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ABSTRACT 

  

Cancer is a disease caused by an uncontrolled division of abnormal cells in a part of the body. It is a 

major cause of death, and its incidence is increasing every day. Various methods and protocols are used 

which include chemotherapy, radiology, surgical removal of the tumor, etc. But these methods have 

many side effects that makes patient feel unbearable pain and inflict deep anxiety. Over the past 

decades, there is a struggle to discover new techniques to fight against cancer. Hyperthermia is an old 

therapy of treatment that gives new hope and which when combined with engineering techniques 

proves one of the best cancer treatment option. The critical element in hyperthermia system is an 

antenna whose performance determines the EM energy deposition into the tissue. Microwave ablation 

is a heating processes using microwave energy has a potential to be sensitive to change in the dielectric 

tissue parameters which results in damaging abnormal tissues. In order to produce heat in the focused 

area microwave signals are adjusted in time, frequency and strength. The commonly used frequencies in 

microwave imaging systems are 433MHz, 915MHz and 2.45GHz which are transmitted from the 

antennas enclosing the relevant body part. Enhancement of tumor temperature with EM energy is a 

complex task. The main objective of the research is to design, optimize, fabricate and compare different 

microwave antennas used in hyperthermia system. An antenna suffers much in terms of efficiency and 

matching, so there is a need for highly efficient antenna which provide more directivity and less return 

loss. Zealand Inc.’s IE3D is a full wave electromagnetic simulator based on method of moments is used 

to perform all simulations. It gives high efficiency, high accuracy and low cost electromagnetic 

simulation tool on PCs with window based graphic interface. The design evaluation and analysis of feed 

point location, E-field, efficiency, directivity, frequency of operation, 2D and 3D radiation pattern   are 

presented in this research. After designing and fabrication the performance of microwave antenna is 

measured and analyzed for different applicators used in hyperthermia system.  

KEYWORDS: Hyperthermia, Microwave Antenna, feed location, E-field, efficiency, Return loss, 

directivity, Radiation Pattern. 
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1. Introduction 

Cancer is one of the leading causes of death. Early cancer detection and adequate treatment are 

crucial in the control of disease. While chemotherapy and surgery are used for cancer treatment, 

some tumors cannot be treated by these therapies. Hyperthermia is a cancer treatment thermal 

process in which tumor loaded tissues are exposed to heat up to 42-46
o
C. The biological 

response of hyperthermia is protein damage which involves both cellular and host related factors. 

It results in direct killing of raised temperature cancerous cells, increased metabolic activity, 

increased cell oxygenation, stimulation of immune system and an improvement of cells to drug 

intake. Microwave hyperthermia is one of the promising techniques that have been used in the 

treatment of patients suffering from cancer. Depending upon the size and location of tumor one 

or more microwave antennas are used in applicators for hyperthermia system. Based on the 

power absorption it raises the temperature of tumor and has a potential to create longer and 

effective thermal lesion at a greater depth. One of the main advantages is application time which 

is shorter for microwave frequencies. The federal communication commition (FCC) or 

International telecommunication union (ITU) permits several unrestricted frequency bands for 

industrial, scientific and medical uses in several regions including those most commonly used 

frequencies for microwave ablation are 433MHz, 915MHz and 2.45GHz. For the treatment of 

cancer patients having superficial tumors, waveguides and intracavity applicators have been used 

at frequency 2450MHz. The penetration depth of electromagnetic (EM) energy approaches the 

tumorous part with low irradiation in the vicinity of hyperthermia apparatus. Good impedance 

matching is achieved by microwave thermotherapy which can be effectively used in 

hyperthermia treatment of cancer.  

To raise the temperature of tumor loaded tissue with EM energy is a difficult task. Determining 

factors include type and size of antenna, frequency of operation, feed location, directivity and 

efficiency. The design requirement of antenna for medical and in particular for hyperthermia 

applicators will be dealt in this research. The second part of the research will be concerned with 

optimization and fabrication of designs and will focus on the performance measurement and 

analysis of antennas used in applicators for hyperthermia system. The rest of the synopsis is 

organized as follows: 
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Section 2 contains the details of literature review; Section 3 gives the broad description of 

research topic. The objectives of this thesis are discussed in Section 4. Section 5 described the 

proposed methodology and in Section 6 the expected outcome of the research is discussed.  

