
 
 

 

 

  
Abstract—This paper presents analyses of non-asymmetry 

antenna configuration for microwave ablation at 2450 MHz 
using three-dimensional finite element analyses. Treatment of 
hepatic cancer often requires removal or destruction. Using 
coaxial-slot antenna is opened slot at one-side of antenna. We 
study the characteristics of various slot size and various power 
for non-asymmetry structure antenna to observe temperature 
distributions and SAR. The results illustrate that the coaxi-
al-slot non-asymmetry structure antenna can be used in mi-
crowave ablation for destruction of the cancer cell in the area 
closed to the very fragile tissue or blood vessel. 
 

Index Terms—Microwave(MW) ablation, finite-element(FE) 
analysis, non-asymmetry structure antenna. 
 

I. INTRODUCTION 
In hyperthermic oncology, cancer is treated by applying 

localized heating to the tumor tissue, often in combination 
with chemotherapy or radiotherapy. Some of the challenges 
associated with the selective heating of deep-seated tumors 
without damaging surrounding tissue are, control of heating 
power and spatial distribution and design and placement of 
temperature sensors. Among possible heating techniques, RF 
and microwave heating have attracted much attention from 
clinical researchers. Microwave coagulation therapy is one 
such techniques where a thin microwave antenna is inserted 
into the tumor. The microwave heats up the tumor, producing 
a coagulation region where temperature above 50°C is 
reached and the cancer cells are effectively destroyed. 

In recent years, various types of medical applications of 
microwaves have been widely investigated. L. Hamada et al. 
[1] performed an experiment using dipole antenna at 915 
MHz, with varying insertion depths, and compared the results 
with conventional antenna. In 1996, [2] presented new dipole 
antenna called “Cap-choke antenna” which was used in an 
experiment at a frequency of 2.45 GHz [3] and 915 GHz [4]. 
Hurter et al [5] used computer simulation [6] to investigate a 
new antenna design called “tri-axial chocked dipole antenna” 
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and discovered that it has higher SAR values than dipole 
antenna and helps reduce the effect of insertion depth. Saito 
et al [7],[8] used two coaxial-fed slot coaxial antenna for 
microwave ablation at 2.45 GHz which resulted in larger 
lesion sizes than using one coaxial antenna. 

 

Microwave (MW) ablation method is another alternative 
for curing cancer and is emerging as a new treatment option 
for patients with unrespectable hepatic malignancies [9],[10]. 
Similar to RF ablation, MW current is passed to cancer tis-
sues typically via an antenna which causes generation of 
Joule Heat to selective targeted areas. However, the zone of 
active tissue heating from RF probe is limited to a few mil-
limeters surrounding the active electrode, with the remainder 
of the ablation zone being heated via thermal conduction [11].  
Owing to the much broader field of power density of the 
electromagnetic field in MW ablation (up to 2 cm surround-
ing the antenna [11], [7]), MW ablation results in a much 
larger zone of active heating than RF ablation. In addition, 
manipulating the designs of MW antenna has a greater effect 
on electromagnetic field distributions which in turn govern 
the temperature distributions found in unwanted tissue. RF 
ablation is also limited by the increase in impedance with 
tissue boiling and charring because water vapor and char act 
as electric insulators. Due to the electromagnetic nature of 
MW, ablations performed do not seem to be subjected to this 
limitation, thus allowing the intramural temperature to be 
driven considerably higher, resulting in a larger ablation zone 
within a shorter ablation duration [11], [7]. Thus, MW abla-
tion offers many of the benefits of RF ablation but has several 
theoretical advantages that may result in larger lesion for-
mation, and improved performance near blood vessels [11].  

Several studies on MW ablation have been previously re-
ported over the past decade. In 1996, Labonté et al. [12] 
introduced three types of MW antennas⎯open-tip monopole 
(OTM), dielectric-tip monopole (DTM), and metal-tip mo-
nopole (MTM)⎯operating at 2.45 GHz for cardiac ablation. 
They compared the three antenna designs using finite ele-
ment (FE) analysis and found that MTM provided the 
smoothest temperature distribution in surrounding tissue. 
MTM was also found to be well matched at low frequencies 
but has a high S11 of −5 dB at 2.45 GHz. OTM exhibited the 
lowest S11 (good matching impedance) at 2.45 GHz and its 
temperature distribution was found to be relatively smooth.  

