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NUMERICAL SIMULATIONS OF A FLAT PHANTOM IN THE NEAR-FIELD
OF SYMMETRIC DIPOLE ANTENNA
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Abstract. The paper presents a numerical electromagnetic simulations of SAR limited to human tissues based on FDTD algorithm using Sim4L.ife platform.
Flat-bottomed dielectric vessel (flat phantom) and half-wave symmetric dipole antenna were modeled. Simulations were done for the frequencies 0.9 GHz
and 0.6 GHz. The analysis were performed according to the IEEE/IEC62704-1 standard and include distributions of electric and magnetic fields around
the phantom and antenna. Finally, SAR distributions in the phantom and near the antenna.
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SYMULACJE NUMERYCZNE PLASKIEGO FANTOMU W BLISKIM POLU SYMETRYCZNEJ
ANTENY DIPOLOWEJ
Streszczenie. W pracy przedstawiono numeryczne symulacje elektromagnetyczne SAR dla tkanek ludzkich w oparciu o algorytm FDTD z wykorzystaniem

platformy Sim4Life. Zamodelowano plaskodenny dielektryk (fantom plaski) oraz potfalowq symetryczng anteng dipolowq. Symulacje wykonano
dla czestotliwosci 0.9 GHz i 0.6 GHz. Analizy zostaly wykonane zgodnie ze standardem IEEE/IEC62704-1 i obejmujg rozkiady pdl elektrycznych

i magnetycznych wokét fantomu i anteny. Na koniec zaprezentowano rozktady SAR w fantomie i poblizu anteny.

Stowa kluczowe: wspolczynnik absorpcji swoistej, symulacje numeryczne, Sim4Life
Introduction

Starting from the 90s [3, 8, 9, 12, 17] many researchers have
made a lot of numerical simulations for the accurate dosimetric
evaluation of human tissues models, which are exposed to radiated
antennas (e.g. mobile phones) or other wireless communication
devices. The electromagnetic interaction between biological
tissues and antennas are constantly proven and most of these
numerical and experimental results are available in the literature
[1,4-6, 14, 18].

Electric fields are associated with the presence of electric
charge but magnetic fields are the result of the physical movement
of this electric charge (electric current).

The plane-wave model is a good approximation of the
electromagnetic field propagation in the far-field region. In this
case, the minima and maxima of magnetic and electric fields arise
at the same points along the direction of propagation [7].

In the near-field region the situation is more complicated.
The EM field structure might be highly inhomogeneous.
In this case, the electric and magnetic fields must be determined.

In addition to the electric and magnetic fields distribution
the Specific Absorption Rate (SAR) is one of the most widely
used parameters for the evaluation of radiation exposure
in the near-field. It is a measure of the rate at which energy
is absorbed per unit mass by a human body when exposed
to a radio frequency electromagnetic field [19]. It is frequently
used to measured power absorbed during magnetic resonance
imaging procedures and from mobile phone technologies.

Low SAR can reduces electromagnetic exposure. Now it is
possible to modelling SAR distribution by using standardized
models of the human body that are filled with liquids that simulate
the RF absorption parameters of different human tissues [2, 19].

In this paper we presents simulated SAR distribution
in a flat phantom filled with a liquid (HSL, head simulating liquid)
with human tissue properties and distribution of electric and
magnetic fields around the phantom and dipole antenna.

1. Materials and methods

Geometry models, simulations and analysis are made using
Sim4Life platform (www.zmt.swiss). Sim4Life allows an intuitive
approach to the analysis of biomedical phenomena, near-field
as well.

The setup of simulation consists of symmetric dipole antenna
for tuning over a wide range of frequencies (900 MHz bandwidth
in this case), the flat-bottom dielectric phantom, filled with tissue
simulating liquid, and the source (a line between dipoles that will
be used as a source exciting the antenna). In this case the antenna
consist of two conductors (dipoles) of equal length oriented
end-to-end with the feedline connected between them [13].
The dipole is the simpliest type of the antennas.

1.1. Building a model

The first step of the modelling the setup was creating
a geometry of phantom and geometry of dipole antenna (Fig. 1).
For simplicity, the phantom was designed as a rectangular
box (cube) filled with a mixture with properties such as brain
tissue (HLS), described in the next section.

phantom (ligiud + shell)

sensors (1g, 10g,
field sensor)

dipole antenna

Fig. 1. Symmetric dipole antenna with the phantom (3D view)

Figure 2 illustrates a distance between the shell of the
phantom and the antenna. The dipole antenna has been placed
under the phantom so that the distance between them could be
varied, but the paper presents the only one case that a gap between
antenna and phantom is 15 mm. The shell thickness is 2 mm.

