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This paper studies the microwave antenna characterization in intracardiac ablation for frequencies 915 and 2450 MHz. The 

theoretical study is validated by experimental measurements in vitro on electromagnetic phantom muscle tissue. The Specific 
Absorbed Rate (SAR) measurement setup is described. Two types of antennas have been designed, implemented and used, a 
monopoly antenna and a helical antenna. The Specific Absorbed Rate (SAR) and the measured reflection coefficient (S11) were 
obtained for antennas for the two frequencies. We show that each frequency can be adapted to a region where the ablation is 
necessary. According to the doctors, the goal is to have a lesion on the surface as the atria or in depth. 
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1.  INTRODUCTION 
OR ARRHYTHMIA TREATMENT or conductive 
lesions, catheter intracardiac ablation is necessary for 
the destruction of morbid cells and it replaces the natural 

electric impulse by cardiac stimulator impulse.  
The aim of this paper is to study the size of lesions that 

can occur with a catheter at different frequencies to see if 
these dimensions increase or decrease with frequency. To 
achieve this, a theoretical and a practical study are needed 
on the same model. This model must be the same for each 
frequency reflection coefficient (S11) and the same 
geometry as the antenna for the comparison criteria is 
justifiable. 

Certain researchers have worked to improve the protocol 
[1], or design methods of temperature control [2] to prevent 
reaching tissue temperatures of 90 °C. Other teams have 
developed sources of energy like cryogenics [3, 4, 5, 6], 
ultrasound [7], Laser [8] and microwaves [9, 10, 11]. 

The goal of this research was to study lesion sizes obtained 
with a catheter at several frequencies in order to determine 
the most suitable frequency for cardiac ablation. A 
theoretical and a practical study were conducted on the same 
model using electromagnetic (EM) phantom muscle tissue. 
This model will have the same reflection coefficient (S11) 
and the same geometry for each frequency in order to have 
identical comparison criteria. During an EM ablation the 
lesion formation mechanism in cardiac tissue is based on 
conversion of the EM energy into calorific energy. Thus, in 
the theoretical approach the EM problem has to be solved.  

The method used to solve this problem is based on the 
calculus developed by King [12]. This method uses a 
mathematical approximation allowing to obtain an analytic 
solution for Maxwell’s equations in the near field inside a 
lossy medium. 
 

 
 

2.  METHOD 
A. Power deposition calculus 

To produce cardiac ablation we will be interested only in 
the near field where the temperature rise is maximal. The 
near field is determined by the value βr<<1 or β=2π/λ (λ 
wavelength in cardiac muscle). 
We obtain: 

- r<30mm at 2450 MHz 
- r<70mm at 915 MHz 

 
   To solve this problem we will use the results developed by 
King [12] to determine the EM field generated by a 
monopoly in a lossy medium. The model used is shown in 
Fig.1.  
 
 

 
 

Fig.1.  Dipole 
 
 
 

This model is dipole with an inner conductor of radius a 
surround by a perfect dielectric (region2) of radius c inside 
an infinite medium (region 4). For point P(r,z) in region 4, 
we obtain the following equation for the electrical field 
along the z axis : 
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The wave number k for each region is defined by: 
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The values for ε4 and σ4 are calculated with the following 

formulas [13] in the frequency domain 0.01-18 GHz: 
 

ε4 = ε0×ε4’                                      (5) 
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σ0 = 7 S/m, εS = 47 and f  expressed in GHz. εS is the 
permittivity of blood.  

We will check the following approximations:  

k k4 2/
2

1>>  and (k c)2
2 << 1 

With ε2 = ε0×2.1, a = 0.24 mm and c = 0.8 mm, we obtain: 
 
 

Frequencies h (mm) ε4’ σ4 (S/m) k k4 2 2/ ( )k c2 2  k c4 2
 

2450 MHz 14.9 47 1.7 23.2 3.5 10-3 8.2 10-2 
915   MHz 34.0 49 1.0 25.1 4.9 10-4 1.2 10-2 
434   MHz 69.2 51 .86 29.8 1.1 10-4 3.3 10-3 
27     MHz 876 148 .60 200 4.3 10-7 8.6 10-5 

 
Table.1.  Approximations of calculations based on the frequency. 

 
 

Frequencies k2 k4 kL 
2450 MHz 74 356+44i 108+23i 
915   MHz 28 137+27i 47+8.2i 
434   MHz 13 69+22i 23+3.6i 
27     MHz 0.82 9.5+6.6i 1.8+0.16i 

 
Table.2.   Calculations of the wave number in the different medium as a function of frequency 
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The energy absorbed by the tissue is defined by:  
 

SAR =
1
2

E4Z
2σ 4                                 (8) 

 
σ4 is defined in (7) and calculated in Table 1.  

The heat equation in tissue is solved using the finite 
difference method in order to obtain the temperature 
distribution around the antenna. This equation is obtained by 
combining heat transfer mechanisms in the heat equation. 
 

