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ABSTRACT

In this work, a small multilayer metamaterial patch antenna for microwave breast imaging (MWI) like breast cancer
detection and targeted drug delivery applications was developed both theoretically and experimentally. However, to
improve the antenna performance relating to the bandwidth (BW), the radiating element of the suggested initial antenna is
modified by adding a modified split ring resonator (SRR) and slits in the patch as well as the ground plane. Then, to achieve
the requisite antenna properties for MWI applications such as the gain and directivity, the antenna is equipped with a
uniplanar artificial magnetic conductor (AMC) has a relatively small size of 30 x 30 X 1.6 mm3 and it accomplishes a
return loss below -40 dB (S11< -40 dB) at overall BW of 7 GHz with more than 5 dBi realized gain. In this way, the
characteristics of the fabricated antenna are measured to examine the antenna performance. Indeed, the fidelity factor of
face-to-face and side-by-side scenarios are also noticed for the same frequency range. In the final analysis, a simulation
model of the antennas, which operate as a transceiver, and a breast phantom model with tumor sample are proposed for
detecting cancerous tumor cells within the breast cell .Hence, the proposed design is suitable in the biomedical applications

such as tumor cell detection and drug delivery technology
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1. INTRODUCTION

A microstrip patch antenna consists of a conducting patch
and ground plane, and between them is a dielectric medium
called the substrate, which has a particular value of
dielectric constant with a small dimension of a patch.
Metamaterials, or artificial structures with negative
permittivity and negative permeability, were first studied in
1968 by Veselago, which are formed by a triad of vectors:
electric field, magnetic field, and phase propagation. The
effects of metamaterials can be observed during the wave
propagation. Metamaterials can be used for microwave band
frequencies, terahertz field frequencies, and ultra-wideband
band frequencies in devices such as antennas, filters, and
integrated network sensors that can improve some of the
parameters of equipment in the different fields of
communication and technology. To improve the radiation
properties of the antenna by using metamaterial surfaces,
antennas are often placed above the reflector in order to
radiate in a specific direction only while reducing the back-
radiation.

The distance between the antenna and the metal surface
should be chosen to be a minimum of A/4, where the
metamaterial acts as a reflective plane to enhance the
radiation pattern and radiation efficiency. The

complementary split-ring resonator (CSRR) antennas have
received growing attention due to their numerous
remarkable characteristics, such as low profile, high
radiation efficiency, broadband characteristics, light weight,
and stability for high-frequency applications._In addition,
the realization of split ring resonators (SSRs) in various
geometrical shapes along with simple feeding mechanisms
such as inset, offset, coaxial probe, aperture coupling,
coplanar feed, slot line, etc. Typically, CSRRs are well
suited for low-loss wireless applications on account of
infinitesimal conductor losses and high impedance.

In early decades SRRs were recognized as radiating
elements, beginning with the analysis of basic shapes such
as rectangular, circular, and cylindrical. Fundamentally, a
typical existing structure such as a CRLH-based antenna
provides a gain of 3.16 dBi with an antenna efficiency of
76.5% and with an FBW of 1.52% at a very high resonant
frequency. A circularly polarized patch antenna (CRLH-
based) has a gain of 3 dBi with 70% efficiency. A
metamaterial shell-based antenna with electric coupling and
magnetic coupling has 92% and 82% antenna efficiency
with 4.1 FBW. A microstrip DBE-based antenna has a gain
of 4.5 dBi with 95% efficiency at the 1.48 GHz frequency.
The MPC-based antenna has 6.2 dBi gain with 67.5%
antenna efficiency at 2.35 GHz frequency with a high 8.85
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FBW. The mu-zero resonance antenna has a 2.9 dBi gain
with 86% efficiency with an operating frequency of 7.3
GHz. The SRR spherical wire antenna has 73% efficiency
at 403 MHz. The inductively fed vertical SRR antenna has
2.05 dBi and 68.1% efficiency at 2.85 GHz with FBW
20.1%. The CSRR resonator antenna has 2.13-5.04 dBi with
74.5% at 2.82-3.82 GHz with 1.76 FBW. The triple-band
antenna (CSRR) has 4.45 dBi and 75.5% efficiency. The
RIS meta-surface-loaded antenna has 4.5 dBi gain and 90%
efficiency with 6.7 FBW.

The meta-surface-loaded AMC ground-plane antenna has
19 dBi with 80% efficiency at very high frequencies. In this
proposed design, CSRR with a rectangular patch antenna
with an inset feed provides gain and antenna efficiency with
better performance with better lobe results and cross-
polarization. The SRRs manifest a capacitive effect at
higher frequencies. For feeding the microstrip patch
antenna, a novel inset feeding method is used. The
simulation is carried out in HFSS Microwave Studio
software. The following figure shows the gain pattern of the
antenna in the far field. The direction of the maximum gain
of the antenna is above the patch.

