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Abstract - Over the past several years, the need for Omni-directional (in the azimuth plane) antennas with widebeams (in the 
elevation plane) for wireless applications increased tremendously due to Wireless LAN, MAN and wireless networks and 
access points, covering many frequency bands from 0.8 GHz-6GHz in a variety of configurations. These antennas are 
expected to provide of high gain. MIMO antennas provide excellent resilience to fading and other propagation disturbances. 
In this work, 2x2 MIMO Omni-directional Microstrip antennas for 5 Ghz band have beendesigned to provide high gain and 
very high bandwidth. In this work, 6, 10 and 17 sectionsOmnidirectional Microstrip Antenna design based on double 
substrate board and separator materials in various combinations have been designed and the results are analyzed. Higher 
number of array sections are used to achieve the high gain. Collinear arrays (CoA), have series fed, in-phase feeding to the 
radiating elements that are in a straight line. These havemuch lower coupling effect between the elements and has a typically 
omnidirectional radiation without much of degradation due to the feeding network. The final OMA design for the 5GHz 
range frequency achieves 19.92 dBi gain and 1.61 GHz bandwidth (4.08-5.69 Ghz). The design has been simulated using 
Ansoft HFSS software, and the results are analyzed. 
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I. INTRODUCTION 
 
Modern wireless communications systems typically 
require high-gainomnidirectional (in the azimuth 
plane) antennas to cover a large servicearea. In 
traditional applications,vertical dipole antennas with 
a half-wavelength resonant structure is the most 
popular choice [1].Multiple Input Multiple Output 
(MIMO) antenna achieve highest data rate and better 
coverage area without increasing transmitting power 
or frequency bandwidth [2]. Omnidirectionalantennas 
have great attention due to their ability of reducing 
communication blind zone and provide 360-degree 
coverage. In addition to achieve the Omni directional 
radiation pattern, two boards of Omni Directional 
Microstrip (OMA) antenna structure have been 
placedin parallel. Theproposed antenna is designed 
forit’slow cost and simple structure using local 
materials. 
 
II. THE DESIGN OF OMNI DIRECTIONAL 
MICROSTRIP ANTENNA(OMA) 
 
Basically the Omni design is realised using a pair of 
complementary, series-fed Collinear array. This 
special structure  has been designed to provide 
excellent results.  
 
The geometry of an OMA is presented in Figure. 1. 
The antenna consists of top and bottom traces. The 
bottom trace starts with a wide trace (W2) of length 
L, then alternates between a narrow and wide sections 
until a wide section terminates the antenna on the 
bottom side.The top trace begins with a narrow trace 
which is shorted to the centerof the first wide trace on 

the bottom. The traces on the top layer alternatefrom 
wide to narrow complementing the narrow to wide 
traces on thebottom layer. The last upper trace is 
narrow and shorted to the centerof the last wide 
bottom trace.The length L of each section is 
approximately 0.275λ. The width(W1) of the narrow 
line sections is chosen such that it forms a 50 
microstrip line with its opposite side viewed as a 
ground plane. Thewide sections (W2) are 
approximately five times as wide as a narrowtrace. 

 
Figure 1: Geometry of Omni Directional Microstrip Antenna 

(OMA). 
 
An electrical short is placed oneither end of the 
antenna in the center of a section. The shorts are one-
quarter wavelengthfrom a point dividing the section. 
When a wave travels from the driving point to the 
short it has aphase shift of 90 degrees. The short then 
shifts the phase of the current by an additional 
180degrees. The reflected wave has another 90-
degree phase shift when it arrives at the drivingpoint 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-6, Jun.-2018, http://iraj.in 

High Gain, Omni, Wide-Band, Series-Fed Microstrip Antenna Mimo Array for 5 Ghz Range 
 

55 

(for a total of 360 degrees) and matches the phase at 
the driving point of the outgoingwave. 
Impedance Matching 
According to previous experiences of the previous 
series-fed arrays [7],the input impedance of the arrays 
is mainly determined by theelement number N and 
the element width w1. We designate the input 
impedance for the two elements(N = 2) as Rଶ at 
resonance. The below equation-1, gives the input 
impedance of the arrayRas 

R=ଶ


Rଶ Eqn (1) 
where N is the total number of elements. As N 
increases, theinput impedance of the array decreases 
rapidly away from the sourceimpedance of 50 ohms. 
 
