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Abstract 
 
 Hyperthermia treatment is used to treat the tumors. The objective of this treatment is to 
raise the temperature in tumor up to such a therapeutic level that the cell death occurs. 
The challenge in this specific treatment is how to make it possible to achieve the 
temperature increase in deeply seated tumors, while protecting the nearby healthy tissues 
from unnecessary heating. Because of this issue, limitations are put on the treatment for 
tumor patients. To meet with the above stated challenge, a new ultra wide band antenna 
array is presented. 
 
The aim of this thesis is to design an ultra-wide band antenna array that consists of single 
multilayered staked patch antennas working in the frequency range from 400MHz-1GHz. 
 
In order to increase the bandwidth a stacked patch antenna is designed and optimized by 
implementing various methods such as washer feeding, layered structures, using shorting 
pins, multilayered substrates and  -slot etching. These parameters have been optimized 
in order to find the optimal results to ensure good matching and reduced size of antenna. 
Along with design, the availability of components in open market with respect to cost and 
ease of access has also been taken into consideration during design process.    
 
In final part of this thesis, single antennas have been arranged in annular array placed in 
matching liquid between antennas and phantom to measure SAR distribution and level of 
hot spots on the surface of phantom.  
 
Furthermore, single stacked patch antenna has been investigated and compared with 
initially designed U-slot etched stacked patch antenna [17]. Also the comparison for 
arrays has been described with respect to matching, coupling and level of hot spots on 
surface of phantom  
 
Keywords: 
 
Hyperthermia, water bolus, phantom, patch antenna, annular array, SAR 
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1-Introduction 
 

1.1 Hyperthermia 
 

Hyperthermia is used to raise the temperature inside the tumor to such a therapeutic 
level that either the cells become more sensitive to heat or the cell death occurs. Since the 
tumor cells are very sensitive to heat because of poor oxygenation inside the cells thus 
the irregular little flow of blood can be regulated by heating the infected cells. 
Hyperthermia treatment is used in combination with certain other cancer treatments, such 
as chemotherapy or radio therapy [1]. Thus a different treatment is adopted depending 
upon the tumor position and its size. The effect of hyperthermia originates from the 
sensitivity of cells in low pH areas and the cells in ‘S-phase’ which are both radio 
resistant [2]. Hyperthermia treatment can either kill the tumor cells or improve the 
oxygenation in the tumor cell to cure and improve the blood flow [3]. 
 
Lot of work is being carried out to see the effects of radio therapy in combination with 
hyperthermia to see the results for cancer treatment [4]. 
Now a day’s main focus is being made by using the hyperthermia treatment through 
electromagnetic heating techniques, which is described further in details. 
 

1.1.1 Heating techniques 
 
 Commonly used heating techniques are Ultrasound, Thermal Conduction and EM 
technologies. These techniques are equally efficient, but at the same time have some 
draw backs.  
 
In previous years, large numbers of techniques have been investigated regarding 
Hyperthermia treatment such as Ultrasound, Thermal Conduction, EM technologies such 
LCA LUCITE CONE Applicator [18],  APA Applicators[19], circular ridge waveguide 
applicators [15] etc. 
 In comparison to the Ultrasound and thermal conduction heating technologies, the most 
commonly used hyperthermia treatment is EM heating technology. In this specific 
technique, because of large wave length and high specific absorption inside the healthy 
tissues and bones; focusing of main beam of Electromagnetic radiations to a certain 
tumor is a challenge. The electromagnetic applicators are efficiently used for the 
treatment of tumors, there are two types of EM applicator one is external and the other is 
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interstitial. During the treatment by external applicators, the EM applicators are placed 
externally on the surface of the body at the tumor position, whereas during the treatment 
by interstitial applicators, the heating is conducted by placing the thin monopole antennas 
inside the tumors to raise their temperature. There are three types of hyperthermia 
treatment, local hyperthermia, Regional hyperthermia and whole body hyperthermia.                                                                                                                                               
                                                                                                                                                                                                                                        

1.1.2 Local hyperthermia 
                          
 In local hyperthermia treatment, the EM energy is directed inside the superficial tumors 
by placing the electromagnetic applicators on the body surface, a water bolus is placed in 
between the EM applicators and the body. 
 
A water bolus is placed between body and EM applicators in order to avoid the 
overheating of the tissues. Generators are used to excite the applicators by using coaxial 
feed lines. A temperature sensor is used to measure the temperature of tumor. There are 
many types of applicators to be used for hyperthermia treatment. Wave-guide applicators 
and microstrip patch antennas are used most commonly as applicators for Hyperthermia 
treatment. 

 

Fig 1.1 Local Hyperthermia Block Diagram 

 

1.1.3 Regional hyperthermia 
 
In this hyperthermia treatment, the energy inside the affected and non-affected tissues is 
kept under control that’s why it is most commonly used now days. It consists of number 
of radiators arranged in annular phase array to be placed circumferentially around the 
body. The wave interference is controlled by changing the phase and amplitudes at the 
feed points of the applicator. And the frequencies are decided by observing the specific 
absorption ratio of the EM waves inside the tissues. In this treatment frequency is 
selected by observing the size and position of the tumor. Generally this treatment is 
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suitable for the treatment of deeply seated tumors due to deep penetration of EM waves 
in the phantom. For a specific span of time, the phantom is heated up and the temperature 
inside phantom is measured by using temperature sensing devices. 
 
 
 
 

                  
                           (a)                                                                        (b) 

Fig 1.2:  (a) LCA LUCITE CONE Applicator [18] (b) APA Applicator [19] 

 

1.1.4 Whole body hyperthermia 
 
In this treatment, energy is injected into the body, so that the temperature of the whole 
body could be sustained between 40-42˚C for at least one hour. This treatment is adopted 
critically depending upon the condition of the patient but it is not adopted in general 
cases. 

1.2 Aim of the thesis 
 
Microstrip patch antennas are widely used in many applications because of their 
attractive features such as they are low profile, easy to implement, low cost, and easily 
adjustable in complex structures. 
But along with these features microstrip patch antennas have few limitations as well, such 
as they have narrow bandwidth, high Q value, low efficiency and low power. 
Lot of methods has been developed to deal with these challenges, such as addition of 
parasitic patches laterally or vertically [7] [8], cutting of slots [10], usage of thick 
substrate [9] or by using the substrate with low dielectric constant value [11]. 
 
