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Abstract. A planar monopole UWB antenna for microwave medical imaging systems is
presented, and its operating frequency range from 3.09 GHz to 10.65 GHz. The overall
size of the design is 30x20x1.6 mm3. Two phantom models were developed to represent
the arm and breast models to evaluate the design performance in terms of reflection
coefficient, SAR, directivity and efficiency. The results showed that even with the phantom
models, UWB bandwidth is still maintained. The directivity and efficiency of the design
with and without the phantom models were studied, and its good performance was proved.
The specific absorption rate (SAR) was also investigated, and it showed a value far below
the safety limit. Therefore, the planar monopole UWB antenna is very suitable for
microwave medical imaging systems.
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1 Introduction

Microwave imaging systems are a method that employs an electromagnetic signal to
penetrate the internal structure of tissues. It identifies and locates cancer tumours based on the
high dielectric properties in contrast to normal tissues. Microwave imaging systems have several
appealing features in medical applications, such as low interference, robustness to multipath
fading, low cost, low complexity, precision, low power density, high-speed data rate; therefore,
it has aroused a lot of research interest in the field. The current medical equipment's ability to
detect tumours is not enough to meet the needs of society. The need to create a new and more
reliable inspection system becomes essential. According to reports in the literature, cancer
tissues exhibit different dielectric properties than normal tissues at microwave frequencies [1].

Since the researchers began using microwaves for medical purposes, the quest for an
appropriate antenna has attracted a great deal of interest. Ultra-Wide Band antennas (UWB) are
usually required in microwave imaging systems, especially for those who work in radar
principles. It has extensive applications in high-speed and short-range wireless systems,
including but not limited to personal entertainment systems, smartphones, personal health care
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systems, breast cancer detection, ground penetrating radars, identification system, medical
imaging system, and military[2].

UWAB planar antenna for a variety of applications has been developed. Planar antennas play
a significant role among several other kinds of antennas because of their many features, such as
easy incorporation with another device, high flexibility, ease of design, and small size. In the
past few years, several academisation around the world have developed planar antennas to
obtain wide bandwidth. Among all the introduced antenna structures, monopole UWB antennas
are very common. The monopole UWB antenna has a simple structure, a low profile, a large
bandwidth, and a high radiation efficiency. These types of antennas are easy to work in imaging
systems. Therefore, a monopole UWB-based microwave imaging system that uses microwave
radiation of a spectrum in the range of 3.1 to 10.6 GHz is becoming one of the most feasible
technologies for detecting human cancer cells [1-3].

Various designs of UWB antennas had been proposed to use microwave imaging systems
to image breast tissue [4-15], such as microstrip patch antenna for the ultra-wideband (UWB)
[4-6], UWB MIMO [7], circular modified UWB [8], tapered slot Vivaldi UWB[9], Conformal
Polymeric wideband antenna [10], Egg-shaped UWB [11], Ultra-Wideband Microwave
Antenna [12],[13], wideband magneto-electric dipole antenna [14], EBG ultra-wideband
(UWB) [15]. The above-listed design [4-15] was also utilized for different microwave imaging
systems, but their bandwidth, SAR, efficiency, and directivity do not reach the predicted
standard.

In this paper, a very simple planar monopole UWB antenna is presented in the range of 3.09
GHz- 10.65 GHz. The design was investigated on two types of human model tissues that mimic
the arm and breast. CST Microwave Studio was used to design and optimized the monopole
UWB antenna.
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Fig. 1. Configuration of the planar monopole UWB antenna(a) Front view, and (b) Back view.



2 Planar Monopole UWB Antenna Design

Figure.1 illustrates the structure of the planar monopole UWB antenna. The antenna was
designed on an FR-4 substrate with a dielectric constant of 4.4, a thickness of 1.6 mm, and a
loss tangent of 0.025. The radiating elements are made of copper with a thickness of 0.035. The
antenna is fed by a 50-ohm microstrip-fed line with a width of 2.94 mm. The design initially
started with a conventional microstrip patch shape then optimized to achieve the desired band
covering 3.09 GHz to 10.65 GHz. Three steps were taken to achieve the UWB range. The first
step is to modify the ground from full to partial. The second step introduces a rectangular slot
on the patch with a length of 8 mm and a width of 0.4 mm as seen in Figure 1(a). Lastly, the
third step introduces a slot on the ground with a length of 4 mm and a width of 2.4 mm as seen
in Figure 1(b). The final antenna has an overall dimension of 30x20x1.6 mm?®,
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Fig. 2. Reflection coefficient of the planar monopole UWB antenna.

