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Abstract - In this paper, we present a quasi-rhomboid antenna for breast cancer detection with ultra-wideband antenna. The 
proposed antenna was constructed in quasi-rhomboid shaped. Antenna with a 50 Ω micro-strip feed line was fabricated on 
dielectric substrate (FR-4) and antenna analysis was conducted by using the Computer Simulation Technology (CST Studio). 
In measurement, it is found that the proposed antenna has return loss, less than -10 dB and impedance bandwidth of 118.2 % 
(2:1 VSWR) which covered frequency range 3.34-9 GHz to use in the  application for breast cancer detection is based on the 
power transmitted through S21 using the Vector network analyzer model HP8722D. The system has been tested for cancer by 
measuring the power transmitted from the antenna. Theoretical and conceptual design of the antenna has been used in the 
design of the antenna, which is based on simulations by CST Microwave Studio. 
 
Index Terms - Ultra-Wideband, Microwave Cancer Detection. 

 
I. INTRODUCTION 
 
In the past, microwave was used in many of the 
commercial. Unless the short range communication 
system that can be transmitted at high data rate, on the 
other application that attractively for microwave 
technology is medical application. Particularly breast 
cancer application, due to breast cancer is the one of 
the main causes of women death and breast cancer is 
the most of cancer that found in women over 40 years 
old frequently. The common methods that used for 
detection the breast cancer are mammography, 
ultrasound, and magnetic resonance imaging (MRI).  
 
However, this technology suffers from some 
drawback such as the painful breast compression, and 
ionizing radiation, in addition to this method are 
highly expensive and very complex. Later, breast 
cancer detection by using microwave has been 
researched in UWB frequency range [1-2]. Which is 
the lowest cost method, in addition it avoids exposure 
to ionizing and breast compression too. In this 
research uses frequency in the UWB range for breast 
cancer detection by analyzing form body power 
absorption by transmitting a microwave into the breast 
and observed SAR [3-4]. The SAR intensity in the 
tumor tissue is higher than normal tissue due to the 
tumor tissue has dielectric higher than normal tissue 
[5].  
 
This research analyzes the system in frequency range 
4-8 GHz. The most important equipment that using for 
setup, configuration and simulated are required 
measurement engineering equipment, personal 
computer for simulation the result, breast model that 
has dielectric same the real breast, and 4-8 GHz 
antenna. In experimental, antenna and phantom are 
created to proving the experiment. Results are 

presented in S21, which it can be indicated power at 
that point. In the all of experiment results can be 
concluded the signal will induce into the tumor 
position, which it is according to theory and 
simulation. 
 
II. ANTENNA DESIGN 
 
A. Material and Dimension 
The main objective of this antenna is designed to 
provide large impedance bandwidth. This antenna 
design was performed for FR-4 substrate, containing 
metallization on both sides. The most of parameters by 
using for antenna design such as operating frequency, 
thickness of the substrate and relative permittivity of 
the substrate. The thickness (t) and relative 
permittivity of substrate is 1.6 mm and 4.5, 
respectively. The analysis and design of the 
dimensions were optimized by using the CST studio 
program. 
 
B. Single Element Quasi-Rhomboid Shaped 
Bow-tie Antenna 
The simulation result by CST studio program, include 
impedance matching antenna length λ / 4 (λ it means 
wavelength in the substrate.) of center frequency at 
6.85 GHz. This antenna consists of two identical 
printed patches, one on the top and one on the bottom 
of the substrate material. The detailed geometry of the 
proposed antenna are illustrated in Fig. 1. 
 
The antenna dimensional parameters after adjustments 
are w0 = 35.5, w1 = 2.25, w2 = 2.95, w3 = 2.35, w4 = 
1.59, w5 = 4.95, w6 = 15.69,  l0 = 20.5,   l1 = 20.5,  l2  = 
7.75, l3 = 0.5, l4 = 2.5, l5 = 1.25, l6 = 7.8, lӨ = 4.8, unit 
all in millimeter, and edge chamfer = 45 ̊. 
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Fig. 1 Structure and parameter of a single quasi-rhomboid 

shaped bow-tie antenna. 