On the basis of Hyperthermia treatment requirements an ultra-wide band circular antenna 
array is presented by placing different number of microstrip patch antennas around a 
circular shape.  
As a first part of this work, a broadband stacked patch antenna [17] is redesigned and 
optimized by using different broad band techniques such as washer feeding, insertion of 
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shorting pins, slot etching inside lower patch and by stacking a multilayer structure. The 
designed broad band stacked patch antenna works from 400MHz-1GHz with a return loss 
less than -10dB. 
As a second part of this work, a annular array is constructed by placing different number 
of designed single patch antennas around the phantom. A water bolus is placed in 
between electromagnetic radiators and phantom.  
Distance and number of applicators in annular array is a crucial point to be taken into 
consideration. Different arrays have been studied with respect to the area enclosed by 
50%, 75% and 90% for different operating frequencies over the range from 400MHZ to 
1GHz. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
5 

 
 

2 -Theoretical Analysis 
 

  In this section an ultra-wide band stacked patch antenna [17] is redesigned and 
optimized for the treatment of deeply seated tumors. Designed single microstrip patch 
antenna operates for frequencies range 400MHz-1GHz. The band width of single radiator 
has been increased by using different broad band techniques such as Washer feeding, 
shorting pins, slot etching inside the patch. 
  
 Single applicator design has been described with the help of set of equations [12] to find 
out the optimal configuration of the microstrip patch antenna to be used for microwave 
hyperthermia. 
In microwave hyperthermia treatment, TR method is used to set the amplitude and phase 
settings at the feed points of the individual applicators while arranged in annular array. 
Time reversal algorithm was described and explained in [21]. 
 

2.1 Microstrip patch antenna 
 
 On the basis of parasitic concept of feeding to patch antennas, a broad band stacked 
patch antenna [17] has been redesigned and optimized. In this model, multilayered 
structure is used. The antenna structure includes one directly fed lower patch; the second 
is parasitically fed by the electromagnetic coupling of lower patch, which is the upper 
patch. Lower patch is subjected on the lower substrate and upper patch is placed on upper 
substrate. The antenna has been excited by using semi rigid coaxial cable. In probe 
feeding an inner conductor is in direct contact with the lower patch. The outer conductor 
is connected with ground.  
  

2.1.1 U-Slot stacked patch VS  -slot stacked patch antenna 
 
Since the previously designed stacked patch applicator [17] does not allow uniform flow 
of energy due to non-symmetrical etched capacitive U-Slot, a new  -slot in combination 
with reduced size of shorting pins and thin washer has been introduced in new applicator. 
Three inductances occurring in stacked patch due to shorting pins and coaxial probe have 
been compensated by a set of three parallel capacitors. Inductance by pair of shorting 
pins is diminished by a symmetric capacitive  -slot and the inductance produced by 
coaxial feed is compensated by a metallic washed placed at a specific distance [14] from 
ground height. The dielectric material set for three capacitive components i-e two 
symmetric  -slot halves and one metallic washer is the substrate used for the placement 
of lower patch. The material of the lower substrate is decided by considering the total 
inductance produced in stacked structure. Detailed analysis has been given in section 3.2. 
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Fig.2.1side view of stacked patch antenna 
 

 

2.2 Broadband techniques 
 
Numerous methods have been adopted to enhance the impedance bandwidth of 
microstrip patch antennas. The proposed multilayered patch antenna has been subjected 
to the following broadband techniques. 

2.2.1 Stacked patch antennas      
 
Stacked patch antenna is a common approach to enhance the impedance bandwidth. In 
this technique two or three patch antennas are placed in stacked configuration [7] [8]. The 
lower patch is directly fed by either coaxial cable or by any other feeding method and 
rests of the upper patches are parasitically fed by the coupling of lower patch antenna. 
Resonant frequencies of both the antennas are calculated by using fundamental equations 
described in next section. If the resonant frequencies of both the stacked patch antennas 
are close to each other, the whole antenna system behaves as the broad band antenna. As 
in the earlier design [17] the lengths and the widths of the lower and upper patch were 
optimized to see the exact figures at which two resonance frequencies match and antenna 
started behaving as a broad band antenna, similarly the optimized values have been 
chosen for the present design shown in next parts. 
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Fig 2.1 Stacked configurations of patch antennas 

 

2.2.2 Shorting pins insertion 
 
Another Broadband technique used in the proposed antenna is the insertion of two 
shorting pins which ground the extreme edge points of the lower patch. As the shorting 
pins are inserted in the design, the electrical length of the antenna reduces [13] 
approximately by half of its actual value. Due to the influence of shorting pins; the 
antenna can suitably be placed around a annular array. In the absence of shorting pins the 
dimensions of the antenna will be large and while placing in annular array the antennas 
will overlap with each other and resulting in mutual coupling. Ultimately it would not be 
possible to achieve near filed beam forming for treatment purpose. Thus by inserting a 
pair of identical shorting pins we get enough space to work freely while designing array 
of radiators.  
Shorting pins have a drawback of undesirable inductance, due to which the bandwidth of 
antenna reduces. Shorting pins force the antenna to radiate in a different mode for higher 
frequencies, as a result disrupt the directive radiation pattern at high frequency. To 
compensate for matching and radiation pattern directivity; suitable values must needed to 
be chosen. 
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Fig 2.2 insertion of shorting pins in design 
 

2.2.3  -slot etching inside lower patch 
 
          Pair of shorting pins inserted in design act as inductors and generates inductance. 
To overcome inductance incurred by shorting pins; symmetrical Slot etching is used to 
enhance the bandwidth of microstrip patch antenna, Such as etching of  -slot, E-shaped 
slot, and H-shaped slot [13]. These shapes act as the dual frequency resonators, so that if 
the position of the feeding or the width of the inner feeding conductor is changed, it 
affects the dual frequency of the  -slot. In the proposed antenna the feeding has been 
decided by using semi rigid coaxial cable. Since coaxial probe also has the inductive 
behavior, etching of  -slot also compensates for the additional inductance incurred by 
the coaxial probe. The -slot acts as pair of parallel capacitors and thus in combination 
with metallic washer cancels the inductance incurred by the coaxial probe as well. As a 
result; a considerable enhancement in the bandwidth of antenna is achieved. In our design 
we have taken the length of lower patch as ‘b1’, width as ‘a1’ the length of  -slot is ‘a’ 
and width as ‘b’ as shown in figure 2.5. 
 

 
 

Fig 2.3  -slot etched lower patch 

 

2.2.4 Insertion of washer 
 
 When the microstrip patch antenna is fed by coaxial probe the inductance is incurred, to 
overcome this unnecessary inductance; the  -slot embedded lower patch is fed by a 
combination of inner conductor of coaxial probe and a metallic washer of some specific 
thickness and radius [14]. Washer plays a vital role in the matching of coaxial probe and 
antenna and improves the reflections loss. The distance from the ground to lower part of 
washer and from upper part to first patch antenna has special effects on return loss of 
antenna. The thickness and radius of washer are also important factors of consideration to 
improve the wide band characteristics of antenna [17].  Insertion of washer is shown in 
figure below.  
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Fig 2.4 washer insertion in design 

 

2.2.5 Feeding of antenna 
                   
     Feeding of antenna is an important factor regarding the radiation pattern and matching 
of antenna. As described earlier, the antenna is fed by using coaxial cable, and as a result 
of this feeding, undesirable inductance is produced, although  -slot and washer do 
compensate for this inductance. But yet it can be tolerated up to some extent by observing 
the feeding point of the lower patch antenna. A bit change in positioning of cable along 
the axes, disturbs the radiation pattern and matching of antenna [17] 

 

 

 

2.3 Model analysis of stacked patch antenna 
                                                                                                                                                
Microstrip patch antennas can be analyzed using two well-known models 
 
 
1-transmission line model 
 
 
2-Circuit model 
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The first one is an easy approach to analyze the patch antenna in a more sophisticated 
way because it is the easiest method. But it gives the least accurate results, at the same 
time circuit model is rather complex but gives accurate results. 

