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Abstract — Circular Patch Antennas may be used as 
implantable antennas on parameter optimization. This 
paper discusses this process and presents antenna 
characteristics, layouts and radiation patterns as 
generated by the software developed for producing the 
same. 
 

I. INTRODUCTION  

 
Implantable antennas refer to the class of antennas that are 
essentially very small and generally biologically 
compatible for implantation between living tissues. 
Implantable antennas have a range of applications with 
uses in medical, communication and defense spheres. The 
design and analysis of a circular patch antenna whose 
parameters are optimized so as to make it function as an 
implantable antenna is discussed. Software is developed to 
assist us in the process. 

II. CIRCULAR PATCH ANTENNAS 

A patch antenna is a popular antenna type, which gains its 
name from the fact that it basically consists of a metal 
patch suspended over a ground plane. The assembly is 
usually contained in a plastic radome, which protects the 
structure from damage (as well as concealing its essential 
simplicity). Patch antennas are simple to fabricate and 
easy to modify and customize. They are closely related to 
microstrip antennas, which are just patch antennas 
constructed on a dielectric substrate, usually employing 
the same sort of lithographic patterning used to fabricate 
printed circuit boards. 

A patch antenna offers immense scope in that its 
characteristics can be changed by altering the current 
density by changing the type and dimensions of the patch. 
The desire to produce small patches for cellular telephone 
handset use has lead to the development of compact 
designs. The ideal antenna is one whose location the user 
is unaware of and which is as small as possible. Because 
most signals arrive at the user terminal after many 
bounces and edge diffractions, polarization is arbitrary. 
We do not need to control the radiation pattern or its 

polarization carefully and it opens up a range of 
possibilities.  
 
Shorting pins placed close to the feed pin reduce the patch 
size to about λ/8 on a side, but its polarization is poorly 
controlled. If we can force the current to take a longer 
path along the resonant-length path, we can shrink the 
overall size. We etch notches in the patch to make the 
current wander or use various spiral-wound networks 
on a flat substrate. Three-dimensional solutions consist of 
folding a patch by using the vertical direction or some sort 
of winding around a cylinder. 
 
The Circular Patch Antenna is second only to the 
rectangular patch antenna in popularity. The circular patch 
antenna can not only be used as a single element, but can 
also be used as elements of an antenna array. The modes 
supported by the circular patch antenna can be found by 
treating the patch, the ground plane and the material 
between the two as a circular cavity. This cavity is 
composed of two perfect electric conductors at the top and 
bottom to represent the patch and the ground plane, and 
by a cylindrical perfect magnetic conductor around the 
circular periphery of the cavity. For the circular patch 
antenna, there is only one degree of freedom to control 
during the fabrication of the antenna patch over the 
dielectric substrate, that is, the radius of the patch. 
However, we may optimize the antenna size by choosing 
an appropriate value of the substrate thickness and 
substrate dielectric constant. For a certain set of 
parameters (substrate thickness, substrate dielectric 
constant and metallic patch radius), we can calculate the 
approximate operating frequency at which the antenna 
gain is maximum. 

 
A patch printed onto a dielectric board is often more 
convenient to fabricate and is a bit smaller, but the volume 
of the antenna is decreased, so the bandwidth decreases 
because the Q increases, roughly in proportion to the 
dielectric constant of the substrate. Real patch antennas 
often use ground planes only modestly larger than the 
patch, which also reduces performance. The details of the 
feed structure affect bandwidth as well. Patch antenna 
arrays may be fed by using a stripline distribution network. 
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III. MATHEMATICAL EQUATIONS 

 
The impedance bandwidth of a patch antenna is strongly 
influenced by the spacing between the patch and the 
ground plane. As the patch is moved closer to the ground 
plane, less energy is radiated and more energy is stored in 
the patch capacitance and inductance: that is, the quality 
factor Q of the antenna increases. 
 
The effective radius, ae, of the circular metallic patch of 
the antenna is given by the equation: 
 

 
A first order approximation to the solution for a, the 
radius of the circular patch is from ae, the effective radius 
of the patch. 
 

