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Abstract- Communication system has changed very much in the past few years and would require a device with low cost, 
lower weight and a low profile that could operate at wide range of frequencies with high performance. The 
electromagnetically (EM) coupled array antenna is one of the possible solutions which is substitute for wide/multiband 
antenna. In EM coupled antenna patch and feed are separated by a substrate and transmission happens through coupling. The 
substrate used is RT/rogers-5880 with a dielectric constant of 2.2, tangent loss of 0.0009mm and height of 0.0635mm.The 
antenna is simulated using commercial tool Ansys HFSS. Parameters such as return loss, VSWR, gain, and radiation pattern 
are taken into account to design and simulate this array. The simulated antenna shows the return loss of -27.33dB for 
55.6GHz and -37.02dB for 60.6GHz. 

 

Index terms- EM Coupled, Microstrip Patch Antenna, 5G, Dual Band, Linear Array, and Point To Multipoint. 

 

I. INTRODUCTION 

 

In this modern era, as the technology is developing, 

devices used for transmission and reception are 

decreasing in size and increasing the complexity. The 

Microstrip Patch Antennas (MSPA) are the most 

efficient antennas as they have a low profile, lesser 

weight, and assume to have high gain. Different 

aspects of design of MSPA and variations with 
respect to its characteristics are discussed [1].As the 

frequency spectrum is congested it will be better to 

design an antenna which would operate at multiple 

frequencies. Electromagnetically [EM] coupled patch 

antenna could provide a better option.The MSPA 

designed for 60 GHz [2] are most suitable for the 5G 

applications. For various other applications the gain 

of the MSPA can be increased with help of antenna 

array structure. Since the lower band frequencies are 

congested, antennas at 60 GHz (millimeter-wave 

region) are in demand. Such antennas also support 
gigabits/s data rates [3]. Another interesting fact [4] 

about millimeter wave range is its proximity to 

oxygen absorption peak, which contributes to 

attenuation of 15dB/km. Another fact is that a 15cm 

thick concrete wall can induce 36 dB of attenuation. 

This characteristic provides an isolation from nearby 

transmitter which could be used for frequency reuse 

and makes this spectrum very good in short range 

broadband communication. EM coupled antennas are 

multilayer antennas [5]. Simple EM coupled patch 

antenna would be consisting of 2 layers, substrate1, 
and substrate 2. These type of antenna are suitable for 

wideband/multiband operation. It is true that with the 

of help array model one can enhance the gain and 

directivity of any antenna [6]. Multiband and wide 

band can be achieved by array of EM coupled patch 

antenna. The fan beam pattern is used in point to 

multipoint cellular communication system. The   

wireless point to multipoint communication system 

fan beam antennas are used for sectorial coverage 

from central station [7-8]. The MSPA model has been 

designed and optimized using HFSS tool. Simulations 

are done and results are provided. 

 

II. MICROSTRIP PATCH ANTENNA DESIGN 

 

The approach here is to start with single EM coupled 

patch antenna. The patch thickness is smaller than the 
λ0.Substrate used here is RT/duroid-5880 (εr= 2.2 and 

tanδ=0.0009) with substrate thickness of 0.003λ0≤ h≤ 

0.05λ0. The performance of microstrip antenna 

depends on its dimensions, operating frequency, 

radiation efficiency, return loss, VSWR. For efficient 

radiation, width of patch W is: 

W= 
𝑐

(2𝑓𝑜 (ϵr +1)
1

2
)

.      (1) 

 

The length of patch becomes 

 

Leff=L-2× ∆L      (2)  

 

Where 

L=
𝑉𝑜

2𝑓𝑟 𝜖𝑟𝑒𝑓𝑓 .
       (3) 

 

and 
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and 
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for
𝑤

ℎ
≥ 1, the impedance is given by 

 

Zo=
120𝜋

 ϵeff (
𝑤

ℎ
+1.393+

2

3
ln (

𝑤

ℎ
+1.444))

        (7) 

 

III. MICROSTRIP PATCH ANTENNA   ARRAY 

 

After the construction of single patch antenna, using 

the same dimensions and spacing the construction of 

array is considered for further development, starting 

with 1×2 and ending at 1×8. The feeding network 

used is corporate feed network (power divider). The 

gap provided between patches would be 0.5*λ-0.75*λ 

depending upon the operating frequency used. 

Figure.1. shows a single EM coupled patch antenna, 

as we can see a separation between patch and feed 
line. 

 
Figure 1:  single EM coupled patch antenna 

 

Figure.2shows 1x8 EM coupled linear array, in this 

transmission line forms a corporate feed network, 

patches are separated substrate.  

 
Figure 2: 1x8 with ground plane and lower layer substrate 

 
The overview of 1x8 array antenna is shown in   

Figure.3, from the top view only patches are visible 

whereastransmission lines is separated substrate. 

 

 
Figure 3: 1x8 complete antenna (overview). 

