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Design And Analysis Of High Gain 2x1, 4x1, 8x1 
And 8x8 Circular Patch Antenna Arrays For 2.4ghz 

Applications  
 

Vijayalakshmi. J, Dinesh. V, Rubasri. s 
 
Abstract: A microstrip circular patch antenna are the most powerful antennas for the present trend of application of WLAN on 2.4 GHZ. In multiple patch 
antenna arrays are design and paralleling process using edge feeding technique. Array of 2x1,4x1,8x1 and 8x8 are also designed using edge feeding 
techniques. The antenna arrays are design and simulate on the FR4-epoxy constant dielectric material with value of 4.4 and rogers materials. By using 
the HFSS software tool antenna arrays are simulated. Through the parameters of gain, return loss, radiation pattern and VSWR are evaluated at the 
high frequency. The operation band ranges from 2.4GHZ which covers most of the sub band recurrence. furthermore, an 8x8 MIMO antenna is 
developed. The transmission coefficient is under -20dBm within only 62.5mm space between antenna elements. In this work, our objective of the project 
is to be plan an MIMO radio wire with better gain. we propose a compact printed 8x 8 MIMO cluster estimations of 150mm x 150 mm x 50 mm. The 
displayed radio wire comprises of square fix energized along the two axes to create two transmitted flag which are polarized opposite to each other. The 
receiving wire has a working recurrence extend of 2.4GHz to 2.5GHz and most extremes segregation within the band of intrigued is -58dB the radio wire 
pickup(gain) is 5.2 db. The radiation design too appears the solidness inside the wide operation band. Both mimicked and measured comes about show 
up that this proposed MIMO radio wire is suitable for the longer term remote communication. Moreover, the mimicked comes about appear that the 
proposed antenna structure can be composed into diverse MIMO receiving wire structure is required. The proposed receiving wire has potential 
applications within another generation communication 
Index Terms: Microstrip Patch Antenna, FR-4 Substrate, Edge feed techniques 

——————————      —————————— 

 

1. INTRODUCTION  

5G systems are computerized cellular systems in which the 
benefit region secured by suppliers is partitioned into little 
geological regions called as cells. Analog signals speaking to 
sounds and pictures are digitalized within the phone changed 
over by an analogy to computerized converter and transmitted 
a few streams of bits. The neighborhood radio wires are 
associated with the phone organize and the web by a tall 
transmission capacity optical fiber association. In other cell 
systems a portable gadget crossing from one cell to another 
cell is naturally ―handed off‖ seamlessly to the modern cell. 5G 
innovations were created to oblige the expanding demand for 
portable information that’s move individuals utilizing more 
information on the more devices. 5G innovations are 
anticipated to serve current customer requests and future 
applications. 5G NR speed in sub 6GHz groups can be 
marginally sum of ranges radio wires. Despite of the fact that a 
few 3GPP 5G systems will be lesser than a few progressed 
4G systems such as T-Mobile’s LTE/LAA organize which 
accomplishes 500 bits per moment. From the mid 1990’s the 
mobile communication industry has seen unstable 
development. In the midst of the past decade, the volume of 
convenient data action has extended at a fast pace and 
quantitative consider anticipate that the exponential 
development will proceed within the future 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A radio wire cluster is able to progress the execution of a 
portable communication framework in a number of ways. It 
gives the capacity to diminish co-channel interferer and 
multipath blurring coming about in distant better, a much 
better, a higher, a stronger, an improved a higher quality of 
administrations such as reduced bit blunder rate and blackout 
like hood. Its capability to create different pillars can be 
abused to serve numerous clients in parallel, coming about in 
an expanded ghostly productivity. Its capacity to adjust pillar 
shapes to suit activity conditions is valuable in diminishing the 
obstructions. In receiving wire clusters are to be decreased 
delay spread and multipath blurring. Within the pickup 
enhancement of a low-complexity multibeam receiving wire 
framework is examined. The multi-beam receiving wire 
employments 12 or 24 limit pillars, each with settled indicating 
bearings. The primary multibeam receiving wire has 12 pillars. 
Each with toughly 30 bar widths. The radio wire physically 
comprised of the free boards with four pillars per board. The 
moment multibeam receiving wire was a 24-beam cluster with 
around 15 bar widths. These plans incorporate are to begin 
with, an eight -component cluster of winding radio wires with a 
mechanical controlling capability and pick up of 15 dB 
Moment, a 12-element cluster mounted on a truncated 
pyramid with electronic directing. At last, a round array with 
beam-forming strategies. The most objective of the venture is 
to plan cluster receiving wire for following next generation of 
5G communication and to make strides transfer speed and 
pick up for multiband recurrence of operation with the tall pick 
up of the cluster radio wire components. 

