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Abstract—A simple half oval patch antenna is proposed for the active
breast cancer imaging over a wide bandwidth. The antenna consists
of a half oval and a trapezium, with a total length 15.1 mm and is
fed by a coaxial cable. The antenna performance is simulated and
measured as immersed in a dielectric matching medium. Measurement
and simulation results show that it can obtain a return loss less than
−10 dB from 2.7 to 5 GHz. The scattered field detection capability is
also studied by simulations of two opposite placed antennas and a full
antenna array on a cubic chamber.
1. INTRODUCTION
Breast cancer is the most common cancer in women, but fortunately
early detection and treatment can significantly improve the survival
rate. Ultrasound, mammography and magnetic resonance imaging
(MRI) are currently used clinically for breast cancer diagnosis [1].
However, these techniques have many limitations, such as high rate
of missed detections, ionizing radiation (mamography), too expensive
to be widely available, and so on. Compared with conventional
mammography, microwave imaging of breast tumors is a nonionizing,
potentially low-cost, comfortable and safe alternative [2]. The high
contrast of the dielectric property between the malignant tumor and
the normal breast tissue should manifest itself in terms of lower
numbers of missed detections and false positives [3, 4]. The microwave
breast tumor detection also has the potential to be both sensitive and
specific, to detect small tumors, and to be less expensive than methods
such as MRI.
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Theoretical analysis and numerical simulation results have shown
that microwave imaging for breast cancer is feasible [5–13], but during
practical fabrication of imaging systems, there are many practical
problems [14]. One of the biggest challenges of constructing a
microwave breast cancer imaging system is the sensor design. Various
types of antennas have been proposed by research groups involved
in breast cancer detection applications [15–20]. For example, [16]
proposed and fabricated a compact stair-shaped dielectric resonator
antenna (DRA) for microwave breast cancer detection. A quarterwavelength choke was incorporated to reduce the finite ground plane
size. [17] studied and compared the detection capabilities of two
co-polarized and cross-polarized antenna arrays consisting of two
slot, CPW fed antennas for the purpose of ultra-wideband breast
cancer detection. [18] proposed an antenna for radar-based breast
imaging, which detects tumors by observing variations in microwave
signals reflected from the tumors as the antenna location changes.
Different breast cancer detection methods need different antennas.
Most antennas proposed recently are applied to the time-domainbased detection method, capable of detecting the location of tumor,
but not targeted for the reconstruction of the whole breast dielectric
distributions.
Here we proposed a prototype of 3D imaging system, which uses
a small 100 × 100 × 100 mm3 cubic chamber integrated with patch
antenna arrays [21, 22] as the sensor. One chamber can contain one
breast immersed in a matching dielectric medium. And the antenna
array located on four vertical walls of the chamber can sweep and
acquire 3D scattered field data in a relatively short time.
For a breast imaging system, the antenna should be compact,
lightweight and suitable for directly touching the breast. [21, 22]
proposed a kind of bowtie patch antenna for imaging at 2.75 GHz.
However, broadband antennas are preferable to increase the possibility
of detecting tumors over a large range of sizes. So an operating
bandwidth of 2.7–5 GHz is the objective of this work.
This paper presents a simple half oval patch antenna that can
operate over the necessary wide bandwidth for this application. The
half oval patch antenna presented here has been proposed to radiate
directly into a dielectric medium (matching medium).
As described in subsequent sections, the initial antenna design and
performance optimization were carried out by simulations with HFSS
and Wavenology EM. And the performance of proposed antenna is
validated by measurement. For further integration and scattered field
calculation, we will study and compare the coupling of the antenna
array and determine the smallest spacings for reducing interferences
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among antennas. The detection capability of the antenna array will be
discussed by simulations of different positions in a matching dielectric
medium.
2. ANTENNA DESIGN
2.1. Half Oval Patch Antenna Structure
According to the imaging system requirement as discussed in [21, 22],
the antennas will be mounted on four vertical panels of a cubic
chamber. Each panels has the same number of antennas. To obtain
the data for reconstruction of the breast dielectric distribution, the
antennas are switched electronically between source and receiver one
by one. In each scan process, only one antenna is used as the source
and the others act as receivers.
We choose an oval antenna as our initial structure, then change
it to half oval for reducing its size. Because the antenna size is too
small to omit the coaxial connector in simulation, we proposed an
trapezium for connecting the coaxial cable connector and the half oval
antenna arm, which can keep the antenna in the same size but with
better return loss performance. This design uses a 100 × 100 mm2 FR4
substrate (1.6 mm thickness). The ground plane is placed right behind
the substrate and covers the whole substrate. The antenna is fed by a
coaxial line. Because each antenna is as small as 15.1 mm, the coaxial
cable connector should be considered as part of the antenna design.
The dimensions and structure are shown in Fig. 1. The inner conductor
of the coaxial cable connector (SMB 50 Ohm connector) is modeled as
a cylinder 1.27 mm in diameter. And the dielectric insulator in the
connector is Teflon. The outer diameter of the cable is 4.2 mm and is
connected with the ground plane. In our model, the thickness of the
shell is 1 mm, which is not shown in the figure. The fabricated antenna
prototype is made of copper. The thickness of patch is 0.16 mm for
both simulation model and real antenna.
2.2. Antenna Performance
During the breast cancer detection and imaging, a matching medium
should be applied to surround the breast to reduce the scattering from
the breast skin. The relative permittivity (εr ) of tumor varies from 40
to 60, and normal breast tissue varies from 9 to 25 [23–26]. From the
past experimental experiences [21], we choose acetone as the matching
medium, whose relative permittivity is εr = 21.8 and conductivity is
σ = 0.17 S/m. Acetone is easy to obtain for the system prototype
development.

