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Abstract - A Microstrip patch antenna is designed using CST software to detect and visualize tumour inside the human 

brain. The design was carried out successfully by choosing the desired materials and dimensions for patch, feed line, ground 
and substrate. The materials used for patch, ground and feed are Perfect Electric Conductor (PEC) and FR-4 (Flame 
Retardant level 4) material for the substrate. The simulation results obtained from CST software for the above design for 
return loss at frequency 7.27GHz is -14.525dB and the maximum realized gain is 4.14dB. To intensify the performance of 
the Microstrip patch antenna and to effectively produce an acceptable SAR which reliably indicates the presence of tumour 
inside the human brain, a compact and efficient Microstrip patch antenna is designed by embedding circular Electromagnetic 
Band Gap (EBG) structure on the antenna ground plane. By doing so, the simulation results obtained from the CST software 
for return loss at frequency 7.3GHz is -16.07dB and the maximum realized gain is 6.48dB. It is inferred that for 2.75mm 

which is the length of feed proper impedance matching is obtained at resonance frequency 7.39GHz and the return loss is -
26.317dB. The maximum SAR achieved is 541W/m3. 
 

Keywords - EBG, Microstrip Patch Antenna, Brain Tumour Detection 

 

I. INTRODUCTION 

 

In today’s world, brain cancer is one of the most 

common and consequential health issue faced where 

it affects the internal organs of the human body. 

Negligence of this issue may lead to some other 

serious disease causing death [1]. Heal rate can be 

incremented by medical diagnosis at early stages 

rather doing the test at rear stages of cancer. The 

distinct imaging methods to detect cancer are 

magnetic resonance imaging (MRI) scanning, X-ray 

screening, computed tomography (CT) scans, 
positron emission tomography (PET) and ultrasound 

imaging [2].These methods are time consuming and 

high in cost, so an antenna is chosen which offers 

low-cost, rapid, safe, non-invasive and involves non-

ionising radiation [3].The significant antenna for one 

such detection of brain cancer should satisfy few 

requirements like enhanced gain, bandwidth, 

compactness, plain geometric structure, compact 

dimensions [4-7]. These requirements can be 

accomplished by a microstrip patch antenna as it 

owns a number of advantages like low fabrication 
cost, low profile, light weight, low volume [8]. For 

authentic transmission and reception of 

backscattering signals some modifications is done in 

the conventional microstrip patch antenna. 

Amalgamation of circular electromagnetic band gap 

(EBG) structure on the antenna ground plane to 

intensify the performance of conventional microstrip 

patch antenna. EBG structures are artificial periodic 

structures that avoid or oblige the propagation of 

electromagnetic waves in a given band of 

frequencies. EBG structures are used hical human 

head model al human head model to find the presence 
of tumour 

303030303030303030303030303030303030303030

3030to upgrade the gain patterns and to decrement 

losses. It has the ability to obstruct the surface wave 

and is completely based on total internal reflection. 

There exists a band gap when EM wave propagates 

[9, 10]. Estimation of specific absorption rate (SAR) 

induced inside human head is a salient trait. A 

transmitter antenna radiates electromagnetic (EM) 

waves which travel straight through the patients head 

and notable portion of the radiated power is absorbed 

by the head tissues. These power absorptions are not 

distributive and may cause deposition in the form of 

apex and damage DNA of living tissues resulting in 
the emergence of cancerous tumour [11]. Therefore, 

precise SAR study mainly depends on the human 

brain model to provide security to the patients under 

test [12-14]. In the simulation results acquired from 

the CST microwave studio, dictates patchantenna 

with circular EBG structure yields prime performance 

and thus proposed in the brain tumour detection 

solicitation [5]. A six-layered spherical human brain 

model is made cancerous by forcing a tumour model 

inside the human brain model. The dimensions and 

electrical properties for the brain model and tumour 
model are chosen viably. The S-parameter results for 

the proposed antenna with and without tumour are 

obtained from CST MWS software. The SAR value 

for the proposed antenna with tumour is obtained. 

Consequently, circular EBG based patch antenna is 

applied to detect the brain tumour. 

 

II. PROPOSED ANTENNA DESIGN 

 

2.1. Microstrip patch antenna. A conventional 

patch antenna is designed to detect the tumor present 

inside the human brain. The antenna is designed on 
FR-4 substrate with relative permittivity of 3 with 

thickness and dimension of 0.75mm and 31.02mm 
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and 31.68mm, respectively. Normally, radiating patch 

radiates because of the current that adds up in phase 
and is made up of conducting materials like copper, 

silver, etc., but conducting material used for this 

design is copper. A feed line is fixed to this radiating 

patch and the conducting material for this feed line is 

Perfect Electric Conductor (PEC) for feeding radio 

frequency (RF) current from transmitter to antenna, 

wherein this RF current gets radiated as radio waves. 