 
2 RELATED WORK 
Wang, F., Li, S., Zhou, Q., & Gong, Y. B. (2019) proposed a 
compact wideband planar quad-element different input, 
different yield (MIMO) receiving wire, which can cover a wide 
transmission capacity extending from 2.2 to 30 GHz. Novel 
switched s-shaped dividers give tall confinement between 
radio wire components inside an amazingly closed space, with 
the edge-to-edge remove between components being as it 
were 1mm.The re-enacted and measured comes about with 
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regard to s parameters and radiation designs are in great 
understanding .The exploratory comes about show that the 
quad-element MIMO receiving wire can give wide transmission 
capacity (2.2 to 30 GHz),tall segregation (with the transmission 
coefficient underneath -19dB),and moo profile inside a 
compact structure (32mmx32mmx45mm).This compact 
wideband quad-element MIMO receiving wire with tall 
segregation and moo profile has vital application in versatile 
gadgets or other small -scaled gear in future 5G 
communication Li, M. Y., et al (2019) proposed a high 
frequency eight -antenna multi-input multi output (MIMO) 
cluster working within the 2.5GHz band(2.4 -2.6GHz)for future 
smartphones is proposed .Here a novel adjusted open-slot 
receiving wire is planned as an cluster receiving wire 
components, in which this receiving wire plan can abdicate a 
adjusted space mode (with decreased ground impacts)that 
can upgrade the separation between two adjoining input ports. 
Furthermore, by fastidiously orchestrating the positions of the 
eight radio wire components, assuring polarization differing 
qualities can moreover be effectively accomplished, which 
assist mitigates the coupling between radio wire components. 
A model was fabricated to approve  the re-
enactment(simulation).A great impedance coordinating (return 
misfortune >10dB),tall separation(>17.5dB),tall add up to 
efficiency (>62%)and moo envelope relationship coefficient 
(ECC,<0.05)were measured over the required operation 
transfer speed The crest ergodic channel capacity within the 
8x8 MIMO plot(with a 20 dB SNR)can reach up-to 354.8% of 
the upper restrain for 2x2 MIMO antenna. The proposed 
receiving wire cluster has too displayed great vigor with the 
user’s hand, LCD module, battery and outline. Li, G., Zhai, et 
al (2014) proposed a compact dual-band multiple-input 
multiple output(MIMO) antenna receiving wire cluster with 
eight components is proposed for the long-term advancement 
(LTE)/world-wide interoperability for microwave 
access(WiMAX)portable applications. The dual-band MIMO 
cluster comprises of four U-slit carved planar inverses -F radio 
wires (PIFAs)and four L-slit carved PLFAs. The two sorts of 
PIFAs are set orthogonally to diminish common coupling 
between them. With the displayed decoupling strategies within 
the plan counting the detachment of ground plane, the 
parasitic thunderous strips, additionally the modified PIFA the 
amazing component confinement (over 20dB) and other great 
MIMO execution are accomplished. These general 
measurements of the MIMO framework is as it were 140 70 
9.55mm and great return misfortune (over 10 dB) is 
accomplished over the working groups (2.6 -2.8 and 3.4 -3.6 
GHz) for all the PIFA components. The radiation designs and 
envelope relationship coefficient (ECC)of MIMO framework are 
moreover considered, appearing quasi-omnidirectional 
radiation and acknowledge envelope relationship coefficient 
over the dual-band operation for versatile communications.   

