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Abstract 

This paper presents computer simulated microstrip patch 

antennas designs for 2.4 GHz applications with a horizontal 

radiation pattern. They take advantage of directors and 

reflectors to guide the radiated power horizontally. Modern 

communication systems and instruments such as Wireless 

Local Area Networks (WLAN), mobile handsets and local 

positioning systems (LPS) require lightweight, small size and 

low cost antennas. The selection of Microstrip Patch antenna 

technology can fulfill these requirements. The main problem 

is that they usually radiate in a direction along the ground 

plane (vertically), and the gain in the horizontal direction is 

only a few decibels. This paper focus on the development of 

designs which retain the advantages of Microstrip patch 

antenna while improving its horizontal radiation. The 

radiation characteristics of these designs with respect to 

various geometrical parameters such as the dimensions of the 

reflector and directors, and spacing between these elements 

were studied in order to obtain the best possible performance. 

The results showed that the third design presents the best 

radiation characteristics in the horizontal direction with a gain 

of 3.847 dBi and input impedance of 56.77 ohms. 

 

 

INTRODUCTION 

An antenna is a device used to transform an RF signal, 

traveling on a conductor, into an electromagnetic guided wave 

in free space, and vice versa (i.e., in either transmitting or 

receiving mode of operation). Antennas are frequency-

dependent devices. Each antenna is designed for a certain 

frequency band, and it rejects signals beyond the operating 

band. For that reason, antennas can be considered bandpass 

filters and transducers. In addition, an antenna in advanced 

wireless system is usually required to optimize or accentuate 

the radiation energy in some directions and suppress it in 

others. Now a day, these devices constitute an essential part in 

wireless communication systems [1]. 

 

The approaching maturity of Microstrip Patch antenna 

technology coupled with the increasing demand and 

applications for such devices has resulted in a huge volume of 

research work in the field of Microstrip Patch antennas. The 

most relevant publications for this specific research include 

“Vertically Multilayer-stacked Yagi antenna with Single and 

Dual polarizations” by Olivier Kramer, Tarek Djerafi, and Ke 

Wu [2], and “Microstrip Yagi Array Antenna for Mobile 

Satellite Vehicle Application” by John Huang, and Athur C. 

Densmore [3].  

 

In the first paper, high gain and compact stacked multilayered 

Yagi antennas were proposed and demonstrated at 5.8 GHz 

for a local positioning system. The proposed structure was 

made of vertically stacked Yagi like parasitic director 

elements to obtain a high antenna gain. Two different antenna 

configurations were proposed. The first one based on a dipole 

geometry for single polarization and the second one on a 

circular patch to achieve dual polarization. The result from 

this research work presents a very directive and symmetric 

radiation pattern. The work also suggests that the proposed 

designs provide a number of advantages compared to uni-

planar Yagi antennas. First, the usage of a third dimension 

(the vertical dimension) that has not been widely used in the 

design of Microstrip Patch antennas, allows an effective 

reduction in size, and footprint. Second, a high permittivity 

substrate can be used, reducing spacing between the directors, 

which is critical for a high-density integration between 

antenna and circuits. Third, wide bandwidth characteristics 

can be achieved by implementing dual polarization designs 

based on the Yagi antenna concept, and coupling-based feed 

mechanisms. Finally, the design of such antennas over 

millimeter-wave and terahertz ranges where the substrate 

spacing between Yagi antenna elements can naturally be made 

compatible with current three-dimensional circuit processing 

techniques. 

 

In the work done by Huang and Densmore, a very low profile 

and medium gain antenna for satellite vehicle application was 

proposed. The design contained an antenna active patch 

(driven element) and a parasitic patch (reflector and director 

elements) located on the same horizontal plane. They 

suggested that in order for Microstrip patches to function 

similarly to the standard Yagi array antenna, the adjacent 

patches need to be placed closely to each other so that a 

significant amount of coupling can be obtained through 

surface waves in the substrate. They also proposed the 

dimension ratio between the director patch and the driven 

element patch to be between 0.8 and 0.95; The distance 

between the centers of the reflector and the driven elements to 

be about 0.35 free-space wavelengths, while the separation 

between the centers of the director and driven elements to be 

approximately 0.3 free-space wavelength. 
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Using the ideas from Kramer and Huang , a design for a 