The reflection coefficient of the presented planar monopole UWB antenna is depicted in
Figure 2. The result shows that the antenna operates from 3.09 GHz to 3.65 GHz, which is
suitable for microwave imaging systems applications. The antenna demonstrates minimum
directivity of 3.03 dBi at a lower frequency (3.5GHz) and a maximum directivity of 4 dBi at a
higher frequency (9.5 GHz). The presented design has an efficiency of 69.9% at a lower
frequency (3.5GHz) and 81.4% at a higher frequency(9.5 GHz).
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Fig. 3. Phantom models(a) Chest,and (b) Breast

3 Performance of the UWB Antenna on Body

To better understand the planar's monopole UWB antenna’'s performance near human
tissues, two Phantom models were developed for this research, which consists of three layers.
The first model is a rectangular shape imitating an arm model, and the second model is a
cylindrical shape imitating a breast tissue model. The arm model consists of muscle (¢ = 1.74,
thickness = 34, er = 52.73), fat (6 =0.1, thickness =2, er = 5.28), and skin (c = 1.59, thickness
=4, er = 45.85). These values are evaluated at 3.1 GHz [16]. The breast model uses the same
layers as the arm model, except the muscle layer was changed with a plastic cover with
permittivity of 1.7.

As illustrated in Figure 3(a), the dimension of the rectangular arm is 60x50x50 mm3,
whereas Figure 3(b) depicts the breast tissue model with a diameter of 128 mm and length 60
mm. Figure 4 shows the planar monopole UWB antenna'’s reflection coefficient placed in free
space, on the arm model, and the breast model. The result shows that the desired UWB band
is achieved from 3.1 GHz to 10.6 GHz in all cases.

The planar monopole UWB antenna's performance in terms of directivity and efficiency
while operating on the arm and breast model was carried out. The results are presented in Table
1. Itis realized that when the design is placed on the phantom models, the directivity is increased
compared to the case of free space. This is due to the interaction between the antenna ground
plane and the phantom models as the phantom models act as an additional dielectric that directs
the front's directivity. It also realized that the efficiency drop compared to free space. This is
due to the high conductivity of phantom models.



Table 1. Directivity and efficiency of planar monopole UWB antenna on arm, breast, and free space at

3.5 GHz and 9.5 GHz.
Phantom Models Directivity (dBi) Efficiency(%)
3.5 (GHz) 9.5(GHz) 3.5 (GHz) 9.5 (GHz)
Arm Model 6.32 9.87 57.7 73.3
Breast Model 5.91 7.07 58.25 70.1
Free space 3.03 4 69.9 81.4
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Fig. 4. Reflection coefficient of the planer monopole UWB antenna on arm, breast models.

The specific absorption rate (SAR) of the planar monopole UWB antenna over a human
body was carried out to find the total power that the planar monopole UWB antenna can transmit
within the safety restrictions. The assessment is conducted in accordance with the standards
established by FCC. The safety limit should not be greater than 1.6 W/kg over 1 g of tissue.
The SAR values were taken at 3.5 GHz and 9.5 GHz based on IEEE C95.1 with an input power
of 100 mW [17-20]. The results are depicted in Figure 5 and Figure 6. The SAR values of the
arm and breast models were 0.369 w/kg and 0.254 w/kg at 3.5 GHz, and 0.4 w/kg and 0.364
w/kg at 9.5 GHz, respectively. It is revealed that the design meets the standard with values far
below the safety limits, which will not affect the body.
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Fig. 5. 3D SAR results of the planar monopole UWB antenna on the arm at frequencies of (a) 3.5 GHz
and (b) 9.5 GHz.
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Fig. 6. 3D SAR results of the planar monopole UWB antenna on the breast at frequencies of (a) 3.5 GHz
and (b) 9.5 GHz.

4 Conclusion

A planar monopole UWB antenna for microwave medical imaging systems is introduced.
The operating frequency covers the UWB bandwidth from 3.09 GHz to 10.65 GHz with an
overall dimension of 30 x 20 x 1.6 mm?2. Two phantom models were developed, a rectangular



shape mimics the arm, and a cylindrical shape mimics the breast. The design revealed a good
reflection coefficient with and without the presence of the phantom models covering the UWB
bandwidth from 3.09 GHz to 10.65 GHz. The design also shows a directivity of 4 dBi (free
space), 9.87dBi (arm model), and 7.07 dBi (breast mode), while an efficiency of 81.4%, (free
space), 73.3% (arm model), and 70.1% (breast mode) at a frequency of 9.5 GHz. The SAR was
investigated based on the arm and breast models, and the results demonstrated that the SAR
values were 0.4 w/kg and 0.364 w/kg, respectively, at a frequency of 9.5 GHz.
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