aid in early diagnosis and better cancer patient treatment. This work represents 
a major advancement in the development of non-invasive, low-cost breast imaging methods 
for early cancer diagnosis.

KEYWORDS
ultra-wideband (UWB) antenna, cancer patient, sustainable fabrication, bio-medical 
application, good health and well-being

1	 INTRODUCTION

In the realm of biomedical engineering, antenna design is essential, especially 
for applications such as breast tumor detection where accurate and non-invasive 
procedures are required. The designed antenna, which was made possible by the 
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CST Studio Suite, is an illustration of a methodical and thorough approach that 
concentrates on providing broadband capabilities that are essential for achieving 
the kind of penetration depth and resolution that are critical in medical imaging 
applications. Rogers RT5880, which combines downsizing with bandwidth opti-
mization and has a favorable dielectric and loss factor, makes up the antenna’s 
substrate. The patch’s copper fabrication and hexagonal shape ensure low signal 
loss and effective transmission, and its exact geometric features- such as its 12 mm 
radius are thoughtfully engineered to best influence the resonance frequency and 
radiating characteristics. The feed line ensures a straight and efficient connection 
to the hexagonal patch; it must meet certain requirements for thickness and length. 
The ground plane is made of copper-annealed, and its specific dimensions and slots 
(which are square and rectangular) influence the radiation pattern and impedance 
of the antenna in addition to increasing its radiation efficacy.

The significance of antennas in the imaging process cannot be overstated, as they 
are required to function near the body due to link budget constraints. [1]. The first 
technique often uses only the far-field characteristics because there are few widely 
accepted near-field figures of merit to guide the antenna selection and design for 
sustainable manufacturing. Phase linearity across the bandwidth [2], unidirectional 
beam [3], and radiation pattern stability are the criterion points. Additional require-
ments include very wide impedance bandwidth, high pulse fidelity [4], and low 
pulse stretch, which are influenced by near-field obstacles but do not necessarily 
depend on the observation distance.

Antennas used for mm wave often aim to achieve the best possible balance 
between the specifications. Bowties [5, 6], planar dipole [7], monopole [8, 9], slot-
based [10], inverted-F [11, 12], and the horn [13] antennas are a few examples. Active 
circuit-backed electrically short antennas are another way to improve antenna 
miniaturization [14]. Patch antennas are extremely popular these days since they 
are simple to make and can be adjusted without replacing the entire antenna. Its 
inexpensive price, lightweight, and low profile are other benefits. Nevertheless, it 
has certain shortcomings, such as a small bandwidth and poor gain. A multitude of 
techniques are developed for patch antennas to enhance their bandwidth and gain. 
The EBG structure is one technique [15]. The most ideal antenna is the microstrip 
antenna because of its appropriate unidirectional radiation pattern, which reduces 
the user’s exposure to electromagnetic radiation [16].

The development of antennas for the industrial, scientific, and medical (ISM) 
band at 2.45 GHz is the foundation of this study [17]. The creation of new electromag-
netic band gap antenna types can be considered a significant endeavor to increase 
the antenna’s gain and bandwidth [18]. Tablets and laptops that are nearby are 
ideal for connecting across the 5.8 GHz frequency spectrum. It is a better option for 
high-frequency trading and other data-intensive operations since it is less crowded 
than other frequency bands [19].

Microstrip filter-antenna designs have gained popularity recently as some of the 
most sought-after radio frequency (RF) structures due to their small size, lightweight 
nature, low profile, and ease of fabrication [20, 21, 22]. It is well known that using 
a substrate material presents a number of significant difficulties when designing 
RF and microwave circuits. Selecting the right substrate material type and thick-
ness for a given application is one of the fundamentals of design [23]. Antennas that 
can operate at two different frequencies simultaneously are known as dual band 
microstrip patch antennas. Their adaptability is useful in situations requiring the 
use of several frequencies, such as radar systems, wireless networks, and satellite 
communications [24].
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However, there is a broad spectrum of frequencies and bandwidths covered 
by IoE applications; therefore, antennas must be specifically constructed for these 
needs at those frequencies and bandwidths. Recently, there has been a lot of interest 
in a frequency range centered at 5.8 GHz that is based on the license-free ISM band. 
Many research organizations have worked toward increasing microstrip antenna 
response to this frequency because it is now relatively unfettered and allows for 
broader bandwidths [25, 26, 27, 28].