The clinically used MW devices show varying sizes of 
coagulation volume depending on their geometry: applicators 
of straight geometry are reported to achieve coagulation 
diameters of up to 2.5 cm [13], whereas single loop-antenna 
applicators were reported to result in coagulation diameters 
of up to 3.5 cm [14].  Other notable proposed MW antenna 
designs include: cap-choke catheter antenna proposed by Lin 
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et al. [15] for MW treatment with localized heating of tissue 
surrounding the distal end of the catheter, the floating sleeve 
antenna proposed by Yang et al. [16] where the inclusion of 
the floating sleeve could prevent the flow of electromagnetic 
energy along the coaxial applicator.  

Numerical simulation has been used extensively in studies 
of RF & MW ablation as it offers a fast and economical way 
to evaluate new hypothetical designs. Simulations of 
three-dimensional (3-D) coupled thermal-electric FE analysis 
were previously introduced for RF ablation [17]−[22]. 
However all previous FE analysis for MW hepatic ablation 
have been performed in two dimensions (approximating the 
geometry of the FE model to be asymmetric) [2], [23]−[30]. 
Lui et al.[31] studied thermal characteristics of MW Ablation 
in the vicinity of arterial bifurcation using 3-D thermal FE 
model. In this paper, we investigated coaxial-slot 
non-asymmetry structure antenna by varying the slots size 
and varying power. We perform the analyses using 3D finite 
element modeling. same as [32]. For comparison of the re-
sults, we determine the SAR and temperature distributions in 
tissue generated by the antennas with different slot size. 
 

II. STRUCTURE OF NON-SYMMETRY ANTENNA 
 

hl

slW

 
 

Fig. 1. Antenna Structure. 
 

Fig. 1 and Table 1 we show the configuration and para-
meters of coaxial-slot non-asymmetry structure antenna used 
in this study. This structure is the same as [7], [8]. 

A. Antenna Designs 
The antennas used in experiment were semi-rigid coaxial 

cable (RG 402 M17/130-RG402 Copper Jacket, EMC 
Technology and Florida RF Labs, Stuart, FL) having a di-
ameter of 3.51 mm, and were used N-type connector. We 
modified this semi-rigid coaxial antenna to obtain different 
length of slot open (one side) dimensions of the antenna, 
which are the specified as shown in TABLE 1. 

 
 
 

TABLE 1:DIMENSIONS OF THE ANTENNA. 
 

Inner conductor [mm.] 
Diameter of dielectric [mm.] 

Diameter of outer conductor [mm.] 
Length from the tip to the center of the slot [mm.] 

Insertion depth [mm.] 
Length of antenna [mm.] 
Width of the slot [mm.] 

Length of slot [mm.] 

1.02 
3.02 
3.53 
20 
50 
60 
2 

2, 4, 6, 8

B. Properties of Antennas 
The graphical illustration in Fig. 2 shows the antenna 

characteristics measured from Bird Site Analyzer Model 
SA-600 EX (Bird Electronic Corporation, Cleveland, OH). 
We measured the Return Loss values of the antennas in the 
range of 2.3-2.7 GHz that covered our operating frequency of 
2.45 GHz. All measurements were performed by inserting 
each antenna in a 10 cm × 10 cm freshly excised swine liver 
obtained from a local slaughterhouse. From the results in Fig. 
2, all antenna design have low Return Loss(-16.8 dB, -17.8 
dB, -18.5 dB and -19.7 dB for slot length 2 mm., 4 mm., 6 
mm. and 8 mm, respectively). Antennas with low Return 
Loss are desirable because they can drive more energy into 
tissue. From Fig. 2, when increasing slot length the Return 
Loss value will decrease, that mean more energy transfer into 
tissue. Thus we can improve antenna characteristics by 
change the length of slot side. 

 

 
 
 
 
 
 
 
 

 
Fig. 2. Antenna characteristics (Return loss) of open-slot one side antennas at 

slot length 2mm, 4mm, 6mm and 8mm, over frequency range 2300-2700 
MHz obtained from the Bird Site Analyzer Model SA-6000 Ex. 

 

III. FINITE ELEMENT ANALYSIS 
The finite element method (FEM) involves dividing a 

complex geometry into small elements for a system of partial 
differential equation, evaluated at nodes or edges. 

A. Bioheat Equation 
The source of heat transfer in MW ablation is from elec-

tromagnetic wave at 2.45 GHz transmitted into tissues. Joule 
heating arises when energy dissipated by an electric current 
flowing through a conductor is converted into thermal energy. 
Tissue temperature changes over time can be predicted by the 
bio-heat equation [33]: 

( ) ( ) ,b b b b met ext
TC k T C T T Q Q
t

ρ ρ ω∂ + ∇ ⋅ − ∇ = − + +
∂

(1)

where 
 ρ   = Density [ 3/ mkg ] 
 C  =  Specific heat [ KkgJ ./ ] 
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 k   = Thermal conductivity [ KmW ./ ] 
 J   = Current density [ 2/ mA ] 
 E   = Electric field intensity [ mV / ] 
 1bT   = Temperature of the blood [ C° ] 
 1bρ  = The blood density [ 3/ mkg ]  
 1bC  = Specific heat of the blood [ KkgJ ./ ] 
 1bω  = blood perfusion [ s/1 ]  
 1bh  = The convective heat transfer coefficient 

accounting for blood perfusion in the 
model 

 metQ  = The energy generated by the metabolic 
processes [ 3/ mW ]. 