Microstrip patch antenna capable of transmitting in the 

horizontal direction is proposed. This design takes advantage 

of directors and reflectors to direct the radiated energy from 

the vertical direction into the horizontal direction. The first 

design is composed of four rectangular directors and one 

rectangular reflector. The second design is composed by one 

loop director and one rectangular reflector. The radiation 

characteristics of these designs with respect to various 

geometrical parameters such as the dimensions of the reflector 

and directors, and spacing between these elements were 

studied in order to obtain the best possible performance. 

Furthermore, two-dimensional and three-dimensional 

radiation patterns, antenna gain and return loss for each of 

these designs are presented. 

 

The organization of the paper is as follows: Section 2 

introduces the basic theory related to microstrip patch 

antennas; Section 3 discusses the different designs and the 

results from the simulations. Finally, section 4 presents the 

conclusions. 

 

 

MATERIALS AND METHODS 

A typical rectangular Microstrip Patch antenna was built and 

simulated in order to compare the results of the proposed 

designs. Duroid 5870/5880 was chosen as the dielectric 

substrate. The reason for this is that this material is 

lightweight, and possesses a low dielectric constant (εr = 

2.33). It also has uniform electrical properties over a wide 

frequency range. In order to achieve a high radiation power 

without increasing the antenna weight and the dielectric loss, 

a 1.575mm thick substrate is selected from the available 

commercial duroid substrate [4]. As show in Figure 1 a patch 

length (L) of 41 mm and width (W) of 37.5mm are calculated 

for a resonant frequency of 2.4GHz. The feed position must 

be located at a point on the patch where the input impedance 

is 50 ohms for the resonant frequency. By using equation 1 an 

initial estimate of the feed location can be calculated [5]. 
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An approximate of 14.5 mm is calculated for yf, which will be 

optimized by the simulation software to achieve a 50 ohms 

antenna input impedance. Generally, the size of the ground 

plane is assumed to be infinite during the analysis and design 

of Microstrip patch antennas. In an actual application only a 

finite size ground plane can be implemented. The 

implementation of a finite ground plane induces diffraction of 

radiation from the edges of the ground plane, resulting in a 

change in radiation pattern, radiation conductance, and 

resonant frequency. But, if the size of the ground plane is 

greater than the patch dimensions by approximately six times 

the substrate thickness all around the periphery, a similar 

radiation characteristic for finite and infinite ground plane can 

be obtained [6]. 

 

 
 

Figure 1. Rectangular Microstrip patch antenna configuration 

 

 

This simulation and the simulations of the proposed design 

were made using Agilent EMPro software [7]. In order to 

compare the change in the radiation characteristics for the 

proposed designs, the radiation characteristics for a regular 

Microstrip patch antenna are presented. Figure 2 present the 

simulated 2D cut view and 3D far zone E-plane radiation 

patterns for this antenna. These results show that a Microstrip 

patch antenna mainly radiates in the vertical direction. This is 

in agreement with the theoretical radiation pattern for these 

structures. It is also observed that the radiation pattern possess 

a high directivity and symmetry [6, 8]. Even more, Figure 3 

show a maximum antenna gain of 7.083dBi with a main lobe 

in the direction of theta = 0 degrees and phi = 0 degrees. The 

simulated gain is a little higher compared to the results 

reported by Bhartia, Bahl, and Garg [6]. The simulated S-

parameter (S11) versus frequency and the steady state 

parameters in the time domain at 2.4GHz are presented in 

Figure 4. It can be seen that the simulated center frequency is 

slightly shifted from the designed target, but still very close to 

2.4GHz, and an input impedance of 48.718 Ohms is obtained, 

which is fairly close to the standard 50 Ohms antenna input 

impedance. 
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Figure 2. Far zone E-plane radiation patterns for a regular Microstrip patch antenna. (a) 2D (phi=0 degrees cut view of E-Field, 

(b) 3D far zone total E-Field distribution, (c) 3D far zone E-Field distribution (theta view), and (d) 3D far zone E-Field 

distribution (phi view). 

