
 

 

Ground Plane effects on microstrip patch antennas 
Diogo Proença (75313) 

Diogo.duarte.proenca@ist.utl.pt 

Instituto Superior Técnico, Lisboa, Portugal 

June 2018 

 

Abstract - Radiocommunications provide several advantages over other means of telecommunications. Having 

no need for a transmission mean, are the most reliable and fail proof mean of communications. The evolution 

of Wi-Fi protocols and development of this technology has placed it in advantage over other protocols for 

short distance data transmission. 

Microstrip patch antennas present undeniable advantages when compared to other antennas. Low cost, low 

profile, light weight, planar but conformal to non-planar structures, flexibility in terms of electromagnetic 

parameters (radiation pattern, gain, impedance, polarization) and easy fabrication, are the reasons why these 

antennas became so popular. 

The objective of this thesis is to analyze the impact of ground plane size and geometry on the performance of  

microstrip patch antennas applied in Wi-Fi technology, aiming to cover the 2,45 GHz and 5,8 GHz frequency 

bands. 

To accomplish this, an elemental study is conducted on the impact of ground plane slots. From this, more 

complex structures are designed, with the goal to cover two distinct scenarios. An hemispherical coverage 

scenario, where the antenna is hanging on a wall and covers half space, and an isotropic scenario, which 

provides full space coverage.  

A dual-band prototype for each Wi-Fi scenario has been designed, fabricated and tested. Two different 

approaches in the use of ground plane slots have been applied. The good agreement obtained between 

numerical simulations and experimental results has validated the design approach and provided the proof of 

concept. 

 

I. Introduction 

The conceptual idea to implement microstrip 
patch antennas was first introduced in the 
1950s. The concept, despite innovative and 
promising, was on stand by for two decades, 
due to the lack of technology to produce it. This 
only became possible in the early seventies, 
when there were significant breakthroughs in 
Printed Circuit Board Technology (PCB). The 
first paper reporting microstrip patch antenna 
was published in 1974 [1]. 

This technology is currently implemented in 
many day-to-day civilian and military 
applications, such as mobile communications 
[1], wearable antennas [2], biomedical 
applications [3], Global Positioning System 
(GPS) and Bluetooth applications [4], RADAR 
devices [5]. 

In the last few years there have been major 
breakthroughs in this field, regarding the 
improvements of these antennas and their 
applications in microscopic environments. The 
possibility of building smaller antennas and 
improve their characteristics by exploring new 
geometries or manipulating the ground plane, 
could help overcome major setbacks scientists 
and developers were faced with. 

a) Motivation 

Wireless communications play a very important 
role in telecommunication systems despite 
often being left out when compared to fiber 
optics systems, due to their much higher bit 
rate and speed. However, it is not always 
possible to have access to these networks. In 
case of a natural disaster, like a fire for 
example, often mobile networks are the only 
reliable mean of communication and 
information sharing.  

Another great catapult for the use of antennas 
is the development of 5G. These networks can 
be classified in three types of communication: 
massive machine type communication (mMTC), 
critical MTC and enhanced mobile broadband 
(eMBB). mMTC is appointed to deal with large 
geographically dispersed numbers of devices, 
for example chips connected to parking meters, 
or domestic electronics transmitting 
information to the owner's cellphone. This 
impulses 5G to be the enabler of IoT and 
Networked Society. 

With electronic devices tending to reduce size, 
antennas have to be small, light-weight, low 
profile and may have ideally an isotropic 
radiation pattern. On these systems, the 
movement of transceivers lead to gain, 
radiation pattern and input impedance 
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variations. With these in mind, antennas play a 
vital role when it comes to the systems success. 
With the development of 4G, and the 
introduction of 5G in the future, it is expected 
that there will be even more components with 
integrated microstrip patch antennas. 

This paper is organized as follows: in section 2, 
the design and specifications of the two 
prototypes is addressed. Section 3 addresses 
the fabric and testing of these prototypes and 
section 4 concludes the paper with the 
scientific data. 

b) Objectives 

The goal is to evaluate the possibility to design 
a dual-band antenna, suitable to 
implementation on Wi-Fi technology, recurring 
to simple slots in the ground plane. Following 
this, the design of dual-band microstrip patch 
antennas in order to have one prototype model 
working in two scenarios. First, a directive 
antenna which radiates in half space and 
secondly a prototype close to an isotropic 
model. 