2. ANTENNA GEOMETRY

- Roger 5880

copper

patch & meta cell

Fig.1 delineates geometrical aspects of the Resonator.
Presented antenna is implemented with FR4 substrate &, =
4.4 with dimensions of 30 x 30 x 1.6mm>. The Partial
ground structure of dimension 11 x 18 x 0.018 mm3 is
implemented to achieve UWB response. A Rectangular
CSRR of material Alumina ceramic having the relative
permittivity (€r)of 9.8 instituted upon substrate. This
proposed design is a perfect combination of effervescent
qualities of dielectric resonator and Patch radiator. A circle
shape microstrip patch antenna with stepped microstrip feed
produce a dual band frequency response. Inclusion of wide
band antenna complements the fields produced by patch.
Combination of electric field radiated by MPA and CSRR
yields an impedance bandwidth of 7 GHz. Stepped
microstrip feed line with slotted partial ground structure
amalgamate electric fields produced due to patch and CSRR
both. Resultant H-modes are generated from excitation of
TM and TE modes and provide a bandwidth ranging from
30-40 GHz. Fig.1(a) shows Top view of dielectric antenna
which shows CSRR and patch implementation of structure.
Fig. 1(b) shows the side view of Resonator with height of
substrate and CSRR. Fig. 1(c) shows the slotted ground
structure of the patch resonator antenna.
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Fig. 2 (a) Peak Outlook (b) Bottom outlook of the antenna

Table 1.Dimensions of proposed antenna structure

Parameter | Dimensions | Parameter | Dimensions
Ly 28 1 8.5
W, 28 ) 7.75
L, 1 T3 5
w, 1 r4 6.75
L; 5 h,y 1.6
W, 2 h2 3
(Unit of dimensions is mm)
3. THEORETICAL CONSIDERATION OF
DESIGN

L1

w2

L6 |

W1

1

W11

Fig 3 meta cell design

Table 3.1 parameter of meta cell

Parameter | Dimensions | Parameter | Dimensions
L, 4 w, 0.15
W, 4 L8 0.15
L, 2.8 L9 0.2
W, 2.8 w8 0.03
L 2.2 L10 0.2
W, 2.8 Wy 0.4
L4 1.8 Wio 1.3
Wiy 1.3 Lio 0.2
Ls 0.25 W 1
Ws 0.35 h 0.25
Ls 0.35 t 0.02

In this design, annular ring patch is chosen at first step to
implement the hybrid sensor. Ring patch antenna offers
dual band properties along with better impedance matching
and improved radiation properties. The mathematical
analysis of a ring patch can be done with the expression of
Resonant frequency

Xnm X
Fram = o= m

Where ¢ = 3x 1019 is velocity of light in cm/sec

Xom 1s the first order Bessel function root and depends on

the mode of the patch.
For TMy; mode , the value of K,,,, =0.6773.

Where n= azimuthal variation

And m shows field variation across the ring width.
r1-12

T1+712
<0.35 and b =2 Xa Xc conditions are met. ‘a’ and ‘b’ both

are the inner and outer radii of the patch ring. If the fringing
effect is also evaluated then the resonant frequency is given
by

The above expressions deliver accurate values when
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Xnm Xc

frnm 2 X7 Xa X,/ €re (3)

1

[1+10><§]_E @)

Where €,, isthe effective dielectric constant

and w = b-a, is the width of the ring.

Dimensions of ring shaped patch are chosen according to
(2), Hybrid senor proposed in this paper is a combination of
patch and rectangular dielectric resonator CSRR. Proposed
rectangular geometry of CSRR is selected due to the agility
provided by designed CSRR. With proper selection of
antenna structures dimensions i.e. length (Ld), width (Wd)
and height (h2), desired antenna response can be attained .
Q-factor of CSRR depends upon aspect ratio of the antenna
structure. This CSRR antenna used lowest order mode of
Rectangular SSR i.e. TE*;;; mode. Resonant frequency for
this specific mode can be calculated with the following
transcendental equation.

k, tan(k,Ld|2) = \/(g, — 1)kZ2—KkZ (5)

,@=%mdﬁ+@+@=gﬁ

. . wd Ld . .
Election of aspect ratio s and o along with €., is

important in determining the resonant frequency of RDRA.
The expression used for the resolution of above parameter
consisting of normalized frequency (F) is given by equation
2): ,

Fe= nwf, ey (6)

(4
Unification of microstrip patch and dielectric resonator

antenna consequently increases the properties of the overall
structure. Easy and simple fabrication technology is a major
advantage owned by patch antennas. On the other hand,
dielectric resonators offers alleviated gain and efficiency.
This research work encompasses around combination of
effervescent characteristics of both radiators to attain band-
width at 9.1 GHz with a higher gain of 5.7 dB and attained
average efficiency of 90% throughout the antennas
operating range of frequency.