Lightweight, small antennas that are cheap, environmentally friendly, have 
good gain values, high efficiency, and may sometimes operate in many bands or 
on a wideband are necessary for wireless communications. Printed circuit board 
(PCB) antennas can lower design costs and meet all requirements. PCB antennas 
do, however, have the drawback of significantly increasing pollution because of the 
lithographic process that is required. Furthermore, the characteristics of most com-
mercial substrates limit the flexibility of design [29, 30, 31]. However, 3D printing 
technology is a prototyping approach that has gained prominence in recent years 
because it can easily and quickly create complex 3D structures at a cheap cost while 
also being ecologically benign [32, 33].

The goal of the meticulously constructed breast phantom, on the other hand, is 
to accurately replicate the electromagnetic characteristics and wave propagation 
characteristics through human breast tissue. This will serve as a vital resource for 
studies on electromagnetic wave propagation through breast tissue. The phantom’s 
layers, which represent the fat, fibro-glandular tissue, tumor, and breast skin, are 
all intended to mimic the electromagnetic characteristics of genuine breast tissue, 
such as permittivity and conductivity. In doing so, a realistic model for modeling 
and studying the interaction of radiofrequency waves with various tissue types 
is produced.

2	 RESEARCH	METHODS

2.1	 Design	of	proposed	antenna

The proposed compact antenna is printed on a Roger 5880 substrate with a stan-
dard thickness of 0.8 mm. The antenna has overall dimensions of 25 × 25 mm. Good 
signal integrity and low signal loss are two of the distinctive electrical qualities of 
the Rogers 5880 substrate that offer a significant advantage in high-frequency elec-
tronics design and implementation, which is one of the main goals of this study. The 
compact size of the antenna makes it easy to use and has less impact on the infected 
body, helping in the treatment process of cancer patients. The radiating patch of the 
antenna consists of a hexagonal shape fed by a 50-ohm feeding line. The proposed 
antenna used the slotted ground structures to provide larger frequency coverage and 
perform better in a variety of applications, including communication systems.

The substrate is a vital component in antenna design, and in this instance, Rogers 
RT5880, a lossy substrate, was selected. Its use is based on its excellent dielectric 
properties and appropriate loss factors for radio frequency applications. The sub-
strate has a significant impact on the antenna’s bandwidth and compactness. The 
dimensions of the substrate are 25 mm × 25 mm on both the X and Y- axes, with a 
thickness of 0.8 mm. These measurements affect the antenna’s overall bandwidth 
in addition to its resonant frequency and impedance matching. The design of the 
proposed antenna is shown in Figure 1, where the dimensions of the antenna are 
shown in Table 1.
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a) b)

Fig. 1. Proposed antenna (a) top view (b) bottom view

Table 1. Antenna parameters

Parameters Value (mm) Parameters Value (mm)