 
3   PROPOSED SYSTEM 
A microstrip receiving wire comprises of conducting fix on a 
ground plane isolated by electric substrate. We utilized the 
dielectric consistent substrate FR4(FR stands for fire 
retardant) for greatest radiation. Fix radio wires play an awfully 
vital part in today’s world of remote communication 
frameworks. A microstrip patch antenna is very simple within 
the development employing a customary microstrip 
manufacture strategy. The patch can take any helpful shape 
but circular and rectangular setups are the foremost regularly 

utilized setups. This fix receiving wires are utilized as straight 
forward for wide run of most challenging applications. Double 
characteristics, circular polarization, double recurrence 
operation, recurrence dexterity wide bandwidth, bolster line 
adaptability and pillar scanning can be gotten effortlessly from 
this fix receiving wires. Microstrip radio wires are exceptionally 
adaptable and are utilized, at the side of other things, to 
synthesize a craved design which cannot be gotten with a 
single component. Moreover, they are utilized to filter the 
radiation design bar of a radio wire framework upgrade the 
directivity and execute different other capacities which would 
be complex with single component. The components can be 
nourished by a single line or by different lines in a bolster 
arrange course of action. We utilized a cluster to amplify the 
execution of this radio wire.one of the imperative parameters 
of the plan of a microstrip fix receiving wire is the recurrence of 
operation (fr). The mechanical logical and therapeutic(ISM) 
frameworks employments the recurrence run from 2.4GHz-
2.5GHz. consequently, the planned radio wire must be 
competent to operate in this frequency range. 

 
3.1 Microstrip Antenna Array  
Microstrip fix receiving wires as appeared are the foremost 
valuable receiving wires for the display slant of applications in 
communications. The well-known invaluable mechanical 
characteristics (moo profile, light weight, planar but conformal 
to non- planar structures, simple to manufacture), adaptability 
in terms of electromagnetic parameters (radiation design, 
pickup, impedance, polarization) and moo taken a toll are the 
key highlights of the victory of such radio wires. To meet the 
necessities of air ship, shuttle, lackey and rocket applications 
where estimate, weight, fetched, execution, ease of 
establishment, moo profile and simple integration to circuits, 
tall effectiveness receiving wires are required. Microstrip 
receiving wire clusters are most reasonable for such 
application. In this paper different circular fix receiving wire 
clusters are planned for the application of WLAN (remote 
neighborhood region organizes) at 2.4 GHz. Single fix 
receiving wire is planned utilizing test nourishing procedure. 
Clusters of 2x,4x1,8x1 and 8x8 are too planned utilizing edge 
feeding techniques. The receiving wire clusters are outlined 
and mimicked on FR4 substrate and energized utilizing test 
and edge bolstering methods. The radio wires clusters are 
mimicked utilizing the tall recurrence structure test 
system(HFSS) program from v17.2 and the parameters like 
gain, return loss, radiation pattern and VSWR are evaluated at 
that frequency.   We chose the estimate of the substrate(FR4) 
parameters relative dielectric steady(ԑr) to be 4.4 and the 
substrate thickness(h)to be 1. 66mm.At that point, we 
assessed the sphere of the patch array antenna utilizing the 
equation. 
 

a = F/{1+2h/πԑF[ln(Π F/2h)+1.7726]}
1/2       

(1) 
where, 

F=8.791*10^9/Fr √ԑ 
 

0bservational equations are gotten from the numerical 
arrangements by bend fitting. Accepting the conductors and 
dielectric are lossless and overlooking the impact the 
conductor thickness t, an illustration of the experimental 
equations for ԑe and zo are given by. 
 

