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PAVINEE SUWANTA : MICROWAVE DIELECTRIC RESONATOR
ANTANNA DESIGN FOR STUDYING OF BREAST CANCER PHANTOM
DETECTION METHODLOGY. THESIS ADVISOR : ASST. PROF.

PIYAPORN MEESAWAD, Ph.D., [32 PP.

DIELECTRIC RESONATOR ANTENNA/WIDEBAND/MICROWAVE IMAGING

Breast cancer is the first leading cause of Thai woman death. The cancer
information center has found that the breast cancer will have the curable opportunity if it
be found in its early stages. Nowadays, there are several methods in breast cancer
detection such as X-ray, Ultrasound. and Magnetic Resonance Image (MRI). However,
they are some limitations. For example: patients usually get pained because of breast
compression. ionizing radiation may cause a mutation of normal cell to be cancer cell, and
diagnosis is high cost. To solve the problems as mentioned, many researchers have
developed the antenna in the field of microwave imaging used for breast cancer detection,
which provides very high accuracy in millimeters and also safe to be used in the human
body.

Therefore, this thesis is to design a dielectric resonator antenna in the microwave
range to detect the early stage breast cancer by using the inverted trapezoidal patch
antenna associated with dielectric, also, the antenna can induce waves to the breast.
In addition, adjustable sizes of the dielectric make a wide band and high intensity radiation
power. The dielectric resonator antenna is designed to be the directional radiation pattern
modelled by using CST microwave studio 2014 software to consider the breast cancer
from specific absorption rate (SAR), resulting in the tumor tissue SAR is higher than

normal tissue SAR. In the experiment, we make the antenna prototype. study the tissue




phantom detection methodology, and process the radar- based microwave imaging.
The aim of this research is that the antenna achieves high efficiency and can be applied

for medical applications.
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Probe feed

Probe feed

Ground plane
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25 msanamuzsamuadmenarlulasn (Microwave Imaging for Breast

Cancer Detection )
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251  msadrumndmeaaulaulasnnmadn (passive microwave imaging)
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TRaTusunsu MATLAB Alflumsdszananamumzisadi
clc; close all;
theta = 10;
n_th = 360/theta;
n r=4;
n_f=205;
A = SdataEachFreq0('..\\breast\\New\\spher 1 10 4', theta,n r,n f);
r=4.5;
dr=r/(n_r);
[R,TH] = ndgrid( [0 1.5 3 4.5], 0:2*pi/n_th:2*pi );
[X,Y] = pol2cart(TH, R);
num=7;
d=1;
fork =1:(n_f-1)/(num-1):n_f
figure(d)
Z=A(::k);
surf( X', Y',Z)
view(2)
title( ['Backscatter coefficient measurements at frequency ="', num2str(d+3), ' GHz'] )
shading interp
colormap jet
colorbar
grid on
xlim([ -5 5])
ylim([ -5 5])
mg = -5:5;
set( gca, 'XTick', rng, 'XTickLabel', rng )
set( gca, 'YTick', mg, "YTickLabel', rng )
xlabel('x (cm)')
yla

bel('y (cm)")
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d=d+1;

end

v <
S \

Taallsunsu MATLAB al¥lumsermdeyannumaniszansmsazioudinmia

M9 IOVUIIMUATUN
function A = SdataEachFreqO(folderpath, th, r, f range)
n_th =360/th+1;
n r=r+l;
L =cell(n_th, n_r);
A = zeros(n_th, n_r, f range);
fori=1:n_th
forj=Iln r
filename = sprintf([folderpath "\%d%d.csv'], i-1, j-1);
L{i, j} = importdata(filename);
AG, j, 1 )= L{i, j};
end;% j
end;% 1

end
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Wideband Inverted L-shaped Diclectric Resonator Antenna
With Curved Top Face

P. Suwanta and P. Krachodnok
School of Telecomnuication Engineering,
Suranaree University of Technology. Nakhanratchasima, Thatland 30000
M58414861wg sutac.th

Abstract

An antomna khay boun developed 10 wse in Jor the
btomedical field which requires high bandwidth. In
thuy paper, a wideband L-shaped dizleotric msonator
anteen (WORA) with eurved 1op face and Imwerted
trapezcidal patch feed (s designed by wsing CST
Microwave Stusho software. The proposed amtenna
affers @ wide bandwidth of 81.61%6, the frequescy
runges 3.76 fo 9,35 GHz, with the peak gain of 9.2
a8, The antenna can be appled wm microwave
Imaging, which tmporiant fo the application in the
medical fleld.

Keywords: compact: diclectric resonator antenna;
mwverted trapozoidal patch, wideband.