II. Antenna Analysis 

The starting point consists of studying a single 
rectangular slot and its impact in the antenna's 
characteristics (input impedance, radiation 
pattern and current distribution). Size and 
position of a vertical slot are first analyzed, 
moving on to a horizontal slot. Afterwards, the 
behavior of two parallel slots in the antenna is 
looked into. To conclude this study, the 
combination of a vertical and horizontal slot is 
studied. 

The starting antenna is composed of a 
Rogers/Duroid RT5880 dielectric material as 
substrate, a copper ground plane and patch. 
The thickness of the substrate, at the start, is 
0.7876 mm, which can be doubled or tripled if 
needed. The ground plane and patch 
metallization both are 0.035 mm thick. These 
dimensions were chosen so the antenna will 
resonate at 2.45 GHz, which is the center of the 
[2.4, 2.5] GHz Wi-Fi window. This implies the 
squared antenna has 41.2mm length and width. 

a) Slot Position 

To get the second resonance in the desired 
5.8GHz frequency, a slot with length equal to 
the patch’s and width of 2 mm is added to the 
ground plane, as illustrated in figure 1. 

 

Figure 1 - Vertical slot geometry 

The slot is then moved horizontally in order to 
find the most beneficial geometry for this 
configuration. This process is repeated for a 
horizontal slot, in order to explore both 
configurations. In figure 2 are shown the effects 
of placing a vertical slot in the proximity to the 
inset point.

 

Figure 2 - Vertical slot position variation 

This reveals the closer the slot is to the 
feedline, the antenna performs better.  

Single horizontal slots did not provide much 
benefit from this process 

b) Slot dimensions 

Fixing the slot at the most advantageous 
location, the width and length are tweaked, in 
order to obtain the best input reflection 
coefficient. The most advantageous geometry 
consists of placing a vertical slot 4. 94 mm to 
the left of the center of the antenna.  At this 
spot the edge of the slot matches the edge of 
the microstrip feedline. This location is chosen 
based on the clearness of the reflection 
coefficient at this point, which facilitates this 
analysis. This geometry is shown in figure 3. 



 

 

 

Figure 3 - Most advantageous geometry for the 
slot. 

During this part of the study, the height of the 
slot will be shortened by two millimeters 
between every iteration. In figure 4 is shown 
the reflection coefficient variation with the 
slot's height as result of this analysis. 

 

Figure 4- Slot's length variation. 

Pointed by the red arrow are the resonances 
introduced by the slot, which tend to go up in 
the frequency scale with the decreasing slot's 
height. On the 3 GHz is possible to see the 
appearance of a small peak, possibly the result 
of parasitic capacities, always constant in 
magnitude. For the higher frequencies, the 
return loss tends to increase in absolute value 
with the shortening of the slot. 

Following in this analysis is the variance of the 
width on a static slot, with fixed height. This 
study is performed with the slot 16 mm shorter 
in height, centered with the antenna. In figure 5 
is shown that by widening the slot,  high 
frequency resonances tend to shift into higher 
frequencies and become weaker, revealing an 
inverse behavior when compared to height 
variation. Making the slot shorter increases the 
high resonance's peak significantly, although 
displacing it. 

 

Figure 5 -  Slot width variation. 

Modifying the dimension of a vertical slit only 
impacts the higher resonances, while 
preserving the lower frequency, which can be 
manipulated by modifying the antenna's 
dimensions. This presents a mechanism to build 
an effective dual band antenna to be 
implemented in a Wi-Fi router. 

c) Multiple Slots 

In order to advance into multiple slots, the 
starting point is the double vertical rectangular 
slot, which is the simplest scenario due to the 
existence of symmetry. For a single vertical slot, 
placing it on either left or right of the center 
produces the same result. Hence, adding 
another vertical slot, equidistant to the center 
should, theoretically, amplify the resonances 
and improve their depth. This geometry is 
shown in figure 6. 

 

Figure 6- Two vertical slots 

Moving two equidistant slots seems to have no 
effect on lower resonances for this 
configuration. However, depending on the 
position of the slots, the high frequency 
resonances tend to move irregularly. 

The lower frequencies could be affected 
perhaps by performing this analysis with a 



 

 

different value for the distance between two 
slots. Evidence is shown in figure 7. 

 

Figure 7 - S11 for two equidistant slots. 

Approaching the slots to one another destroys 
the original resonances and builds new ones. At 
2.8 GHz the closer the slot is to the left, the 
stronger is the reflection coefficient. For the 
higher frequencies, depending on the distance, 
there is a new peak resonance that changes 
intensity, while destroying the original one, as 
shown in figure 8. 

 

Figure 8 - S11 approaching slots. 

When moving the slots further apart however, 
there are new resonances that start to appear 
in addition to the existing ones, as shown in 
figure 9. 

