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Abstract— Microwave Hyperthermia is type of treatment of 

cancer tumors in which the body tumor is exposed to 

slightly higher temperature than the body in order to kill the 

cells or make it sensitive to radiation for certain anti-cancer 

drugs. To focus the heat into the tumors antennas or 

applicators are required, here two-arm Archimedes spiral 

antenna has been discussed for superficial application in 

Microwave hyperthermia. The spiral antenna is not sensitive 

to the input frequency nor to the parameter fluctuation, the 

heating region of the antenna can be controlled by the input 

frequency 434 MHz and 915 MHz. The model was designed 

and simulated in CST studio suite and the return loss is 

below -15 dB for the operating frequency with a VSWR of 

less than 2.  
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I. INTRODUCTION 

Cancer is the number one cause of death and mortality in the 

21st century, according to the report of World Health 

Organization (WHO) up to 2013 there has been 14.5 million 

new cases of cancer and about 8.5 million deaths related to 

cancer. The number of new cancer cases is expected to rise 

by about 70% over the next twenty years. Among men the 

most common sites of cancer diagnosed in 2013 were lungs, 

prostate, colorectum, stomach and liver cancer. Among 

women are breast, colorectum, lungs, cervix and stomach 

cancer. 

There are many types of treatment and surgeries 

available for cancer they are surgery, chemotherapy, 

radiation therapy, targeted therapy, immunotherapy, stem 

cell transplant, photodynamic therapy, blood product 

donation, transfusion and microwave hyperthermia. The 

treatments other than hyperthermia has some negative side 

effects on the body. Therefore MWH is the upcoming major 

subject of interest of inquisition biological effects and its 

application on treatment of tumor and cancer. 

Hyperthermia is a thermal therapy, is a type of 

cancer treatment in which the tumor of the body is exposed 

to slightly higher temperature than the normal body 

temperature [1] (up to 42-45 degree Celsius). The research it 

has been shown that high temperature can damage the 

proteins and structures within cells and due to which there is 

shrinkage in the size of the tumor, it uses non-ionizing 

radiation therapy that can substantially improve results for 

cancer treatment [2]. The cancer cells are more responsive 

to hyperthermia effects than the healthy cells because of 

high rate of metabolism [3]. The basic principle of MWH is 

to apply microwave power to the tumor tissue through a 

microwave applicator that is antenna. The power of the EM 

waves is absorbed by the tissue and heats it, resulting in 

excitation and oscillation of the polar molecules and causing 

frictional heating, which results in cell death [4]. 

The clinic equipment’s of microwave hyperthermia 

have a simple structure and, are convenient to operate. 

Microwave hyperthermia has less complications and little 

side effect [5]. So it has extensive application prospects. 

There are many types of wave radiators suitable for 

superficial therapy on subsurface tumors [6]. The Microstrip 

Archimedes spiral antenna is one of them, it has concise 

structure, wide bandwidth and the most important is wide 

heating area. The planar Archimedes spiral antenna is very 

simple to design with less reflection coefficient for 915 

MHz, 2450 MHz frequency [7], which is widely used for 

Microwave Hyperthermia. Archimedes spiral with two arm 

has been designed, the advantage of Archimedean spiral 

makes it less sensitive to the structural parameters and 

operating frequency. The heating area is managed by the 

input frequency 915 MHz and 2450 MHz, to ensure that the 

normal tissues are unharmed [8]. 

II. ANTENNA DESIGN 

Figure 1 shows basic structure of two-arm Archimedes 

planar spiral antenna. 

 
Fig. 1: Basic Structure of Archimedes Planar Spiral antenna 

Here, s is the spacing between two adjacent spirals, 

w is the width of the spiral,    is the inner radius of the 

spiral based on high frequency and    is the outer radius 

based on lower frequency calculated using the formulae 

below [9]. 
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For designing the Archimedes planar spiral antenna 

we require a band of frequency [10], for our operating 

frequency that is for 915 MHz and 2450 MHz we chose a 

frequency band of 50 MHz to 3 GHz. The antenna was feed 

with Copper –Teflon coaxial feed at its center with inner 

diameter of 0.9mm and outer diameter of about 3mm, ε 

relative constant of 2.1, N is the circle number of the spiral 

antenna [11]. With the above parameters we calculate the 

S11 along with the changes of the parameters.  

III. SIMULATION MODEL 

A. Calculation of Electric Field Distribution 

The Archimedes planar spiral antenna is modelled in the 

CST Microwave studio software. The simulation model is 
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shown in Fig 2.The working frequency is set in between 50 

MHz to 3000 MHz, the excitation port is placed in the 

coaxial cable import end. In this model, the entire metal 

conductor is supposed to a perfect conductor, and the tissue 

is considered to be infinity. 

 
Fig. 2: Simulation model of Archimedes spiral in CST 

studio suite 

B. Calculation of SAR Distribution 

First, we calculate the electric field around the antenna and 

S11 parameter (the reflection coefficient). Next, we 

calculate the SAR distribution around the antenna. The SAR 

is a measure of rate at which the energy is absorbed by the 

body or the tissue when it is exposed to electromagnetic 

radiation, its unit is watts per kilogram (W/kg).  

SAR =
 

  
            

Where σ is the conductivity of the tissue (S/m), ρ is 

the density of the tissue (Kg/  ), and E is the electric field 

(V/m). The SAR takes a value proportional to the square of 

the electric field around the antenna and is equivalent to the 

heating source generated by the electric field in the tissue. 

IV. RESULTS 

 
Fig. 3: Return loss of Archimedes spiral in the 

frequencyrange of 200 MHz to 2000 MHz. S11<-15 dB 

The dimension of the Archimedes spiral are calculated in the 

frequency range of 200 MHz to 2000 MHz using the 

formulae above the strip width s and width of the spiral w 

comes out to be 13.38 mm, with number of turns of the 

spiral to be 8 and the same is designed in the CST studio 

suite software and it was simulated. The return loss in the 

frequency range 200 MHz to 2000 MHz is below -15 dB 

that is S11<-15 dB which shows that it is good response for 

the frequency of hyperthermia which are usually 434 MHz 

and 915 MHz, with a VSWR of less than 2, which is shown 

in Fig 3 and Fig 4. 

 
Fig. 4:  VSWR of Archimedes spiral less than 2. 

V. CONCLUSION 

In this paper we have design and simulated the two arm 

Archimedes spiral antenna for microwave hyperthermia in 

the CST studio suite software. The return loss is good in the 

frequency range of 200-2000 MHz with a VSWR of less 

than 2. The frequency for Microwave hyperthermia is 

basically 434, 915 and 2450 MHz, the above spiral antenna 

can be used for the above mentioned frequencies, by varying 

the frequency the radiation pattern and heating pattern of the 

antenna can be varied. 
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