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Abstract

Cancer diseases significantly affect lives of many people for last years. The diagnosis and treatment process is quite difficult and painful.
It is especially important to reach the result of pathological tissue samples in which the structure of the cancerous tissue is determined
and helps to shape the treatment in a short time. Today, it may take days or even months to obtain these results. In this study, microstrip
antenna structures that are frequently used due to many advantages in biomedical applications are studied. Electromagnetic field and
scattering parameter data of two antennas operating in the 2.45 GHz and 5.8 GHz operating frequency in ISM (Industrial, Scientific and
Medical) band region are analyzed and compared. Pathological sample transformed form of tumor and normal skin tissue is simulated
and compared in Ansys' HFSS program. Both the electric field values and the S-parameter values were compared by obtaining the
values of both antennas at 2.45 GHz and 5.8 GHz from simulations. When looking at the results obtained, the difference rates in the
data obtained from the antenna results radiating in the 2.45 GHz region are higher as a percentage. Thus, it is possible to say that it is
more advantageous to use the 2.45 GHz frequency in antenna structures used for this purpose compared to the 5.8 GHz radiation area.

Keywords: Cancer Detection, Microstrip Patch Antenna, Electric Field, ISM Band, HFSS.

Kanser Hastahigi Tespitine Yonelik ISM Bandinda Calisan Mikroserit
Yama Yapih Iki Antenin Elektromanyetik Alan ve Sacilma
Parametreleri Verilerinin Degerlendirilmesi ve Kiyaslanmasi

Oz

Kanser hastaliklar1 giiniimiizde birgok insanin hayatini dnemli 6l¢iide etkilemektedir. Teshis ve tedavi siireci ise oldukga zor ve agrilidir.
Ozellikle kanserli dokunun yapisiin belirlendigi ve tedavinin sekillenmesine yardimci olan patolojik doku érneklerinin sonucuna kisa
siirede ulagmak Onemlidir. Giinlimiizde bu sonuglara ulagmak giinler hatta aylar siirebilmektedir. Bu calismada biyomedikal
uygulamalarda birgok avantaji sebebi ile sik¢a kullanilan mikroserit anten yapilari ¢calisilmaktadir. ISM band bolgesinde bulunan 2.45
GHz ve 5.8 GHz 1s1ma bolgelerinde calisan iki adet antenin elektromanyetik alan ve sagilma parametre verileri incelenmekte ve
kiyaslanmaktadir. Tiimorlii ve normal deri dokusunun patolojik numune doniistiiriilmiis hali Ansys’in HFSS programinda simiile
edilerek kiyaslanmaktadir. Her iki antenin hem 2.45 GHz’deki hem de 5.8 GHz’deki degerleri simiilasyonlardan elde edilerek hem
elektrik alan degerleri hem de S-parametre degerleri kiyaslanmistir. Elde edilen sonuglara bakildiginda, 2.45 GHz bélgesinde 1s1ma
yapan anten sonuglarindan elde edilen verilerdeki farklilik oranlar1 yiizde olarak daha fazladir. Boylelikle bu amagla kullanilan anten
yapilarinda 2.45 GHz 1s1ma bolgesini kullanmanin 5.8 GHz 1s1ma bdlgesini kullanmaya gore daha avantajli oldugunu sdylemek
miimkiindiir.

Anahtar Kelimeler: Kanser Tespiti, Mikroserit Yama Anten, Elektrik Alan, ISM band, HFSS.
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1. Introduction

Pathology, that is the science of disease, can be defined as the study of diseases by scientific methods. Pathology; examines the
causes of diseases, how these diseases affect tissues and organs, and the formal and visual characteristics of diseased tissues and organs.
For this reason, pathology has an important place in medical science. Pathology is a branch of science that provides easier understanding
of diseases by adding the abnormal appearance of diseased organs to the naked eye or under the microscope to the information learned
in anatomy and physiology. The contribution of pathological examination to the diagnosis of the disease and the determination of the
appropriate treatment method is quite great in areas where tissue forms and appearance are very helpful in decision making. Today,
along with the diagnosis of tumors, pathological examination is necessary and mandatory for the definitive diagnosis of many
diseases(Patterson, 2014; Nakhleh, 2006).

Evaluation and reporting of tissues can take pathologists sometimes even hours. In addition, depending on the number of patients,
it can sometimes take months to report the results of the tissue pieces taken. In addition to all these, considering the human factor, there
is no mechanism to check the accuracy of the reports prepared by pathologists based on daily life and human feelings.