 

2.3.1 Transmission line model 
 
Transmission line model represents the patch antenna by two slots separated from each 
other by a transmission line having length as ‘b1’ and low impedance as Zc. During the 
patch antenna analysis, an effective dielectric constant e  is introduced which depends 
upon the individual heights of substrates used in microstrip patch antenna design.  When 
a patch antenna is suspended over a substrate, Electric lines of force non-homogeneously 
pass through the air and substrate, as a result fringing effect appears. To overcome this 
effect the effective dielectric constant e  is introduced which compensates for such 
undesirable effects.  The dependency of effective dielectric constant is based on the 
permittivity and heights of substrate and optimal frequency to be used.  
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Fig. 2.5 Geometry of the stacked patch antenna 
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The effective dielectric constant can be calculated by using following set of equations 
[12] 
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Where ‘ ih ’ is the height of ith  substrate and ‘ jh ’is the height of jth  substrate and e  is 
the effective dielectric constant used in stacked patch design. Equation 2.1 is used for 
multilayered substrates, in the above expression the limit for summation gives the total 
number of substrates used in design. In our case as we have two layered substrates 
structure which includes upper and lower substrate. Two patches of different length and 
width have been placed on upper and lower substrates respectively. Lower patch is placed 
on lower substrate with height 1h  and upper patch is placed on upper substrate with 
height 2h , so we have considered the number of substrates as two. The effective dielectric 
constant calculation for two substrates used in design is shown in equation 2.2.  
 

                                        2

2

1

1

21

ee

e hh
hh






                                                                     (2.2) 

 
A typically well suitable formula to be used for the evaluation of dielectric constant of 
multilayered structures can be found as [12] 
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Multilayered stacked patch antenna in our design resonates at two different frequencies. 
First resonance of antenna starts at lower frequencies for the lower patch and embedded 
 -slot in lower patch. The resonance frequency for the lower patch antenna can be 
calculated by using formula [12] 
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Where c is the speed of light, 1h  and 1b are the height and length of the first patch antenna 
positioned at the bottom side of the stacked structure. The constant A can be calculated 
by using the formula [12]  
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First resonance of antenna contributed by lower patch and  -slot for lower frequencies 
ranges from 388MHz to 472MHz as can be seen in figure 3.3. 
 
Similarly, the frequency at which the upper parasitic patch starts resonating can be 
calculated by using the formula [12] 
 

                                        222
2 2 e

r bb
cf


                                                              (2.6) 

 
 Where 2b  Is the length of the upper is patch, and 2b  is the additional length of the 
patch that appears due to the nonsymmetrical behavior of the electric lines of force that 
terminates in the substrate material non homogeneously, so an additional length of upper 
patch looks to be appeared, that can be calculated as [12] 
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When the actual length of the upper patch is determined, this additional length is 
also added in its dimensions to make it radiate properly. The frequencies at which 
the upper parasitic patch starts radiating ranges homogeneously for frequencies 
472MHz to 1018 MHz 

 

2.3.2 Circuit Model Analysis 
 
The stacked patch antenna consists of  -slot loaded lower patch and upper patch, two 
resonant frequencies correspond to these two patches. Thus the overall antenna radiates 
for two resonant frequencies. As these two resonances mismatch, two major issues arise, 
broad band disruption and beam scattering in near filed region. The proposed stacked 
patch antenna can be modeled as a parallel combination of RLC circuit. R is resistance, L 
is inductance and C is capacitance. The values for these three parameters can be found by 
following set of equations [6].  
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Fig. 2.6 Circuit Model of Antenna 

 
 
 
 
Where ‘w’ is the angular frequency of the design, e  is the effective permittivity of the 
substrates and ‘f’ is the design frequency which is taken to be the middle of the available 
band. 
 The individual analysis of each component in the design has been described, in the 
proposed design of applicator; coaxial cable is generating inductance that is affecting the 
impedance matching with the lower patch antenna. In order to compensate for this 
mismatch an additional metallic washer is introduced that acts as a capacitor and cancels 
out the effect of inductance incurred by coaxial cable. 
 
When the antenna is excited, two additional inductances are incurred by the parallel 
metallic shorting pins; these inductances are compensated by the two symmetric halves of 
the embedded π-slot; as the etched π-slot can be assumed as two parallel capacitors with 
dielectric material as used in lower substrate.  Further extension of this design comprises 
of lower patch and upper patch and the mutual coupling between two patches. The 
behavior of individual patch antenna is the parallel combination of RLC circuit. 1R , 1L  
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and 1C  represent lower patch and 2R , 2L  and 2C  represent the upper patch. The mutual 
coupling, due to which the upper patch resonates, is represented by MC  and ML  in series 
combination with two patch antennas. Total input impedance of the antenna is given by 
equations [12].    
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Input impedance depends upon mutual coupling between upper and lower patch, washer 
diameter, shorting pins and feeding point of the lower patch. As the mismatch is 
recovered, antenna starts radiating properly over two different resonant frequencies and 
gives a broadband behavior. 
The reflection co-efficient of the antenna can be calculated as  
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  is the reflection coefficient. Further we can calculate return loss by using calculated 
reflection coefficient 
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 2.4 Circular Antenna Array 
 
For frequencies>800MHz stacked patch antenna does not give more directive patterns in 
the near filed region. The beam scattering phenomenon in near filed region can be 
handled by placing the single applicator in annular array. For the convenience, multiple 
copies of the single antenna are arranged in a annular array. The spatial distance between 
single discrete elements is adjusted precisely to avoid mutual coupling between and 
radiations overlapping. 
Typical parameters that characterize an array are, spatial distance of single elements, total 
number of elements, phase and amplitude excitation function. Totalelectric field of array 
is measured by the summing up the field of individual elements and separation between 
them.  
In this part of the thesis we will discuss about the operation and configuration of antenna 
and the arrangement of discrete single applicator around a circular path. 
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Annular array antenna consists of ‘N’ discrete elements placed around a 0360  round path 
having radius ‘a’ so that the individual elements could not overlap with each other. Total 
field of array antenna is calculated by using equation as follow 
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nI  is the current contributed by nth element fixed in array, n  is the phase excitation. 

