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Abstract: Detect breast cancer in early stages, ensure a comfortable and cheap diagnostics in order to reduce women
mortality, are the challenges of this paper. A compact ultra wideband (UWB) Planar antenna for Microwave thermography
system is designed and simulated using two commercial software, CST Microwave Studio and HFSS simulators.
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1. Introduction
Breast cancer is the second leading cause of women’s
mortality [1]. Early detection increases the chances of
successful treatment. The capabilities of current medical
devices to detect breast cancer are agreeably insufficient for
society’s needs. The detection methods to reveal the tumor
structure are divided in two main categories: non-invasive and
invasive methods. The main invasive methods that use the
breast exposure to electromagnetic, magnetic, ultrasound fields
or radioactive tracers are: Conventional X ray mammography,
Full Field Digital Mammography, Ultra-sonography,
Impedance Tomography, Nuclear Tomography and
Ductography, Scinti-mammography, Magneto-mammography,
diffuse light imaging and Laser Breast Scanner [2-6]. The noninvasive that use specific fields of the anatomic structure as
well as certain mechanical properties are: Infrared
Thermography (IR) and Microwave Radiometry (MR). The
Noninvasive techniques are preferred because they don’t use
ionogene radiation, it could be made as often as necessary and
it doesn’t seem to be harmful for the patient. Thermographic
imaging uses the radiation emitted by the biological structures
themselves within the microwave range Fig.1, according to the
radiation laws of electromagnetic waves. Compared with
infrared thermography the microwave radiometry allows the
detection of depth malignant structures because the
microwaves has a greater wavelength and are less absorbed by

the tissue traversed from the tumor to the surface. The
determination of thermal radiation is a measurement of tumor
activity [7], providing date beyond the physical parameters.

Figure 1. Microwave thermography principal.

Moreover patch antennas are regarded as one of the key
components in ultra wideband (UWB) communication
systems which have attracted significant research power in
the recent years. A feasible UWB antenna should possess a
good performance in term of return loss (S11), voltage
standing wave rate (VSWR), radiation pattern and gain. Thus
it’s commonly known that the patch/microstrip antenna
suffers from narrow impedance bandwidth. For the past few
years, many researchers have investigated this phenomenon
for the purpose of overcoming it. Meanwhile, there are many
techniques which possess different structures are capable of
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achieving broadband antennas, such as coplanar coupled feed
[8], aperture coupled feed [9, 10], Open square loop patch
[11], slot-coupled patch [12], proximity fed square ring patch
[13], E-shaped patch [14], coupled annular ring antenna [15],
slotted rectangular patch [16], H-shaped antenna [17],
meandering probe-fed patch [18], E–H shaped patch [19], Wshaped patch [20], U-shaped patch [21], and stack patch [22].
By using these techniques, a wider impedance bandwidth of
up to 50 % has been achieved. Suspended plate antenna (SPA)
has been used as an alternative in designing antennas for low
profile, compact, and wideband applications [23, 24].
Generally, the radiating plate is placed in parallel with the
ground plane at a certain height. An air or foam layer with a
low dielectric constant is used as a medium between the plate
and ground plane [25].

Based on the above references and as the first component in
microwave radiometry system, fig. 2, we propose a simple
planar UWB antenna with a wide pentagon slot in the radiator
and a reduced ground-plane with a T-slot. As described in
subsequent sections, the initial antenna and optimization were
carried out using CST Microwave Studio [26], a commercial
electromagnetic simulator, and the Ansoft simulation software
high-frequency structure simulator HFSS [27].
So the challenge of our study is the conception of a highperformance antenna, which operates at S-band (2-4GHz), to
connect it with the other radiometer components in order to
reconstruct the thermal images. This antenna can be placed in
contact with breast to give us a clear insight for the studied
concept (internal breast heat).

Figure 2. Breast cancer detection steps.

width WP and a wide pentagon slot.
On the other side of the substrate, a reduced ground plane
with a T slot of width WS and length LG is placed as shown in
Fig. 3. b.
Hence the main goal is to design an antenna with UWB
radiation. We need to apply some techniques to improve the
impedance bandwidth performance. We have started from a
simple square patch (Antenna a), and by adding a wide
pentagon slot we obtained a slotted antenna (b), then antenna
(c) is achieved by introducing a T-slot in the reduced ground
plane as shown in Fig.4.b. All physical dimensions of the
proposed antenna are summarized in the Table 1.

2. Antenna Design Process

(a)

(b)

Figure 3. The proposed antenna (a): Front view (radiator), (b): Back view
(gound plane).