Therefore, with this study, it is aimed to provide an initial study to detect a tumor tissue using antenna structures(Mahmud, Islam,
Misran, Kibria, & Samsuzzaman, 2018; Ouerghi et al., 2017; Raihan, Alam Bhuiyan, Hasan, Chowdhury, & Farhin, 2017; Rossmann,
Rattay, & Haemmerich, 2012). Antennas are used in various biomedical applications. It is possible to find studies on various medical
problems in the literature(Catherwood & Mclaughlin, 2018; Hasan, Shanto, Howlader, & Jahan, 2018; Meaney et al., 2012; Nalam,
Rani, & Mohan, 2014; Nesasudha & Fairy, 2018; Rahaman & Delwar Hossain, 2019; Susila & Fathima, 2017). However, it has not
been encountered to examine pathological data with an approach based on antennas structures.

The adaptation of the antenna structures used for various biomedical solutions to the biomedical field has been proven by the studies
carried out until today. Microstrip patch antennas are the most preferred structure among these antenna types(Jha et al., 2018; Ketavath,
Gopi, & Rani, 2019; Nesasudha & Fairy, 2018; Paracha et al., 2019; Rezaeieh, Antoniades, & Abbosh, 2018; Sabban, 2018; Tofighi &
Pardeshi, 2017; Yan, Soh, & Vandenbosch, 2018; Yilmaz, Foster, & Hao, 2019). Designing microstrip antenna structures in a variety of
shapes and sizes is easy and relatively inexpensive. Microstrip antenna structures have been used due to their advantages such as
lightness and easy integration into different patch and slot applications(S Dey, Letters, & 1996, n.d.; Supriyo Dey & Mittra, 1996; Lane,
Biondi, JS Pleva - US Patent 5, & 1995, n.d.; letters & 1995, n.d.; Luk, Mak, Chow, letters, & 1998, n.d.; Singh & Tripathi, 2011). In
the study, the outputs of normal and cancerous skin tissue in two different frequency regions of the microstrip antenna structure taken
from a reference source (Yang & Xiao, 2018) and one of our own antenna structure (Top, 2017) were investigated. 2.45 GHz and 5.8
GHz operating frequencies were chosen because they are in the ISM (Industrial, Scientific and Medical) band(“Sinai, Bilimsel ve T1bbi
Elektronik Cihazlarin imali ve Kullanilmas1 Hakkinda Yonetmelik,” 1985). Cancerous and normal skin tissues were modeled in Ansys
HFSS program. The scattering parameter values and electric field values obtained with the antenna structures of the pathological sample
models introduced to the program were compared. The comparison of data obtained for both 2.45 GHz and 5.8 GHz frequency values
is evaluated.

Section 2 explains material and method. Section 3 and 4 presents the results, evaluation and conlusion parts, respectively.

2. Material and Method

2.1. Antennas Structures

The designed antenna (Figure 1a) and its return loss graphic (Figure 1b) are showed in Figure 1. FR-4 is used as
substrate(£r=4.4). The height is 1.6 mm. A circle with a diameter of 28.84 mm is drawn on the substrate material having a width of 38.3
mm. On the four-axis of the drawn circle, the circles of equal dimensions that have 16 mm diameter are placed. So, antenna radiates at
2.45 GHz as shown in Figure 1. Figure 1b shows the simulation value in the HFSS program and the radiation data of the antenna
measured using the network analyzer. As a result of the simulation, it is possible to say that, the return loss value of the antenna structure
is -18 dB. And the return loss value is around -40 dB according to the measurement results. As can be seen from the figure, the antenna
gives more clear and better radiation values in the free space measurements. For 5.8 GHz radiation area, antenna dimensions: The circle
with a diameter of 19 mm is drawn on the substrate material having a width of 38.3 mm. On the four-axis of the drawn circle, the circles
of equal dimensions that have 22 mm diameter are placed. Therefore, antenna radiates at 5.8 GHz (Figure 2).