 
III. MEASUREMENT AND RESULTS 
 
A. Antenna simulation 
From simulation results with the initial parameters of 
the antenna. The results of the analysis were combined 
with the breast model, resulting in a loss of return 
value. In order to have a return loss of less than -10 dB 
over the desired frequency range, which is 4-8 GHz, 
we have to adjust the parameters. The FR-4 PCB has a 
relative dielectric constant of 4.3. The tangent loss is 
0.02 and the base material is 0.8 mm. The reverse is 
lower than -10 dB at the frequency of 2.6-8.5 GHz as 
shown in Fig. 2. 

 
Fig. 2 Return loss of single element antenna with dielectric loss. 

 
For antenna simulation results, only partial losses due 
to reversal or S11 are due to use for breast cancer 
detection. In this study, antennas are used in the form 
of near-field antennas. Or near field, which does not 
take into account the pattern of spreading or radiation 
pattern due to the spread of near-field power. The 
antenna gain is not sufficient to detect breast cancer. 
But even if you do not care about the radiation pattern, 
you will be asked to show the pattern of the radiation 
pattern to see how the antenna pattern is spreading. 
The power distribution pattern of the antennas in 

planes E and H is shown in Fig. 3 and Fig. 4, which is 
an air diffusion pattern without breast involvement. 
 

 
Fig. 3 The Model of power distribution of the antenna designed 

in E-plane. 
 

 
Fig. 4 The Model of power distribution of the antenna designed 

in H-plane. 

 
B. Breast Cancer Screening with SAR by CST 
The model of the ultra-wideband wing antenna with 
S11 is lower than -10 dB at the 2.6 to 8.5 GHz 
frequency range, which was previously designed. And 
models of breast. This research will use a simple 
model to designate the entire breast as a fat tissue and 
not to consider the skin to simplify it. The breast 
model is designed to have a half-circle radius of 50 
mm. The electrical properties of breast or fat tissue in 
this model were = 9.5 and = 0.4 S/m with a density of 
928 kg/m3 as shown in Fig. 5. 

 

 
Fig. 5 The Model of breast and antenna. 
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C. The simulation results of the breast cancer 
screening system. 
The first experiment was to find the optimal frequency 
range for use in the microwave breast cancer screening 
system. By analyzing the specific absorption rate in 
the breast. Experiment with a frequency of 3.33 - 8 
GHz to find the frequency with the best energy 
absorbed into the tissue. Initially, a breast implant with 
5 mm diameter breast cancer was placed at the center 
of the breast. The placement pattern is as shown in Fig. 
5. The antenna is placed close to the breast at a 
distance of 1 mm from the end of the breast to analyze 
the near field results. The results are shown in Fig. 6. 

 
Fig. 6 Breast SAR value with breast cancer size 5 mm. 

 
The effect of SAR on the breast cancer at frequencies 
ranging from 3.3 to 8 GHz, except at 4 GHz, suggests 
that the frequency of each wave is likely to be induced 
to the breast cancer position, but not What frequencies 
can the wave enters into the breast and go to breast 
cancer and develop a strong enough SAR value? 
There may be waves at 5 GHz that are likely to be 
induced to the breast position, but not enough to 
produce a sufficient SAR value to be observed at the 
breast cancer site. And one more observation is the 
intensity of the SAR that occurs at the end of the breast 
or near the antenna. It must have a higher power 
intensity than the other part because it is closer to the 
source. The Fig. shows that higher frequencies are 
penetrated within the breast than the lower frequency 
and have a higher SAR value near the antenna than the 
low frequencies generated by high frequencies. 
Reflect on the human body, rather than the low 
frequency, according to the properties of the 
microwave. 

 
Fig. 7 SAR value in Z plane = 20 when breast cancer is at (0, 0, 

20). 

Based on the above analysis, the frequency and size of 
breast cancer is appropriate for the trial. This is a 
simulation of the frequency and size of breast cancer 
when moving breast cancer to different positions to 
see the change and take the results compared to the 
experiment on the next chapter from the picture. Fig. 7 
shows the results of breast SAR values of 5 mm breast 
cancer at 4 GHz. The tumors were in position (0, 0, 
20). Z = 20 mm. For consistency with the experiment, 
since Z = 20 mm, the cross-sectional length is 40 mm, 
making it easier to divide the range of measurement in 
the experiment. The chances of getting cancer are also 
very high. 
 