 

Figure 9 - S11 for two slits breaking apart. 

d) Other geometries 

Starting by a centered T-Shape DGS. From this 
setup, first the position of the horizontal 
component of the DGS is altered, with the 
objective to manipulate the frequency of 
resonances. In figure 10 is shown the 
appearance of the current configuration. 

 

Figure 10 - T-Shape DGS. 

When evaluating the consequences of changing 
the dimension of the slots, one at a time, it was 
verified for the input impedance, that the final 
outcome would be the same as when there was 
only one individual slot. For the vertical slot, 
when the width is altered, the 2.45 GHz 
resonance suffers no changes. The higher 
frequency resonances tend to shift into 
superior values. Changing the width of the 
horizontal component has the exact same 
effect as for a single slot. 

With this conclusion, it is interesting to study 
the behavior concerning the slots' location. 
First, the horizontal component is sled along 
the vertical slot, towards the feedline. The 
input reflection coefficient results for this case 
are shown in figure 11. 

 

Figure 11 - S11 after moving the horizontal slot. 

Moving the vertical slot away from the center 
position affects negatively the main resonance. 
For the high frequencies, up to a point, it is 
advantageous to move the slot to a lateral 
position. Moving the slot further than 3 mm to 
the left proved to have no advantage over 
previous configurations, due to displaced 
resonances and high input impedance values as 
shown in figure 12. 



 

 

 

Figure 12- S11  for different positions of the 
vertical component. 

III. Antenna Optimization 

Two different substrates are used. A high 
quality (low εr and very small losses) RT Duroid 
5880 for the hemispheric antenna, and a low 
quality Fr-4 for the quasi-isotripic prototype. 

The frequency range of interest corresponds to  
the Wi-Fi bands covered in the IEEE 802.11n 
protocol. These frequency bandwidths 
correspond to the 2,45 GHz ( 2-2,87GHz) and 
the 5,8 GHz (5,725-5,875 GHz) bands. 

a) Hemispheric antenna 

Dielectric height is maximized to 4.75 mm, 
which is the thickest type available in 
laboratory. 

After calculations, the resulting model has a 
patch of width and length 40.5 mm and 0.035 
mm thick, and the ground plane is double the 
patch's dimensions. Feed line has width of 
9,189mm and the inset point stands 12.286 
mm deep into the squared patch. In addition, 
an SMA connector is added to the scenario in 
order to best predict the real testing of the 
antenna. The SMA's base distances 0.5 mm 
from the dielectric and copper elements of the 
antenna and is simulated numerically in CST 
with the use of a waveguide port. Reference 
impedance is stationary at 48 Ohm. 

For this substrate, the resonances are almost 
where they are desired. With the use of a 
simple slot, the goal is to reposition the 5.92 
GHz resonance, in the 5.8 GHz band. There is a 
third resonance (in this case the second) at 4.32 
GHz. The antenna geometry is shown in figure 
13 

 

Figure 13 -  Configuration of the hemispheric 
antenna. 

This configuration however, is not the one 
desired because the 5.8 GHz band is not fully 
covered. To shift the third resonance to the left 
and center it in the desired frequency, a vertical 
slot of width 0.8 mm and 12.25 mm tall is 
added to the ground plane. The simulated input 
reflection coefficient for this prototype can be 
observed in figure 14. 

 

Figure 14 - S11 for the hemispheric prototype 

The realized gain for both dominant 
components of E-plane and H-plane are shown 
in figure 15. 

 

a) 2.45 GHz 



 

 

 

b) 5.8 GHz 

Figure 15 – Radiation patterns for the 
hemispheric antenna 

b) Quasi - Isotropic Antenna 

The starting model corresponds to a 
rectangular antenna 35 mm wide and 38 mm 
long, with a patch measuring 23 mm by 13 mm, 
as displayed in figure 16. 

 

Figure 16 -  Quasi-Isotropic Configuration 

The DGS consists of four rectangular slots 2mm 
wide, which form a rectangle. The structure 
surrounds the area delimited by the patch, 
which increases the amount of radiation 
propagating towards the back end of the 
antenna. 

 

In order for the antenna to produce the desired 
results and be adapted to our frequency bands, 
some adjustments to the DGS are required. By 
approaching the rectangular slots 1.5 mm to 

the region covered below the patch, very good 
adaptation is impedance match for the second 
resonance, as observed in figure 16. 

 

Figure 17 - S11 for quasi-isotropic antenna. 