W 25 L 25

A 11 Wf 2.46

W1 8.5 L1 3

L2 2.5 W3 1.1

W4 1.5 L4 6.5

L5 4.5 W6 1.5

W7 1.5 L7 2

L8 2 W9 2.85

W10 2.85 L10 3.3

L11 6.5 W12 1

W13 0.9 L13 6.5

L14 6.5 W15 0.8

W16 2.2 L16 6.5

L17 6.5 W18 3

R 11 L9 2.5

Lf 2.97 W11 3

W2 4 L12 6.5

L3 2.5 W14 0.8

W5 2 L15 6.5

L6 10 W17 2.7

W8 2.15 L18 6.5

Let us move on to the patch. Made of copper due to its superior electrical conductiv-
ity, its six-segmented hexagonal shape is essential in determining the radiation pattern 
and impedance characteristics of the antenna. The antenna’s resonance frequency and 
radiating characteristics are determined by the radius, which is set at 12 mm, and its 
thickness, which is 0.035 mm, which affects surface currents and radiation character-
istics. The feed line attaches directly to the patch and has dimensions of 2.46 mm width 
(X-axis) and 11mm length (Y-axis). It plays a crucial part in insertion loss, impedance 
matching, and the efficient passage of signals from the feed line to the antenna. Step 
into the ground plane, which is made of copper annealed and measures 25 × 25 mm 
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with a 0.035 mm thickness. By adding square and rectangular slots, it hopes to change 
the way current is distributed, improving bandwidth and the antenna’s overall perfor-
mance. The antenna’s emission pattern and impedance are directly impacted by the 
size of the ground plane. The waveguide’s main function is to excite, which helps with 
signal transfer to the antenna and influences radiation characteristics and efficiency. 
It guarantees that the antenna is driven effectively at the intended frequencies.

2.2	 Parametric	study	of	the	proposed	antenna

When it comes to breast cancer diagnosis, the use of antennas and paramet-
ric study represents major advancements in diagnostic techniques. This study 
explores the intricacies of this parametric analysis, illuminating the crucial function 
that antennas fulfill in this field. The focal point of this study, the hexagon-shaped 
patch antenna, shows a dynamic relationship with its radius, represented by the 
letter R. A crucial component of the study, is closely related to the antennas’ current 
distribution is the choice of R. This decision is crucial since it affects the antenna’s 
performance directly and, in turn, how well breast cancer is detected.

The study methodically examines a variety of R values, each of which adds to a 
more complex comprehension of the antenna’s function. The research’s figures visu-
ally represent the range of results that correlate to various R values. For researchers 
and practitioners looking to optimize antenna characteristics for improved breast 
cancer detection, this thorough analysis provides a road map. Examining the results 
closely makes the relevance of R especially clear. The report notably emphasizes that 
an R-value of 11 produces better results than other values. This finding has significant 
ramifications since it implies that the hexagonal-shaped patch antenna’s particular 
geometric configuration, which is represented by an R of 11, improves its efficacy 
when it comes to breast cancer detection. The study article explores other pertinent 
constants in addition to the radius parameter. These could include things such as 
the gain, polarization properties, and frequency responsiveness of the antenna. The 
overall effectiveness of the antenna system in capturing and evaluating the proper-
ties of breast tissue is influenced by the interaction of these variables. Furthermore, 
considering the complexity and dynamic character of the human body, the study 
may investigate the effects of external factors on antenna performance. Variations in 
physiological circumstances, tissue density, and skin features can all affect how the 
antenna interacts and, in turn, how accurate breast cancer detection is. The para-
metric study graph of the proposed antenna is shown in Figure 2.

Fig. 2. Parametric studies at different radius of patch

https://online-journals.org/index.php/i-joe
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Finally, this parametric study opens new study opportunities into the complex 
features of antenna performance and design in biomedical applications, in addi-
tion to offering insightful information about optimizing a hexagonal-shaped patch 
antenna for breast cancer detection. The results of this study influence the way that 
antenna-based technologies are being used in medical diagnostics, encouraging new 
ideas and improvements in breast cancer detection techniques.

2.3	 Design	of	human	model

The choice of breast skin as the material is based on its close resemblance to 
the conductivity and dielectric characteristics of human breast skin. Making this 
decision is crucial to ensure accurate simulations and studies on the transmission 
of electromagnetic waves through the breast. The outermost layer of the breast that 
regulates the first interaction of external electromagnetic waves with the breast is 
described as a sphere with a center radius of 40 mm and a bottom radius of 40 
mm. A permittivity (epsilon) of 38, permeability (Mu) of 1, and conductivity of 1.8 
(determined at 3 GHz) are some other characteristics.

The fat layer seen on the breast, which has special dielectric properties, is 
replicated in fat. Given its large thickness and effect on the way waves pass through 
the breast, fat must be portrayed accurately. The fat layer is represented as a sphere 
with a 35 mm center radius and a 35 mm bottom radius. This model influences the 
features of wave propagation through the tissue and provides an accurate repre-
sentation of the electromagnetic properties of the breast. A permittivity (epsilon) 
of 5, permeability (Mu) of 1, and conductivity of 0.1 (determined at 3 GHz) are fur-
ther characteristics. The 3D side view of the breast phantom with antenna is shown 
in Figure 3.