ԑe = ԑr+1/2+ԑr-1/2.1/√1+12H/W                   (2) 
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We have chosen the inter-element spacing for the 2x1 and 4x1 
Antenna arrays to be 62.5 mm.   
We also calculated the widths of each of these feedlines which 
are dependent on their impedance values for 2x1 and 4x1 
Antenna arrays using the formula:  

Z0 = {60/√ԑreff ln[8h/wo+wo/wh], wo/h<1 
120π/√ԑreff [wo/h + 1.393+0.667 ln(wo/n+1.444)], wo/h>1}   

(3) 
 

Furthermore, we also evaluated the return loss, gain, VSWR, 
impedance bandwidth,3db beam width for single circular fix 
radio wire. At that point we expanded the work to assess the 
above-mentioned parameters to 2x1,4x1,8x1 and 8x8 cluster 
by utilizing the HFSS tool program adaptation v17.2. In current 
remote communication, the 2x1,4x1,8x1 and 8x8 MIMO 
receiving wires are broadly adjusted. Be that as it may, the 5G 
communication brings much higher necessity that an 8x8 or 
indeed a gigantic MIMO receiving wire is required in 5G gear. 
The expanded sum of the MIMO receiving wire brings huge 
challenge to all the analysis within the radio wire industry. As 
one critical calculate in MIMO innovation the common coupling 
between radio wire components has been profoundly 
considered. By and large, the decoupling structures such as 
parasitic components, electronic band gap (EBG), artificial 
metamaterials, and filters are presented to improve separation. 
Be that as it may, these decoupling structures will influence the 
radio wire execution. Other than, other strategy such as 
orthogonal differing qualities is additionally utilized to upgrade 
the confinement. These strategies still constraint issues when 
applying into the large-scale MIMO receiving wire and the 
uniform of the radiation designs cannot be ensured. 
 

 
 

Fig 1 Geometry of The Array of Circular Microstrip Patch 
Antenna Elements 

 
From the Fig 3.1, if h « a and h « λ, for the circular patch, the 
radial electrical fields of TM modes are given by 
Ep = EoJn(knml)cos[n(ꞵ-ꞵo)]                                  (4) 
For a single circular patch optimal feed location is usually at 
one third distance from center of the patch. The feed location 
is calculated using the formula 

Yf=w/2 and xf = L/2√ԑr,eff,L                                    (5) 
This optimized remove is chosen in arrays to attain minimum 
common coupling impact within the radiation design and to 
dodge grinding flaps. The nourish area is encourage optimized 
for way better comes about by optimizing the bolster area 
along x-axis or y-axis or both. The calculated measurements 
are arranged within the table 1 
 
 

Table 1 Dimension of Single Patch 

Radius of The Patch 17mm 

Feed Location (5.5,0) 

 

4 DESIGN OF CIRCULAR PATCH ANTENNA 

ARRAY 
Bolstering has been done by test with inset bolster conspire 
for each circular fix component. The ground plane for this fix is 
taken to be unbounded. At that point a bolster arrange has 
been planned utilizing coordinating transformers and quarter-
wave transformers so as to discover a legitimate nourish and 
receiving wire components is the length of the 50Ω microstrip 
line and L is the length of the external 50Ω microstrip line 
which was at first taken as ⅄g/4 but afterward optimized to 
allow least s11 so as for superior coordinating and least 
misfortune. In between both are associated by a 35.4Ω 
microstrip line with a length of ⅄g/4. To play down coupling 
between person components the partition is taken as 0.9 ⅄o 
from their middle point where ⅄o is the free space wavelength 
in mm. This optimized distance is chosen in arrange to realize 
least common coupling impact within the radiation design and 
to be dodge grinding projections. The nourish area is 
advanced optimized for way better comes about by optimizing 
the bolster area along x-axis or y-axis or both. The calculated 
measurements are organized within the table 1. 

 
4.1 Design Analysis For 2x1 Antenna Array 
We chose the value of the substrate (FR4) parameters relative 
dielectric constant (ԑr) to be 4.4 and the substrate thickness(h) 
to be 1.66mm as appeared within the underneath fig 2. 
 

