Microwave Flexible Antennas for Breast Cancer Imaging
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Abstract — Microwave Imaging is an emergent and
low-cost modality of medical imaging that is suitable
for use in tissue diagnostics, in special, cancer in
breast tissue. Because of that, the design and
substrate of antenna plays an important rule on the
system performance. This article presents the
development of compact, cost-effective and wearable
microwave flexible antennas, specially designed for
female breast imaging. The results of simulations of
two different shapes of like Rectangular patch and
Bow-Tie antennas ranging between 1.9GHz and
2.7GHz are shown here. Pyralux Polyimide (¢=3.2
and thickness= 0.0508mmy), cotton (e=1.6 and
thickness= 0.48mm) and polyester (€=3.2 and
thickness=0.36mmy) are the substrate material of the
flexible antennas to evaluated to find the best
performance of Return Loss and Gain as well as
Electromagnetic Field Distribution. Simulations
were done using HFSS software. Results revealed
that bow-tie antenna is more efficient and smaller
than patch antenna. The pyralux polyimide antenna
is highly omnidirectional.
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Introduction

Breast cancer is one of the principal cause of
global mortality and morbidity in the 21st century and
almost 12% of all kinds of cancer worldwide [1].
Early detection is the key to control the death rate
(which is 80%) due to breast cancer [1], which is hard
with x-ray mammography. Therefore, Microwave
Imaging (MI) of breast emerges as a novel modality
of 1imaging to be complimentary to X-ray
mammography. MI is based on detection of non-
ionizing microwave radiation diffused inside and
transmitted throughout the whole female breast
[2][3]. The working principle of microwave imaging
technique is based on the contrast of dielectric
properties between tumors and healthy tissues. The
scattered signals of microwave antennas are
collected. The size and location of tumor is estimated
by difference of electric and magnetic fields strengths
of scattered waves [4]. The shape of antenna plays
very important role along with the type of antenna

substrate [4]. Specifically, for the present case the
substrate material is of great importance due to the
flexibility to make a wearable diagnostic device. This
article presents the initial results of flexible patch
antennas for development of a cost-effective and user
friendly for breast cancer diagnosis.

Microstrip patch antennas of Rectangular and
Bow-Tie shape ranging between 1.9GHz and 2.6GHz
were simulated using High Frequency Simulator
Structure (HFSS) software.  The performance
parameters like Return Loss, Gain and directivity of
three different flexible substrates materials (pyralux
polyimide, cotton and polyester) were evaluated.

Materials and Methods

Microstrip antennas are selected for current
research because of its characteristics like low profile,
low weight, ease of fabrication, flexibility and low
cost. Microstrip antenna has small bandwidth and
highly directive. Patch antenna also known as
resonant antenna [5]. Microstrip patch designed on
metal surface are feed by either, feed line or coaxial
cables. Patch antenna consist of at least 3 layers,
ground (metal), dielectric substrate and upper layer of
conducting material. The length of the patch (L) is
almost half of the wavelength [6]. Electric field is
perpendicular to the patch whereas the magnetic field
is parallel. [6]. The resonant frequency of patch
antennas can be tuned by changing the geometric
parameters (like width, length etc) [4]. Different
characteristics parameters like radiation gain,
resonant frequency return loss and directivity of
antenna are of great importance. The matching
impedance of antennas are set to be 50ohms which
can be found using the following mathematical
relations in table 1. Geometry parameters and
substrate material affects the properties of antenna.

The antennas in this article were theoretically
designed for 2GHz, but resonance frequency can be
shifted 2-4%. According to antenna theory for half-
wavelength patch antennas, this shift is due to
fringing field effect. Fringing effect is also affected
by thickness of substrate of antenna.

Table 1: Effective Permittivity, Parameters and
Impedance [7][8]
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In present study, Bow-Tie patch and Rectangular
patch as design (Figure 1) were chosen because of
their symmetry, ease of draw and manufacturing.
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Figure 1: Schematics of both for Rectangular Patch
and Bow-Tie Antenna

Different substrate materials were studied for two
types of antennas operating between 1.9-2.6GHz. For
flexible antennas Cotton, Polyester and Pyralux
Polyimide were used as substrate.