III. PROPOSED ANTENNA DESIGN 
 
Design procedure 
In the design of an OMA in [4], each section length 
was taken as the halfdielectric wavelength, which is 
shorter, because the wavelengthin microstrip 
substrate with limited thickness is longer than that 
with unlimitedthickness.In this designscheme, a 
rectangular patch is added to load each narrow strip 
and it is designedto work as the impedance 
transformer and provide extra reactance to match 
thetransmission line. By doing so, a pretty broad 
bandwidth of the antenna can be achieved.Each 
section is one-half wavelength long at the frequency 
of operation. Each ground planesection was initially 
set to be about 5 times the conductor width of the 
microstrip transmissionline and later optimized for 
driving point impedance. At first, the design was 
started with six sections and then upgraded to ten 
sections. Finally, seventeen sections were designed to 
improve the gain to desired level.The design was 
initially designed with single board,and it was 
upgraded to double board design to achieve the Omni 
Directional Radiation Pattern.The two boards were 
separated by a polyurethane substrate material to 
achieve the omni pattern for 2x2 MIMO inputs. The 
design was excited with the Multiple Input Multiple 
Output (MIMO) input, Vertical and Horizontal 
polarization. 

 
Six Section Design of OMA  
Six section OMA is shown in the Figure-2.The Six 
section OMA was designed to operate from 5 GHz 
band, by using Teflon board material for both top and 
bottom boards and Polyurethane FR-3710 as a board 
separator material. The separation between two 
boards is 20mmand this is same as height of the 
polyurethane substrate material.  The relative 
dielectric constant of the Teflon is 2.1and its board 
thickness is 1mm. The relative dielectric constant of 
the polyurethane FR-3710 is 1.08.In a single section, 
three types of impedance matching transformers have 
been used. Patch near the feed, starts with length of 
22mm, width of 6mm.The first quarter wave 

transformer has a length of 1mm andwidth of 0.5mm. 
Second quarter wave transformer has a length of 
3.5mm and width of 2.25mm.The third quarter wave 
transformer has a length of 13mm, width of 2mm.The 
set of patchesalong with these three-quarter wave 
transformers, is collectively called a single section. 
This first section, has a totallength of 22mm. The 
remaining five section’s patches have 17 mm 
length.The sections on the top layer Teflon board 
alternatefrom wide to narrow complementing the 
narrow to wide sections on thebottom layer Teflon 
board. The six-section design has achieved a gain of 
7.61dBi with Omni Directional Radiation pattern. It 
achieves a frequency range of 4.82 to 6 GHz and a 
high bandwidth of 1.18 GHz. 

 
 

Figure 2: Six Section Omni Directional Microstrip Antenna. 
 
Ten Section Design of OMA 
In the sixsections design, the achieved gain was not 
enough to satisfy the desired application.So,we 
increased the number of sections to Ten, on both top 
and bottom boards to improve the gain as shown in 
Figure-3. We used the same set of materials as used 
earlier, i.e.1 mm-Teflon for boards and 20 mm-
Polyurethane FR-3710 as separator material. The 
dimensions and design of a single section are also the 
same as used earlier, except in this ten sections were 
cascaded in series.The ten sections design has 
achieved a gain of 7.2dBi with Omni Directional 
Radiation pattern.It achieves a frequency range from 
4.9 to 6.8 GHz and a very high bandwidth of 1.9 
GHz. 

 

 
Figure 3: Ten Section Omni Directional Microstrip Antenna. 