 
 
 
Where: 
 

 
 

Here, a (Actual Patch Radius) is in cm; ae (Effective 
Patch Radius) is in cm; h (Substrate thickness) is in cm; fr 
(Resonant Frequency) is in Hertz and εr  is the dielectric 
constant. 

 
The equation for the directivity of the antenna can be 
expressed as: 

 

Where k0 = 2 Π/ λ0. λ0 is the wavelength of the feed signal 
to the antenna and Grad is the conductance between the 
patch and the ground plane at φ’ = 00. 

 
Again, from the previous equation, we can observe that 
the directivity of the antenna is directly proportional to the 
radius of the antenna patch. 
 
Thus, on experimentally observing a single radiation 
pattern for a fixed dielectric substrate material of specific 
dimensions with a certain metallic patch radius, we may 
approximately derive the radiation patterns for any other 
patch radius. This can be done by graphically skewing the 
reference radiation pattern by a factor that is directly 
proportional to the square of the radius of the metallic 
patch. 
 

The operational bandwidth, the quality factor and the 
VSWR performance of the circular patch antenna are 
interrelated by the two interdependent equations: 
 

 

 
The central operating is frequency f0 and ∆f, the operating 
bandwidth. Qt is the resultant quality factor of the 
antenna. The quality factor of the system depends on 
various factors such as Qrad (The quality factor due to 
radiation), Qc (The quality factor due to conduction or 
ohmic losses), Qd (The Quality factor due to dielectric 
losses) and Qsw (The Quality factor due to surface waves). 

 
The following expression relates them all: 

 

 

IV. OPTIMAL DESIGN PARAMETERS 

 
One may compute patch antenna dimensions for different 
operating frequencies. The software developed uses a 
brute-force algorithm involving extensive computing of 
optimum antenna parameters over a band of frequencies. 
Further, the software incorporates features to back-
calculate any unknown parameter of the patch antenna 
when all the other values are provided. The software 
generates the corresponding antenna layouts and radiation 
patterns for a certain set of input parameters. 
 
The circular patch antenna shows immense promise as an 
implantable antenna for the following design parameters: 
 
Dielectric Constant = 12; Operating Frequency = 10 GHz; 
Substrate Thickness = 1mm; Patch Radius = 2.45794mm. 
 
The resulting Operating bandwidth is 10GHz; VSWR = 
1.5; Reflection Coefficient is 0.2. The Quality factor of 
the antenna is 0.408248. The simulation results are as 
shown in Fig [1], Fig [2] and Fig [3]. 
 
Figs [1], [2] show the side and top views of the antenna. 
In Fig [3], the software-simulated radiation pattern is 
presented. Each color band in this pattern corresponds to a 
specific received power level if a receiver antenna with 
maximum gain is placed in that 3-D space.  
 
Computation for different values of patch radii reveals 
that the directivity of the antenna increases with increase 
in patch radius. An implantable antenna, thus, as a virtue 
of its minute size and small patch radius behaves more 
like an Omni-directional antenna. 
 
 



V. CONCLUSION 

 
The circular patch antenna shows great promise in future 
development as modification as an implantable antenna. 
For the following parameters, it may be easily used for 
implantation between human tissues. 
 
For Dielectric Constant = 12; Substrate Thickness = 1mm; 
Patch Radius = 2.45794mm, the resultant Operating 
Frequency = 10 GHz. 
The resulting Operating bandwidth is 10GHz; VSWR = 
1.5; Reflection Coefficient is 0.2. The Quality factor of 
the antenna is 0.408248.  
 
One particularly useful possible application of the 
implantable antenna is in monitoring the health 
parameters of a patient and transmitting them to the 
hospital. This could be done by making use of an 
embedded circuit working in parallel with the patch 
antenna. The circuit may be used to serve as a data 
processing unit for both transmitted and received signals, 
thus making the antenna function as a transceiver. 
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FIG [1]: SOFTWARE-GENERATED ANTENNA SIDE VIEW  
 
 
 



 
 

FIG [2]: SOFTWARE-GENERATED ANTENNA TOP VIEW  
 
 
 
 

 
FIG [3]: SOFTWARE-GENERATED ANTENNA RADIATION PATTE RN 