And is given by 
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 Where 0  And 0  are the beam peaks in the radial and horizontal direction for the 
adjusted design position. Array factor can be calculated as  
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2.4.1 Water Bolus Model  
 
The array of radiators used for hyperthermia treatment requires a circular shaped water 
bolus, so that the healthy tissues at the outer surface of phantom could be cooled down. 
Number of radiators in a annular array excite simultaneously at each individual 
frequency, causing a strong heating effect at a single targeted point deep inside phantom. 
Yet, hotspots of higher or lower level do appear approximately at the outer surface of the 
phantom causing an irritating effect to the tumor patient. This effect can be reduced by 
using cool circulating water. The radiators are immersed in matching liquid of 
permittivity 78 or 74. Thus the power absorbs in the phantom after passing through water 
bolus. The diameter and height of matching liquid depends on the optimal frequency to 
be used according to the tumor size and position. 

2.4.2 Phantom Model 
 
The phantom model chosen in this case has been set up to a specific length and diameter. 
Also the material of the phantom has been set up homogeneous with permittivity as 56 
and conductivity as 0.80. The length of the homogeneous phantom has been specified by 
50cm in total to avoid the reflections from the extreme edges of the phantom. Diameter 
has been fixed to be 15cm. the phantom model is chosen to be cylindrical to represent the 
circular shaped muscles like head and neck. The permittivity is also set up according to 
the actual permittivity of human muscle. 
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2.4.3 Array of radiators 
 
An array of radiators is set up around the phantom at a specific distance of λ/2, [16] to 
avoid the reflections from phantom edges.  The problem of near field filed beam 
scattering for frequencies>800MHz has been overcome by placing different number of 
single applicators around phantom model. The beam scattering for high frequencies can 
be significantly overcome in this arrangement.  
While arranging the applicators around a circular path, different parameters have to be 
kept in consideration such as, mutual distance of radiators, distance between array and 
phantom and matching liquid. By varying anyone of the parameter in array design 
changes are observed.  Phenomenon of near field beam forming and scattering can be 
observed by varying, permittivity of matching liquid, number of radiators in one ring, 
number of rings around the phantom [17].  

2.4.3 Amplitude and Phase settings 
 
The radiators around the circular path are arranged to focus the beam in near filed region 
at a specific target point inside the phantom. The arrangement of beam steering at a 
specific point inside the phantom is handled by planning the amplitudes and phases 
settings at the feed points of radiators. The constructive interference between the 
individual beam patterns of applicators results in a focused energy at a single point. Thus 
the beam can be steered in the desired location of the phantom. 
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3-Single applicator design 
   

In this section a single applicator designed in [17] has been modified and optimized.  The 
design has been made by using ‘MIRCO WAVE STUDIO CST’ software [20]. In the 
design process different components of the applicator has been compiled using available 
set of equations in section 2. The components then have been optimized to achieve the 
desired goals of beam steering and wide band. In this section, single applicator has been 
redesigned and optimized using commercially available components. 
 

3.1 Why new design?   
      
The earlier designed stack patch antenna [17] consisted of a narrow U-Slot etched inside 
lower patch to give an additional resonance to make the antenna more broadband. But the 
 U-slot in conjunction with lower substrate, shorting pins and metallic capacitive washer 
gives a non-symmetric circuit resulting in irregular flow of energy at higher frequencies 
and thus effecting the beam forming in near field region for frequencies <800MHz. since 
the capacitors work for higher frequencies, the narrower U-Slot in combination with 
lower substrate Taconic RF-60 loaded in stacked antenna [17] gives non uniform 
arrangement of parallel capacitors. Thus not properly compensating the inductance 
incurred by couple of shorting pins for high frequencies. 
  
In presently designed stacked patch antenna the U-Slot is replaced by a symmetric -slot 
with one large horizontal arm and two comparatively smaller vertical arms. The slot 
thickness of three arms is same and has been set to 10mm each [13]. Two shorting pins 
introduced in design to shorten the electrical length of antenna give the inductive effect. 
In order to compensate for undesirable inductance by shorting pins; a symmetrical  -slot 
in combination with lower substrate giving a capacitive behavior is etched inside lower 
patch. The symmetrical  -slot acts as three parallel plate capacitors with dielectric 
material as the lower substrate due to which the inductance of the pins is cancelled out. 
Capacitors work only for higher frequencies; the more we increase the dielectric material 
inside the parallel plates the more the capacitance is generated. Thus lower substrate 
plays a vital role to enhance the capacitive behavior of the  -slot arms. In our design we 
have introduced soda lime glass as the dielectric material with permittivity as 7.75. this 
substrate in combination with slot arms work effectively to compensate the inductance of 
shorting pins and allow the antenna to radiate in one mode for the frequency range 
400MHZ-1GHz. The pins and washer in combination with symmetrical  -slot and lower 
substrate, work effectively for broad band enhancement and also ensures the near field 
beam forming for frequencies higher than 800MHz. furthermore the separation of  -slot 
arms to its extreme edges guarantees the bandwidth enhancement [13]. To make the 
antenna more broadband we extended the  -slot arms to its extreme edges.   
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 Two thin shorting pins introduced in the design connect the lower patch directly to the 
ground thus the current flow along the edges of lower patch is directed to ground. Due to 
this phenomenon we get the current flowing only at the center location of lower patch. A 
metallic washer inserted into lower substrate compensates for the inductance incurred by 
coaxial probe. Washer is set at a certain distance from ground to lower patch. If the 
feeding with coaxial probe is replaced with the microstrip line then it affects the 
impedance bandwidth of antenna and makes it narrow band. All the parameters to be 
optimized are discussed in details to ensure the broadband and near filed beam forming of 
the proposed design.  

3.2  -slot loaded stacked patch Antenna design 
 
The proposed design consists of stacked patch approach [17]. As described in section 
2.1.1, the microstrip patch antenna is placed over another patch antenna separated by two 
respective substrates. Two resonance frequencies are due to upper and lower patch. A  -
slot is etched inside the lower patch to give third resonance frequency. Lower patch is 
excited using commercially available coaxial cable. The inductance incurred by cable is 
compensated by using a thin metallic washer at a certain distance from lower patch and 
ground [14]. Two metallic cylindrical pins of certain radius and length have been inserted 
inside the lower substrate that join the lower patch and ground to shorten resonant length 
of applicator [13]. The optimal frequency ranges from 400 MHz to 1 GHz for reflection 
loss less than -10dB in design. 
 