Results and Discussion

Two types of antennas were simulated and
analyzed for different types of flexible substrates like
Pyralux Polyimide, Polyester and Cotton. Polyester
and Cotton are fabric materials which may be used for
wearable antennas in the future. The rectangular
patch antennas are feed by microstrip feedline
whereas bow tie antenna is feed by coaxial

feedline.The antennas were simulated to optimize the
charateristics properties of antenna like return loss
(S11), gain and directivity of antenna. Several factors
influence the frequency shift between measurements
and simulated as manufacturing tolerance, errors, and
limitations in measurement. Moreover, in the
simulation the material is perfect with no variations
in thickness and often the dielectric constant of the
material is little different from that commercially
available.
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Figure 2: Return Loss of different Substrate for
single Rectangular Patch Antenna

Return Loss of patch antennas is less than -10dB
as shown in figure 2. For radiating frequency of all
different substrates, at the center (phi=0), figure 3,
shows that the Patch antennas are omni-directional.
Directivity and gain are directly related parameters of
antenna. The gain of all three types of substrates is
shown in figure 4.
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Figure 3: The directivity of Patch Antennas for all
substrates



polyimide_patchanetnna antennas: dB(GainTotal) versus Phi and Theta (09/13/17) I

z

dB(GainTotal)

1. 6000e +000
~2.9036¢+000
-5.8434¢+000

-8.7831e+000
-1.1723e+001
-1.4663e+001
~1.7602e+001
~2.0@542¢+001
-2.3482¢+001
-2.6422¢+001
~2,9361e+001
-3.2301e+001
~3.5241e+001
-3.8181e+001
-4.1120e+001
-4, 4060 +001
-4, 7000e+001

~~a Phi

(a)

polyaster_patchanetnna: dB(GainTotal) versus Phi and Theta (09/13/17) I

dB(GainTotal)

1. 8000¢+000
-2.9936e+000
-5. 8434e+000

-8.7831e+000
-1.1723e+0801
-1.4663e+001
-1.7602e+001
-2.8542e+001
-2.3482e+0801
-2.6422e+0801
-2.9361e+001
-3.2301e+001
-3.5241e+001
~3.8181e+001
-4.1120e+001
-4. 4960e+001
~4. 7000¢+001

(b)

cotton patch antenna: dB(GainTotal) versus Phi and Theta (09/13/17) I

dB(GainTotal)

1. 5000e+200
-2.9936e+000
-5, 843Y4e+000

-8.7831e+000
-1.1723e+001
-1, 4663e+001
-1.7602e+001
-2.8542e+001
-2.3482e+001
-2, 6422e+001
-2.9361e+001
-3.2301e+001
-3.524%1e+001
~3.0101c+001
-4.1120e+001
-4, 4060e+001
-4, 7000e+001

(c)
Figure 4: The gain and directivity of Patch Antennas
for all substrates a) Gain of Pyralux Gain of
Polyimide b) Gain of Polyester ¢) Gain of Cotton

The gain of Pyralux polyimide material is very low
as shown in figure 4, which makes this material very
suitable for making wearable devices using antennas
of pyralux polyimide for MWI.
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Figure 5: Return Loss of Bow-Tie antennas

Radiation Pattern Directivity of All substrates of Bow-tie antenna
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Figure 6: The gain and directivity of Bow-Tie
Antennas for all substrates a) Directivity and b)
Gain of Pyralux Polyimide

Figure 5-7 shows the characteristics behavior of
bow-tie antennas which shows that the bow-tie antennas
are high in gain and omni-directional as well.
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Figure 7: The gain and directivity of Bow-Tie
Antennas for all substrates a) Gain of Polyester b)
Gain of Cotton

The values of gain with respect to resonance
frequency for all antennas is given in table 2.

Table 2: The Resonance Frequency and Gain of

Antennas

Gain

Antenna Type Substrate Freq(GHz) (dB)
PP 1.93 7.2299
Rectangular Polyester 2.1 6.7049
Patch Cotton 1.91 5.3845
PP 2.15 4.9979
. Polyester 2.6 6.7049
Bow-Tie Patch Cotton 25 5.3845

Conclusion

In this article, our research group had presented
initial results in the development of a cost-effective

flexible MI system. Simulations of Bow-Tie patch
and Rectangular patch resulted in Input Return Loss
lower than -10dB at around 2 GHz. Both types of
antennas are high in gain, compact and
omnidirectional. Bow-Tie patch is preferable design
as the gain of Bow-Tie antenna is greater than
Rectangular patch antennas.

Regarding substrate materials, Polyester and
Pyralux Polyimide reveled to be a better option for
cost-effective antennas with higher flexibility.
Polyester has best performance in gain and directivity
while Pyralux Polyimide revealed lower Reflection
coefficient than Polyester.

Next steps are focused to improve the design to
an array of multiple antennas and characterize it.
Beyond, the development of electronic circuitry to
acquire first images and apply it on in vitro
experiments in phantoms.
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