50Ω is extracted as the characteristic impedance of 

the transmission line. The dielectric substrate used 

here is FR-4 (Flame Retardant level 4) epoxy. FR-4 is 

used for low frequencies. It is inexpensive and easily 

available in the market. The conducting material for 
the ground plane is also PEC (Perfect Electric 

Conductor). Figure 1depicts the schematic 

representation of patch antenna without circular EBG 

structure. 

 

 
Figure 1: Schematic representation of patch antenna without 

circular EBG 

 
The length and width of the dielectric substrate is 

31.02mm and 31.68mm, length and width of the 

radiating patch is 12.73mm and 9.81mm, length and 

width of the feed line is 14.06mm and 1.90mm, 

respectively. The specifications for patch antenna 

without circular EBG is given below in Table 1, 

 

 

Table 1: Patch antenna without circular EBG (mm) 

specifications 

 

2.2. Circular EBG Structure. To intensify the 

performance of the microstrip patch antenna a 

circular electromagnetic band gap (EBG) structure is 

modeled. The circular radiating patch of this model is 

made of Perfect electric conductor (PEC). The 

dielectric substrate is made of FR-4(Flame Retardant 

level 4) epoxy. Figure 2 depicts the schematic 

representation of circular EBG structure. 

 

 
Figure 2: Schematic representation of Circular EBG 

 

The radius of the circular patch is 2.1mm and the 

diameter is 4.20mm. The distance between the two 

circular patches are 5.04mm.The distance between 
the two center points of circular patch is 9.24mm. 

Width, length and thickness of the substrate is 

31.02mm, 31.68mm and 0.75mm. Thickness of the 

radiating patch is 0.017mm. The specifications for 

circular EBG is given below in Table 2, 

 

 
Table 2: Circular EBG (mm) specifications 

 

2.3. Patch antenna with circular EBG structure. 

To intensify the performance of the patch antenna, 
the designed circular EBG structure is placed on the 

antenna ground plane. By doing this, the return loss 

and gain of this antenna gets improved when 

compared to that of conventional patch antenna. 
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Figure 3: Schematic representation of patch antenna with 

circular EBG 

 

2.4. Patch antenna with human brain model. In 

this, a spherical human brain model is designed with 

centre radius 20mm, Z-centre50mm and epsilon value 

43.22. The basic principle of this model is to generate 

microwave images by moving the patch antenna to 

various spots neighbouring the spherical human brain 

model, wherein scattering signals are recorded. 

 
Figure 4: Simulation setup for patch antenna with human 

brain model 

 

2.5. Patch antenna with circular EBG and human 

brain model. In this, the patch antenna with circular 

EBG structure is made to move around the spherical 

human brain model to detect brain tumour, to 

intensify the performance of the antenna and to 

improve the return loss and gain parameters. 

 

 
Figure 5: Simulation setup for patch antenna with circular 

EBG and human brain 

 

2.6. Patch antenna with circular EBG and human 

brain model with tumour. In this, a tumour is 

inserted inside a normal spherical human brain 

modelgiving rise to a cancerous spherical human 

brain modelconsidering the tumour dimensions with 

centre radius 2mm, Z-centre 20mm and epsilon value 

55. The repetition factor is 1 and the translation 
vector in X-axis is 0, Y-axis is 10 and Z-axis is 28. 

By doing so, the patch antenna with circular EBG 

structure is made to move around the cancerous 

spherical human brain model to find the tumour 

inhuman brain. 

 

 
Figure 6: Simulation setup for patch antenna with circular 

EBG and human brain with tumour 

 

III. RESULTS AND DISCUSSIONS 

 

3.1. Patch antenna with human brain model and 

without circular EBG. S-parameter: In this, S11 

indicates the amount of power reflected from the 

antenna and is also known as reflection co-efficient. 

If S11 is 0dB then all the power gets reflected from 

the antenna and nothing left for radiation. If S11 is -

10dB then 3dB of power is distributed and the rest -

7dB of power is reflected. 

 

 
Figure 7: Return loss of patch antenna with human brain 

model at 7.3GHz 

 
Figure 8: Gain as a function of frequency 

 

For the patch antenna without circular EBG and with 

human brain model, the return loss is -14.525dB at 

frequency 7.29GHz. Gain is more at 4.14dB. To get a 

better return loss and gain, a proposed system is 

designed using a Circular EBG structure which gives 

a better performance and detects the tumor present in 

the human brain. 