4

Yu, Yuan, and Liu
5

HFSS
Wavenolegy EM
Measurement

0
5.35
6.61

x

|S11 | (dB)

y
10.00

1.27
2.10
x

-25
1.60

4.20

-15
-20

13.00
15.10

z

-5
-10

Coaxial Cable Connector

Figure 1. Top and side views of
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Figure 2. Return loss simulation
and measurement results for the
antenna in Fig. 1.

We assume that the normal breast tissue is perfectly matched
with the medium. So above the patch antenna is matching medium,
while it is the air under the PEC ground plane. With these design
considerations, the prototype antenna shown in Fig. 1 is simulated by
both HFSS and Wavenology EM. We we measured the |S11 | parameter
in acetone by an Agilent E8362B PNA series network analyzer. The
simulated and measured return loss results from 2 to 5 GHz in Fig. 2
show good agreement. Both commercial software simulation results
and measurement results indicate that the proposed half oval patch
antenna satisfies the basic performance requirements, and the length
is as short as 15.1 mm. The reflection is less than −10 dB within 2.7–
5 GHz.
2.3. Array Design
An imaging system with a chamber size 100 × 100 × 100 mm3 was
proposed to fit regular breast size [21]. One prototype of the chamber
is shown in Fig. 3 and Fig. 4. The vertical spacing between two adjacent
antennas is defined as Dv , while the horizontal spacing is noted as Dh .
In this prototype, each plane has a 3 × 3 antenna array. And the
ground covers the 4 side and bottom panels to isolate the noise from
the environment. The antennas in each array has the same vertical
and horizontal spacings. How to arrange the antennas on each plane
and how to choose Dv and Dh will be discussed below.
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Figure 3. (a) Side view of the imaging chamber. (b) Each face of the
imaging chamber with 3 × 3 antennas.

Figure 4. 3D view of the chamber with an array of 36 antennas.
3. ANTENNA COUPLING ANALYSIS
The antennas will be integrated into a 3-D array on the four vertical
walls of the cubic chamber. Usually, the more antennas the wall
contains, the more imaging data can be obtained from each scan, but
the undesirable coupling may be stronger and the array becomes more
expensive. So the spacings of the antenna array are also discussed
in the paper. The couplings between the co-polarized horizontal and
vertical array elements are represented by |S21 |.
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Figure 6. Coupling versus the
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antennas.

