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Abstract The Microstrip Patch Antenna for X-Band is one of the most preferred antenna structures for low cost and compact 

design for wireless system and microwave application. Multiband antenna is a relative interest since they can support 

multiple communication system. In this paper we represent the design of a compact size, single feed, single layer and 

dual frequency microstrip patch antenna for X-Band Medical Stereotactic Radio Surgery applications. A novel design of 

small sized, low profile coaxial fed patch antenna with unequal slots with wang edges is proposed for the frequency of X- 

Band application with the substrate. With the introduction of slots at the edges of the microstrip patch antenna has been 

reduced to 53.26%. The characteristics of the designed structure are investigated by using method of moment based EM 

simulation software IED. The simple configuration and low profile nature of the proposed antenna parameters such as 

return loss, bandwidth, gain, directivity, VSWR are calculated and leads to easy fabrication and multi frequency 

operation makes it suitable for the applications in X-band wireless communication systems. 
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INTRODUCTION 
Microstrip patch antennas play a very significant role in 

today’s world of wireless communication systems. 

Microstrip antennas have at interest due to their small 

size, light weight, low cost on mass production, low 

profile and easy integration with other components in 

microwave and wireless communication applications
1-3

. 

A Microstrip patch antenna is very simple in the 

construction using a conventional Microstrip fabrication 

technique. The most commonly used Microstrip patch 

antennas are rectangular, triangular and circular patch 

antennas. These patch antennas are used as simple and for 

the widest and most demanding applications. Dual 

characteristics, circular polarizations, dual frequency 

operation, frequency agility, broad band width, feed line 

flexibility, beam scanning can be easily obtained from 

these patch antennas
6-8

. This paper describes the design 

compact unequal slotted rectangular patch antenna. In 

comparison to more size reduction is achieved with 

simpler structure. The size of the antenna may be 

effectively reduced by cutting unequal arrow based slots 

on printed antennas. The X band defined by an IEEE 

standard for radio waves and radar engineering with 

frequencies that ranges from 8.0 to 12.0 GHz
4-5

 

respectively. The X band is used for short range tracking, 

missile guidance, marine, radar and air bone intercept
10-15

. 

Especially it is used for X-band medical applications 

ranges roughly from 9.2 GHz to 9.5GHz. The application 

for the X-band technology is stereotactic radio surgery. 

Accuracy Oncology has developed the Cyber Knife
16

. 

This machine uses an image-guided robotic system to 

precisely deliver an X-ray beam to focal lesions. It 

integrates treatment planning, imaging, and delivery 

components, all of which are controlled by a Workstation. 
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The Cyber Knife uses a compact X-band 6MeV Linac 

operating at 9.3 GHz approximately and weighing 285 

lbs. The relatively lightweight Linac makes it possible for 

the robotic arm carrying it to be accurately positioned. 

The Cyber Knife is a frameless robotic radio surgery 

system used for treating benign tumors, malignant tumors 

and other medical conditions. This system is a method of 

delivering radiotherapy, with the intention of targeting 

treatment more accurately than standard radiotherapy. 

The two main elements of the Cyber Knife are radiation 

produced from a small liner particle accelerator and 

robotic arm which allows the energy to be directed at any 

part of the body from any direction. 

 

MATHEMATICAL ANALYSIS 
The configuration of the conventional printed antenna is 

shown with L=6 mm, W=10 mm, substrate (PTFE) 

thickness h = 1.6 mm, dielectric constant εr = 4.4. Coaxial 

probe-feed (radius=0.5mm) is located at W/2 and L/3. 

Assuming practical microstrip patch antenna width W= 

10 mm for efficient radiation and using the equation [6],  

fr =  
c

2W
×  

2

(1+ℇr )
  

And Width of the patch (w): w =  
c

2f0 
(1+ℇr )

2

 

Where, c = velocity of light in free space. Using the 

following equation [9] we determined the practical length 

L (=6mm).  

𝐿 = Leff − 2∆L  

Where, the extended length of antenna ∆L =

 0.412ℎ ×
(ℇreff +0.3)×(W/h+0.264)

( ℇreff  – 0.258)×(W/h+0.8)
   

Effective dielectric constant of antenna (ℇ𝑟𝑒𝑓𝑓 ): ℇ𝑟𝑒𝑓𝑓 =

   
ℇr +1

2
 +

ℇr−1

 2×  1+12×
ℎ

𝑊
  

 [9] 

And Effective dielectric length of

 antenna  𝐿𝑒𝑓𝑓  : 𝐿𝑒𝑓𝑓  =   
𝑐

2 × 𝑓𝑟  ×  𝜖𝑒𝑓𝑓
   

Where, Leff = Effective length of the patch, ∆L/h 

=Normalized extension of the patch length, εreff = 

Effective  

dielectric constant. 

Voltage Standing Wave Ratio (VSWR): VSWR= 
𝑉𝑚𝑎𝑥

𝑉𝑚𝑖𝑛
 = 

1+ 𝜏 

1− 𝜏 
 

As the reflection coefficient ranges from 0 to 1, the 

VSWR ranges from 1 to ∞ 

 

ANTENNA DESIGN 

The conventional printed antenna is shown in fig. 1 with 

length and width respectively 6 mm, 10 mm. The 

proposed microstrip patch antenna shown in fig. 2 with 

the following dimensions: length =6.8964 mm, width= 

9.7048 mm for 9.40635 GHz and length=4.59049 mm, 

width= 6.86132 mm for 13.3046 GHz. 