 

3.2 Patch antenna with circular EBG and human 

brain model 

 
Figure 9: Return loss of patch antenna with circular EBG and 

human brain model at 7.3GHz 
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Figure 10: Gain as a function of frequency 

 

For the proposed system, the S-parameter is -

16.078dB at frequency 7.35GHz. The maximum 

realized gain is 6.48dB. The return loss and realized 
gain of the proposed antenna gives better 

performance than the existing antenna to detect the 

tumor inside the human brain. 

 

 
Figure 11: Width of feed(wf) 

 

It is inferred that only for wf=1.84mm proper 

impedance matching is obtained. 

 

 
Figure 12: Length of feed(yo) 

 

It is inferred that only for yo=2.75mm proper 

impedance matching is obtained at resonance 

frequency 7.3975GHz and return loss is -26.317dB. 

 

3.3 Antenna with EBG and brain model with 

tumor 

3.3.1 Specific absorption rate (SAR). Exposing to 
radiation may cause acute health problem to the 

patient under test, so safety measures has to be taken 

to maintain proper estimation of SAR for detecting 

the brain tumor. The formula of SAR is given as, 

 

SAR = σ/ρ|E|2=J2/ σρ 

 

Wherein E is the RMS value of electric field in the 

tissue, J is the current density, σ is conductivity of 

head tissue, ρis density of head tissue. 

 

Unit of SAR is Watt per Kilogram (W/Kg). SAR is 
inserted inside the human body and exposed to EM 

radiation to assess various averaging techniques. SAR 

evaluation gets affected by few parameters such as 

frequency range of operation, antenna type and space 
between the examining antenna and exposed surface 

of human body. The 3D maximum SAR value 

achieved is 541W/m3 respectively. It is clear that the 

SAR value is below the maximum standard SAR 

limit. Thus, SAR value makes sure that there won’t 

be any health hazard making the design more 

potential and reliable for detecting human brain 

tumor. 

 

 
Figure 13: Simulation setup for SAR characteristics 

 

 
Figure 14: Return loss of patch antenna with circular EBG and 

human brain model with tumor model at 7.3GHz 

 

 
Figure 15: Gain as a function of frequency 

 

The performance of the designed antennas is initially 

assessed using CST Microwave Studio (MWS) 

software. Reflection coefficient and gain are 
considered as antenna performance parameters. Study 

on biomedical application is conducted by the 

estimation of SAR induced inside the cancerous 

human brain model to dictate if the process was 

hazardous or not. 

3.4. Performance analysis of the designed antenna. 

The reflection coefficient of an antenna should be at 

least -10dB to yield fine impedance matching. To 

obtain minimum reflection of the input power from 

antenna the value of reflection coefficient should be 

more negative. . The reflection coefficient for two 

antennas indicates that the patch antenna without 
circular EBG and the patch antenna with circular 

EBG structure provides reflection coefficient of -
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14.52dB and -16.078dB, respectively. Therefore, the 

incorporation of circular EBG structure on the 
antenna ground plane offers the best result in terms of 

reflection coefficient. It is observed that the patch 

antenna with circular EBG provides a flat gain of 

approximately 6.48dB from 6 to 8GHz, while the 

patch antenna without circular EBG provides 

approximately a flat gain of 4.14dB respectively. 

Thus, signal transmission and reception with reduced 

distortion and dispersion can be accomplished by the 

circular EBG based antenna. 

3.5. Brain Tumour Detection. A chain of job is 

concluded as illustrated in the Figure 16. In CST 

simulation area, the basic principle was to move the 
antenna to all possible locations around the human 

brain model to obtain the simulation result for each 

antenna location. 

 

 
Figure 16: Flow of the proposed design 

 

IV. CONCLUSION 

 

An efficient microstrip patch antenna is sketched and 

to intensify the performance of the microstrip patch 
antenna and to effectively produce an acceptable 

SAR which reliably indicates the presence of tumour 

inside the human brain, a compact and efficient 

microstrip patch antenna is designed by embedding 

circular EBG (Electromagnetic Band Gap) structure 

on the antenna ground plane. The eccentric band gap 

feature of circular EBG intensifies the antenna 

performance parameters like reflection coefficient 
and gain by suppressing the surface waves introduced 

on the dielectric substrate of an antenna. By moving 

the antenna to all possible regions around the human 

brain model, the simulation result at each antenna 

region is obtained.  Tumour is inserted inside the 

brain model and exposed to EM radiation to assess 

various averaging techniques. At an early stage by 

using this proposed antenna design, human brain 

tumour can be detected by maintaining safety 

measure of the patient under test. 
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