SAR)T-T(CW-T)K (
 t
T c abb +∇∇=

∂
∂ρ

     
(9) 

 
Where: SAR= Specific Absorption Rate J/m-3 

ρ Density kg. m-3, c specific heat J.kg-1.C-1, K thermic 
conductivity W.m-1.C-1, Wb volumetric flux rate ml3.kg-1.C-1, 
Cb blood specific heat J.kg-1.C-1, Ta ambient temperature °C. 
The constants used are: Δr = 0.1 mm; Δt = 0.01 s; K = 0.7 
W.m-1.C-1; ρ = 1000 kg.m-3; c = 3930 J.kg-1.C-1; Wb = 200 
ml3.kg-1.s-1; Cb = 60 J.kg-1.C-1; Ta = 37 8C 
 

3.  EXPERIMENTAL SETUP 
A.  Method 

Several researchers have proposed methods to measure the 
amplitude of electromagnetic field strength (EMF) and the 
SAR [14, 15]. 
SAR measurements were conducted using the setup 
presented in Fig.2. The EM probe was made by Narda 
model 8021B with the amplifier 8010B calibrated at 915 and 
2450 MHz. A 2D map of the EM field was drawn along the 
z and r axis, each 0.25mm. Measurements were done with 
two different liquid phantoms for 915 and 2450 MHz. Their 
composition and electrical properties are presented in 
Table2. 

 
 

Fig.2.  SAR measurement setup 
 

The SAR measurement setup is composed of a probe 
mounted on 2 step motors connected to 2 positions sensors. 
This system is connected to an acquisition card controlled 
by a computer, which manages the control and record probe 
position and value of the EM field at each position 
(HPVEE®)software) and performs the signal processing 
(Mathematica® software). 

 
B.  Monopoly and helical antennas 

The microwave generators used for this study are: 

2450 MHz: generator 1000 from Fidus Medical Technology. 
915 MHz: generator 15122 from MEL 

These generators offer only an approximate value of the 
output power. Thus, two power sensors calibrated at 915 and 
2450 MHz were used to give the real output power value. In 
order to study the lesion formation at 915 and 2450 MHz, 
two types of antennas were used: monopoly and helical 
antennas. 

Monopoly at 915 and 2450 MHz have the following 
characteristics: 

 
 

 
 

Fig.3.  Monopoly 
 

Frequency d (mm) L (mm) S11 (dB) 
915 MHz 1.225 31 -24 
2450 MHz 1.225 12 -25 

 
Table 2.  Monopoly characteristics 

 
These monopoly antennas were realized using the 50Ω 

coaxial cable IW70 from Insulated Wire Inc. The electrical 
and mechanical characteristics are: 

- outer conductor outer diameter : 1.55mm 
- inner conductor outer diameter : 0.48mm 
- expanded Teflon dielectric : 

        dielectric constant : ε’r=1.44 
                      outer diameter: 1.22mm 

- loss 1.24dB/m at 2450 MHz, 0.75 dB/m at 915 
MHz 

S11 measurements of these antennas were made using the 
network analyzer HP8752C. For each S11 measurement the 
antennas were immersed into liquid phantom having the 
same dielectric properties as cardiac tissue. At 915 MHz the 
phantom was made of 71% (in weight) ethylenglycol, 28% 
distilled water and 2% of NaCl [16]. At 2450 MHz the 
phantom was made of 67% (in weight) distilled water and 
33% ethylenglycol [16]. The percentages of the composition 
permit to approach the values of pemittivities of the 
myocardium. The values of the permittivities of the 
myocardium depend on the frequency. Their dielectric 
properties are shown in Table4. These values were obtained 
by a network analyzer using the virtual line method [17].  
Note that at high frequencies, the permittivity is defined by 
ε=ε’-jε” [15] where ε" represents the imaginary part and 
reflects the energy losses. 
 
 

Frequenc Phantom composition ε ε’’ 

915 MHz Ethylenglycol 71%, 
Water 28%, Salt 2% 

5 25 

2450 Water 67%, Glycérol 33% 6 17 

 
Table 4.  Dielectric properties of EM phantom 
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We work with antennas using two frequencies; thus we 
must prepare two phantoms for every given permittivity of 
the myocardium at the considered frequency. 

 
Frequency ε’ ε’’ 
915 MHz 59 25 
3450 MHz 57 14 

 
Table 5.  Dielectric properties of myocardium 

 
S11 graph of the monopoly at 2450 MHz is presented in 

Fig.4. Both of these antennas show a good reflection 
coefficient:   -24dB at 915 MHz 
                     -25dB at 2450 MHz 

 
 

 
 

Fig.4.  Monopoly S11 at 2450 MHz 
 
 

Helical antennas used at 915 and 2450 MHz have the 
following characteristics: 

 
L

 
 

Fig.5.  Helical antenna 
 
 

Frequency tours L (mm) S11 (dB) 
915 MHz 52 26.2 -17 
2450 MHz 49 24.7 -17 

 
Table 6.  Helical antenna characteristics 

 
Two types of coaxial cables were used to realize these 

antennas: IW70 at the beginning of the catheter and IW50 
near the antenna. The IW50 cable is used because of its 
smaller diameter that allows proper bending of the catheter. 
The characteristics of this coaxial cable are: 

- outer conductor outer diameter : 1.1mm 
- inner conductor outer diameter : 0.32mm 
 

- expanded Teflon dielectric : dielectric constant 
: ε’r=1.37 
outer diameter : 0.80mm 

- loss 1.83dB/m at 2450 MHz, 1.14 dB/m at 915 
MHz 

S11 graph of the 2450 MHz helical antenna is presented in 
Fig.6. SAR measurements of these antennas gave the 
following results. For the monopoly shown in Fig.7, the 2D 
SAR plots at 915 MHz and 2450 MHz are shown in Fig.8 
and 9, where iso-SAR lines were drawn at 5, 10 and 20%. 