 

As confirmed, with Fr-4 substrate the 
bandwidth drastically increases. The first 
resonance is centered at 2,45GHz, due to the 
trade off required to have both bandwidths 
covered. For this configuration, the radiation 
patterns are as represented in figure 18. Note 
that only the dominant component for each 
plane is shown, due to the cross polarization 
component being very small when compared to 
the copolar. 

The gain is relatively smaller when compared to 
the hemispheric prototype. This is due to the 
increased front-to-back ratio, along with the 
DGS, which allows radiation to be distributed 
throughout the whole surroundings. In this case 
the quality of the antenna is inferior due to the 
composition of the Fr-4.  

 

a) 2.45 GHz 



 

 

 

b) 5.8 GHz. 

Figure 18 - Radiation patterns for quasi-
isotropic model 

IV. Fabric and testing 

Experimental measurements are, in general, 
concordant with the expected results. For the 
hemispherical antenna, S{\tiny 11} 
measurements were extremely good. This 
allows us to conclude prototype is well 
matched, and no perturbations were originated 
by the four screws placed in order to hetch the 
substrate plates together. 

For the isotropic antenna, the experimental 
results were not the ones expected, since the 
antenna was not adapted for 2.45 GHz, having 
a major offset in frequency. Some adaptations 
were made in order to bring the first frequency 
closer to 2.45 GHz. Despite these, the antenna 
was still not perfectly matched. This could be 
due to the low quality of Fr-4 substrate, which 
impacts current distribution, allowing for less 
precise results and irregular behavior. In this 
case, the low quality substrate shifts the 
resonances, which are not exactly on the same 
frequency as in simulated cases. The resulting 
S11 parameters for both configurations are 
shown in figure 18. 

 

a) hemispheric antenna 

 

b) Isotropic antenna. 

Figure 19 -  Experimental S11 parameters. 

The radiation diagrams obtained in laboratory 
were similar to the ones calculated during 
simulation. For the hemispherical antenna, the 
gain at 2.45 GHz is 6,04dB and 5.8 dB, for the E-
plane and H-plane, respectively. At 5.8 GHz the 
maximum gain values for each component are 
6.5dB and 2dB. These values are pretty 
reasonable, considering the four screws etched 
to the antenna, plus the glue between 
substrate plates. 

Radiation patterns are acceptable when 
compared with results produced by CST. At 5.8 
GHz the experimental results present a better 
front-to-back ratio. Figure 20 shows the 
comparison of results for this prototype. 

 

a) 2.45 GHz 

  



 

 

 

b) 5.8 GHz 

Figure 20 - Radiation patterns for the 
hemispheric antenna. 

In the isotropic scenario, the maximum gain is 
3.5dB and 4.9dB, at 2.45 GHz and 5.8 GHz 
respectively, for the E-plane. H-plane has 
maximum gains of 2.5dB for 2.45 Ghz and 
3,7dB for 5.8 GHz. Gain values fall within the 
expectations. The shape of radiation patterns is 
more irregular when compared to simulation 
values than on the hemispheric case. However, 
the gain values towards points of interest are 
fairly acceptable. Thus, this prototype is a good 
design for a quasi-isotropic antenna, providing 
good coverage all around it, with the exception 
of some dead angles. Figure 21 compares 
experimental values with simulated ones. 

 

a) 2.45 GHz 

 

 

 

a) b) 5.8 GHz 

Figure 21 - Radiation patterns for the isotropic 
antenna. 

V. Conclusions 

In conclusion, the prototypes fabricated 
produce good values, which fall within 
expectations. Both these antennas could be 
used in a Wi-Fi router, to provide coverage in 
their respective scenarios. The major 
disadvantage with building a multi-band 
antenna with simple DGS is the size these 
microstrip patch antennas have to take in order 
to respect bandwidth and gain demands. 

For the hemispheric design, half-plane 
coverage was provided in both working 
frequencies, with linear polarization, having 
one dominant component. At 2.45 GHz, gain 
values were slightly smaller than predicted, 
unlike at 5.8 GHz, where these values were 
slightly bigger from -90 to +90 degrees. On the 
other hemisphere, radiation values were lower 
than expected, although being irrelevant, since 
it is not the goal to cover it. With these results, 
the impact of four screws can be considered 
irrelevant. 

The isotropic antenna has good gain values for 
both components, despite the radiation 
patterns' shape being slightly different than 
expected at 2.45 GHz. Experimental results 
demonstrate various fluctuations of the E-plane 
component between -30 and +30 degrees. At 
5.8 GHz, slight offsets on the minimum 
positions are verified for the two components. 
These effects can be explained by thermal 
noise from the components, human error or 
slight imperfections in the materials. 
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