  Values for the components used in our design such as heights and materials of 
substrates, radii of pins, and thickness of washer and feeding of coaxial probe achieve the 
outcomes with respect to matching of antenna and SAR distribution on phantom surface.                                   
The lower patch antenna consists of perfect electric conducting material and has the 
dimensions 11 ba   placed on the grounded substrate of height 1h . A  -slot with two arm 
lengths a, b and base length c, is etched symmetrically into lower patch. Feed is given to 
the lower patch a bit away from center at point pf  to the right side of the lower patch so 
as to get the exact resonance from the lower patch. Two shorting pins of radius r are 
inserted into the grounded substrate that shortens the lower patch at its extreme edges. A 
washer of thickness ’t’ and radius 'r  is inserted into the inner conductor of cable at a 
distance ‘d’ from lower patch to compensate for the inductance of coaxial cable. An 
upper patch of dimensions 22 ba   has been placed on the upper substrate of height 2h . 
From the theoretical perspective the proposed applicator owns three resonant frequencies. 
Low frequencies correspond to lower patch and high frequencies correspond to  -slot 
and upper patch. Upper patch excites after being electromagnetically coupled by lower 
patch-ground and  -slot. Similarly high frequencies correspond to  -slot. Thus in total 
three resonances occur when antenna starts excitation. 
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Fig. 3.1 Stacked Antenna Design 
 

3.3 Comparison between Design Parameters of Applicators 
 
Since present work is the optimized enhancement of the previously design stacked patch 
antenna [17], we have described the comparison of the previous and the present work. 
Results show that how the parameters have been changed depending upon the behavior of 
antenna for near field beam forming and return loss. In the previously designed antenna 
the return loss from 400MHz-1GHz has been achieved below -10dB but the beam 
scattering can be observed for frequencies>800MHz. The design parameters for the U-
Slot loaded designed antenna [17] for return loss -10dB are given in table 3.2.1 
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3.3.1 Design parameters for U-Slot etched stacked patch Antenna 

 

                      Table 3.1 optimized Design parameters of old applicator 

     

3.3.2 Design parameters for  -Slot etched stacked patch Antenna 
 
As described in section 2, the U-slot provides a third resonance frequency that enhances 
the bandwidth of the antenna and makes it wide band. Unfortunately U-slot in 
conjunction with the shoring pins and washer disrupts the beam forming of the antenna 
over high frequency. The reason is that U-slot gives a non-symmetrical behavior to 
current flow. By analyzing the circuit in fig.2.6 we observe that  -slot provides in total 
two capacitances to the input AC signal. Since the length and the thickness of the arms of 
 -slot are same, it gives an equal and symmetrical capacitance to input signal. Thus the 

 Length 
(mm) 
along 
X-axis 

Width 
(mm) 
along 
y-axis 

Height 
from 
ground  
mm 

Thickness 
 
Mm 

Radius 
 
Mm 

Position 

xF  yF  

Lower Patch 45 55 10 0.1  -- 

   
Upper Patch 4 37.5 16 0.1  --    
U-Slot 24.1 33   - 3.25       
Coaxial Probe       10   -- inner sub outer 0 -1 
Sub cylinder 
permittivity=5.5 

0.43 3.58 3.68 

Washer  --  -- 4.85 3 7.4 0 -1 

Shorting Pins     -- 10  -- 3 0 24 

Lower Substrate 
(Taconic RF 60) 

65 80   - 10      - 

Permittivity    6.15 
Upper Substrate 
(Taconic CER-10) 

65 80   - 4.5   -   -- 

Permittivity  10 
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inductances incurred by the shorting pins and coaxial conductor are compensated by three 
parallel capacitors i-e symmetrical  -slot and washer. a smoothly flowed signal is fed to 
the lower patch antenna and as a result lower patch radiates same as a simple microstrip 
patch antenna without washer and shorting pins which is excited by a coaxial probe. 
By optimizing the parameters in table 3.1.1 we obtain new design with return loss less 
than -10dB over the whole band from 400MHz-1GHz but with focused beam till 
900MHz. 
                                                                                                                   

  
 

Table 3.2 optimized design parameters of new applicator 
 

 Length 
along  
x-axis 
mm 
 

Width  
along  
y-axis 
mm 
 

Height 
from 
ground 
mm 

Thicknes
s 
 
mm 

        Radius 
 
Mm 

Position 

xF  yF  

Lower Patch 49 55 13.2 0.1  -- 

   
Upper Patch 4 37.5 19.55 0.1  --    
 -slot 29.75 45   - 3.25       
Coaxial Probe        11.1   -- Inner sub outer  

0.52 
 
-1.1 Sub-cylinder 

material (PTFE) 
0.467 
 

1.50 
 

1.80 
 

Washer  --  -- 4.85 3 7.4 0.52 -1.1 

Shorting Pins     -- 11.2  -- 3 0 24 

Lower substrate 
(Soda-Lime glass) 

65 80   - 11.2      - 

Permittivity 7.75     
Upper Substrate  
Taconic CER-10 

65 80   - 6.35   -   -- 

Permittivity 10 
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 3.4 Return Loss Comparison 

   3.4.1 Return loss of old Applicator 
 
  The simulation result of U-Slot loaded applicator for measuring return loss is shown in 
figure 3.2.  

                  

 

Fig 3.2 Return Loss of U-Slot Loaded applicator 
 
A single microstrip patch antenna fed by coaxial probe is by nature a narrow band 
antenna due to its high Q-value and high inductance. To overcome the above stated issue 
we have used a stacked patch approach in combination with shorting pins and washer. To 
achieve a broad band of an antenna, the values of R-L-C should be in close cooperation 
with each other so that the antenna could act as a band pass filter over a prescribed range 
of design frequencies. 
 In table 3.1 we see that there is a small difference between the permittivity of the 
substrate cylinder used in coaxial cable and the lower substrate; due to which there is a 
small mismatch for the lower part of stacked patch antenna. In combination with non-
symmetric U-Slot the antenna becomes broad band over the frequency range 400MHz-
1GHz.  In new design the substrate material for the coaxial cable is PTFE with 
permittivity 2.1 and the permittivity of lower substrate is 7.75, we have compensated this 
mismatch by using the longer arm lengths of the slot and extending them up till extreme 
boundaries of lower patch, also the radius of the shoring pins is reduced.  
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3.4.2 Return loss of  -slot etched Applicator 

. With the initial calculations for the adaptive parameters, the return loss has been shown 
in the figure 3.3 

 

                                              Fig.3.3 Return Loss 388MHz-1018MHz 
 
Fig.3.3 shows the return loss of the finally designed stacked patch applicator. In the 
figure 3.3 we observe two undesired reflection peaks at two different frequencies. One 
peak appears at 552MHz and the second peak appears at 472 MHz 
 At these two frequencies the power transmitted is 89% approximately. This negligible 
mismatch can be removed by further optimizing the feed point of coaxial probe.  
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                        Fig 3.4 Return Loss 388MHz-983MHz after feed point optimizing  

                                                             
 

3.5 E-Field Distribution for frequencies>800MHz  
 
 In figure 3.5 the field distribution comparison of  -slot loaded stacked patch antenna 
and U-Slot loaded stacked patch antenna is shown for frequency 1 GHz. Since the 
antenna presented in [17] distribute the E-field non-uniformly for frequencies>800MHz. 
this non uniform distribution of electric filed is due to the non-symmetric etched narrow 
U-slot which does not compensate equally for the inductive shorting pins and coaxial 
cable. As a result at high frequency the shorting pins start acting as inductors and start 
radiating itself and the excitation mode of antenna changes. If we observe figure 3.5(a) 
and figure 3.5(b), the field distribution in figure 3.5 (b) is more uniform than as in figure 
3.5(a). The possible reason of uniform distribution for  -slot loaded antenna in 
conjunction with shorting pins and washer can be due to its uniform circuitry as can be 
observed in figure 2.6. In our designed antenna the effect of power scattering due to pair 
of metallic shorting pins is compensated by the arms of capacitive  -slot and lower 
substrate. Since the length and separation of  -slot is extended till the extreme edges of 
lower patch thus the inductance near the edges is compensated by the capacitive arms of 
the etched  -slot. As a result only a little amount of current flowing at the edges of the 
lower patch is grounded by shorting pins, consequently we only obtain the power flow at 
a confined space of parasitic patch as can be seen in figure 3.5(b). 
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    (a) 1GHz                                                                         (b) 1GHz 

Fig: 3.5 E-field distributions in phantom at 1 GHz frequency for (a) U-slot embedded stacked 
patch antenna [17] (b)  -slot embedded stacked patch antenna. 
  