Reference antenna is taken from (Yang & Xiao, 2018). This antenna radiates at 2.45 GHz. It has two layer. One is substrate
and other is superstrate. For the layers, Rogers RO6010 (£=10.2) is used with thickness of 0.635 mm. Figure 3a shows the antenna
structure and Figure 3b shows the return loss graph of this antenna. While adhering the reference, only |1 and Iy are changed from patch
and substrate dimensions. 1;=11 mm and lg=11.4 mm are used. Other dimensions are the same with the reference. For 5.8 GHz, 1;=35
mm and I;=50 mm are found from simulations. Other dimensions are the same with the reference, again. Antenna radiates at 5.6 GHz
about 5.8 GHz. This antenna structure is selected because of operating frequency and being a microstrip patch antenna structure.

Total system occurs two same antenna structures. One is a receiver and other is a transceiver. Two antenna types fed by coaxial
probe. Interaction between two antennas is important to obtain better data. The data are scattering parameters and electric field values.
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Figure 1. a) antenna structure (top view), b) return loss graph of the proposed antenna.
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Figure 2. Proposed antenna return loss value at 5.8 GHz

7 -4.00

|
dB(St(1,1

X Y
$11/5.56977-15.4110

Cutvé Mo

16.00 . et et
N 53 O 3.00 4.00 6.00 700

©5.00
0 10 (mm) Frﬂq [G Hz]
(a) (b)

Figure 3. a) antenna structure and b) its return loss value belong to the reference.

2.2. Modelled System Structure

Modelled system structure is showed in Figure 4. This system contains a receiver and transeiver antennas, a glass is called “lam”,
normal skin tissue and cancerous skin tissue. Biological tissues have different electrical properties like permittivity, permeability and
conductivity etc. So, these tissue properties that came from (Gabriel, 1996) are met to HFSS. Normal skin tissue permittivity is 38 and
cancerous skin tissue permittivity is 50. “Lam” is a glass, so there is its permittivity in HFSS. Air distance is selected quarter wavelength.
Tumor and skin tissue dimensions are about 25 mm such as a “lam”. And tissue thickness is 5 um because of pathological tissue
dimensions that is about 3-5 um.
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Figure 4. Modelled system structure

3. Results and Evaluation

After simulations, electric field and scattering parameter values are obtained. Scattering parameters are also called S-parameters.
S-parameters describe the response of an N-port network to signal(s) incident to any or all of the ports (Figure 5). Equation 3.1 explains
the parameter values. The first number in the subscript refers to the responding port, while the second number refers to the incident port.
Thus S, means the response at port 2 due to a signal at port 1. The most common "N-port" networks in microwaves are one-port and
two-port networks. Here, port number (N) is 2. Si1, Sz1, Si2 and Sy, values obtained in dB(Caspers, 2011). These parameters generally
explain in dB. While there is S-parameters with tumor and normal skin tissue, values have had from simulation program.

fo— L o ~a2
’ Sn S12 :

Figure 5. For two port network, S-parameter matrix

b b b b
Si1 = 1/a1.51z = 1/612’521 = 2/(11 and Sy, = 2/‘12 G

Especially in the microwave circuits like this work, electromagnetic field values are important and these valuea are examined. in
the literature, there are a lot of work about electromagnetic field changes of antenna structures. Especially, electric field changes are
important, because the biggest difference is of electric field values(Asif, Hansen, Iftikhar, Ewert, & Braaten, 2019; Bao, 2019; Khan,
Razzaq, Igbal, Qamar, & Zubair, 2018; Ma, Sydanheimo, Ukkonen, & Bjorninen, 2018; Nesasudha & Fairy, 2018; Paracha et al., 2019;
Rong, Leeson, Higgins, & Lu, 2018; Zamani, Ahdi Rezaeieh, Bialkowski, & Abbosh, 2018).

Table 1 shows the obtained electric field values both proposed and reference antenna structures according to operating frequencies.
It can see that the Difference values between normal and tumorous skin tissue. Also, electric field values could be able as a data table
from HFSS. These values are in mV because, obtained data table that gives the values as rE. That is mV because, the electric field value
is given by multiplying the angular distance(Canonsburg, 2020). Electric field values are got according to ¢ and 0 angles. While ¢=0°
and 90°, 6 changes from 0° to 180° by 10° step. According to obtained data table values at 5.8 GHz for reference antenna type,
evaluations are given below:

e When ¢ =0°, at 6 = 130° electric field data, the greatest difference between normal and tumorous tissue is found to be 502.22
mV. This value increases by 11% compared to the arithmetic mean in the case of tumor.

e  While ¢ = 90°, the biggest difference in electric field data at § = 160° is found as 501.86 mV. This value increases by 42%
compared to the arithmetic mean in the case of tumor.

e The biggest difference between these percentages was found to be 76% at 6 = 180° while ¢ = 260°, based on the differences
between arithmetic means obtained.

e  When ¢ =40°, if 6 = 150°, the electric field difference between all values obtained is 503.9 mV, which is between tumor and
normal tissue.