4. EVOLUTION OF THE CSRR PATCH ANTENNA
Evolution stages of the Dielectric antenna is depicted in the
Fig. 2. Initial dimensions of the metallic radiator have been
calculated by using Eq"3 for a frequency of 10 GHz. RDRA
is designed for a frequency of 6.3 GHz by using Eq" 5 and
6. Rest of the structure is modified with the successive
stages. As can be seen in Fig. 2(a), annular ring slot is
implemented as patch antenna. Subsequently, in Fig. 2(b)
Ground plane is reduced to half to radiate like monopole. In
Fig. 2(c) twin C-shaped facing each other are incorporated
in the partial ground plane to increase capacitive reactance.
Fig. 2(d) represents last stage of proposed design. In this
design, a wide band DRA is placed upon patch antenna to
obtain wide band response.

Fig 2. Evolution stages of Antenna

5. RESULTS AND DISCUSSION
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design structure act as a metamaterial which provide pattern.Both Epsilon and mu negative give refractive index
antenna better efficiency ,power dissipation, radiation negative make this structure double negative material.

Radiation pattern
‘ = ZQ:W‘, S Parameter Plot 2

1

fig 4 Radiation pattern

6. GRAPHICAL RADIATION PATTERN frequency . The radiation patterns of proposed structure are
Fig. 7 represents the radiation pattern obtained. It is showing omnidirectional and depicts that proposed structure radiate

pattern that at 40 GHz antenna is acting as Magnetic like magnetic monopole.
Monopole Antenna and cross-pol levels are fairy low.at

\__\_\Nx\f-j{_,—_,f.

(@) (b)

Fig. 5 a) Radiation Pattern for antenna with Co-Polarization & Cross Polarization (Simulated and measured) in
(b =0°)and( ¢ =90) 6° planes at -40GHz, (b) The Radiation Pattern with Co-Pol and Cross Pol
(Simulated and measured) in ¢ = 0° and ¢ =90 6° planes at -40 GHz and (c) Radiation Pattern for antenna with
Co-Polarization and Cross Polarization (Simulated and measured) in ¢ = 0° and ¢ =90 0° planes at -40 GHz.

Comparison Table which an antenna can be evaluated. According to the designs

Table 3 reflects features of different kind of sensors proposed till date proposed structure is advantageous in
proposed in state of art for ON/OFF body centric terms of easy fabrication, high gain and efficient antenna for
applications. This table highlights the key aspects upon Off/On body communication.

Table 3. Various sensors proposed for WBAN communication

Ref. Shape of DRA BW Ground Plane | Antenna size Conclusion
no. (GHz) (GP) (mm?)
15 Stair 7-12 Choked GP 209209 Complicated design
shaped 10.77
16 H-shape DRA 3.47-9.62 Partial GP 3093095.8 | Doesn’t allocate the tumour size and
with slot position
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17 Rectangular 22-27 Full GP 30930948 Circularly Polarized but intricate
structure
18 Cubical shape 4-12 Partially 209 159 5.64 | Dominant mode exists above 10 GHz
sloted which may cause ripple effect which
leads to inaccuracy
43 RDRA 5-17 Partially 26918912 Compact design, Single radiator
rectangular sloted reduces SAR, Low frequency
detection of tumour means less
ripples
This | Millimeter wave 30-40 Defective 3030 1.6 Compact design, Single radiator
work | rectangularCSRR ground reduces SAR, Low frequency
detection of tumour means less
ripples,high efficiency.

7. CONCLUSION AND FUTURE SCOPE

In this paper, A CSRR metamaterial surface fused with
patch antenna to enhance antenna parameters are presented
for wide band frequency used for millimetre wave . The 40
GHz millimeter-wave (mmWave) band yields highly
granular electromagnetic (EM) scattering data, which
significantly improves the precision of tumor localization
over lower-frequency microwave systems. shows dielectric
contrast Because malignant tissues exhibit a much higher
dielectric constant and conductivity than healthy fatty
tissues, the contrast allows for highly accurate tumor
detection without subjecting patients to ionizing radiation.
The primary challenge at 40 GHz is increased tissue
attenuation. To maximize penetration and avoid signal loss,
the design must be optimized using advanced dielectric
superstrates or array configurations. Additionally, Specific
Absorption Rate (SAR) constraints must be strictly
evaluated to ensure the system remains safe for clinical,
non-invasive wearable imaging. Successful
implementation will likely rely on integrated multi-antenna
arrays coupled with machine learning-based image
reconstruction algorithms to enhance diagnostic reliability
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