  
 

3.6 SAR Distributions 
 
Figure 3.5 and figure 3.6 show the SAR distribution inside phantom. It is observed that 
the frequency depends upon the size of tumor. The focus area at lower frequencies is 
higher than focus area for higher frequencies. In hyperthermia treatment; lower 
frequencies are used for the treatment of large size tumors due to their large wavelengths. 
Thus a large focus area is achievable by low frequencies. Similarly higher frequencies are 
used for the deeply seated small size tumors due to small wavelength and deep 
penetration. The single applicator designed in our case works well for lower as well as 
higher frequencies up to 900MHz since it gives the uniform SAR distribution inside the 
phantom. However as we further increase the frequency limit, the beam in the near field 
region starts to scatter.  This phenomenon appears because of the shorting pins radiating. 
For high frequencies two shorting pins act as inductors and store energy in magnetic field 
by the current passing through them and as a result oppose the change in current. Due to 
this phenomenon antenna starts radiating in another mode and main beam disrupts in near 
field region. If we remove the shorting pins and reduce the washer radius, the issue of 
beam scattering is resolved but then the matching of the antenna is affected.  
 
There are two possible solutions to achieve the beam forming. One is to decrease the 
permittivity of matching liquid because the optimal frequency and characteristic 
impedance depends on permittivity. If the permittivity of matching liquid is reduced to 25 
the beams is steered at a single point [17] but then matching is affected due to impedance 
mismatch. For low permittivity liquids the antenna starts radiation in a different 
excitation mode and radiate at lower frequencies but work at higher frequencies. Second 
possible solution to achieve near field beam forming is to place a single radiator in a 
annular array which is discussed in details in section 4. 
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            (a) f=434              (b) f=650MHz          (c) f=800MHz              (d) f=1GHz 
 

         Fig 3.5 Normalized SAR distribution through Phantom Y=0, Normalized SAR   

                    distribution 1cm inside tissue for U-Slot embedded stacked patch antenna 
 

      
                                                               
              (a) f= 434MHz          (b) f=650MHz            (c) f=800MHz              (d)  f=1GHz 
 

Fig 3.6 Normalized SAR distribution through Phantom Y=0, Normalized SAR   

             distribution 1cm inside tissue for  -slot embedded stacked patch antenna 
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4- Annular array Design 
 

In this section; antenna array in circular configuration has been designed and 
discussed. the purpose of array design is to determine the number of applicators arranged 
around the phantom and to avoid coupling between adjacent applicators while improving 
the focusing at targeted point for frequencies>800MHz. Mutual coupling depends not 
only on the distance between applicators but also on the optimal frequency being used.   
Different array setups have been designed and discussed by varying different parameters 
such as, number of single applicators around phantom, distance between adjacent 
applicators, permittivity and height of matching liquid. After optimal configurations, 
different SAR distributions have been observed by comparing different designed and 
simulated arrays. 
 

4.1 Array Comparisons with different configurations 

    

 4.1.1 Array in 121 configuration  
 
In this section we have discussed the influence of the applicators with 121 
configuration. The minimum number of applicator which can focus the energy at the 
center of phantom is 81 as can be seen in [17]. In that case the focusing is better for 
frequencies 434MHZ-800MHz only. For the lower and upper frequency limit there is 
irregular flow of power and as a result not proper SAR distribution is achieved and a high 
level of hotspots at the edges of the muscle phantom is observed. For high frequencies, 
the problem of beam scattering in case of 81 array configuration, can be improved by 
using array with 121 configuration. 
 
In this configuration as shown in fig.4.1, a circumferential array consisted of 12 antennas 
immersed in distilled water is placed around phantom. The material of the phantom is 
fixed that is (permittivity= 56 and conductivity= 0.8 S/m) and the diameter for the 
phantom has been fixed and is taken to be 15 cm. In first attempt to achieve the focus at 
the center of muscular phantom we have used an approach of 121 configured array and 
matching liquid is taken as distilled water having permittivity 78. 
The diameter of antenna ring is a crucial point of consideration. If the diameter is taken to 
be large enough to avoid the mutual coupling between adjacent applicators, then there is 
a possibility of coupling between individual elements and matching liquid at high 
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frequency. We have tested the configuration at a ring diameter of 18cm, for this distance, 
there could not be observed any focusing at the phantom for entire range of frequencies 
(400MHz-1GHz). But there was negligible mutual coupling between individual elements. 
Then we kept on reducing the diameter of antenna ring and observed the SAR 
distributions at phantom. Finally at a specific distance of 15cm we got the reasonable 
SAR distributions at all frequencies. Diameter of 15cm has been chosen because for 
constructive interference of radiations, the distance between two objects should be λ/2 
[16]. 
 

 

Fig.4.1 Array configured using 12 elements 
 

iso-SAR Distribution 
 
A graph for SAR distribution has been plotted through the cross section, along X=0 
direction of the phantom. In figure 4.2 the SAR distribution is along the length of 
phantom. The levels correspond to the significant SAR distribution as contour lines. The 
figure 4.2 gives us the information of iso-SAR which are the areas enclosed by 50%, 75% 
and 90% of deep phantom tissues. The axes represent the diameter and length of 
phantom. We have analyzed the SAR distribution over the range of frequencies from 
400MHz-1GHz. 
 