Since it would be difficult to give each electric field value separately, it is expressed in tabular form. Table 2 and 3 explain the
electric field and S-parameter changes while there is tumor in the skin tissue as percent. The arithmetic mean of the values obtained are
evaluated as a percentage according to the tumor structure.
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Table 1. Obtained electric field graphs for both proposed and reference antenna structure

Frequenc .. P
q y Normal sKin tissue Tumorous skin tissue
type
E Field [Vim] E Field [V/m]
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Table 2. Electric field changes according to antenna types

Electric field changes (%)

2.45 GHz 5.8 GHz
reference antenna proposed antenna refence antenna proposed antenna
Phi=0deg | Phi=90deg | Phi=0deg |Phi=90deg |Phi=0deg |Phi=90deg |Phi=0deg |Phi=90deg
11.00 42.00 -7.60 -8.07 -5.20 -2.62 0.03 0.54

Table 3. S-parameters changes for proposed antenna

S-parameters changes (%)

2.45 GHz 5.8 GHz
S11 S12 S21 S22 S11 S12 S21 S22
0.02 0.26 0.36 -0.57 -0.15 -0.26 -0.28 -0.08

Table 2 shows the electric field changes according to antenna type as percent and shows the percentage change in the presence of
a tumorous skin tissue. When these values examine and there is tissue with cancerous skin, percentage changes are important for the
success of the study. Minus values explain that electric field value is high while there is tumor. So, the values are negative. What matters
here is the percentage change.

Table 3 expresses the S-parameter changes for proposed antenna and refers to the percentage comparison of the value obtained in
the presence of tumor to normal values. The negative values are because of that S-parameter values are high while there is tumor. For
reference antenna structure, obtained S-parameter values are not expressive, so those values are not evaluated.

When the graph values and percentage change values in the tables are examined, the differences between tumor and normal tissue
are clearly seen. These differences are quite significant due to the change in the presence of tumor tissue.

4. Conclusions and Recommendations

In the study, two microstrip antennas were evaluated at two different ISM frequencies in order to ensure that pathological sample
tissues emerging after long periods of time in the field of pathology were reported in a short time. Pathological result reports are produced
by pathologists. It can sometimes take months to print out reports produced based on humanitarian situations. The duration of
pathological output reports is very important, especially in cancer patients who are in an emergency or whose treatment needs to be
started quickly. Here is an initial study to serve this purpose.

Two biomedical microstrip antenna structures designed and taken as reference were examined. 2.45 GHz and 5.8 GHz ISM band
frequencies were used in the study. ISM band is the allowed frequency regions for biomedical solutions. Another reason for choosing
these two frequency regions is to be able to compare which of these bands will be more suitable for such a study. It is not difficult to
find substrate materials used in the FR-4 and Roger RO6010 in the market to be able to apply them. Antenna structures have been
selected that can be useful in design, production and measurement points.

Electric field and scattering parameters are two important expressions in antenna structures. The behavior of the antennas is
expressed in scattering parameters. Electromagnetic field values are important due to their microwave radiation. In the study, both
electric field and scattering parameter values were examined in order to compare antennas. In order to examine these values and make
sense, percentage changes of their arithmetic mean were used. The values obtained were expressed as percentages relative to the tumor
structure. The same is true for scattering parameters.

Both angle values are important in electric field values generated according to Theta and Phi angle. Especially when examined in
terms of the differences between normal and tumor skin tissue, there are different maximum electric field values. Expressing it as a
percentage in the electric field values is important to show the success of the study. Looking at the electric field change table, it is seen
that the absolute difference rates at 2.45 GHz are higher. The same is true for scattering parameters. It is seen that choosing the 2.45
GHz operating frequency from both tables can be used to increase the accuracy of the study. In the light of all this information, it is
possible to express the suitability of using microstrip antenna structures for a solution to such a system.

Real-time measurements of this system for different microstrip antenna structures and different frequencies will increase the
stability of the study.
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