  
Since metQ  is negligible, we excluded it from our FE 

models. We also omitted 1bh  from our preliminary studies.  

B. SAR Distribution 
In order to evaluate the heating ability of the antenna, SAR 

distribution is widely used. The SAR shows the heat gener-
ated by the electric field in the tissue given by 

2 ;              [ / ],SAR E W kgσ
ρ

=  
 

(2)

where  
 σ  = conductivity of tissue [ mS / ]  

 ρ  = Density of tissue ]/[ 3mkg   
 E  = Electric field [ mV / ]. 

 
In this study, we calculate SAR distributions for all cases 

and compare the results to determine the potential heating 
patterns of the antennas. The thermal and electrical properties 
used are from [9]. We can link the volume of SAR to this 
following heat equation (3) below 
 

.( ) ( ) .b b b b
TC k T C T T SAR
t

ρ ρ ω ρ∂ + ∇ − ∇ = − + ⋅
∂

 (3)

  

IV. SIMULATION 
In this paper, we performed computer simulation using the 

finite element method. We selected COMSOL 3.5a (Comsol 
Inc., Burlington, MA), to solve our thermal-electrical prob-
lems. In process of Finite element method, we used a 
non-uniform mesh and a three dimension model in this study 
on the 64 bit Sun Fire 240 operating system (2 processor with 
Ram 8 GB). The simulation consists of 2 modules: 

1) RF  Module. 
2) Heat Transfer (Bioheat Equation). 

We creates the antenna and other components by Solid 
Work version 2009 emitting in the form of IGS to COMSOL 
Multi-physic Version 3.5a in order that the boundary is put 
together with other invariants used for simulating the work by 
requiring that record shall be made every second for 300 
seconds. The detail of the simulation parameter is as follows: 

Parameter for simulating  

the density of tissue        = 1050 kg/m3,  
specific heat of Liver        = 3700 J/kgK,  
density of blood          = 1000 kg/m3,  
specific heat of blood        = 3639 J/kgK,  
blood perfusion rate        = 3.6x10-3 m3/kg⋅s,  
thermal conductivity of liver     = 0.56 S/m,  
parameter of electrical properties, εliver 
(Relative permittivity)       = 43.03, 
Electrical Conductivity, δliver     = 1.69 S/m, 
εdielectric             = 2.03,  
εinsulator              = 2.6. 
 

 
 

Fig. 3. FEM Model. 
 

Fig. 3 shows triangular element with irregular tetrahedral. 
The number of elements used for simulation is 131,765 ap-
proximately, the number of degree of freedom is 947,089 and 
memory for running is 1,262 MByte approximately. 

In Fig 4, the distance from the antenna is 5 mm. The Ob-
servation Line 1 on the side of slot opening. On the side 
opposite to the slot opening, the distance of the observation 
line is 5 mm. to observe the SAR volume and the temperature 
at each level. The Observation Line 1 shows the change of the 
temperature at the slot opening. 

 

Antenna
Air

Liver

Slot

2450 MHz Feed

5mm5mm

Observation line #1

Observation 
point #1

Observation line #2

Observation 
point #2

 
 

Fig. 4. Observation line at 5 mm. and Observation point. 
 

V. RESULT 
The result of the simulation in this article shows the result 

of the simulation by the 3 dimension finite element. 
Fig. 5 and Fig. 6 show the distribution of SAR at the liver 

tissue. Fig. 5 shows that SAR highly distributes in the liver 
tissue. At the slot, in Fig. 6, the graph shows the volume of 
SAR in each level. The volume of SAR in the vertical line is 
the normalized volume of SAR and the horizontal line shows 
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the depth in meter. The graph is to compare the volume of 
SAR of the antenna with different length of slots. It is found 
that the longer the slot of the antenna is higher the SAR level 
at 0.03 – 0.04 meter which is the same level as the slot, the 
SAR is found in the maximum level. This means the maxi-
mum level of the magnetic field. 

S lo t

L iv e r
A n te n n a

 
Fig. 5. SAR distribution of antenna. 