 
Seventeen Section Design of OMA 
In order to further improve the gain, we increased the 
number of sections to seventeenand thedesign is 
shown in the Figure-4. The Seventeen-section OMA 
is designed on RT-Duroid1 mm thick board for top 
and bottom boards and 20 mm thick Polyurethane 
FR-3710 as a board separator material.The relative 
dielectric constant of the RT-Duroid is 2.2 and that of 
the Polyurethane FR-3710 is 1.08.  In a single 
section, three types of impedance matching 
transformer have been used. The single-section 
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design including the patch and impedance matching 
elements are same as for the earlier two designs. The 
first section has a total length of 22mm and the 
remaining sixteensections have 17mm length. The 
sections on the top layer alternatefrom wide to narrow 
complementing the narrow to wide sections on 
thebottom layer. The seventeen-sections design has 
achieved a total gain of 19.92 dBi with Omni 
Directional Radiation pattern.It achieves a frequency 
range from 4.08 to 5.69 GHz and a very high 
bandwidth of 1.61 GHz. 
 

 
Figure 4: Seventeen Section Omni Directional Microstrip 

Antenna (OMA). 
 
SIMULATION RESULTS 
 
Figures 5, 6 and 7 show the result for six sections 
OMA.
 

 
Figure 5: Return loss of six sections Omni Directional 

Microstrip Antenna (OMA). 
 
Here the reference point for the return loss is -12 dB. 
Return loss is defined as the ratio between the power 
reflect back from feed to the input power, expressed 
in decibels. This is a measure of impedance match 
between source and the feed. The lower value of 
return loss indicates the less amount of power gets 
reflected and maximum amount of power delivered to 
the antenna. 
 

 
Figure 6:Radiation Pattern and Gain of six sections Omni 

Directional Microstrip Antenna (OMA). 

The above radiation pattern shows the isotropic Gain 
and radiation pattern achieved for the six-section 
design. 
 

 
Figure 7: 3D Gain model of six sections Omni Directional 

Microstrip Antenna (OMA). 
 
In Fig-7, the radiation pattern and gain are shown in 
3D model. Phi represents the azimuthangle in 
horizontal plane, and Theta represents the elevation 
angle in the vertical plane. 
 
Figures 8, 9 and 10 show the result for Ten-Section 
OMA.
 

 
Figure 8: Return loss of Ten sections Omni Directional 

Microstrip Antenna (OMA).    
 

 
Figure 9:Radiation pattern and Gain of Ten sections Omni 

Directional Microstrip Antenna (OMA).   
 

 
Figure 10: 3D Rad Pattern and Gain of Ten sections Omni 

Directional Microstrip Antenna (OMA). 
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Figures 11,12 and 13 show the result for Seventeen 
sections OMA.
 

 
Figure 11: Return loss of Seventeen sections Omni Directional 

Microstrip Antenna (OMA). 
 

 
Figure 12: Gain of seventeen sections Omni Directional 

Microstrip Antenna (OMA).    
 

 
Figure 13: 3D Radiation Pattern and Gain of Seventeen 
sections Omni Directional Microstrip Antenna (OMA). 

 
The seventeen sections OMA antenna with RT-
Duroid and polyurethane enhanced the radiation 
characteristic of the antenna.The results and 
performance of the various designs are tabulated in 
Table-1 given below. 
 

 
Table 1. Summary of the radiation characteristics of OMA 

The properties of various di-electric materials used in 
the designs are tabulated below in Table-2. 
 

 
Table 2. Summary of the different substrate materials used in 

design and analysis of OMA 
 
CONCLUSION 

 
In this paper, we have designed Six, Ten and 
Seventeen section 2x2 MIMO, Omni directional 
Microstrip patch Antenna in six different substrate 
combinations for the 5 Ghz band. The designs and 
results were summarizedin Table-1. Here the Sixth 
design using 17 sections, RT-Duroid and 
polyurethane FR-3710 gave the highest gain of 19.9 
dBi, very high bandwidth of 1.61Ghz, and less than 
ideal omni-directional pattern.  While Ten-section 
design (design-2) gave a medium gain of 7.2 dBi, 
excellent bandwidth of 1.9 Ghz and highly uniform 
omni-directional pattern. The seventeen-sections 
design has been simulated with four different 
substrate material combinations as listed in Table-2 
and results were analyzed. It is observed that the 
choice of dielectric will impact the results as seen 
from the difference in the Table-2.The designed 
antennae can be used for Wi-Fi and Mobile 
communications. 
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