D. The results of the measurement of the reflection 
coefficient of the antenna. 
For measurement and testing of the reflection 
coefficient of all types of antennas. The key 
parameters to be considered are: Loss of return loss or 
S11 due to reversal losses can be used to determine the 
match of the antenna impedance input. The loss due to 
the return of the antenna can be about 0 dB down until 
it reaches infinity. If the return loss is 0 dB, the 
antenna does not match perfectly or it indicates that 
the antenna has lost all its back. And if the antenna has 
an infinite negative return loss Show that the antenna 
has the best match. Loss of value due to reverse to 0 
dB may damage the transmitter. Therefore, in various 
applications, the value of the loss due to the return of 
the antenna is acceptable if it is less than or equal to 
-10 dB, indicating that there is a good match. By 
measuring the antenna's properties, the antenna's 
return loss is less than -10 dB throughout the operating 
frequency range of the antenna. Wide Band In the 
experiment, the antennas were spaced about 1 mm 
from the breast implant model, as shown in Fig. 8. The 
analyzes were performed by a network analyzer. The 
results showed that the antenna had a loss due to 
reversal. Is less than -10 dB at frequencies of 3.34 
GHz to 9.9 GHz, as shown in Fig. 9. 

 

 
Fig. 8 Antenna and breast layout. 
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Fig. 9 Loss due to reversal from an antenna test with breast. 

 
E. Breast energy absorption and breast cancer. 
For energy absorption measurement Begin by 
providing breast models and breast cancer with initial 
temperature at room temperature. The breast is buried 
in the cancer at various positions. The antenna will be 
attached to the breast for about 1 millimeter. The 
antenna is connected to the generator. The vector 
analyzer functions as a function generator and receives 
the signal in the same unit by analyzing the power. 
Loss of Transmission Value or S21, which will use 
Channel 1 to connect to the antenna as a waveguide, 
and Channel 2 to the signal probe. The layout will be 
as shown in Fig. 10. 

 

 
Fig. 10 Loss due to reversal from antenna test with breast. 

 
Measurements is presented in the form of a table based 
on a coordinate. Measurements of S21 are made 
throughout the Z plane at a height of 20 mm. Table 4.3 
shows the measurement results of S21 at various 
positions on the plane Z = 20 mm in dB by embedding 
breast cancer at the position (0, 0, 20). The table shows 
that the position with the breast cancer model is S21 
equal to -37.1 dB, which has the highest S21 value. 
Relative positioning this suggests that at this point the 
induction of the wave arrives, as other locations far 
removed from the position of breast cancer have a 
reduced capacity. From the table, we can see that the 

measurement of S21 at a position close to that of 
breast cancer is high in power near the location of 
breast cancer. Very low, which indicates that the work 
is attracted to breast cancer. In order to visualize more, 
it is presented in another form, as shown in Fig. 11, 
which is presented in the contour plot image. It shows 
that the received power decreases when it is away 
from its position. Breast Cancer the Fig. shows that the 
experiment buried the cancer at the center of the breast 
and measured the work force from the location of 
breast cancer to the point where it was removed. Will 
have the most power. 

 

 
Fig. 11 S21 on breast when cancer is at position (0, 0, 20). 

 
CONCLUSION 
 
The antenna has a loss due to the reversal of usage 
across the 3.34 GHz to 9 GHz range, as well as the 
breast and breast cancer modeling made from 
dielectric materials for testing. With antennas built 
into the breast cancer screening system. The trial 
found that breast cancer can be accurately identified 
by the transmission coefficient or S21 at various 
positions within the breast, with the breast cancer 
position being the highest. Measurement results in 
other locations. The distance from breast cancer is 
reduced. The system can be detected because it is 
theorized that cancer will induce the microwave to 
itself. And from the picture, the S21 measurements 
show that the high frequency power within the breast 
is lower, which is confirmed by the microwave 
properties that the higher frequencies are reflected out 
and are passed into the human body. 
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