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Abstract— In this paper, a beam steering capability with a 
newly modified single two port and series fed 2x2 port patch 
antenna arrays are designed with an operating frequency of 28-
GHz for millimeter wave applications. Using high-impedance 
microstrip lines, the patches are connected to each other in a 
symmetric 2D format. By optimizing the length of the substrate 
the gain can be increased. The frequency range of this design 
varies from 26.5GHz to 29.5GHz and it has a center frequency of 
28GHz. Here, a gain of 10.2dB is obtained. An efficient method to 
increase the gain and efficiency using SIW (Substrate Integrated 
Waveguide) has been used. SIW for a single feed is designed and 
a gain of  14.86dB is obtained. By comparing the results of single 
feed with and without using SIW, the former design provides best 
gain and efficiency. The use of additional integrated circuits to 
improve the gain and performance are allowed. The simulated 
results and discussions are presented. 
 

Keywords—5G, 28 GHz, SIW, microstrip array antenna, 
millimeter-wave application. 

I.  INTRODUCTION 
Due to the higher bandwidth for wireless 

communications, lots of researchers and industries are 
becoming more and more interested in millimeter (mm)-wave 
spectrum[1].In spacecraft, satellite, and missile applications of 
high performance, where size, weight, cost, performance, ease 
of installation, and aerodynamic profile are constraints, the 
requirement is based on low-profile antennas. For example, the 
mm-wave communication has become one of the most 
attractive techniques in next generation of the International 
Mobile Telecommunications (IMT) (5G) [2]–[4]. A newly 
modified single two port antenna and series fed 2x2 port 
antenna are designed with beam steering capability [5]-[8] 
Presently there are many other government and non 
government applications, such as mobile radio and wireless 
communications, that have similar specifications. To meet 
these requirements, in advanced radars and emerging 
biomedical and satellite communications, microstrip antennas 
can be used [6]-[8]. These series fed structure of the antenna 
enhances the efficiency of the antenna [9]. These antennas are 
conformable to planar and nonplanar surfaces, simple and 
inexpensive. An improved impedance and radiation 
characteristics have been produced from the 2x2 series fed 

patch antenna [10], [11]. Finally, in [12] to decrease the cost 
with reduced number of phase shifters, this series fed antenna 
was proposed. 
 From the above deliberations, the main objective is to 
provide 2-D series fed antenna with reduced number of feed 
ports and phase shifters. In this paper the patches are 
connected to impedance transformer. The design of the 2x2 
antenna provides increased gain and efficiency while 
comparing to single feed patch antenna. Next a new method of 
using SIW has been proposed [15]. The slot used to feed and 
increases the gain and efficiency. The use of SIW also leads to 
reduce the number of feeds that results in high gain. 

II. SUBSTRATE INTEGRATED WAVEGUIDE 
Many types of antennas are investigated for mm-

wave applications. For an mm-wave band, the cost and 
efficiency of the antenna are significant. But the microstrip 
feeding line for an mm-wave band is not appropriate because 
of undesired radiations with increasing frequency. So 
Substrate Integrated Waveguide has been introduced to solve 
these problems. The SIW has many merits such as 
characteristics of rectangular waveguide, low loss, simple 
fabrication process, easy integration with other circuits, and 
low manufacturing cost, where the conventional printed circuit 
board (PCB) can be used. The SIW has been considered as an 
attractive choice for mm-wave applications. 

III. DESIGN OF SERIES FEED PATCH ANTENNA 

A. Single port feed antenna 
A substrate named Duroid substrate with relative 

permittivity = 2.2 and thickness of about 0.25mm is used. 
The dimensions of the substrate and ground are 11.47mm. The 
length and width of the patch is of 3.47mm. Two symmetric 
feeds with single patch is shown in Fig. 1 with the feed 
dimensions of 0.05mm and 1mm respectively. And in second 
method optimization is used to get good performance. 
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Fig.1 Single patch with two series feed patch design. 

By optimizing the length and width of the substrate 
preferred S11 has been obtained. The design parameter of 
single patch with two series feed is shown in Table 1. 
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          Fig. 2 S11 single patch with two series feed. 
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         Fig. 3 Radiation efficiency of single patch. 