 

 

 
 

Figure 3. 2D (phi=0 degrees) cut view of the antenna gain for a regular Microstrip patch antenna 
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Figure 4. Return loss (S11) and steady state parameters. 

 

 

Directors and Reflectors Design : 

The design of a Microstrip Yagi antenna implements a similar 

principle as the conventional Yagi-Uda dipole array, where 

the electromagnetic energy is coupled from the driven element 

dipole through space into the parasitic diploes and then 

reradiated to form a directional beam. In a Microstrip Yagi 

array, the electromagnetic energy is coupled from the driven 

patch to the parasitic patches not only through space, but also 

by surface waves in the substrate. Unlike a dipole antenna, the 

Microstrip patch radiates primarily in its broadside direction. 

As a consequence, the adjacent patches need to be placed 

close to each other (0.15λ0 to 0.2λ0 ) in order to function 

similar to Yagi dipoles [3]. 

 

The parasitic elements of the Microstrip Yagi antenna operate 

by re-radiating their energy in a slightly different phase to that 

of the driven element which reinforce the driven element 

signal in some directions and cancel out in others. The 

amplitude and phase of the induced current depend on the 

separation between the parasitic elements and the driver 

element. Also, the length of the parasitic elements affects the 

induced current. In order to obtain the required phase shift the 

parasitic element can be made either inductive or capacitive. 

If the parasitic element is made inductive, the induced 

currents are in such a phase that they reflect the power away 

from the parasitic element. This causes the Microstrip patch 

antenna to radiate more power away from it. These types of 

elements are known as reflectors. In order to make these 

elements inductive their resonant length should be longer 

compared to the patch length. If the parasitic element is made 

capacitive, the induced currents are in such a phase that they 

direct the power radiated by the whole antenna in the direction 

of the parasitic element. These types of elements are known as 

directors [2, 3]. In the following sections, the results from the 

two most significant designs will be discussed and analyzed. 

It needs to be noted that more designs were studied, but their 

results were not good enough to be included in this paper 

 

RESULTS AND DISCUSSION 

Design 1: Rectangular Director and Four Rectangular 

Reflectors 

The configuration of the proposed Microstrip patch antenna is 

composed by four directors and one reflector as shown in 

Figure 5. The same substrate used for the Microstrip patch is 

used to support the directors and reflector on the top of the 

patch. The thickness of the substrate for the directors and the 

reflector is chosen to be 0.794mm to reduce the overall weight 

of the design. In order to achieve a horizontal radiation with 

the highest possible gain, the entire size of the designed 

structure is optimized. The optimized parameters for the 

design are shown in Table 1. 

 

 
 

Figure 5. Microstrip Patch antenna design using rectangular 

directors and reflectors. 
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Table 1. Antenna elements dimensions, locations, and 

substrate thickness. 

 

 Length 

(mm) 

Width 

(mm) 

Location 

(mm) 

Substrate “h” 

(mm) 

Directors 26.25 17.80 29.75 0.794 

Reflectors 29.25 29.25 19.75 0.794 

     

Microstrip dimensions = 61.875 mm x 67.65 mm x 30.54 mm 

Total Microstrip height = 30.544 mm 

 

 

Figure 6 show the simulated radiation pattern (2D cut view 

and 3D far zone) when design 1 is considered. It can be seen 

that the E-plane radiation pattern is mainly radiating in the 

horizontal direction. For this specific case the main lobe is 

located at theta=70 degrees and Phi=175 degrees (20 degrees 

elevation). It can also be seen that the radiation pattern for this 

design possesses a back lobe. However, this is not of big 

importance because it is small compared to the main lobe. The 

radiation pattern in the horizontal directions (Theta = 90 

degrees and Theta = 270 degrees) can be improved by moving 

the directors closer to the Microstrip patch as shown in the 

Figure 7. But at the same time the radiation in the vertical 

direction (Theta = 180 degrees) is increased which causes a 

decrease in the overall antenna gain. 

 

In Figure 8 it can be seen the 2D and 3D far zone overall 

antenna gain for Design 1. After optimizing the position and 

size of the directors and reflector, a maximum gain of 1.33dBi 

was obtained. The reason for the gain to be low compared to 

the rectangular patch antenna is that the Microstrip patch 

antenna covers a wide solid angle which makes it best suited 

for applications that require a wide coverage in short 

distances.  