The proposed shape of the structure shown in Fig. 3.a
consists on a microstrip antenna with a UWB radiation
properties, fed by a microstrip line, which is printed on a FR4
substrate of a thickness of 1.58 mm, having permittivity
constant ℰr=4.4, loss tangent tanδ=0.0019. The width WF of
the microstrip feed line is fixed at 3 mm, and the length LF is
at 18mm, which ensure a characteristic impedance of 50Ω.
The geometry of the antenna is a rectangular patch with a

Figure 4. (a) The antenna with a simple ground plane (b) antenna with T
slot in the ground plane.
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Table 1. Physicals dimensions of the proposed antenna.
Parameters
LS
WS
LP
WP
LG

Descriptions
Substrate Length
Substrate width
Patch length
Patch length
GP length

Dimensions (mm)
45
30
25
25
14.5

Parameters
WG=WS
TM
S
R
T Slot

Descriptions
Ground plane width
Metal thickness
Inner radius
Outer radius
A×B and C×D

Dimensions (mm)
30
0.035
2
4.5
2×3 and 6×2

3. Simulation Results & Discussion
In order to optimize the performances of the antenna
obtained by using the CST simulation tools, we have added a
T-slot in the ground plane Fig.4.c. This modification has
turned the antenna (a) from an UWB antenna less matched,
which has a bandwidth from 1.98GHz to 4.56GHz with
return loss less than -10dB (VSWR <2), to another antenna
(b) well matched especially at 3.3GHz and it has a bandwidth
from 2.01GHz to 4.4GHz with a minimum of -23.36dB at
3.64 GHz (VSWR <2) as shown in Fig.5-6.

Figure 7. Return loss of the proposed antenna with CST&HFSS.

Figure 5. Simulated return loss of the two antenna

structure.

Figure 8. VSWR of the proposed antenna with CST&HFSS.

Figure 6. Simulated VSWR of the two antenna structure.

In addition to CST MWS simulator, we have applied
another method to analyse this antenna and verify the above
results; HFSS software based on Finite Element Method
(FEM). Fig. 7-8 shows the comparison results between both
methods.

Figure 9. Simulated antenna gain versus frequency.

Fig. 9 presents the gain variation of the proposed antenna
that is almost around 3.5dB in the frequency range below 3.6
GHz. Then this antenna is suitable for Microwave imaging
and Breast Cancer Detection using microwave radiometer,
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also other S-Band applications due to its enhanced bandwidth
and the constant gain over its whole frequency band, with
some further optimization and manufacturing aspect, this
antenna can serve in several UWB applications.
Further Fig. 10 shows the far-field radiation patterns of the

proposed antenna at 3.64 GHz in E-plane and H-plane. It can
be seen that in the H-plane, the antenna has fairly good
omnidirectional radiation pattern. The radiation patterns in
the E-plane are like a small dipole leading to bidirectional
patterns in the very wide frequency band.

(a)

(b)

(c)

Figure 10. (a) 3D view radiation pattern of the proposed antenna, 2D radiation pattern (b) E-plane, (c): H-plane.
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4. Comparative Study
Fig.11 presents a comparison between the performances of
some recently developed miniaturized antennas, printed on a
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FR4 substrate, and the proposed antenna. Compared with the
other structures, the proposed antenna shows a wide
impedance bandwidth around S-band (2-4GHz: Framed
zones), a compact size, and a less complicated design.

Figure 11. (a), (b), and (c) respectively from [28] , [29] , and [30] , (d) The proposed antenna.

36

Amal Afyf et al.: A Novel Low Cost UWB Antenna for Early Breast Cancer Detection

[9]

5. Conclusion
In this paper, a miniature microstrip UWB antenna for
application in medical imaging is proposed. The antenna
satisfactorily meets the requirements and has an UWB
attitude. Indeed, the simulated results show that the antenna
has a reflection coefficient of -10dB from about 1.3GHz to 6
GHz in HFSS software and from 2.01GHz to 4.4GHz in CST
with all desired UWB radiation characteristics. It has good
stability over the entire frequency band provided and that in
the two principal planes E and H. Also the gain is good and
suitable for our intended application. Due to its excellent
characteristics, this simple low profile antenna structure
might be a good candidate for a microwave thermography
system or a microwave radiometer for early detection of
malignant tumors. Furthermore these attributes makes the
proposed antenna very suitable for UWB wireless systems
that require low-profile antennas. Future research will
systematically focus in evaluating this antenna under various
parametric and experimental conditions.
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