Fig. 3. Side view of the breast phantom with antenna

2.4	 Design	antennas	with	textile	material

To maximize its performance in the medical spectrum, the antenna is constructed 
utilizing a mix of carefully chosen materials and design specifications. Due to its 
distinct dielectric properties, the cotton (polyester) substrate affects the antenna’s 
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miniaturization and bandwidth in addition to providing a textile basis appropri-
ate for wearable technology. The form and size of the hexagonal copper patch nat-
urally affect the antenna’s radiation pattern and impedance, while also offering 
minimal losses and dependable signal transmission. Furthermore, the antenna 
performance is enhanced by the ground plane, which is adorned with square and 
rectangular slots, by changing the current distribution. Using the CST Studio Suite 
for modeling, the antenna undergoes a thorough examination over a wide variety 
of parameters, showing its operational capabilities. The S (1,1) parameter, which 
accounts for return loss and the efficiency with which energy is transferred from 
the transmission line to the antenna, indicates that the optimal working point is at 
4.30 GHz and that the effective bandwidth spans 2.423 GHz to 16.0 GHz. Wideband 
applications require a substantial operational frequency range, which this broad 
bandwidth exhibits.

3	 RESULTS	AND	DISCUSSION

3.1	 Results	of	proposed	antenna	(S	parameters)

The evaluation of a microwave or RF system’s ability to reflect power at its input 
is expressed in terms of the (S 11) parameter, which is also known as the input reflec-
tion coefficient or return loss. This value is very important for minimizing signal 
reflection and guaranteeing the best possible power transfer. The complex values 
that represent S (1,1)’s magnitude and phase indicate the amplitude and phase shift 
of the reflected wave, respectively. A system’s efficiency is highlighted by a greater 
negative dB value or a lower S (1,1) value, which indicates superior system matching 
and decreased energy reflection. Understanding and reducing reflections become 
critical factors to improve the efficiency and dependability of RF design applications, 
such as transmission lines and antennas.

A minimum S (1,1) value of (-38.92) dB is revealed by the radiation frequency 
analysis, showing robust performance qualities. 4.27 GHz is the approved matching 
frequency. The antenna’s effective frequency range is 3.53 GHz to 16.0 GHz, which 
is the lowest frequency to be found within the frequency range that crosses the 
-10 dB line. With a maximum of 10% being reflected, this range is known as the 
effective bandwidth, guaranteeing that at least 90% of the power is transmitted.  
The S parameter graph of the proposed antenna is shown in Figure 4.

Fig. 4. S parameter of simple antenna
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3.2	 Voltage	standing	wave	ratio

The antenna’s minimal voltage standing wave ratio (VSWR) is 1.023, and the 
frequency that corresponds to that figure is 4.27 GHz. At this frequency, the antenna 
is operating at its best—that is, absorbing and radiating power as efficiently as 
possible while reducing reflections back into the system. The antenna is less effec-
tive at this frequency, reflecting a significant portion of the incoming power into the 
system. The VSWR results of the antenna are shown in Figure 5.

Fig. 5. Voltage standing wave ratio of simple antenna

A VSWR value that is closer to one, particularly in the vicinity of the work-
ing frequency, indicates antenna matching. This proximity indicates that the 
transmission line and the antenna have good impedance matching, which effi-
ciently reduces reflections and maximizes power transfer. A higher VSWR is 
linked to mismatches and losses, especially close to the working frequency. An 
imbalance between the transmission line and the antenna, which results in power 
reflection and ensuing power losses, is indicated by a greater voltage standing 
wave ratio.

3.3	 Gain	and	current	distribution

An antenna’s gain, expressed in decibels relative to an isotropic radiator (dB), 
indicates how well it can concentrate radiation in a particular direction. It is an anal-
ysis of the antenna of a theoretical isotropic antenna, which radiates in all directions 
equally. Power is transmitted uniformly in all directions by the isotropic antenna. 
When assessing antenna performance, gain, which directly affects the coverage 
area and signal strength, is an important consideration. It is important to keep in 
mind that a lower gain indicates a wider coverage area with shorter travel times, 
whereas a greater gain indicates a more directed antenna that can travel farther 
but has a narrower concentrated region. The spatial variation of electric current 
along an antenna’s conducting parts is referred to as its current distribution. It is 
essential to comprehend this distribution to analyze radiation patterns and match 
impedance. An efficient conversion of electrical energy into electromagnetic waves 
is ensured by proper design, which maximizes the antenna’s performance for a 
given application. The gain and current distribution graph of the antenna is shown 
in Figures 6 and 7, respectively.
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Fig. 6. Gain of the simple antenna