 
 
Fig. 6. A graph shows distribution of SAR from the Observation Line No. 1 

with distance 5 mm. from the antenna. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. A graph showing distribution of SAR from the Observation Line No. 

2 with distance 5 mm. from the antenna. 
 

Slot

Liver
Antenna

 
 

Fig. 8. Distribution of temperature at the liver tissue. 

Fig. 7 shows the volume of SAR. At various levels of the 
Observation Line No. 2 at the opposite side to the slot 
opening, it is found that the level of the SAR is very low both 
at the antenna with both large and short slot. 

Fig. 8 and the graph in Fig. 9 show the temperature at 
various levels of the tissue. The Fig. 8 shows that the tem-
perature at the slot is higher than at other areas. Fig. 9 shows 
the temperature at various levels of depth. The temperature at 
the depth of 0.03 – 0.04 meter is higher than at other levels of 
depth of the antenna since it is the level of the antenna slot 
and the longer slot will cause higher temperature. 

 
 
Fig. 9. A graph showing the distribution of the temperature at the liver tissue 
with various levels of depth of the Observation Line No. 1 at the distance of 5 

mm. from the antenna. 
 
The Fig. 10 shows the temperature at various depths. At 

the Observation Line No. 2 at the opposite side of the slot 
opening, the temperature is very low, whereas the tempera-
ture at the depth of the slot is slightly higher than at other 
levels. The difference between the antenna with the largest 
slot and that with the smallest slot is 4°C, which is very low. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10. A graph showing the distribution of the temperature at the liver 
tissue with various levels of depth of the Observation Line No. 2 at the 

distance of 5 mm. from the antenna. 
 

Fig. 11 shows the temperature change during 0 – 300 
seconds at the Observation Point No. 1 at the same level as 
the slot opening. The dark line shows results from the simu-
lation and the dashed line shows results from the experiment. 
This was measured by the temperature sensor at the distance 
5 mm. far from the antenna. The details are shown at the Fig. 
4. 

The results of the temperature change of the antennas with 
different length of the slot, according to the experiment, is 
that the temperature at the beginning is lower since during the 
setup we set 30°C at the liver. The result from the experiment 
is 6% lower than the result from the actual operation. The 
temperature of the antenna with larger slot is higher than that 
with smaller slot. 
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Fig. 11. A graph showing the change of the temperature at 5 mm. distance 

from the slot at the Observation Point No. 1 during 0 – 300 seconds. 
 

 
 

Fig. 12. A graph showing the change in the temperature at the 50, 100, 150 
watts of antenna with 2 mm. slot at the Observation Line No. 1. 

 
Fig. 12 shows the temperature of the antenna with 2 mm. 

slot which results in the change of the power supplied to the 
antenna. The temperature measured at the various levels of 
depth in various areas including the side to the slot opening 
(Observation Line No. 1) is very high. When being supplied 
more power, the temperature is rather slightly changed. The 
area with the highest temperature is the slot at the depth of 
0.03 – 0.04 meter. 

 

 
 

Fig. 13. A graph showing the temperature change at 50, 100, 150 watts of the 
antenna with 2 mm. slot at the Observation Line No. 2. 

 
Fig. 13 shows the temperature of the antenna with 2 mm. 

slot which results in the change of the power supplied to the 
antenna. The temperature measured at the various levels of 
depth in various areas including the opposite side to the slot 
opening (Observation Line No. 2) is very low. When being 
supplied more power, the temperature is rather slightly 
changed. The area with the highest temperature is the slot at 
the depth of 0.03 – 0.04 meter. 
 

 

 
 
Fig. 14. A graph showing changes in the SAR at the 50, 100, 150 watts of the 

antenna with 2 mm. slot at the Observation Line No. 1. 

 
 
Fig. 15. A graph showing changes in the SAR at the 50, 100, 150 watts of the 

antenna with 2 mm. slot at the Observation Line No. 2. 
 
Graphs at Fig. 14 and Fig. 15 show the SAR at various 

levels of the depth in the tissue. Fig. 14 shows the SAR at the 
depth levels in the Observation Line No. 1, at the slot opening. 
The SAR increases when being supplied with more power to 
the antenna. The point with the highest level of the SAR is at 
0.03 – 0.04 meter deep which is the position of the slot. Fig. 
15 shows the level of the SAR at various levels of the depth at 
the Observation Line No. 2, opposite to the slot opening. It is 
found that the SAR level is very low, even though the power 
is increased. The SAR level at the opposite side to the slot 
opening is very low. 

Co50

Co50

Co50

 
 Fig. 16. The 3D temperature distribution in liver tissue. 