 

2. Literature Review 

Research work in hyperthermia started in 20
th

 century and the work carried out till date in this 

field are reviewed and discussed in this section. Storm et al. (1980) described the potential and 

progress of hyperthermia in cancer treatment. They described how high frequency current 

sources were first used to raise the temperature in hyperthermia treatment [36]. The concept of 

external applicator was given by Bahl et al. (1981) first time. They described how waveguide 

and micro strip antenna are used in hyperthermia system [4]. Dewhirst and Sim (1986) gave the 

estimation of therapeutic gain in clinical trials involving hyperthermia and radiotherapy. They 

explained the first clinical trial of hyperthermia on cancer patients [12]. Datta et al. (1990) 

explained the comparative results of thermo radiotherapy versus radiotherapy done for head and 

neck cancers [11]. 

 Vrba et al. (1996) explained that the penetration depth of EM energy approaches the tumorous 

part with low irradiation in the vicinity of hyperthermia apparatus and good impedance matching 

is achieved by microwave thermotherapy which can be effectively used in local external 

hyperthermia treatment of cancer [40].The Ultrasound interstitial applicators for heating tumors 

near air and bone interfaces where use of noninvasive ultrasound methods becomes difficult was 

analyzed by Boguslaw et al. (1998)[5]. Jameset al. (2000) presented computer simulation and 

experimental measurement which investigate triangular and hexagonal arrays of sleeved slot 

interstitial microwave antenna to produce SAR distribution that offers a better scheme for 

hyperthermia treatment of brain tumors [16]. Marshall et al. (2000) proposed an inverse dynamic 

method that has a potential to become a useful tool for increasing treatment prescribability, 

increasing treatment efficiency and decreasing patient pain [22]. Arora et al. (2002) 

demonstrated a model predictive controller (MPC) in which thermal dose in hyperthermia cancer 

treatment is developed and can be elevated using simulations with one dimension and one point 

model of a tumor[3].The several unrestricted frequency bands for industrial, scientific and 

medical uses in several regions are described by Rosen et al. (2002) including those most 
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commonly used frequencies for microwave ablation [33]. Ardith et al. (2004) described the 

effects of the combined process of giving a drug with the delivery of heat as it includes increased 

capturing of the drug by the cell, increased killing of tumor cells [1]. Juang et al. (2004) 

described a conformal microwave array (CMA) applicator that uses a temperature controlled 

water bolus to treat breast carcinoma [20]. Jessi et al. (2006) presented an automatic control 

system for accurate temperature control of hyperthermia treatments with multiple array 

applicators [18]. Riadh et al. (2006) described the biological response of hyperthermia in which 

there is aprotein damage which involves both cellular and host related factors. Microwave 

ablation has a potential to be sensitive to change in the dielectric tissue parameters which results 

in damaging abnormal tissues [32].The numerical FEM model of a magnetic fluid hyperthermia 

(MFH) treatment on a hepatocellular carcinoma (HCC) metastasis was analysed by Candeo and 

Dugherio (2009).They explained that the reduction of treatment times is an important issue to be 

considered during thermal therapy [9].Martin (2009) presented the model of microwave 

hyperthermia treatment using COMSOL Multiphysics 4.1. The model of agar jelly with 

properties similar to the biological tissue was developed [23]. Max and Curto (2009) described 

that hyperthermia results in direct killing of raised temperature cancerous cells, increased 

metabolic activity, increased cell oxygenation, stimulation of immune system and an 

improvement of cells to drug intake [25]. 

The narrowband wide beam Micro strip patch antenna  which is mostly used at microwave 

frequencies is described by Qureshi et al.(2011).They described that the size of the antenna is 

directly tied to the wavelength at resonant frequency .They also explained how thicker substrate 

will increase the radiation power, reduce conductor loss and improve bandwidth [31].Omer et al. 

(2012) presented the adequateness of a rectangular spiral shaped patch antenna and a Vivaldi 

antenna having narrow beam width to use for antenna arrangements in microwave hyperthermia 

applications. Its small lateral size is promising to use it in multi antenna configuration system for 

microwave hyperthermia application for cancer treatment [27].How the position of the feeding 

changes the results is explained by Patil (2012). He explained the Micro strip line feeding in 

which a conducting strip is connected directly to the edge of micro strip patch [29]. Suganthi et 

al. (2012) presented a new miniaturized fractal antenna as a combination of Murkowski and 

Koch curves. The structure of the proposed antenna is the result of the modifications made with 

the basic fractal square and triangular curves [37]. Kumar et al. (2012)presented the 3D model 
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waveguide applicator for hyperthermia treatment. Finite element full wave modeling has been 

performed to predict at high degree of performance of 3D model of applicator [28]. 

New methods for treatment of cancer that have been implemented have been successful, but the 

results are still limited. Many researchers are still doing work on different shapes of antenna 

designs employed for medical use and in particular for hyperthermia applicators. Various 

optimization techniques are being explored to effectively   improve the performance 

characteristics of antenna. 