Fig. 7. Current distribution

3.4	 Results	without	tumor	(S	parameter)

The frequency of 3.93 GHz yields the best results for the antenna, and at this fre-
quency, the minimum value of S (1,1) is measured at (-31.37) db. The antenna per-
forms exceptionally well at generating and absorbing energy at this frequency while 
reducing reflection back into the system. Improved impedance matching between 
the antenna and the transmission line is shown by lower (more negative) S (1,1) 
values, which guarantee effective power flow into the antenna with little reflection. 
3.38 GHz is the lowest frequency, and 16.0 GHz is the highest frequency in the fre-
quency range that crosses the -10 dB line. Within this range, which is referred to as 
the antenna’s effective bandwidth, a return loss (S parameter) of less than -10 dB 
indicates that at least 90% of the power is transmitted and that up to 10% is reflected. 
Numerous RF applications accept this range as standard. The S parameters graph of 
the proposed antenna with healthy tissue is shown in Figure 8.

https://online-journals.org/index.php/i-joe
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Fig. 8. S parameters with breast healthy tissue

In the case of the highest return loss of (-31.37) dB, 3.93 GHz is still the ideal 
matching frequency. The optimal frequency for signal transmission is represented 
as the point of least signal reflection, which is this frequency. Further observations 
show that the antenna is well-matched to the transmission line in the frequency 
range of 3.38 GHz to 16.00 GHz when reflections are minimized (below -10 dB).

3.5	 Results	of	antennas	with	textile	material

At the matching frequency of 4.30 GHz, the antenna exhibits excellent performance, 
as evidenced by the measured lowest value of S 11 of (-17.49) DB. By using this fre-
quency, the antenna can produce and absorb energy more effectively while reduc-
ing reflection back into the system. At this frequency, lower S 11 values signify better 
impedance matching between the transmission line and the antenna, which guaran-
tees a higher power transfer into the antenna and lowers reflected energy. The antenna 
is effective from 2.423 GHz to 16.0 GHz, which is the lowest frequency when looking at 
the range of frequencies that cross the -10 dB line. This frequency range is referred to 
as the antenna’s effective bandwidth; in several radio frequency applications, a return 
loss of less than -10 dB indicates at least 90% power transfer and up to 10% reflection.

The ideal matching frequency of 4.30 GHz is in line with the greatest return loss, 
which is measured at (-17.49) db. The best signal transmission capabilities of the 
antenna are indicated by this value, which indicates the place of minimal signal 
reflection. The S parameters result of the textile-based antenna are shown in Figure 9.

Fig. 9. S parameter of textile based antenna
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3.6	 Results	with	healthy	tissue	(textile	material)

The following defines the frequency range that includes the lowest and great-
est frequencies that cross the -10 dB line: 2.23 GHz is the lowest frequency, while 
14.89 GHz is the highest. When the return loss (S parameter) is less than -10 dB, 
which guarantees at least 90% power transmission and up to 10% reflection, this 
frequency range is regarded as the antenna’s effective bandwidth. This range is 
commonly used in RF applications. The ideal matching frequency for the highest 
return loss, measured at (-21.13) dB, is 9.64 GHz. This frequency indicates the point 
of least signal reflection and, hence, the point of maximum signal transmission 
efficiency.

Further data indicates that the antenna can be considered well-matched to the 
transmission line in the 2.23 GHz to 14.89 GHz frequency range if reflections are 
reduced to a level below -10 db. Higher reflections (S (1,1) values nearer 0 dB) raise 
questions nonetheless regarding the perfection of energy transmission, especially 
in the lower frequency range. Standing waves could result from this, which could 
damage the transmitter by creating waves in the transmission line. The antenna’s 
large operating frequency range, which highlights its adaptability, makes it useful 
for applications that require wideband or multi-band operation, including certain 
communication and radar systems. This is seen by the wide bandwidth at which S11 
is less than -10 db. The S parameters result of the textile-based antenna with healthy 
tissue are shown in Figure 10.