 
Fig. 17. Changes in the volume of the cancer cell destruction at 50°C and 

over. 
 
This Fig. 16 shows 3-dimension image of the cancer cell 

destruction at 50°C and over. The destruction starts at this 
level of the temperature. A 50-watt power is supplied to the 
slot coaxial non-asymmetry antenna with 2 mm. slot at 60 
seconds. The volume is 0.172707 cm3 . The simulation time 
is 946.25 seconds and the used memory unit is 1823 MB. 

Fig. 17 shows the changes in volume of the cancer cell 
destruction in the tissue at 50°C and over from the beginning 
to 300 seconds with the record made every 10 second. The 
graph shows time of the changes in the volume in the hori-
zontal line and the volume (cm3) in the vertical line. The 50 
watt power is consistently supplied to the antenna with 2 mm., 
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4 mm., 6 mm. and 8 mm.—width slot. 
The change in the volume of the antenna with 8 

mm.—width slot is higher than that with smaller slot. At the 
point of 300 seconds, the volume of the antenna with 8 mm 
slot is 8 times higher than the antenna with 2 mm. slot. Ac-
cording to the simulation with changes in the slot size, it is 
found that the antenna with larger coaxial non-asymmetric 
slot provides with higher volume of destruction at 50°C than 
the antenna with smaller slot. 

 

VI. EXPERIMENTAL RESULT 
Fig. 18 shows a diagram for the experimental setup using 

one MW source capable of controlling the energy level. The 
MW source is a magnetron oscillator working at 2450 MHz, 
with maximum CW output of 250 W. The setup also con-
sisted of three sets of measurement systems (Wideband 
Power Sensor Model 5012 (350–4000 MHz), Bird Electronic 
Corporation, Cleveland, OH). Each sensor was linked to a PC 
(Pentium D 2.8 GHz, Window XP service Pack 2, 2 GB 
RAM, 300 GB hard disk) via USB 2.0 cable. We cut swine 
liver into three pieces in order to aid investigation of coagula-
tion zone formation at different locations of the tissue. Each 
piece of liver tissue used was shaped as a rectangular prism 
with dimensions of 100 mm × 100 mm × 20 mm. The an-
tenna was held at a fixed position by placing it through a 
narrow passage on an acrylic frame. 

Similar to FE simulations, we utilized open slot one side 
designs by varied length of slot-open size –2 mm., 4 mm., 6 
mm. and 8 mm.—for in vitro experiments. The MW power of 
50,100 and 150 W was applied to the antenna for 60 s. During 
application of the MW energy, we placed swine liver in a 
water bath heater with temperature of approximately 37° C. 
We also added NaCl into water to increase the conductivity to 
a level similar to physiological fluid (0.9% saline).  

 

 
 

Fig. 18. Diagrams for the experimental setup. 
 

 
 

Fig. 19. in Vitro Experiments and Results. 
 

Fig. 19 shows the experiment results. The area of ablation 
zone related with slot length and ablation zone appear at open 

slot side only for purpose antenna. The antenna can be ra-
diated microwave energy one side only (open slot) its novel 
antenna for ablation systems, doctor can be design and apply 
to some area that crisis. 

 

VII. CONCLUSIONS 
The antennas to be presented are the slot coaxial 

non-asymmetry whose remarkable characteristic is to cause 
one-sided heat when the slot is opened. The maximum tem-
perature and the SAR is caused on the one-sided slot. When 
the length of the slot is changed, the temperature is also 
changed and the volume of the cancer cell destruction is also 
higher with no change in power supplied to the antenna. 
When the power supplied to the antenna is increased, the 
temperature is also increased. The slot coaxial non-symmetry 
structure antenna can be used in MCT system which is for 
destruction of the cancer cell in the area closed to the very 
fragile tissue. 

Major limitations of our experiments are that no blood 
perfusion or presence of blood vessels were taken into ac-
count in our computer models and in vitro experiments. In-
clusion of blood perfusion into our models will affect the 
resulted coagulation zones by reducing the dimensions of 
coagulation zones are unchanged. Since there is no tissue 
perfusion in swine liver in in vitro experiments, we exclude 
parameters for blood perfusion from FE models. Location of 
the targeted liver tumor in relation to large blood vessels can 
also change the dimensions, as well as characteristics of 
resulted coagulation zones [34]. A nonuniform heating MW 
ablation system might be beneficial to properly ablated both 
regions close to large blood vessels (more heat) and those that 
are further away(less heat). In addition, optimal placement 
configurations by use Non-Asymmetry structure (open-slot 
one side) multiple antenna for MW ablation needs to be fur-
ther explored as a recent study by [32]. 
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