 

  
Figure 1: Conventional Antenna configuration Figure 2: Simulated Antenna configuration 

 

Figure 2 shows the configuration of simulated printed 

antenna designed with similar PTFE substrate. The upper 

right point triangular shaped the location of coaxial 

probe-feed (radius=0.5 mm) are shown in the figure 2.  
 

Table 1: Optimised Antenna Parameters  

Antenna parameters Values 

Resonant Frequency 9.40635 GHz 
Dielectric Constant 4.4 

Length 6.8964 mm 
Width 9.7048 mm 

Thickness 1.6mm 

The proposed antenna simulated using IE3D
17

 software is 

best operated at X band frequencies for medical 

applications
16

. 

 

RESULT AND DISCCUSION 
Simulated (using IE3D

17
) results of return loss in 

conventional and simulated antenna structures are shown 

in Figure 3-4. A significant improvement of frequency 

reduction is achieved in simulated antenna with respect to 

the conventional antenna structure. 
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Figure 3: Return Loss vs. Frequency  Figure 4: Return Loss vs. Frequency 

(Conventional Antenna)  (Slotted Antenna) 
 

In the conventional antenna return loss of about -7.01 dB 

is obtained at 13.39 GHz. Comparing fig.3 and fig.4 it 

may be observed that for the conventional antenna (fig.3), 

there is practically no resonant frequency at around 

9.40635 GHz with a return loss of around -6 dB. For the 

simulated antenna there is a resonant frequency at around 

9.40635 GHz, where the return loss is as high as -23.7dB 

and another frequency 13.3046 GHz with a return loss as 

high -33.2dB. Due to the presence of slots in simulated 

antenna resonant frequency operation is obtained with 

large values of frequency ratio. The first and second 

resonant frequency is obtained at f1 = 9.40635 GHz with 

return loss of about -23.7 dB and at f2 = 13.3046 GHz 

with return losses -33.2 dB respectively. Corresponding 

10dB band width obtained for Antenna 2 at f1, f2 are 

418.58 MHz and 748.9MHz respectively. The simulated 

E plane and H-plane radiation patterns are shown in 

Figure 5-8 and 11-12. The simulated E plane radiation 

pattern of simulated antenna for 9.40635 GHz is shown in 

figure 5.
 

 
Figure 5: E-Plane Radiation Pattern for   Figure 6: H-Plane Radiation Pattern for 

Slotted Antenna at 9.40 GHz   slotted Antenna at 9.40 GHz 
 

The simulated H plane radiation pattern of simulated 

antenna for 9.40635 GHz is shown in figure 6. The 

simulated E plane and H-plane radiation pattern (3D) of 

simulated antenna for 9.40635 GHz is shown in figure 7 

and figure 8. 

 

 
Figure 7: E-Plane Radiation Pattern (3D)  Figure 8: H-Plane Radiation Pattern (3D) 

for slotted antenna at 9.40 GHz  for slotted antenna at 9.40 GHz 
  

The simulated smith chart and VSWR of simulated antenna shown in figure 9 and figure 10. 
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Figure 9: Simulated Smith Chart for slotted antenna Figure 10: Simulated VSWR for slotted antenna 

 

The simulated Cartesian E -plane and H-plane radiation pattern (2D) of simulated antenna for 9.40635 GHz is shown in 

figure 11 and figure 12. 
 

Figure 11: E-Plane Radiation Pattern (2D)  Figure 12: H-Plane Radiation Pattern (2D) 
for slotted antenna at 9.40 GHz  for slotted antenna at 9.40 GHz 

 

The simulated current distribution and total substrate for slotted antenna shown in figure 13 and figure 14. 
 

 
Figure 13: Current Distribution for slotted antenna Figure 14: Total Substrate for slotted antenna 

 

All the simulated results are summarized in the following Table1 and Table2. 
 

Table 1: Simulated results for antenna 1 and 2 w.r.t return loss 

Antenna structure Resonant frequency (ghz) Return loss (db) 10 db bandwidth (ghz) 

Conventional f1= 9.80 -4.55 NA 
 f2= 13.39 -7.01 NA 
 

Slotted 
f1= 9.40635 -23.7 0.41858 
f2 = 13.3046 -33.2 0.7489 

 

Table 2: Simulated results for antenna 1 and 2 w.r.t radiation pattern 

Antenna structure Resonant frequency (ghz) 3db beamwidth (
0
) Absolute gain (dbi) 

Conventional f1= 9.80 NA NA 
 f2= 13.39 NA NA 
 

Slotted 
f1= 9.40635 136.189 3.73214 
f2 =13.3046 131.27 0.330357 
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Frequency Ratio for Conventional Antenna f2 / f1 = 1.366 
Frequency Ratio for Slotted Antenna f2 / f1 = 1.414 

 

CONCLUSION 
This paper focused on the simulated design on 

differentially-driven microstrip antennas. Simulation 

studies of an unequal arrow based printed antenna have 

been carried out using Method of Moment based software 

IE3D
17

. The main drawback of printed antenna was 

impedance bandwidth. Introducing slots at the edge of the 

patch size reduction of about 53.26% has been achieved. 

The 3dB beam-width of the radiation patterns are 

136.189
0
 (for f1), 131.27

0
(for f2) which is sufficiently 

broad beam for the applications for which it is intended. 

The resonant frequency of slotted antenna, presented in 

the paper, designed for a particular location of feed point 

(4 mm, 2.3 mm) considering the centre as the origin. 

Alteration of the location of the feed point results in 

narrower 10dB bandwidth and less sharp resonances. The 

experimental result shows that this design is ideally 

practical for X-band medical applications
16

. 
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