 
 
 
  



 

 
32 

           
 
                   (A) 434MHz                                                         (B) 650MHz 
 
 

            
 
              (C)  800MHz                                                              (D) 1GHz 
 

Fig 4.2 (A) Normalized SAR distribution through phantom (B) 650MHz (C) 800MHz (D) 1GHz                          
 
 
In Fig.4.2 SAR distribution through phantom has been shown. There is a good focusing 
at the center of phantom with 90% SAR distribution. This configuration is quite effective 
and useful frequency for the treatment of large tumors deeply seated inside the body. As 
the frequency keeps on increasing the focusing area starts decreasing which is effective 
for the treatment of smaller tumors as shown in Fig 4.3. Frequency 650MHz can be used 
for the treatment of medium size of tumors. Now as we further increase the frequency we 
see the focusing area becomes small. At 800MHz we observe 50% SAR distribution at 
phantom but at two different locations at the center of phantom. However a high level of 
hot spots is observed at edges of the phantom with 75% and 90% SAR distribution. 
 Beam scattering at 800MHz can be a possible cause by reflections from ends of the 
phantom or edges of matching liquid which can be tolerated by increasing the height of 
matching liquid. Further analysis of Fig 4.5 gives us a focused beam with 50% SAR 
distribution. The analysis gives the information of high level of hotspots at the edges of 
the phantom. The focusing area is very small that is suitable for the small tumors 
treatments. Frequencies greater than 800 MHz are suitable for small tumors not deeply 
seated.  
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4.1.2     Array in 161 configuration 
 
As we have discussed two array setups with 81 and 121 configurations. We observe a 
higher level of hotspots and non-focused beam at the center of phantom. We have 
discussed a new approach of array setup with 161 configuration. 
 In this configuration we have used 16 radiating antennas in a circular ring of 165mm 
diameter. As the number of radiators around a circular shape, increase the possibility of 
mutual coupling between adjacent antennas also increase. Analysis of the SAR 
distribution along the phantom surface is given below. 
 

            
  

               (A)                                                                     (B) 

            
 

                    (C)                                                                       (D) 

             
 
                         (E)                                                                         (F) 
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Fig 4.3: Normalized SAR distribution of 16 Antennas setup with 165mm diameter, in the cross 
section through phantom x=0, (A) f=434MHz, (B) f=600MHz,  (C) f=750MHz, (D) f=850MHz,   (E) 
f=950MHz, (F) f=1GHz 
 
Fig 4.3(A) gives the 90% SAR distribution along the phantom; which is steered and 
centrally focused, deeply inside the phantom, with low level of side lobes. Since the 
focus area in this case is large, for this frequency the array can be used for the tumors of 
large size. The comparison for the hotspot levels for 12 antenna radiators gives us the 
information that for large tumors treatment 16 antennas in a circular ring of radius 
165mm are more suitable than that of 12 antenna radiators with 150mm circle diameter.  
Further from the analysis of figure 4.3(B,C) we determine a proper focusing with 75% 
and 50%  SAR distribution at the center of phantom respectively. But then the level of 
hot spots along the edges of phantom starts increasing. This can be due to the coupling 
with water bolus for higher frequencies. At high frequency the wavelength decreases and 
radiated waves after reflecting back from phantom create standing waves and thus giving 
a cause for the hotspots inside water bolus. As a result we do not get maximum SAR 
distribution inside the desired target point inside phantom. 
The coupling with water also depends upon the distance between applicators and 
phantom. Similarly for 1GHz frequency the beam is steered but the SAR distribution 
inside phantom is 50% and the hot spot level at the edges of the phantom is really high. 
From the analysis of the above graphs we can conclude that for different sizes of tumors 
flexible array is a requirement where the number of applicators and diameter of the array 
could be adjusted for individual frequency utilization. 
 

4.1.3 Flexible Array Design 
 
In case of single antenna design, the main beam splits into two parts for frequencies 
higher than 800MHz; resulting in unfavorable SAR distribution inside phantom. The 
problem has been resolved by adopting the flexible array design by changing different 
parameters such as, matching liquid height, diameter of the array, number of applicators 
around the body. 
The analysis of SAR distributions in figure 4.3 motivates us to step forward for a flexible 
array. If we observe the lower frequencies in fig 4.3(A), 4.3(B) and 4.3(C), the beam is 
steered at the center of phantom. But as the frequency increases, the beam either scatters 
or moves away from the center of phantom. To cope up with this problem we have 
analyzed and designed flexible set of arrays to consider the individual frequency. For 
flexible array design we have taken the array with 16 radiators. The previously discussed 
array with 161 configuration is modified by increasing the height of distilled water to 
steer the beam at center point.  
The possible reason for the beam scattering at 850MHz can be the reflections from the 
edges of water bolus. To avoid this phenomenon we have increased the height of bolus 
from 85mm to 120mm on either side along the length of phantom. The SAR distribution 
at this frequency is shown in figure below.  
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              (A)  f-850MHz                                                     (B)  f-975MHz   
 

Figure 4.4 Normalized 90% and 75% SAR distribution respectively for 16 Antennas setup, in the 
cross section through phantom x=0, (A) f=850MHz, (B) f=975MHz 
 
If we compare figure 4.3(D) and figure 4.4 (A), we see that there is no significant 
difference in the levels of hot spot. But in the above case the main beam is focused at the 
center of the phantom. Where the level of hot spots icrease with the edges of the 
phantom. This problem can be due to the edge reflections from the phantom as the levels 
of hot spots are symmetric at the edges of the phantom. However with this configuration 
we can achieve 90% SAR distribution in the center of the phantom, suitable for the 
treatment of deeply seated small tumors at 850MHz. 
 It is observed that for higher frequencies the reflections from the phantom edge are 
extremely high, resulting in higher level of hot spots at phantom surface. Due to these 
reflections the beam focusing at the center of phantom also displaces along its diameter 
axis as it is obvious in figure 4.3(E, F)              
 in the figure 4.4 (B) we have changed the distance of antenna-muscle and the height of 
matching liquid to obtain the focusing nearly in the center of phantom for 975MHz. again 
the level of hot spots is high along the edges of the phantom but we have achieved 75% 
SAR distribution deep inside the phantom, covering a small focusing area. Such that this 
setup can be utilized for the small tumors deeply seated inside body. 

 

Comparison between distances (Antenna-Phantom) for 16 Antenna 
setup 
 
In this test comparison we have discussed two setups of 16 radiators around an annular 
array. The comparison between two setups has been made by varying distance between 
radiators and phantom i-e in first case the diameter of annular array is taken to be 165mm 
and in second case the diameter of phase array is increased to 170mm. A significant 
suppression of the hot spot levels at the edges of the phantom is observed. And  90% 
SAR distribution has been observed at the center point of  phantom. This arrangement 
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can be used for the treatment of deeply seated small tumors for a specific frequency 
650MHz. 
  

              
 
 
         (A)  f-650MHz (170 mm)                                      (B)    f-650MHz (165 mm) 
          
Figure: 4.5 SAR distributions inside phantom for different distances between antenna-
muscle. 

Comparison between Liquid Heights for 16 Antenna setups 
 
In case of 16 antenna setup, we initially had set the height of water bolus as 85mm upside 
and downside along the length of phantom. This arrangement works well for the lower 
frequency ranges that is from 400MHz to 750MHz as it is obvious in figure 4.3 
But with the higher frequencies, the level of hotspot and the focusing at the center of 
tissue displaces, as a result we get undesirable SAR distribution at the surface of 
phantom. In this test setup we have increased the height of water bolus from 85mm to 
110 mm. as we increase the height of matching liquid; the array starts to focus the 
radiations inside the phantom at a central point. We observe a 90% SAR distribution, 
although the level of hotspots is higher in this case. 