 The efficiencies are observed from many simulations 
from the antenna having reduced length and width to a 
particular extent. The radiation efficiency of the antenna 
gained is 98.6%. 

 

  
Fig. 4 3D Radiation pattern of single patch with two 

series feed. 
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       Fig. 5 Gain of single patch with two series feed. 
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Gains are observed from many simulations from the 
antenna having reduced length and width to a particular 
extent. The gain of the antenna obtained is 8.4dB. 

B. 2x2 series fed patch antenna 

 
    Fig. 6 2x2 series feed patch antenna design. 
 

The dimensions of the substrate and ground are 19.47mm 
with 0.035mm thickness. The length and width of each patch 
is of 3.47mm.Symmetric feeds with 2x2 patch is shown in Fig. 
6 with the feed dimensions of 4.5mm. 

 
       Table 2 

By optimizing the length and width of the substrate 
preferred S11 has been obtained. The design parameter of 2x2 
two series feed patch antenna is shown in Table 2. 
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       Fig. 7 S11 of 2x2 series feed patch antenna. 

By reducing the length and width of the substrate preferred 
S11 has been obtained. The frequency ranges from 26.5GHz to 
29.5GHz and it is centered at 28GHz. 
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Fig. 8 Radiation efficiency of 2x2 series feed patch 
antenna. 

Radiation efficiencies are observed from many simulations 
from the antenna having reduced length and width to a 
particular extent. The radiation efficiency of the antenna 
gained is 95.4%. 

 
Fig. 9 3D Radiation pattern of 2x2 series feed patch 

antenna. 
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  Fig.10 Gain of 2x2 series feed patch antenna. 

While comparing all the gains of 2x2 patch antenna it is 
concluded that by reducing the length and width of the 
substrate the gain can be increased. The gain of the antenna 
obtained is 10.21dB. 

IV. DESIGN OF SIW FEED PATCH ANTENNA 
One of the important factors to improve antenna array 

performance is to reduce side-lobe levels. Various types of 
pattern synthesis such as binomial distribution, Dolph–
Chebyshev distribution, and Taylor distribution have been 
widely used to reduce the side-lobe level of an array beam-
pattern. Here a chain of cylinders have been introduced in the 
design to increase the gain and to reduce the side-lobe levels. 
The radius of the SIW is 0.2mm and the space between each 
cylinder is 0.4mm. The design of the SIW feed antenna is 
given below: 

   
   Fig. 11 SIW single patch antenna design. 

 The dimensions of the substrate and ground are 
11.47mm with 0.035mm thickness. The length and width of  
patch is of 2.8mm and of slot is 4.5mm. 
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 Fig. 12 S11 of SIW series feed patch antenna. 

By reducing the length and width of the substrate preferred 
S11 has been obtained. 

 
Fig. 12 Radiation pattern of SIW series feed patch 

antenna. 
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Fig. 13 Radiation efficiency of SIW series feed patch 

antenna.  

Radiation efficiencies are observed from many simulations 
from the antenna having reduced length and width to a 
particular extent. The radiation efficiency of the antenna 
gained is 97.4%. 
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  Fig.10 Gain of SIW series feed patch antenna.       

While comparing all the gains of SIW series feed patch 
antenna it is concluded that by reducing the length and width 
of the substrate the gain can be increased. The gain of the 
antenna obtained is dB.  

V. COMPARISON OF SERIES FEED AND  SIW FEED PATCH 
ANTENNA 
 By comparing the results of series feed and SIW feed 
patch antennas, it is clearly shown that the gain and the 
radiation efficiency of SIW feed provide improved results 
with perfect impedance match. 
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VI. CONCLUSION 
It is concluded that from the proposed work, desired 

gain improvement had been obtained by using single two port 
and 2x2 port antennas. The S11 parameter was assigned from 
26.5GHz to 29.5GHz and it is centered at 28GHz. Finally, 
antenna gain of 8.4dB for a single two port microstrip antenna 
and also a gain of 10.21dB for a 2x2 series-fed patch antenna 
array have been developed. The efficiency has been improved 
further by SIW feed patch antenna and a gain of 14.86dB has 
been obtained from the design. From the result, it has been 
identified that SIW technique provides high gain than 2x2 port 
series fed patch antenna by using various feeding techniques in 
5G communication. 
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