Fig. 10. S parameter with breast healthy tissue

3.7	 SAR	analysis	with	healthy	tissue

In the context of an antenna meant to identify breast tumors, determining the 
rate at which electromagnetic radiation produced from the antenna is absorbed 
by the phantom breast tissue is known as a SAR study. SAR, which is measured in 
watts per kilogram (W/kg), is crucial for ensuring safety and adhering to legal cri-
teria when using electromagnetic fields in medical applications. To detect tumors, 
the antenna projects electromagnetic waves into the breast phantom; SAR analysis 
ensures that the energy received by the tissue is within permissible limits to prevent 
any possible thermal effects. Through the optimization of antenna design to allow 
excellent tumor identification and safe, low-level electromagnetic tissue exposure, 
this study contributes to the prioritization of cancer patient safety in diagnostic pro-
cedures. SAR analysis of the antenna with healthy is shown in Figure 11.
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Fig. 11. Back view (specific absorption rate with healthy tissue)

When utilizing an antenna for broadband applications in breast tumor diagno-
sis, the SAR plays a crucial role in determining how electromagnetic radiation is 
absorbed by breast tissue. This element conforms to legal criteria and aids in ensur-
ing safety. The data demonstrates a comprehensive SAR examination at 12 GHz with 
a 0.5 W stimulated power, providing an acceptable power of 0.465915 W, show-
ing a slight variation that could be attributed to reflections or system losses. The 
volumetric space covered by the analysis is -38.8731 mm to 38.8731 mm (x-axis), 
-28.3276 mm to 28.3276 mm (y-axis), and -8.32757 mm to 60.9776 mm (z-axis). The 
volumetric mass and average mass are, respectively, 1.32908 times 10-7 g and 0.1 g.

An absorbed tissue power of 0.0032319 W is found inside a tissue volume of 
16741 mm3 with a mass of 0.000251114 kg and an absorbed power of 0.0281442 W. 
The total SAR, or average rate of energy absorption, is found to be 12.8702 W/kg. 
In a 0.1 g tissue mass, the highest SAR is 21.1439 W/kg and is found at coordinates 
-8.9375 mm, 9.7375 mm, and 52.5337 mm. However, the maximum SAR at the 
maximum point, which indicates the peak energy absorption rate, is much higher 
at 427.726 W/kg. To protect against any thermal repercussions on the tissue, these 
numbers—especially the localized maxima—are crucial for understanding and 
ensuring that the antenna’s radiated energy stays below safety limits. Furthermore, 
antenna settings may be enhanced to better identify tumors and comply with bio-
medical safety regulations by understanding how SAR is distributed throughout the 
tissue volume. The computed SAR values demonstrate the electromagnetic waves 
that the antenna can use to probe breast tissue, and they also show the need to reg-
ulate energy absorption to preserve tissue integrity and cancer patient safety when 
performing diagnostic operations. It took 122774 seconds to finish the analysis.

3.8	 Results	with	breast-effected	tissue	(S	parameters)

The antenna performs best at (-21.13) dB, which is the minimal value of S (1,1) in 
the radiation frequency domain. The antenna operates most efficiently at 9.64 GHz, 
which is also the frequency at which it generates and absorbs the least amount of 
reflected energy into the system. The lower (more negative) S (1,1) values high-
light the effectiveness by demonstrating better impedance matching between the 
transmission line and the antenna. A greater power transfer into the antenna and a 
decrease in reflected radiation are ensured by this alignment.

When looking at the frequencies that cross the -10 dB line, 2.25 GHz is the lowest, 
and 14.91 GHz is the highest. This frequency range is regarded as the antenna’s effec-
tive bandwidth since it guarantees a return loss (S11 parameter) of less than -10 dB, 
which translates to at least 90% power transmission and a maximum of 10% reflection.
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The ideal matching frequency stays at 9.64 GHz for the maximum return loss, 
which is measured at (-21.13) db. At this frequency, the point of maximum signal 
transmission capacity is indicated by the least amount of signal reflection. Further 
observations indicate that the antenna is considered well-matched to the transmis-
sion line in the 2.25 GHz to 14.91 GHz frequency range when reflections are reduced 
to a level below -10 db. The S parameters result of the textile-based antenna with 
affected tissue are shown in Figure 12.