 
 

 
 

Fig.6.  Helical antenna S11 
 

This graph shows that the antenna exhibits several 
adaptation frequencies. Thus, it is easy to adapt this antenna 
at 915 MHz without significantly changing the length of the 
antenna. It is not the case for the monopoly antenna which 
presents only one frequency adaptation. However, we 
should keep in mind that this does not mean that the energy 
distribution around the antenna will be homogenous; it only 
means that the transfer of energy between the coaxial cable 
and the antenna is optimal. 
 

4.  RESULTS 
We can see a strong SAR peak around z = 0mm on these 

figures. These results correspond to the calculus obtained by 
King that shows a maximum of the electrical field at the 
beginning of the antenna. 

 

 
 

Fig.7.  Monopoly antenna axis 
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Fig.8.  915 MHz Monopoly antenna SAR 
 

 
 

Fig.9.  2450 MHz Monopoly antenna SAR 
 

Results obtained with the helical antenna, Fig.10, are 
shown in Fig.11 and 12: 

 

 
 

Fig.10.  Helical antenna axis 
 

 

 
(a)                                            (b)  

 
Fig.11.  915 MHz Helical antenna SAR. 

 
 

(a)                                                      (b) 
 

Fig.12.  2450 MHz Helical antenna SAR 
 

As we can see on these curves, the SAR pattern is more 
homogenous but does not penetrate deep into the helical 
antenna case as compared to the monopoly antenna. 

 
5.  DISCUSSION 

The figures obtained from the SAR measurements show 
similar results to those obtained from monopoly probes in 
[18, 19], and those obtained for the helical antennas in [20]. 
We can better appreciate the results in Fig.11b and 12b. 
They show that there is no difference regarding the depth of 
penetration between 915 and 2450 MHz; the theoretical 
calculation gives the same results. There are, however, 
notable differences in SAR profiles if we consider the 
longitudinal axis of the antenna (z-axis). For monopoly 
probes, there is a peak SAR at the beginning of the antenna 
where z = 0 and a decrease of it as z increases. The general 
shape of the SAR is due to radiation losses throughout the 
antenna, which are obviously lower at the beginning of the 
antenna and very strong at the end of it. The lengths of 
antennas at 915 MHz and 2450 MHz are not the same; the 
profile of SAR is more extended to 915 MHz. Nevertheless, 
at 2450 MHz, the profile of the SAR is more homogeneous 
which in case of cardiac ablation is very important. Indeed, 
this avoids having hot spots in the region very close to the 
antenna that can cause the formation of blood clots and in 
that case create a risk of embolism. For the antennas of 
helical type the case is different because antennas are the 
same length and we have a structure which slows down the 
phase. As we can see, all along the antenna there are very 
important SAR spikes, very close together. This is quite 
typical for this type of structure.  

This ensures a good homogenization of the profile of SAR, 
but as we can see, the depth of penetration of this type of 
antenna is quite small compared to the monopoly antenna. 
Indeed, it has a very important surface wave and this can 
cause problems if one tries to create deep lesions without 
charring the surface. 

Nevertheless, this type of lesion may be suitable to the 
atria where we rather need a lesion on the surface than in 
depth. 
 

6.  CONCLUSION 
The comparative study of intracardiac ablation between 

frequencies 915 and 2450 MHz has been conducted from a 
theoretical and practical point of view. The results show an 
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agreement between the theoretical and experimental study, 
which allowed us to validate the theoretical study. This 
study shows that there are no significant differences 
compared to the depth of penetration between the different 
frequencies. The proper choice for cardiac ablation, between 
the different frequencies studied, won’t be in terms of depth 
of penetration, but rather on the geometry of lesions to be 
created. 

Another criterion for the choice of frequency also concerns 
technological possibilities associated with each frequency, 
and the manufacturing cost. This applies to the generator 
and the catheter. For example, the generator will be easier to 
design at 915 MHz because the development of mobile 
devices with frequencies around 1 GHz has allowed the 
marketing of many integrated circuits operating at 1 GHz. 
The catheter losses in the cable will be less important at low 
frequencies, so it will be possible to use small diameter 
cables because the wavelength and the risk of coupling with 
the thread of ECG can be problematic. The compromise to 
be adopted will be dictated by the wishes and objectives of 
doctors and also subject to technological limitations of each 
frequency. 
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