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Abstract: Paper proposed ultra-wide band circular microstrip patch antenna is designed for interfacing with multilayer brain 

phantom model with spherical shaped tumour. Initially circular microstrip patch antenna (CMPA) is designed at 5.8GHz for ISM 

(Industrial scientific and medical band) to detect the tumour. Different types of defect ground structure (DGS) are applied to the 

CMPA to enhance its bandwidth. CMPA without DGS shows return-loss -10.66dB at 5.8GHz and bandwidth about 500MHz. CMPA 

with inverted E shaped slit-slot DGS shows return-loss -13.56dB and bandwidth 1.5GHz. Current density and SAR of the CMPA 

with DGS are 7.826A/m2 and 84.19*103 W/m3 respectively. Multilayer brain phantom model is designed on CST-MWS by 

considering the dielectric properties of the different layers of the brain as brain, CSF, dura, bone, fat, skin respectively. Designed 

brain phantom model is interfaced with CMPA with and without tumour. CMPA without tumour with multilayer brain phantom 

model shows return loss -14.54dB at 5.644GHz. Current density and SAR (Specific absorption rate) of the CMPA without tumour 

with multilayer brain phantom model is 450.7A/m2 and 186e+03 W/m3 respectively. Spherical shaped tumour has been assumed 

by the 50mm radius and dielectric constant 50f/m and conductivity 4s/m respectively. CMPA interfaced with multilayer brain 

phantom model with tumour and it shows return-loss -13.45dB at 5.626GHz. Current density and SAR of the CMPA with multilayer 

brain phantom model and tumour is 1993A/m2 and 484e+03W/m3 respectively. Increased values of the current density and SAR 

with tumour truly detect the early presence of tumour. Decline values of the return-loss with tumour also detect the early presence 

of tumour. 
Keywords: Circular microstrip patch antenna (CMPA); Ultra-wide band (UWB); SAR (Specific absorption rate); CST-MWS 

(Computer simulation software-Microwave simulation software). 
 
1. INTRODUCTION 

    Now day’s tumours in the human are the biggest problem of the world. Detection of tumours in early stages 

is always challenging to the medical field. Although various method already available to detect the tumour like X-

rays scanning, MRI etc. Disadvantage of these methods is repetition of these tests in human body may developed the 

various side effects. Microwave imaging uses a microwave frequency in the range of 300MHz-30GHz to detect the 

tumours, advantage of using microwave for tumour detection is safer option as compared to the other options. 

Repetition of test using microwave imaging is not harmful as compared to other methods. [1]-[2]. Microwave sensor 

used as a detection of tumour in different body parts of the human by changing in dielectrics of human tissues.[3] 

Authors Presented a different type of tumours and their early detection using microwave imaging [4]. Author presented 
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a ultra-wide band circular microstrip patch antenna for microwave imaging, antenna having a size of 

37*54.5*1.6mm3[5]. Author uses a microwave imaging to detect the tumour in human head model using CSW-MWS 

simulation software. Proposed antenna scans 9 different points in human head model. Matrix laboratory software used 

to analyse the s-parameter in frequency domain. Author detects the presence of tumours in head with lower reflection 

coefficient. [6]. Author proposed a method to reducing the reflection of the signal from the breast skin by placing the 

antenna in contact with the breast. Microwave imaging uses a low power and longer wavelength as compared to the 

x-ray mammography. [7] Multilayer concept of four layers has been proposed to detect the tumours in the human 

brain. Signal is applied to the human head model and reflected signal from brain has been analysed to detect the 

tumour by various scan methods. [8]. Author proposed an array of Vivaldi antenna to detect the tumour in the human 

head model. Proposed model with multilayer brain phantom model is presented and array of Vivaldi antenna is used 

to detect the spherical shaped tumour of 5mm radius. [9]. Author proposed a method to detect the tumour of less than 