The antennas will be parallel mounted on each of the four side
panels. Here, we studied the vertical (Dv ) and horizontal (Dh ) spacings
for any two half oval patch antennas on the same plane as Fig. 3(b)
shows. The simulation is under the assumption that there are only two
antennas on a 100 mm ×100 mm substrate (ground covers the whole
substrate).
According to the study of [17], we choose −20 dB as the coupling
requirement in the imaging frequency band of 2.7 to 5 GHz. From
the simulation results shown in Fig. 5 and Fig. 6, we can see that to
meet the requirement of isolation less than −20 dB, the smallest Dh is
5 mm, while smallest Dv is 17 mm. As a preliminary study of this kind
of imaging system, these results are only for the reference of further
antenna array design.
4. ANTENNA DETECTION CAPABILITY
For breast cancer imaging application, the antenna should be able to
detect weak signals and identify small tumors, and high quality signals
received will benefit the imaging. So we place two half oval patch
antennas on the opposite sides in Fig. 7 to determine the detection
capability of the antennas. The space between two antennas is also
filled with a homogenous dielectric material (breast tissue surrounded
by matching medium, and skin is omitted here). We assume that
the tumor is spherical, and located at the center point between two
antennas (deepest place under skin for detection) as in Fig. 7. The
relative permittivity of the tumor is εr = 50, and conductivity is
σ = 9 S/m [19].
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The scattered field of the tumor is calculated by subtracting
the incident field (background field) from the total field. Here the
incident field means the electromagnetic field generated by one antenna
radiation in dielectric medium when there is no tumor, while the
total filed is the corresponding field when a tumor exists. So the S21
parameter, which depends on signal transmission and reception, can
inc is the incident S
be used to represent the detection capability. If S21
tot is the total
parameter when there is no tumor inside the breast, S21
field S parameter when there is a tumor inside breast, the scatter S
sct is
parameter S21
sct
tot
inc
S21
= S21
− S21
(1)
If no tumor exists, the antenna will only receive the background
signals from the other. |S11 | and |S21 | in this condition are shown in
Fig. 8 (|S22 | = |S11 | and |S12 | = |S21 | for the symmetric structure).
|S11 | still satisfies the requirements of the system, i.e., |S11 | ≤ −10 dB
between 2.7 and 5 GHz.
4.1. Case 1: Detection of a 10-mm Tumor at the Origin
Here, we connect the center points of two coaxial cable connectors of
two opposite antennas, and define the center point of this line as origin
(Fig. 7). First simulation case is assuming the 10-mm tumor (radius
r = 5 mm) is located at the origin (x = 0 mm, y = 0 mm, z = 0 mm)
as in Fig. 7. The horizontal distances (along z direction) between the
tumor and both antennas are 50 mm.
Simulation results are shown in Fig. 9. The background field,
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Figure 9. |S21 | for the background field, incident field and
scattered field when a 10-mm tumor is located at the origin.
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Figure 10. |S21 | for the scattered field when a 10-mm tumor is located at (0, 0, 0) mm and
(10, 0, 0) mm.

inc |. The dotted line is
which is plotted by solid line, represents |S21
tot
total field (|S21 |). The difference between these two lines are hard
to see by eyes. So we subtract them according to Equation (1), and
sct |) by dashed line.
plot the magnitude of the subtraction results (|S21
According to the experiences of [21, 22], the imaging system can detect
sct |
and reconstruct the dielectric distribution of the object when |S21
sct
higher than −75 dB. Here, the simulated |S21 | ranges from −65 dB to
−47 dB. So the antenna is suitable for the system to detect the tumors
bigger than 10 mm in diameter.