              
 
(A)  f-850MHz (165mm)                                       (B)    f-850MHz (165mm) 

Figure:  4.6 SAR distributions for 16 Antenna setups with water bolus height increased along 
length of phantom. (A) -110mm____110mm (B) -85mm__85mm 
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Comparison between number of Applicators  
 
16 Antennas placed round an annular array can focus the energy better as compared to 12 
antennas for the frequency range from 400MHz to 1GHz. A comparison for both setups 
has been shown in figure below. There is 90% energy focusing at center point inside the 
phantom for 16 antenna setups with suppressed level of hotspots at the edges of phantom. 
For 12 radiators setup the level of hotspots is comparatively higher.  
 

              
                   
 (A) 12 Antennas array, f=434MHz                            (B) 16 Antennas array, f=434MHz 

  Fig 4.7 90% Normalized SAR distribution centrally steered for 12 and 16 Antenna setups. (A) 12 
Antennas array (B) 16 Antennas array 
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Comparison between permittivity of matching liquids  
 
For higher frequencies, the radiations of adjacent antennas overlap, thus multiple spots 
appear at the surface of water and t the edges of phantom. A 50% SAR distribution is 
achieved inside the phantom. We achieve the energy distribution at a corner point inside 
phantom which is undesirable. We can displace the beam focusing towards the center 
point by reducing the permittivity of matching liquid. By reducing the permittivity of 
matching liquid the bandwidth is shifted to higher frequencies. Thus antennas will radiate 
at lower frequencies but will work for higher frequencies. 
 

                 
 
     (A)  Permittivity=74 , f=1GHz                                (B)   Permittivity=78, f=1GHz 

Figure 4.8: 50% Normalized SAR distribution inside phantom for 16 Antenna setups with 
different matching liquid permittivity. (A) 74  (B) 78 
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Discussion 
 
Microstrip patch antennas are widely used in almost all those fields where antenna is a 
requirement. The usage of microstrip patch antennas is because of their characteristics.  
They are low profile, light weight, easy to manufacture, inexpensive and can be easily 
placed inside the complex structured systems. However due to narrow band width of 
patch antennas, their usage is limited in some applications. 
 Band width of patch antennas can be enhanced by many ways such as stacked patch 
antennas, washer feeding, shorting pins insertion, L-shaped probe feeding, etching a 
symmetric slot inside patch etc. 
Patch antennas are being widely used in Biomedical applications now a days. In present 
work we have used a stacked patch antenna that is broad band and can focus the 
radiations at a targeted position suitable for cancer therapy. In first three sections, single 
stacked patch antenna has been discussed. Band width of patch antenna is optimized by 
using broad band techniques of shoring pins, washer feeding, multilayer structure, and a 
 -slot etching in lower patch so that the overall structure resonates from 400MHz-1GHz 
for return loss less than-10dB. Lower patch and  -slot resonate at lower frequencies, 
parasitic patch resonate at higher frequencies, thus covering the range of frequencies 
from 400MHz-1GHz. 
The problem of beam scattering appears at high frequencies due to shorting pins and 
washer. This problem has been resolved by etching a symmetric  -slot inside lower 
patch antenna.  
After a single stacked patch antenna is designed, it has been placed in annular array. 
When we place an antenna in a annular array, phenomenon of mutual coupling, 
reflections from matching liquid and phantom edges, appear. In our design of array we 
varied the distance of antenna-phantom and then the observed SAR patterns on phantom. 
Likewise we  increased the height of matching liquid and reduced the level of hotspots on 
phantom edges. Further more flexible array is intorduced because a single array of 12 and 
16 radiators is not compatible for the whole band of frequencies from 400MHz-1GHz. 
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Conclusion 
 
A new microstrip stacked patch antenna is designed using broadband techniques. To 
enhance the impedance bandwidth we used bandwidth enhancement techniques as 
stacked patch, washer inserted inside lower substrate to compensate for the inductance 
incurred by semirigid coaxial cable. a capacitive  -slot is etched inside lower patch 
giving a resonance to the lower frequencies while compensating the inductance incurred 
by pair of shorting pins. A technique of shorting pins insertion in design has been 
introduced to compress the size of antenna. values of different parameters of applicator 
have been optimized to achieve the required broad band stacked patch antenna.  
since U-slot embedded antenna[17] radiate non-uniformly for frequencies>800MHz,  a 
new  -slot in combination with new substrate has been introduced in the design that 
allows the flow of uniform energy for high frequencies.  -slot compensates for the beam 
scattering for frequencies >800MHz. furthermore the components used in design 
proceduer has been taken into consideration with respect to cost and ease of acces in open 
market. finallay the single applicator has been arranged in annular phase array with 
different configurations. Uniform SAR distribution has been achieved at a single point 
inside phantom by varying different parameters of array such as diameter, height of 
matching liquid and varying the number of single applicators around the phantom. 
We have introduced three types of annular arrays after comparison. In first type we have 
designed a annular array by using 121 configuration which means 12 antennas placed in 
one annular ring. We have observed the level of hotspots, SAR distribution inside 
phantom and coupling with water. Diameter of annular array is of more concern with 
respect to coupling and SAR distribution deeply inside the tissue. 
In second type we have used annular array with 161 configurations. In this setup we 
have suppressed the level of hotspots by adjusting the diameter of array, and have 
achieved 50% to 90% SAR distribution deeply inside phantom at a targeted point for 
frequency range from 400MHz to 1 GHz. It is observed that 16 antennas focus better than 
12 antennas with suppressed level of hotspots. Different focusing areas have been 
achieved depending upon the operating frequencies. Thus the frequencies has been 
defined according to the size of tumors i-e, lower frequencies are used for large size 
tumors and high frequencies has been used for small size tumors inside body. 
for some frequencies,  array scatters the beam to cope up with this issue we have 
discussed a flexible array in third type of array design. Flexible array is suitable for a 
specific frequency only. For example in our work we have introduced two arrays of 16 
radiators used for two different frequencies 850MHz and 975MHz respectively. For these 
two frequencies, reflections from the water bolus edges were observed, so we increased 
the height of matching liquid and achieved 90% SAR distribution at 850MHz and 75% 
SAR distribution at 975MHz respectively. 
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Appendix 
 
List of available design components in open Market 
 
 

 Standard Lower Substrate used in design 
 

Soda Lime Glass 
 
Length Width Standard Thickness permittivity 
65mm 80mm 11.2mm 7.75 
 
 

 Standard Upper Substrate used in design 
 
 

Taconic-CER-10 
 
Length Width Standard Thickness permittivity 
65mm 80mm 6.35mm 10 
 
 

 Standard Coaxial Cable dimensions for ( Z=50Ω) 
 

 
Inner conductor 
diameter 

Substrate 
cylinder 
diameter 

Outer cylinder 
diameter 

Length of 
cable used in 
design 

Permittivity of 
substrate 
cylinder 

0.467mm 1.5027mm 1.8022mm 40mm 2.1 (PTFE) 
 
 