03mm.Ultra-wideband radar microwave image has been proposed for brain stroke detection. Frequency time domain 

time algorithm has been applied to detect the tumour in the human head [10]. Skin layer considered one of layer of 

the breast skin so that signal reflected only from the affected part. ANSOFT simulation software used to detect the 

tumour in the head, two models have been compared to detect the tumour in the breast [11]. Ultra-wide band planner 

antenna has been suggested to detect the tumour in the brain by microwave imaging. Simulation software CST and 

HFSS are used compare the result [12]. Tumour in the breast phantom model is detected by the variation in current 

density of planner antenna [13]. The Paper proposed a hybrid mode semicircular frequency reconfigurable antenna 

for multiband communication antenna having a size of 40mm*30mm. Antenna covering a 3.89GHz-12.94GHz with 

peak gaining at 6.93dBi, proposed antenna can be used for WiMAX and Radar applications.[14]. Proposed antenna 

designed for CubeSat application, antenna is compact triband omnidirectional antenna working at.755GHz, L-

band(1.25GHz), S-band(2.28GHz-3.74GHz) [15]. Article proposed a Ultrawideband miniature radiator tailored for 

microwave applications. Antenna having a size of 13*14*1.5mm3 antenna exhibit a 121.8% impedance bandwidth 

and -28dB RL, antenna operate from 3.4GHz to 14GHz and it is suitable for UWB, S-band applications [16]. Noval 

Ultrawideband planner monopole antenna is designed. It is operating from 3.1GHz to 10.8GHz and having a size of 

12.5*12.5*1mm3[17]. Proposed Antenna is multiband reconfigurable antenna for 5G wireless and CubeSat 

applications. Antenna is designed in low cost having less volume requirements and provides good isolation between 

wireless standard.[18]. Proposed manuscript presents a low-profile dual band patch antenna designed for mm-wave 

applications. Antenna have a dimension of 12*3*.25mm3 it operates at 28GHz and 38GHz [19]. 

2. Materials And Methods 
    Microwave imaging uses ultra-wide band antenna to detect the tumour in brain. Circular microstrip patch 

antenna (CMPA) has been designed at 5.8GHz for ISM (Industrial Scientific and medical) band. CMPA is easy to fit 

for body part area due its shape. It is advantageous to use CMPA for microwave imaging so the signal reflected only 

from the effected part of the body. Initially CMPA is designed at 5.8GHz and radius of the CMPA has been calculated 

by the reference design equation given in [20] and it is designed on CST-MWS Studio 2014[21]. Dielectric substrate 

used in the antenna is Rogers 5880 its dielectric constant is 2.2 and substrate height is chosen 0. 800mm.Designed 

Circular microstrip patch antenna is shown in fig.1. 
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Figure.1. Circular Microstrip patch antenna 

Designed CMPA in fig.1, gives return-loss 10.66dB and bandwidth 500MHz as shown in fig.2  

 

 
Figure.2. Return-loss of the designed CMPA at 5.8GHz 

To make the designed antenna applicable for microwave imaging designed CMPA has to be converted into the 

ultra wideband antenna. CMPA converted into the ultra wideband planner antenna by applying different slit-slot 

inverted E-Shaped DGS (Defect Ground Structures) as shown in fig.3. 
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Figure.3. CMPA with nverted E shaped DGS dimensions 

Return-loss and bandwidth of the CMPA with DGS given by the fig.4, all dimensions in fig.3 are in mm. 

 
Figure4. Return-loss of CMPA with DGS is 13.9dB and bandwidth 1.5GHz 

It is clear from figure 4 bandwidth of the antenna increased by 1 GHz and now antenna may be used for 

microwave imaging purpose. 

2.1. Design of Multilayer brain phantom model  
    Multilayer brain phantom model is designed by considering the different layers of the brain with their relative 

dielectric constant. Brain has a different layers respectively names brain,CSF,dura.bone,fat,skin all the layers of the 

brain has been designed by taking different radius of the concentric spheres and their respective electrical parameter. 