4.2. Case 2: Detection of a 10-mm Tumor at (10, 0, 0) mm
The origin is the deepest position in breast for antenna to detect
(horizontally). However, there may be tumors located near the chest,
for example at (10, 0, 0) mm.
Simulation results are plotted in Fig. 10 by dotted line for a 10sct | for this tumor ranges from −56 dB to
mm tumor at (10, 0, 0) mm. |S21
−45 dB. The position change of the tumor is detectable by the change
sct |.
of this |S21
4.3. Case 3: Detection of a 10-mm tumor at (40, 0, 0) mm
In this case, the tumor is located closer to the chest (the open end of
chamber) at (40, 0, 0) mm. Simulation results are plotted in Fig. 10
sct | for this tumor ranges from −52 dB to −80 dB.
by solid line. |S21
Scattered field of some frequencies are lower than −80 dB. But most
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frequencies are detectable. And when antennas are mounted on the
imaging chamber and build array, the performance will be better as
discussed in the following Section 5.
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Figure 13. Scattered field results
of antenna 20 and 23 as receivers,
antenna 14 as transmitter on
imaging chamber when a 10-mm
tumor is located at origin and
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Figure 14. Scattered field results
of antenna 20 and 23 as receivers,
antenna 14 as transmitter on
imaging chamber when a 10-mm
tumor is located at origin and
(40, 0, 0) mm.
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5. ANTENNAS ON CHAMBER
Antenna array design is another challenge for the imaging system.
We modeled a simple prototype as Fig. 4 to validate the antennas
performance when they are mounted on an imaging chamber. By the
results of Section 3, vertical spacing of the antennas Dv is set to 17 mm.
Although 5 mm horizontal spacing is enough for −20 dB isolation, we
set Dh = 20 mm as a preliminary study of the antenna performance in
chamber. The array is symmetric, so six antennas (center column and
left column in Fig. 3(b)) are enough to represent the performance of
all antennas. We choose antennas 1, 2, 13, 14, 25 and 26 as sources in
the array shown in Fig. 4.
The return losses of these antennas are shown in Fig. 11. At the
frequencies higher than 3.5 GHz, the return losses are slightly higher
than −10 dB for part of the 6 representative antennas. Although
antenna performance is slightly affected by the chamber, the antennas
are still suitable for the imaging system.
Figure 12 plots the coupling of 6 pairs of antennas to their
counterparts on the opposite side of the chamber. For example,
antennas 1 and 9 are the antennas located in the upper left corner
of two parallel walls of the chamber; the coupling result is shown as
|S9,1 | in Fig. 12; |S33,25 | is for the pair located in the bottom corner of
the chamber. The antennas are numbered in Fig. 4. These coupling
results are simulated under the hypothesis that there is no tumor in the
breast. So the results are the incident field. The magnitude of these
incident fields are similar to the results simulated by two opposite
antennas in Section 3.
Here we define the center point of the chamber as the origin; the x
direction is pointed to the open face of the imaging chamber, and the y
and z directions are pointed to two adjacent vertical walls. Similar to
Section 3, we simulated and calculated the scattered field of a 10-mm
tumor at three different positions, namely at the origin, (10, 0, 0) mm,
and (40, 0, 0) mm. Fig. 13 and Fig. 14 show the different scattered
field results at antenna 20 and 23 when antenna 14 is radiating. We
can observe that the most scattered field is over −75 dB. This level of
scattered field has been shown to enable imaging in a homogeneous
fluid [8], although much more work needs to be done to allow imaging
in a real breast tissue.
6. CONCLUSION
A simple half oval patch antenna is proposed for breast cancer imaging.
Both simulation and measurement results show that the return loss of
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the proposed antenna is less than −10 dB from 2.7 to 5 GHz. In a cubic
imaging chamber, the antennas are mounted on four vertical walls.
The couplings of two co-polarized antennas placed horizontally and
vertically are studied for the antenna array design. And the detection
capability of the antenna is simulated by two opposite antennas with
100 mm distance. The space between two antennas is filled with
dielectric medium, which simply represents a model of breast immersed
in perfect matching medium omitting the skin. Simulation results show
that the antenna can detect the signal variation caused by a 10-mm
tumor at different positions. According to the co-polarized coupling
results, we modeled a chamber with 3×3×3 antenna array. Simulation
results prove that the proposed antenna is applicable to the breast
cancer imaging system.
Ongoing work is being conducted to build appropriate antenna
array, integrate them in the chamber, and perform experiments to
validate the feasibility of the imaging system we proposed.
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