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Abstract 
Patch antennas are a growing resource that many 
engineers are utilizing to fulfill specific needs for 
antenna coverage in many applications. The low cost 
of manufacture per unit for a patch antenna makes 
them very attractive for many applications. An 
introduction to patch antennas, including the modeling 
of circular and square patch antennas with linear an 
circular polarization in Finite Difference. 
Keywords: Patch Antenna, Feeding Methods. 
 
Introduction 
 
A patch antenna, also known as a micro-strip 
antenna, is an antenna which takes advantage of 
the ability to create a specific conductive 
structure in the environment of the Printed 
Wiring Board (PWB). A patch antenna takes 
advantage of the nature of high frequency signals 
and creates a structure on the PWB which causes 
EM field radiation as in other antenna structures. 
The simplicity of creating PWBs with different 
geometrical configurations allows for a vast 
array of patch antenna types suitable for almost 
any application. In addition to their innate 
versatility they are also cheap to manufacture do 
to the availability of PWB manufacturing. Patch 
antennas come in many different forms; the most 
common form being a conductive structure 
printed on a dielectric substrate over a ground 
plane. When the conductive structure is 
energized by a current flow in the circuit a 
standing wave is generated by the complex 
impedance structure of the antenna and an 
electric field is generated from the edge of the 
antenna.  
 
If the narrow bandwidth of the micro-strip 
antenna can be widened, then it can serve as a 
dual antenna for second- and third-generations of  

 
 
mobile communications systems. Recently, most 
of the research on microstrip antennas focused 
on methods to increase their bandwidth. The U-
slot antenna, which achieves a relatively broad 
bandwidth without a parasitic patch, has been 
reported.1 A broader bandwidth, obtained using 
an improved feeding method, has also been 
reported. 
 
A patch antenna is a type of radio antenna with a 
low profile, which can be mounted on a flat 
surface. It consists of a flat rectangular sheet or 
"patch" of metal, mounted over a larger sheet of 
metal called a ground plane. The assembly is 
usually contained inside a plastic radome, which 
protects the antenna structure from damage. 
Patch antennas are simple to fabricate and easy 
to modify and customize. They are the original 
type of micro-strip antenna described by Howell 
[1] the two metal sheets together form a resonant 
piece of micro-strip transmission line with a 
length of approximately one-half wavelength of 
the radio waves. The radiation mechanism arises 
from discontinuities at each truncated edge of the 
micro-strip transmission line.[2]   

Configuration 

The simplest patch antenna uses a patch which 

is one-half wavelength long, mounted a precise 

distance above a larger ground plane, sometimes 

using a spacer made of a dielectric between 

them. Electrically large ground planes produce 

stable patterns and lower environmental 

sensitivity but of course make the antenna 

bigger. It isn’t uncommon for the ground plane 

to be only modestly larger than the active patch. 

When a ground plane is close to the size of the 
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radiator it can couple and produce currents along 

the edges of the ground plane which also radiate. 

The antenna pattern becomes the combination of 

the two sets of radiators. 

The current flow is along the direction of the 

feed wire, so the magnetic vector potential and 

thus the electric field follow the current, as 

shown by the arrow labeled "E" in the figure 

below. A simple patch antenna of this type 

radiates a linearly polarized wave. The radiation 

can be regarded as being produced by the 

‘’radiating slots’’ at top and bottom, or 

equivalently as a result of the current flowing on 

the patch and the ground plane. 

 

 

Gain 

The gain of a rectangular micro-strip patch 

antenna with air dielectric can be very roughly 

estimated as follows. Since the length of the 

patch, half a wavelength, is about the same as the 

length of a resonant dipole, we get about 2 dB of 

gain from the directivity relative to the vertical 

axis of the patch. If the patch is square, the 

pattern in the horizontal plane will be directional, 

somewhat as if the patch were a pair of dipoles 

separated by a half-wave; this counts for about 

another 2-3 dB. Finally, the addition of the 

ground plane cuts off most or all radiation 

behind the antenna, reducing the power averaged 

over all directions by a factor of 2 (and thus 

increasing the gain by 3 dB). Adding this all up, 

we get about 7-9 dB for a square patch, in good 

agreement with more sophisticated approaches 

(see Balanis, p. 841, for more details). 

A typical radiation pattern for a linearly-

polarized 900-MHz patch antenna is shown 

below. The figure shows a cross-section in a 

horizontal plane; the pattern in the vertical plane 

is similar though not identical. The scale is 

logarithmic, so (for example) the power radiated 

at 180° (90° to the left of the beam center) is 

about 15 dB less than the power in the center of 

the beam. The beam width is about 65° and the 

gain is about 9 dBi. An infinitely-large ground 

plane would prevent any radiation towards the 

back of the antenna (angles from 180 to 360°), 

but the real antenna has a fairly small ground 

plane, and the power in the backwards direction 

is only about 20 dB down from that in the main 

beam. 