Inside the phantom three light green boxes are placed.
The biggest box (the field sensor in this case) has dimension
100 mm x 100 mm x 45 mm, in X, Y and Z axis, respectively.
The box in the middle is 10g sensor with dimension 21.5 mm
in the three planes. The smallest box (1g sensor) has a dimension
10mm in three planes. 1 g and 10 g sensors are required
for average SAR distribution pattern.
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Fig. 2. Schematic diagram showing antenna with the phantom (front view)

1.2. Adjusting simulation settings

A methodology of the simulation is to preparing the
environment by choosing a type of the simulation and determine
properties of the materials. For a near-field issues a FDTD
(Finite-difference  time-domain method) is recommended.
FDTD method uses Maxwell’s differential equations to determine
electromagnetic field [15, 16]. Additionally, the IEEE/IEC62704-
1 standard defines the application of the FDTD technique when
used for determining SAR in the human body [7].

PEC is a type of material assigned to all of the parts of dipole
antenna. Shell of the phantom has a dielectric properties (relative
permittivity ¢, is 3.1 and mass density is 1000 kg/m°®). The same
value of mass density assigned to a tissue-simulation liquid
of the phantom. Electrical properties of the liquid: electric
conductivity ¢ is 0.97 S/m and relative permittivity &, is 41.5.

Type of signal used to excite a source is Gaussian. Edge
source settings were: 0.9 GHz as a center frequency in the first
case, amplitude 1 V and resistance 50 Q. The second simulation
was performed to 0.6 GHz frequency.

Moreover 3 different separated sensors were determined
1 g, 10 g and a field sensor.

A coarse grid with over 824k cells was used in the first
simulation. To improve the quality of the simulation results
a more precise mesh (fine grid with over 15M cells) was used
later. Additionally, Kernel software was used to make a simulation
much faster.

2. Results

In general, exposure to an electromagnetic field causes
in a highly non-uniform deposition and distribution of energy
within the body, which must be assessed by dosimetric
measurement and calculation.

In the near-field there are strong capacitive and inductive
effects from the currents and charges in the antenna. They cause
electromagnetic components that do not behave like far-field
radiation, therefore it was worth starting with the simulation
of the electric and magnetic fields distributions.

2.1. Electromagnetic simulations

According to the principle of the interaction of
electromagnetic fields with each other, the sources placed inside
the object produces a total electromagnetic field simulating
the field excited outside the object, whereas the sources placed
outside the object produces a total electromagnetic field
simulating the field excited inside the object [11].

Figure 3 shows a total near-field distribution of the electric
field strength around the antenna for the frequency 0.9 GHz.
The maximum electric field strength covers extreme parts
of the dipoles and the value is 5.87x107 V/m. Equally large value
is located in between two stubs. The electromagnetic field strength
decreases with the distance from the antenna and practically
do not include the phantom. It can be assumed that increasing
the distance between the phantom and the antenna may cause that
the electric field inside the phantom will be negligible.
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Fig. 3. Distribution of the electric field strength for 0.9 GHz. In the xz plane.
The maximum value is 5.87x107 VIm

Fig. 4. Distribution of the electric field strength for 0.6 GHz. In the xz plane.
The maximum value is 1.12x10°° VIm
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Fig. 5. Distribution of the magnetic field strength for 0.9 GHz in the xz plane.
The maximum value is 2.22x10°° Alm

Fig. 6. Distribution of the magnetic field strength for 0.6 GHz in the xz plane.
The maximum value is 7.68 x10°° Alm
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In the near-field, both the electric (Fig. 3 and 4)
and the magnetic (Fig. 5 and 6) field structures are crearly
visible. Interestingly, the electric field strength for the frequency
0.6 GHz does not include the phantom at all. The maximum
magnetic field strength for both values of the frequencies
places along the whole antenna. Additionally, the spectrum of the
magnetic field includes phantoms identically for both frequencies.
Figures 5 and 6 show the xy planes where the lines of the magnetic
field for the frequency 0.9 GHz and 0.6 GHz are centered and
arranged circularly.

The input port voltage reflection coefficient is a complex
quantity, whose absolute value is an indicator for the reflection.
|S11| = 0 means that the circuit is perfectly matched and that none
of the incident power wave is reflected [10]. The magnitude
of the S11 value is determined by the resistance value (50 Q)
of the antenna.

Reflection coefficient less than -10 dB means the condition
where 90% of the signals are successfully transmitted while only
10% is reflected back.