1. Introduction

Microwave imagitg has been widely wed in the
ficld of medicine to detect breast cancer. 1t is used
high bandwidth electromagnetic waves to illustrate
the phantom of the bremt The previces studies
relating to breast cancer detection found that antenna
in o narow range of freguencies might not be a
resolution 1o notice breast tissue [1]-[2]. Many types
of rescarch try to improve the bandwidth of an
antenna used monopole antonma 1o detect breast
cancer.dn [ 2]-[4). they designed a monopele antenna
with wide barclwideh 1o be able 1o effectively high
resolution of breast phantom. However, 2 monopole
anteona leads 4o comsuming & lot of energy in
unnocessary discction amd Jow gain, The impact of
breast cancer detection wsed wide frequency range
from 4 10 9 GHz [3). The study also found that they
could make wider bandwadth of DRA from the type
of feed techmgue [6]+]7].

In thas paper we present the diclectnic resonator
antenna with modified DRA shape to use in medical
ficlds, thas increasing of the range of frequency and
high gain can be investigated by high resolution
breast cancer. In addition, an effort is made to
7 yrrove the widehand did £ 1,
use imverted traperoidal patch feed with wide
bandwicth, In [8]]9% they apply an inveried

149 -

rapezoidal patch angenna so merge with DR. To
resize 2 shape of the DR and shash in some pans of
the DR this allows higher froquency  signal
trapsmission.  Tho resulls oblained 2 bandwidth
between 3,76 GHz to 9.35 GHz, and the directional
radiation pattern, This design would be particularly
uscful 10 the application in the medical field.

PR

e
P ———

e

-
-

Figure | Geometry of the propesed DRA
() Top view, (b Freat view, (c)side view,

2. DRA DESIGN AND ANALYZER

The Design of wideband diclectnic resonator
antenna with a diclectric constant of 10.2 (Roger RT
6010), The DRA would put on n FR4 substrate with 2
diclectric permittivity of 4. 5 with the length and the
width of 44 mn and 84 mm. respectively. Carved
IXRA a8 the tap. this excited by the microstap line 1o
ipverted trapszoidal patch feed to merge with DR as
illustrated in Fagare 1.

A step-bystep  clucidation  of approach s
presented, First, the leogth and the width of DR were
resizcdl, the S11 results are shown in Figures 2-3. To
observe the characteristics of the reflection ficld
(S11), the parameters &, is adjusted when other
comstanl parameters were fixed at @,<23 mm and
10 mm, respectively. 14 1s found that the Tength of
by affect the resonance frequency. A tremd was
observed a wide range of frequency at b, =34 a5 scen
in Figure 2. Figure 3 shows the s11 result when the
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parameser a 15 added to the wicth of DR, 1t is to have
an influence on the penetration of waves at higher
frequencaes. To reduce this problem, so we cut some
picces (vary a; and &) 10 reduce the reflection of
electromagnetic wives at figh frequency as shown
the result m Figures 4-5. There are waves reflected
back ot least as well as the frequency in the mrge
berwoen 376 to 935 GHz Conclsion of the
parameters are ¢ = 23 mm, & =~ 34 mm, ;= 3 6 mm,
and a;~11 mm. The results of the proprosed antenna
design display in Figures 7-8 with the gain in the
range of 5.8 to 9.2 dP and. Figure 8 shows rdiation
pattens of the anterma in different frequency that are
directional pattern

B .

— e e, S
g > th /

Frnpenncy (080 y '
Figure 2 Stosulated S11 with different vadues of by

| - v -
ol . & Wy

m'-‘-q«ﬂll
Figure 3 Sammlated §11 with differeot nn@y;n_‘

“ S
! l |
] P N\

*

'\“’m;
Figare 4 Stundatedt S18 with different valves of &,

! , b s

N TR S
Figure 5 Studated $11 with differont values of a

A=r "*—”?;&'7""’\7“3

e

'nv—nm =
Flgwre & Slursbated S11 of the progossd DRA

Figare 7 The smnlsted gain of the roposed DRA.

7 Ghie

Vigure 8 3D radiation p of different Mreg
3. Conclusion

The researchers design wideband diclectric resanatar
grtems.  The mesalts of the design  obtained
mpetance bmdwidth of 8161%, the fregoency
rurgge between 3.71 10 9.35 Oz, the chanclenstic of
ruchation pattemn was direction with the peak gain of
92 4B, As an spphastion m medicine for beeast
cancer, muke the future is boilding prototype and
performance test of the satenna.
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w Tel ications hos evpanded rapidly. It's
absalutedy ¥ 1o optimize the s performsance fo

pport spplications esage in modical develoy @ mi G
imaging. The radistion pattern basically needs 10 be directed
towurd the hreast phantom and high gais. Investigated by high
resedufion beeast cancer that makes anteans can be delivered in
wide spectrum, The role of this research & (o design wideband
dielectric resonator antenma (WDRA) by uing inverted Lahape
awveciated with 2 curved top face and Inverted traperoidal pateh
feed, speclalized by enginecring (ST microwave studio far &
bondwidth, gaim, hehavior of the wave, sod rudioion pattern
demenstration, WDRA that make this replicution can be used in
the fumction of o medical techni

.