 

The transmission lines are drawn below the substrate 

1 and each time length and angle is considered along 

with impedance matching. The two substrates are of 

same size 0.0635mm each, and thickness of the patch 
will be 0.0035mm, and 50ohm feed line is matched to 

the array connecting patch with the help of quarter 

wave. The feed point is given exactly center of the 

array. 

 

IV. SIMULATION RESULTS 

 

After simulation and optimization of array the result 

found were satisfactory. Designed array provides dual 

band operation with minimum return loss and 

increased gain. The simulations are taken out for two 

operating frequencies and both were in the good 
understanding with the return loss and gain. Figure.4 

shows graphical representation of return loss. 

 

 
Figure 4: Return loss S11 at two frequencies 

 

The results for shows return loss that the antenna 

array designed could work on two frequencies 55.6 

and 60.6 GHz with return loss -27 and -37 dB 

Figure.5 and 6 shows gain obtained for MSPA. The 

designed MSPA is in good agreement with two 

frequencies. The MSPA designed is in good 

agreement with two frequencies 55.6 and 60.6 GHz.  

The MSPA designed is simulated two times with the 

above mentioned frequencies. And the gain results 

each is discussed. 
 

 
Figure 5: Gain for 55.6 GHz. 
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Figure 6: Gain for 60.6 GHz. 

 

The gain obtained at 55.6 GHz is 17.24dB and 60.6 

GHz is 16.17dB.Figure.7 shows the graphical 

presentation of VSWR, operating frequency indicates 

that the obtained VSWR for 55.6 GHz is 1.089 and 

60.6 GHz is 1.028. As we know, VSWR less than 2 is 
a practically acceptable. 

 
Figure 7: VSWR graph. 

 

Radiation pattern important in 

determiningbeamwidth, beam shape, directivity of 

antenna. Figure.8 shows the 3D radiation pattern and 

Figure.9 shows polar plot. 

 
Figure 8: 3D radiation pattern 

 

The beam width of the array is 80 deg. And 
directivity is 17.24dB.  

 
Figure 9: Radiation polar plot 

 

CONCLUSION 

 

The antenna designed here is 1x8 linear EM coupled 

antenna array. It is designed and simulated using 

HFSS which resonates at two different frequencies 

55.6 and 60.6GHz. The return loss for 55.6 and 

60.6GHz are -27dB and -37dB respectively. The gain 

of antenna at two frequencies 55.6 GHz is 17.24dB 

and 60.6GHz is 16.17dB. The VSWR measured are 

1.08 and 1.02 for 55.6GHz and 60.6 GHz 

respectively. The unique characteristic of this antenna 

is simplicity to get higher performance. Its main 
application is in broadband 5G communication. The 

pattern produced is fan beam and it is suitable for 

point to multipoint communication. The mutual 

coupling has been reduced to accomplish ideal pick 

up.  

 

REFERENCES 
 

[1] R. B. Waterhouse “Microstrip Patch Antennas: A  

          Designer’s Guide” Springer Science Business Media, 

LLC. 

[2] JyotiSaini,S.K. Agarwal “Design a Single Band 

Microstrip Patch Antenna at60 GHz Millimeter Wave 

for 5G Application”978-1-5090-4708-6/17/$31.00 

©2017 IEEE. 

[3] Duixian Liu, Johannes Akkermans* and Brian Floyd “A 

Superstrate Patch Antenna for 60-GHz Applications”T. 

J. Watson Research Center, IBM, Yorktown Heights, 

NY 10598, USA. 

[4] Bruce Bosco, Rudy Emrick, Steve Franson,John 

Holmes, Steve Rockwell “Emerging Commercial 

Applications Using the 60 GHzUnlicensed Band 

Opportunities and Challenges”1-4244-0849-

0/06/$20.00 C 2006 IEEE. 

[5] Rajesh Kumar Vishwakarma1 and K.K Verma2 

“Electromagnetically coupled square microstrip antenna 

for dual-band operation”978-0-7695-4958-3/13 $26.00 

© 2013 IEEE DOI 10.1109/CSNT.2013.18. 

[6] Bilge Belentepe “Modeling and Design of 

Electromagnetically Coupled Microstrip-Patch 

Antennas and Antenna Arrays”IEEE Antennas and 

Propagation Magazine, Vol. 37, No. 1, February 1995 

http://iraj.in/


International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-2, Feb.-2019, http://iraj.in 

1×8 Em Coupled Dual Band Linear Array Antenna with Point to Multipoint Communication for Millimeter Wave Application 

 

19 

[7] Donald L. Runyon “Optimum Directivity Coverage of 

Fan-Beam Antennas” IEEE Antenna's and Propagation 

Magazine, Vol. 44, No. 2, April 2002. 

[8] Kwon Kim, Stephane Pinel, Joy Laskar, and Jong-

GwanYook, “circularly and linearly polarized fan Beam 

patch antenna arrays on liquid crystal polymer substrate 

for V-band applications 2005 IEEE. 
 

 

 

 

 

 

 

http://iraj.in/