Fig. 12. S parameter with breast-effected tissue

3.9	 Specific	absorption	rate	analysis	with	effected	tissue

A critical understanding of how biological tissue absorbs electromagnetic radi-
ation required for tumor diagnosis in a phantom breast via the selected antenna 
is provided by the SAR calculations. In this case, the parameters for the power loss 
density monitor are 12 GHz, no power scaling, and 0.5 W of stimulated power. The 
system’s reflections and losses could account for the little discrepancy between the 
stimulated and accepted powers. It is noteworthy that 0.466347 W is the accepted 
power and the actual power absorbed by the tissue. The measurements of the 
phantom breast are -38.8731 mm to 38.8731 mm on the x-axis, -28.3276 mm to 
28.3276 mm on the y-axis, and -8.32757 mm to 60.9776 mm on the z-axis. The total 
volume of the phantom breast is 305270 (mm3). With a mass of 0.000251326 kg and 
a volume of 16755.1 mm3, the tissue inside this volume has an absorbed power of 
0.0280429 W. 0.00314924 W is the power that is either absorbed or stored in the 
tissue. SAR analysis of the final antenna with affected tissue is shown in Figure 13.

Fig. 13. Antenna front view (specific absorption ratio with effected tissue)

https://online-journals.org/index.php/i-joe


 54 International Journal of Online and Biomedical Engineering (iJOE) iJOE | Vol. 20 No. 13 (2024)

Alsaraira et al.

It is critical to assess these SAR values to ensure the security and efficiency of the 
antenna in medical diagnostics. The location and extent of the maximum SAR within 
a specific tissue volume provide deeper insights into localized energy absorption, 
which is crucial for minimizing potential thermal effects and optimizing antenna 
parameters for safe and successful tumor detection, even though the total SAR and 
maximum point SAR provide a broad and peak perspective of energy absorption. 
This SAR study’s computation time of 137069 seconds demonstrates a careful and 
comprehensive computational analysis. This comprehensive SAR analysis made it 
possible for the developed antenna to meet safety regulations, which is crucial for 
medical applications where it is necessary to control and limit energy absorption in 
biological tissues.

The broadband antenna, developed using textile material and meticulously 
modeled using a phantom breast, represents a significant advancement in the 
fusion of electromagnetics and biomedical engineering, particularly in the context 
of non-invasive cancer diagnostics. The antenna demonstrates both technological 
advancements and a committed effort to enhance the precision and security of can-
cer identification protocols, with a focus on strict adherence to safety guidelines via 
an extensive SAR analysis.

4	 COMPARISON	WITH	PREVIOUS	RESEARCH

Table 2. Performance comparison of proposed antenna with previous research

Size (mm) Bandwidth (GHz) Return Loss VSWR Gain

Proposed Antenna 25*25 12.3 -38.92 1.02 3.4

[34] 28*30 5.7 -48 1.003 5.2

[35] 30*25 0.5 -16 1.373 6.45

[36] 80*67 6.6 * 1.05 4.53

Table 2 shows the dimensions of the suggested antenna design, which are 
25 mm × 25 mm. Consequently, it exhibits substantial enhancement in terms of com-
pactness and performance metrics compared to previously examined models. As an 
illustration, the bandwidth of this antenna is 12.3 GHz, which is an enhancement 
compared to the frequency ranges documented in prior study. In this study [34], the 
antenna’s bandwidth is only 5.7 GHz, which is significantly narrower compared to 
the achieved bandwidth when implementing the proposed design. The increased 
bandwidth offered by this novel design enables greater versatility in medical appli-
cations, where a wider frequency range is frequently required for accurate signal 
identification and processing, particularly in the field of medicine. In addition to 
these factors, another antenna [35] has a bandwidth of only 0.5 GHz, which is sig-
nificantly less compared to the previous design suggestion. This comparison clearly 
demonstrates that the new antenna has the capability to properly support a wider 
variety of frequencies, resulting in improved overall performance.