 

 

 

 

 

a b 

 

Figure 6. Radiation pattern for design 1, (a) far zone 2D (phi=0 degrees) cut view of the E-Field, and (b) 3D far zone total E-

Field distribution. 

 

 

 
 

Figure 7. Radiation pattern variation with director positions. 
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The S11-parameter (return loss) versus frequency and time 

domain steady state parameters at 2.4GHz are shown in 

Figure 9. It is observed that the center resonant frequency has 

been shifted to a lower frequency as a result to the reactance 

variation of the antenna due to the reflector and directors. The 

input impedance of the antenna has also decreased to 41.734 

Ohms, and it has become more reactive. A higher gain of 

2.033dBi is obtained by removing the extension of the 

substrate beyond the dimensions of the reflector and directors 

except for the material necessary to fix them to the patch. The 

proposed design is shown in Figure 10. An input impedance 

of 42.3 Ohms, which is closer to the 50 Ohms standard 

antenna input impedance is achieved, whereas the resonance 

frequency remained the same. 

 

 

 

a b 

 

Figure 8. Antenna gain for design 1, (a) 2D (phi=0 degrees) cut view of the total antenna gain, and (b) 3D cut view of the total 

antenna gain. 

 

 

 
 

Figure 9. Return Loss (S11) and steady state parameters for design 1. 

 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 2 (2017) pp. 161-171 

© Research India Publications.  http://www.ripublication.com 

167 

 

 

a b 

Figure 10. (a) Microstrip Patch antenna configuration using rectangular reflectors and directors, and removing all unnecessary 

material, (b) 3D cut view of the total antenna gain. 

 

Design 2: Loop Director and Rectangular Reflector 

The configuration of the second proposed Microstrip patch is 

composed of one loop director and one rectangular reflector as 

shown in Figure 11. It was observed from design 1 that the 

radiation pattern of the Microstrip patch antenna is more 

uniform and horizontally directed when the four directors are 

placed close to each other. Based on this observation it was 

decided to replace the four directors with a loop to improve 

the radiation characteristics of the proposed antenna. The 

same substrate type and thickness was used for the loop 

director as the rectangular directors in design 1. In order to 

achieve a horizontal radiation with the highest possible gain, 

the entire size of the designed structure is optimized. The 

optimized parameters for the design are shown in Table 2. 

 

Table 2. Antenna elements dimensions, locations, and 

substrate thickness 

 

 Outer 

Radius 

(mm) 

Inner 

Radius 

(mm) 

Location 

(mm) 

Substrate “h” 

(mm) 

Directors 29.615 17.50 35 0.794 

     

 Length 

(mm) 

Width (mm) Location 

(mm) 

 

Reflectors 36.25 36.25 23 0.794 

     

Microstrip dimensions = 61.875 mm x 67.65 mm x 35.794 mm 

Total Microstrip height = 35.794 mm 

 

Figure 12 present the 2D cut view and 3D far zone simulation 

result of the E-plane radiation pattern of the Microstrip patch 

antenna configuration with a loop director. It can be seen that 

a fully horizontal (0 degrees elevation) and symmetric 

radiation pattern is obtained. Also the vertical direction 

radiation was suppressed and made very low which helps to 

improve the overall performance of the antenna. 

The simulation results of the 2D cut view and 3D far zone 

gain for the Microstrip patch antenna configuration with the 

loop director are presented in Figure 13. A maximum gain of 

1.972dBi is obtained where the main lobe is directed to 

theta=90 degrees and Phi=170 degrees (0 degrees elevation). 