 

Impedance Bandwidth 

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. A very rough 

estimate of the bandwidth is: 
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Where d is the height of the patch above the 

ground plane, W is the width (typically a half-

wavelength),  is the impedance of free space, 

and  is the radiation resistance of the 

antenna. The fractional bandwidth of a patch 

antenna is linear in the height of the antenna. The 

impedance of free space is approximately 377 

ohms, so for the typical radiation resistance of 

about 150 ohms, a simplified expression can be 

obtained; 

 

for a square patch at 900 MHz, W will be around 

16 cm. A height d of 1.6 cm will provide a 

fractional bandwidth of around 1.2(1.6/16) ≈ 

12%, which gives a Bandwidth of 108 MHz at 

the center frequency. 

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. Patch antennas utilized by industry 

often use ground planes which are only modestly 

larger than the patch, which also alters their 

performance. The details of the feed structure 

affect bandwidth as well.[3] 

The negative return loss for a pair of 

representative commercial patch antennas is 

shown below; both antennas are nominally 

designed to operate in the US Industrial, 

Scientific, and Medical (ISM) band from 902-

928 MHz. Antenna B uses a 16-mm patch height 

above ground, and the measured bandwidth of 

about 150 MHz at 10 dB return loss is rather 

close to that estimated above. However, this 

antenna also uses a very large (30x30 cm) 

ground plane. Antenna A delivers similar 

bandwidth but at about 20x20 cm is considerably 

smaller and more convenient to mount and 

position. Commercial antennas vary widely in 

performance, often due to poor centering of the 

band even when theoretical bandwidth is 

achieved. 

 

 

 

L strip feeding 

The probe feeding, the most widely used feeding 
method in micro-strip antennas, is not capable of 
producing a wideband because of the parasitic 
reactance generated by its feeding structure. In 
this article, the L-strip feeding structure, which 
has been shown to achieve a broad bandwidth by 
reducing the parasitic reactance generated from 
its feeding structure, is applied to rectangular and 
triangular patches. The patch antenna discussed 
is of interest because it achieves a wideband 
characteristic, enabling it to operate in the PCS 
and IMT-2000 frequency bands. Furthermore, 
because of the ease of fabrication, it is amenable 
to mass production with uniform characteristics. 
It can also be used in high power mobile 
communications base stations. Finally, it is 
desirable commercially because it can be 
constructed without a dielectric substrate. 
 
EMC Feeding- Generally, the feeding methods 
of a micro-strip antenna can be classified as 
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micro-strip feeding, probe feeding and EMC 
feeding. The micro-strip feeding is easily 
fabricated by connecting the micro-strip to the 
edge of the patch directly, but the impedance 
matching is not convenient compared to probe 
feeding and unwanted radiation can occur from 
the feed line. Feeding by a coaxial probe has the 
advantages of ease in impedance matching and 
low spurious radiation, and the disadvantage of 
having to be physically connected to the center 
of the patch. The coaxial- fed micro-strip 
antenna has a narrow impedance bandwidth. The 
third method, known as EMC feeding, was first 
proposed by K.F. Lee.2 EMC feeding is different 
from the other feeding methods. Spurious 
radiation does not occur and it has the advantage 
of offering a wideband characteristic without any 
matching circuit shows the electromagnetically 
coupled rectangular patch antenna. The structure 
of the L-strip feeder acts as a series L-Cc 

resonant circuit connected in series with the 
parallel R-L-C resonant elements of the patch. 
The horizontal part of the L-strip feeder within 
the patch provides a capacitance to compensate 
for the inductance introduced by the vertical part 
of the L-strip feeder. For the probe-fed patch 
antenna, the probe only provides an inductance, 
which degrades the bandwidth performance of 
the patch antenna. Here, the coupling mechanism 
is predominately capacitive. The patch itself is 
represented by a parallel R-L-C resonant circuit. 
Cc is the coupling between the L-strip feeder and 
the patch. The coupling is controlled primarily 
by three factors the inset length (D) of the L-strip 
feeder, the patch width (W) and the height (h1) 
of the L-strip feeder. Simulations made while 
varying the parameters that are sensitive to the 
characteristics of the electromagnetically 
coupled patch antenna led to an antenna with 
optimum characteristics. The simulations were 
conducted using IE3D,3 a commercial simulator, 
based on the method of moment (MoM). The 
EMC feeding structure was implemented with 
both a rectangular and triangular patch, and the 
performance characteristics of each antenna were 
verified. 
 
Advantages 
 
Advantages of micro-strip antennas include: 
 
1. Low cost to fabricate 
 
2. Conformal structures are possible (it's easy to 
form curved surfaces, as long as the curve is in 

one direction    only) Easy to form a large array, 
spaced at half-Wavelength or less Light weight 

                
Disadvantages 
 
1. Limited bandwidth (usually 1 to 5%, but much 
more is possible with increased complexity 
 
2. Low power handling. 

 
 

Conclusion 
 
Design of microstrip patch antenna along with 
two feeding methods has been studied. 
Advantages and disadvantages have also been 
discussed. 
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