Keymwondv— compact: dielectric tor anterna; inverted
trapesnidal puich, veidedamd

1. INTRODUCTION

Many rescarchers rogand antenna’s recent development
wowth m medical applications used 1o the breast
cancer, which was in the froquency range of 4«9 GHz [1]42]
The antenna design was 1o be combined with the technic
microwave imagine, The disgnesis requited a high rescfusion
by virtue of the wide bandwidth [3] - [4], thus monopelc
antennas were used to detect the breast cancer. However, these
ankenna patterns were spread amand in a manper which was
not in a position to verify the continued propagaion, resuling
in wasted encrgy. On the other hand, he directional antenna
wans 10 paind the heam 1o the breast only one side, resulting in a
namow handwidih [4);

The previows studies nédlating. o have a didfectnic resamator
(DR) antenna developed o make. waves reduced. featurcs
spedifically o the characterislicy atdburod o Bgh radiation
entering the food resulted in increased bandwidih (3] < 7],
Thercfore, this paper proposes the method o take DR (o be
designed antenna with high bandwidth for applications in the
medical fiedd by wsing the reshapod DR associsted with
imverted trapezoidal patch foed, to induce a wave tend in ono
derection, When we observed the belavior of the edectric field,
it makes the slash picce off some DR waves to spread well.
This artcle is based on simudation used the CST mic

The remwinders of this paper are organized as follows:
scction I presents an overview of the parameters imolved in
the design model, section I the simulation resulis of the
proposed model. The conclusion of this paper is presented in
Sectiom 1V,
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() Tor view, () Prener view, () sion veew.

Il DesxN

The structure of the widcband Gelecinc resomator antenna
2 shown in Figl is placed on the PUB FR4 substrate
permittivity 4.5, the fength of x ~ 44 mm, and the width of y =
44 mm. The Coned DR on the Top fs designed by Roger RT
6010 (ictectne constant of 10.2) excated by the necrostrip line
to imverted trapezoiddal pateh foed 1o merge with DR. The top of
the arc has adapted 1o reduce the back radiation. We cut some
pieces (o anid ;) 10 reduce the reflection of dectromagnetic
waves at high frequency, Detsils of paramciers used in the
model are shown m Table 1.

studio software with the impedance bandwidth of $1.16%. The
roke af thes research is 1o design (he wide band DR antenna to
be applicd in medical applications.
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[T SIMULATEN RESLLTS

Becsuse the 811 cn be wed 10 detenmine the mtching of
the suput impedance, the sntenna is orfy aocepted of it is less
1l o equat 10 -10 dB. As seen in Fig. 2. the proposed antenna
15 masched to the tassnasson line. There are saves reflected
bock at least s well as the frequency i the range between 376
10 935 Gilz. The gain of the antenna thit is armand 3.8 1o 92
dB tlustrates in Fig 3. The stmulated electne field distnbutons
of proposed ankenea displey quigd. the \nmmomimﬂ
the dsstribution of power to suit the f ll 35 foumid that
the surface in nbove of the DR will he low frequency
and region’s bottom affect 1o the begh fmwmcy whach the
shape of DR affects to the spread of fhe wave Fig. 5 shows.
mdintion pattenss in dillerent frequencies . it &5 the pointed
direction

Froquescy (GH2
Fig 2 Sarulaied 511 rexulies of the wadeband 1 drbecmo revomatns areeeru’
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Fig 4 Simmlused ehectric Held diswitancas of peoposed antetrs o (x) S G
(5) 7 03z and {e) 9 Ollx

Fig 3 The simulawd padation of the propased aotennn = - and 11+
planes al {v) 5 OHp, () 7 Oz, and {c) 0 GHz

IV, concouingmns

This research proposes the wide bandwidth nnienna
by using modified shape of dicloctne resooator, The results
obtained from the S11 with the impedance basidwidth of
BL61% in the operating frequency range between 3.71 to 9.35
GHz. ‘The mature of the radiation pattem is the direction in
which the outcome. It shows in the way that the untenia is
2 designed o be usetul for medical applications in the detection
of beeast cancer
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