The gain is low because the Microstrip patch antenna covers a 

wide solid angle which makes it best suit for applications that 

require a wide coverage in a short distance. Figure 14 presents 

the S-parameter (S11) and the time domain steady state 

parameters of proposed Microstrip patch antenna 

configuration at 2.4GHz. It is observed that the resonant 

center frequency is close to the required resonant center 

frequency of 2.4GHz. An input impedance of 45.11 ohms is 

achieved which is within the range of 50 ohms for a standard 

antenna input impedance. A better return loss and antenna 

input impedance is achieved compared to design 1. However, 

the observed antenna gain is not high. In order to improve the 

performance of the Microstrip patch antenna configuration 

with a loop director, especially the gain, the reflector is 

modified to enhance the directivity of the Microstrip patch 

antenna and reduce the solid angle of radiation as shown in 

Figure 15. The optimized dimensions for the director and the 

reflectors and their respective positions are presented in  

Table 3. 

 
 

Figure 11. Microstrip Patch antenna design using a circular 

director and a rectangular reflector. 
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Figure 16 present the simulation result of the modified design, 

it can be seen that the gain of the Microstrip patch antennas 

has been increased to 3.847dBi in a horizontal direction (theta 

= 90 degrees and Phi = 165 degrees). Beside the gain 

enhancement due to the added side reflectors the entire 

antenna structure height is reduced by 5 mm as shown in 

Table 3. The resonant center frequency is also slightly shifted 

toward the design center frequency and an input impedance of 

56.77 ohms is obtained as shown in Figure 17. 

 

 

Table 3. Antenna elements dimensions, locations, and substrate thickness 

 

 Outer Radius (mm) Inner Radius (mm) Location (mm) Substrate “h” (mm) 

Directors 29.615 17.50 30 0.794 

     

 Length (mm) Width (mm) Location (mm)  

Center Reflector 36.25 36.25 12.81 0.794 

Side Reflectors 44.35 13.00 12.81 0.794 

     

Microstrip dimensions = 61.875 mm x 67.65 mm x 35.794 mm 

Total Microstrip height = 35.794 mm 

 

 

 

a b 

Figure 12. Radiation pattern for design 2, (a) far zone 2D (phi=0 degrees) cut view of the E-Field, and (b) 3D far zone total E-

Field distribution. 

 

 

 

 

a b 

 

Figure 13. Antenna gain for design 2, (a) 2D (phi=0 degrees) cut view of the total antenna gain, and (b) 3D cut view of the total 

antenna gain. 
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Figure 14. Return Loss (S11) and steady state parameters for design 2. 

 

 

 
 

Figure 15. Microstrip Patch antenna design using a circular director and three rectangular reflectors. 
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a b 

 

Figure 16. Antenna gain for design 2, (a) 2D (phi=0 degrees) cut view of the total antenna gain, and (b) 3D cut view of the total 

antenna gain. 

 

 

 
 

Figure 17. Return Loss (S11) and steady state parameters for design 2. 

 

 

CONCLUSION 

This paper introduced and investigated a novel concept in the 

design of Microstrip patch antennas with a radiation pattern in 

the horizontal direction. Two different antenna configurations 

with directors and reflectors to guide the radiated power in the 

horizontal direction were designed and simulated. The 

characteristics of the two proposed designs with respect to 

various parameters such as reflector dimensions, director 

dimensions, and spacing between these elements and the 

Microstrip patch have been studied. The simulated results of 

the radiation pattern showed that the radiated power was 

horizontally directed on both designs which was insignificant 

for the standard Microstrip patch antenna. The design with 

four rectangular directors and one rectangular reflector 

yielded a radiation pattern with an elevation of 20 degrees 

with a maximum gain of 2.033dBi. It proposed dimensions of 

61.785mm x 67.65 mm and total height of 35.794mm. 

Whereas the results from the design with one loop director 

and three rectangular reflectors yielded a radiation pattern 

with an elevation of 0 degrees with a maximum gain of 3.847 

dBi. The compactness of the overall antenna structure was 

further improved to 61.875mm x 67.65mm and a total height 

of 30.794mm.The input impedance and resonance center 

frequencies for both designs were close to the calculated 

values according to the simulation results. This work suggests 

that the proposed antennas configurations provide a light-

weight, compact, low cost and better signal strength in 

horizontal direction compared to the regular Microstrip patch 

antenna. These antennas present an excellent candidate for 

emerging wireless communications at 2.4 GHz frequency that 

require a transfer of large amount of data in rapid bursts, 

which include Bluetooth and WiFi (802.11). 
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