Different layers of the brain and their electrical parameter given by the table given below. 
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Table.1 Dielectric properties of the different layers of the brain[13] 
S.No  Name of the layer   Thickness  Permittivity(f/m)     Conductivity(s/m) 

01              Skin                       11                   40.7                              0.65  

02               Fat                        10                   10                                 0.17  

03               Bone                     09                   20.9                              0.33  

04               Dura                     08                   40.7                               0.65  

05               CSF                      07                   79.1                              2.14  

06               Brain                    06                   45.8                              0.77  

 

Designed multilayer brain phantom model is given by the Fig.5  

 
Figure.5. Designed multilayer brain phantom model 

Designed multilayer brain phantom model is interfaced by the designed CMPA with DGS and all performance 

parameter of the antenna is given by the fig.6 to fig.9 

 
Figure.6. CMPA with Multilayer brain phantom model without tumor 
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Figure.7. Returnloss of the CMPA with multilayer brain phantom model without tumor is 14.54dB at 

5.644GHz 

 
 

Figure.8. Current density of CMPA with Multilayer brain phanto m model is given by 450.7A/m2 

 
Figure 9. SAR of the CMPA with multilayer brain phantom model is given by 186e+03 W/m3 
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2.2. Spherical Shaped Tumor  
Spherical shaped tumor has been designed by the  sphere of some radius and its electrical properties are too 

chosen as cancer tumor. Spherical shaped tumor radius is chosen as 50mm and dielectric properties taken as dielectric 

constant =50f/m, conductivity=4s/m. CMPA with designed spherical shaped tumor is given by the figure.10 

 
Figure.10. CMPA with Spherical shaped tumor 

All performance parameter of the CMPA with multilayer brain phantom model and spherical shaped tumor 

given by the fig.11 to fig.13 

 
Figure.11. Returnloss of the CMPA with tumor is 13.45dB 
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Figure.12. Current density of the CMPA with spherical shaped tumor is 1993A/m2 

 
Figure.13. SAR of the CMPA with spherical shaped tumor is 484e+03 W/m3 

As clear from fig. 11 and fig.7 return-loss of the CMPA with tumor is slightly decline shows the early presence 

of tumor. Figure 8 and Figure 12 shows the current density of the CMPA with tumor is increased it shows the early 

presence of tumor. Figure 9 and Figure 13 shows the SAR of the CMPA with tumor is also increased shows the early 

presence of tumor, it shows the early presence of tumor can be simultaneously detected by the three performance 

parameter of the antenna. 

3.Results 
    Circular microstrip patch antenna is designed at 5.8GHz gives return-loss 10.66dB shown in fig.2. Inverted 

E shaped DGS is applied to the CMPA to make it ultra-wideband gives return-loss 13.9dB and bandwidth 1.5GHz 

shown in fig.4. Multilayer brain phantom model is shown in figure 5. Performance parameter of the CMPA without 

tumor is 14.54dB, 484A/m2 and 186*103W/m3 shown in fig.7-fig.9 respectively. Performance parameter of the 

CMPA with tumor is 13.45dB,1993A/m2,484*103W/m3 shown in fig.11-fig.13 respectively. Increased Value of 

Current density, SAR with tumor truly shows the presence of the tumor. Decreased value of the return-loss with tumor 

also shows the presence of the tumor. Tumor is detected by the ultra wideband CMPA, circular antenna is also easy fit 

for body part due to its shape. 
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4. Conclusions 
    Circular Microstrip patch Antenna has been designed for ISM band at 5.8GHz so that the designed antenna 

can be used for biomedical application. After that DGS is applied to planner antenna to make it ultrawideband. CMPA 

is easily body fit antenna. Multilayer brain phantom model is designed on CST-MWS Simulation software by 

assuming dielectric constants for different layers of the brain. Tumor in brain model also assumed by the spherical 

shaped and its dielectric constant chosen according to the dielectric constant of the tumor. Increased value of SAR and 

Current density with and without tumor strongly shows the early presence of tumor. 
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