3. Description of broad area 

Hyperthermia is defined as the delivery of controlled heat to the diseased tissues without 

damaging surrounding healthy tissues. The microwave antenna used in the hyperthermia system 

require the calculation of interaction of E-field with a tissue, Specific absorption rate and  the 

temperature rise in the exposed human tissue which are obtained by using equations given 

below:  

Antenna human tissue interaction: Because the body has low permeability the absorbing effect 

of EM energy is principally associated with tissue permittivity losses[14][15]. The interaction of 

E-field with a tissue is described by equation (1) 

                                  𝜖 =  𝜖𝑜(𝜖𝑟−j𝜖 ′′ )                                                       (1) 

Where 𝜖𝑜 is permittivity of free space 

𝜖𝑟  is dielectric constant 

𝜖 ′′ is indication of energy transferred from incident E field to the tissue 

Specific absorption rate (SAR): The specific absorption rate gives the rate of energy absorption 

in biological tissue which is given by equation (2) 

SAR = 
Р

𝜌
 =  

𝜍 𝐸2 

𝜌
                                                                                (2) 

Where P is power absorbed in the tissue (W) 

𝜍 is electrical conductivity (S / m)  

 𝐸  is rms magnitude of electric field strength (V / m) 

Temperature: The temperature rise in the exposed human tissue is given by Penne’s bio heat 

equation(3) 

𝜌C 
𝛿𝑇

𝛿𝑡
 = Δ. (K ΔT) - 𝜌𝑏𝑙𝑜𝑜𝑑  𝑤 𝐶 𝑏𝑙𝑜𝑜𝑑  ( T    -  𝑇  𝑐𝑜𝑟𝑒 ) + 𝑄𝑚  + 𝑆𝐴𝑅𝜌 (3) 
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Where 𝛒 is material density (kg /𝑚3) 

  C is specific heat capacity (J /kg/
o 
C) 

 T is variable quantity of temperature (
o 
C) at a time (s) 

K is thermal conductivity (W /m/
o 
C) 

𝜌𝑏𝑙𝑜𝑜𝑑  is blood density(kg /𝑚3) 

w is perfusion of blood (ml/100g/min) 

Cblood is blood heat capacity (j/kg/
o 
C) 

Tcore is blood temperature (
o 
C) 

Qm is heat generated by metabolism (W /m
3
) 

 

Depending upon the absorption of power, microwave antenna used in applicators raise the 

temperature of tumor. It has a potential to create longer and effective heating at a greater depth. 

It offers the advantage of application time which is shorter for microwave frequencies. The three 

commonly used frequencies in microwave imaging system are 433MHz, 915MHz and 2450 

MHz. The waveguide and intracavity applicators used for the treatment of cancer patients having 

superficial tumors use frequency of 2450 MHz. Micro strip patch antenna is a narrow band wide 

beam antenna which is mostly used at microwave frequencies. The antenna consists of radiating 

patch on one side of dielectric substrate which has ground plane on the other side [13][17]. The 

commonly used substrate is FR4, Honeycomb, Duroid and Quartz. Thicker substrate will increase 

the radiation power, reduce conductor loss and improve bandwidth. Fig.1 shows the basic 

diagram of micro strip patch antenna. 

 

                                            Fig.1 Micro strip patch antenna 
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The patch acts approximately as a resonance cavity in which only certain modes are allowed to 

exist at different resonant frequencies. If the antenna is allowed to excite at resonance frequency 

a strong field is set up inside a cavity and a strong current on the surface of the patch [30]. This 

produces significant radiation. The micro strip antenna can be designed in various shapes. The 

commonly used shapes of antenna are square, dipole, spherical, circular, rectangular, elliptical 

and triangular as shown in Fig.2 

 

 

                                       Fig.2 Different shapes of micro strip antenna 

 

The most commonly used shapes are rectangular and circular. The flowchart describing the 

process of designing microwave micro strip patch antenna is shown in Fig.3. First the required 

parameters of the antenna are calculated for different design equations. For designing and 

simulation of antenna design various commercial software packages are available like CST 

microwave studio, HFSS, IE3D etc.IE3D software uses a method of moment (MOM) numerical 

technique which has been effectively applied to electromagnetic problems related to human 

body.IE3D has inbuilt optimizer which can be used to improve the performance parameters. 
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Fig.3 Flowchart design process of microwave micro strip patch antenna in IE3D software 

Start 

Determine the parameters of antenna for         

required frequency by using design equations 

Design microwave antenna using IE3D software 

Simulate the design 

Meet the 

requirements 

Change the 

parameters 

Fabricate the antenna 

Measure and analyze microwave antenna performance in hyperthermia 

applicator 

END 
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The equations for rectangular patch micro strip antenna design[6] are: 

 