The suggested antenna has exceptional performance in terms of return loss, 
which is a crucial characteristic. The measurement is recorded as -38.92 dB, indi-
cating excellent impedance matching and low signal reflection. The return loss of 
-48 dB stated in [34] is inferior to the proposed design, indicating a lower level of 
performance. However, it does not guarantee higher performance in all situations. 
Nevertheless, the suggested antenna’s return loss indicates exceptional efficacy 
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in transmitting signals, which is vital for applications that demand accurate and 
dependable communication, including medical monitoring and diagnostics.

When assessing the VSWR, the suggested antenna exhibits a remarkably effi-
cient ratio of 1.02, which is the smallest among the models being assessed. In [34], 
the antenna’s VSWR is reported as 1.003, whereas in [36], it is mentioned as 1.05. 
Additionally, [35] has a VSWR of 1.373. A lower VSWR signifies superior perfor-
mance and reduced reflected power, which is especially advantageous in medical 
applications where signal integrity is of utmost importance. Despite having a lower 
gain of 3.4 dB compared to the gains reported in [35] (6.45 dB) and [34] (5.2 dB), the 
suggested antenna nevertheless demonstrates competitive performance consider-
ing its size and other parameters. The reduced amplification is counterbalanced by 
the wider range of frequencies and improved reduction of signal reflection, making 
the suggested antenna a more optimized selection for situations where limitations 
in size and effectiveness are crucial, such as in small medical equipment. The pro-
posed antenna design exhibits a comprehensive performance that meets the criteria 
for medical applications, including a small size, broad frequency range, exceptional 
return loss, and effective voltage standing wave ratio.

5	 CONCLUSION

The medically engineered antenna is a groundbreaking development in the good 
health and well-being industry, especially in the areas of tumor detection and ther-
apy. The features of the antenna, including its ability to detect tumors non-invasively 
and its adherence to strict safety regulations using SAR analysis, represent a major 
advancement in the field of medical diagnostics. In addition to making the antenna 
wearable, lightweight, and flexible, the use of textile materials as a substrate also 
meets the need for continuous monitoring in medical applications. The antenna’s 
versatility and performance are enhanced by its wide bandwidth and hexagonal 
patch design, and its use of copper assures effective signal transmission with low 
loss. The thorough design process, which incorporated parametric analysis and 
testing using a phantom breast model, highlights the dedication to optimizing the 
antenna’s characteristics to satisfy demanding performance requirements. This 
methodical technique guarantees the antenna’s efficacy and dependability in prac-
tical medical situations.

Beyond design issues, the antenna’s medical applications have a wide range of 
applications. The antenna shows its worth in improving cancer patient care in var-
ious ways, including postoperative surveillance, early tumor diagnosis, and therapy 
monitoring. Its reach is further increased by its integration with wearable technology 
and multi-modal diagnostic systems, which enable continuous health monitoring 
and raise diagnosis accuracy. The antenna’s real-world effects on cancer patient out-
comes are demonstrated by its practical uses in enhanced mammography systems, 
postoperative monitoring, and preventive screening programs. The therapeutic 
uses, such as precision oncology and targeted hyperthermia, highlight the antenna’s 
adaptability and promise to improve medical care. The antenna has several medic-
inal applications beyond design considerations. It has great promise for enhancing 
the care of cancer patients in a number of ways, including early tumor detection, 
post-operative monitoring, and therapeutic monitoring. Continuous health monitor-
ing is made possible by its integration with wearable technology and multi-modal 
diagnostic systems, which improves diagnosis accuracy. The real-world impact of 
the antenna on improving cancer patient outcomes is demonstrated by its practical 
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uses in enhanced mammography systems, postoperative monitoring, and preventive 
screening programs. Furthermore, the antenna’s therapeutic applications—such as 
targeted hyperthermia and precision oncology—highlight its versatility and promise 
to transform medical care.

The developed antenna is a technological marvel that also has the potential to 
revolutionize medical procedures. Its ability to facilitate tailored treatments, advance 
medical study, and enhance diagnostics makes it an invaluable instrument in the 
continuous hunt for innovative healthcare solutions.
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