Figure 7 presents the return loss of the dipole antenna
and the value is -50dB for the frequency 0.9 GHz. Resonance
curve for the frequency 0.6 GHz looks similar and it is negligible
in this paper.
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Fig. 7. A plot with the resonance curve of the dipole antenna. The return loss
of the dipole antenna in dB

2.2. Power balance

Sim4Life platform enables to calculate a power balance value.
Ideally, the balance ratio should be 1. The balance ratio
is determined as the ratio of total dissipated and input power
and for a coarse grid od designed simulation is 0.95. The balance
ratio value can be improved by using a better (finer) grid while
extending a simulation time. For a fine grid the value is close to 1,
as Fig. 8 demonstrated.

Frequency 9.000e+08 Hz coarse grid fine grid

Input Power 3.92465e-21 W 3 912

Lumped Elements Loss

Dielectric Loss
Radiated Power

Balance Ratio (Total Dissipated/Input Power)

Fig. 8. The result of power balance for coarse grid and fine grid
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2.3. SAR distributions

For phantom that are equivalent homogeneous tissue, the SAR
can be calculated by the formula
SAR = %EZ (6]

where: ¢ is the conductivity [S/m], p is the density [kg/m?],
and E is electric field [V/m].

Specific absorption rate is usually averaged either over
the whole body, or over a small sample volume (typically 1 g
or 10 g of tissue). The value of SAR is the maximum level
measured in the body part studied over the stated volume or mass.
In this paper SAR of the whole phantom was calculated
for 0.9 GHz and 0.6 GHz. The results are shown in the figures 9
and 10. The maximum 1 g peak spatial-average SAR is 10.6 W/kg
and 9.72 W/kg, respectively.

When measuring the SAR due to a RF exposure, dipole
antenna is placed against a representation of a flat phantom.
The SAR value is then measured at the place that has the highest
absorption rate in the entire phantom, which is usually as close
to the dipole antenna as possible.

Figures 9 and 10 illustrate a spatial-averages of SAR
for 0.9 GHz and 0.6 GHz, respectively, with moving constant-
mass cubes as recommended in IEEE/IEC62704-1 Standard.
The SAR is not evenly distributed within the phantom.
The maxima of the SAR are clearly concentrated around
the central part of the phantom in front of the antenna for both
cases. These simulations do not include an area around the
antenna.

The maxima SAR values in the xy planes for both frequencies
are placed in a center bottom surface of the phantom, the nearest
surface to the antenna. Figure 11 presents SAR statistics including
maximum and minimum SAR position in xyz.

According to the IEEE/IEC62704-1 standard [7], the safe SAR
limits is 2 W/kg averaged over the 10 g of tissue absorbing
the most signal. 3.2 W/kg is the limit of the SAR value for human
head tissues.

In case described in this paper, the highest SAR value
is in front of the dipole antenna and it greatly exceeds safe limits.
Increasing the distance from the antenna may decrease the SAR
value.

IEEE/IEC62704-1 Avg.SAR(X,y,z,f0)
[dB(10.6W/kg)]
0

Fig. 9. Peak average SAR for 0.9 GHz in the xz plane. The maximum 1 g peak
spatial-average SAR is 10.6 W/kg
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Fig. 10. Peak average SAR for 0.6 GHz in the xz plane. The maximum 1 g peak
spatial-average SAR is 9.72 W/kg
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Fig. 11. SAR statistics for 0.9 GHz and 0.6 GHz
3. Conclusions

The design of a dipole antenna and a flat phantom presented
in this paper was performed using the Sim4Life platform with
FDTD solver.

The simulations, including return loss of the dipole
antenna and specific absorption rate distribution were made
for the bandwidth with two different center frequencies. Total
near-field distribution of electromagnetic field around the antenna
and inside the phantom shows that the electric field is mainly
concentrated around the dipoles and the stubs of the antenna,
whereas the magnetic field concentrates in the middle of antenna
and is arranged circularly. The maximum value of the electric
field strength is larger for the lower frequency (0.6 GHz)
but the maximum value of the magnetic field strength is larger
for the higher frequency (0.9 GHz).

SAR distributions inside the whole phantom were simulated
based on recommendation in IEEE/IEC62704-1 standard.
The results are specified as maximum 1g SAR and normalized
to 1 W radiated power. The maximum SAR values are greatly
exceed the permitted limits for the entire sensors placed
in the phantom because of a small distance between the antenna
and the phantom. The higher value of SAR occurs for the higher
frequency of the antenna.

According to the presented results and the remarks discussed
above, it can be assumed the local and the average SAR induced
due to the radiation from a dipole antenna inside a flat phantom
depends on the resonant frequency of the antenna and the distance
between the antenna and the phantom. Placing the antenna
too close to the phantom causes a very high SAR value.
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