Calculation of Width: The first step in antenna design is to calculate the width of micro strip 

patch antenna which is given by equation (4) 

  W = 
C

2fo 
∈r +1

2

         (4)                                                         

Calculation of Effective Dielectric Constant:  To calculate the actual length of micro strip 

antenna first calculate the effective dielectric constant which is given by equation (5) 

                              ∈𝑟= 
∈𝑟+1

2
 + 

∈𝑟−1

2
 

1

 1+12
ℎ

𝑊

       (5) 

Calculation of Effective Length (𝑳𝒆𝒇𝒇): The effective length of the microwave antenna can be 

calculated by using equation (6) 

                            Leff  = 
C

2f0 ∈eff
        (6)  

Calculation of the length extension (ΔL): To find the actual length it is required to find the 

length extension by using equation (7) 

  

∆𝐿

ℎ
 = 0.412 

 ∈𝑒𝑓𝑓 +0.3 

 ∈𝑒𝑓𝑓 −0.258 

 
𝑊

ℎ
+0.268 

 
𝑊

ℎ
+0.8 

     (7) 

 

Calculation of actual length (L): The actual length of the microwave patch antenna is 

calculated by using equation (8) 

                             L = 𝐿𝑒𝑓𝑓 - 2∆𝐿       (8)   

For practical considerations, there is a need for finite ground plane.It can be calculated if size of 

ground plane is six times greater than thickness of substrate and given by equations (9) and (10) 

𝐿𝐺= L + 6h        (9) 

                        𝑊𝐺= W + 6h                                                                                                  (10) 

 

Design equations for circular micro strip patch antenna [6]: 
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The circular patch antenna on rectangular ground plane is shown in fig.4.The radius (a) of 

circular patch is calculated by using equation 11. 

 

 

Fig.4 Circular patch antenna 

Radius of circular patch is  

a =   
𝐹

 1+
2ℎ

𝜋𝜖𝑓  𝑙𝑛  
𝜋𝐹
2ℎ
 +1.7726  

(11) 

                        Where F = 
8.791∗ 109

𝑓𝑟 𝜖
 

By using the design equations, microwave antenna of desired shape can be designed and 

simulated on IE3D. If the desired requirements are met then antenna will be fabricated otherwise 

there is a need to change some parameters. After fabrication the antenna performance need to be 

analyzed for hyperthermia applicator system. The various parameters which will be analyzed for 

microwave antennas are return loss, directivity, VSWR, antenna efficiency, gain, directivity, and 

impedance. 

 

4. Objectives of study  

Hyperthermia is a type of cancer treatment in which body tissue is exposed to high temperature 

using external and internal heating devices. The difficulty in limiting heat close to the tumor 

region without damaging the healthy tissue is a technical challenge in hyperthermia. Energy 

absorption in cancerous tissues provides heat required for temperature increase. Keeping in mind 

these challenges the objectives of the research work are 

1. To analyze EM spectrum for microwave antenna. 
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2. To design microwave antennas which can be used for hyperthermia for a particular 

frequency. 

3. To study the electrical and thermal properties of human tissues. 

4. To compare and optimize microwave antenna designs on IE3D simulator. 

5. To fabricate and measure the performance for microwave applicators used in 

hyperthermia system. 

 

 5. Methodology to be adopted 

The proposed methodology is given below:  

 

  Literature Survey 

Simulation and analysis of the proposed designs  

Comparative analysis of the proposed designs and 

fabrication of microwave antennas 

Final Interpretation of results based on simulation 

for microwave applicators used in hyperthermia 

system 

Formulation of Research 

Objectives            

 

 

 

 

 

 

 

       Problem Identification 
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6. Proposed outcome of the research 

The aim of the hyperthermia treatment is to raise the temperature of tumor loaded tissues to 40- 

44 
o 

C. Based on electrical and thermal properties of human tissues various microwave antennas 

will be designed and compared on IE3D Simulator so that effective results can be used in 

applicators of hyperthermia system. By utilizing the capabilities of optimization tools the 

proposed designs will give more directivity, high efficiency and low return loss. The optimized 

designs will then be fabricated and tested to measure and analyze the microwave antenna 

performance in hyperthermia applicators.  

 

7. Proposed Time Frame (Gantt Chart) 

 

Research Plan         

 Sem1 

(June’13) 

Sem2 

(Dec’13) 

Sem3 

(June’ 14) 

Sem4 

(Dec’14) 

Sem5 

(June’15) 

Sem6 

(Dec’15) 

Sem7     

(June’16) 

Sem8     

(Dec’16) 

Course work         

Literature Review         

International paper presentation and 

publication 

      

Data collection         

Data study         

Interpretation of data        

Thesis submission         
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