  
Fig 2 Design of 2x1 Circular Patch Array 

 
Each of the fix is associated to 100Ω feedline. The comparable 
at the intersection of the two 100Ω lines is 50Ω. A 50Ω feedline 
is associated to edge nourish. The calculated measurements 
are given in the table 2. 
 

Table 2 Patch & Feedline Dimensions of 2x1 Array 

Radius of The Patch 17mm 

Inter-Element Spacing 62.5mm 

Width of 100Ω Feedline 0.7mm 

 
4.2 Design Analysis For 4x1 Antenna Array 
We used the same value of height of the dielectric substrate(h) 
and same dielectric material(FR4) at the design frequency as 
shown in the above fig 3, 
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Fig 3 Design of 4x1 Circular Patch Array 
 

All the patches are associated to 100Ω lines each. The 
comparable at the intersections of each combine is 50Ω. As 
appeared within the over plan a quarter wave transformer is 
put between a 50Ω proportionate point and 100Ω line whose 
resultant impedance is calculated as z=zin *zout square root of 
70.7Ω. At long last, two sets of 100Ω lines from each side 
result in a comparable of 50Ω where the edge bolstering is 
considered. The calculated dimension is arranged within the 
table 3. 

 
Table 3 Patch & Feedline Dimensions of 4x1 Array 

 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Design Analysis For 8x1 Antenna Array 
We utilized the values of stature of the dielectric substrate(h) 
and the same dielectric fabric(FR4) at the plan recurrence as 
appeared within the underneath fig 4. All the patches are 
associated to 200Ω lines each. The comparable at the 
intersections of each combine is 100Ω. As appeared within the 
over plan a quarter wave transformer is put between a 50Ω 
comparable point and 100Ω line whose resultant impedance is 
calculated as z=zin * zout square root of 140.7Ω. At last, two 
sets of 200Ω lines from each side result in a proportionate of 
100Ω where the edge nourishing is considered as shown in 
the below fig 4, 

 
Fig 4 Design of 8x1 Circular Patch Array 

 

All the patches are associated to 200Ω lines each. The 
comparable at the intersections of each combine is 100Ω. As 
appeared within the over plan a quarter wave transformer is 
put between a 100Ω proportionate point and 200Ω line whose 
resultant impedance is calculated as z = zin *zout square root 
of 140.7Ω. At long last, two sets of 200Ω lines from each side 
result in a comparable of 100Ω where the edge bolstering is 
considered. The calculated dimension is arranged within the 
table 4. 

 
Table 4 Patch & Feedline Dimensions of 8x1 Array 

 

Radius of The Patch 102mm 

Inter-Element Spacing 375.5mm 

Width of 200Ω Feedline 8.4mm 

Width of 140.7Ω Feedline 19.2mm 

Width of 100Ω Feedline 36mm 

 
4.4 Design Analysis For 8x8 Antenna Array 
We utilized the values of stature of the dielectric substrate(h) 
and the same dielectric fabric(FR4) at the plan recurrence as 
appeared within the underneath fig 5. All the patches are 
associated to 200Ω lines each. The comparable at the 
intersections of each combine is 100Ω. As appeared within the 
over plan a quarter wave transformer is put between a 50Ω 
comparable point and 100Ω line whose resultant impedance is 
calculated as z=zin * zout square root of 140.7Ω. At last, two 
sets of 200Ω lines from each side result in a proportionate of 
100Ω where the edge nourishing is considered as shown in 
the above fig 5, 

 
 

Fig 5 Design of 8x8 Circular Patch Array 

 
5 RESULT AND DISCUSSION 

The proposed receiving wire is outlined and mimicked in 
HFSS program. There are three arrangement sorts accessible 
in HFSS to be specific discrete, quick and introducing. 
Discrete is the foremost exact and takes the longest time to re-
enact out of the three sorts of arrangements. Quick is the 
slightest exact and takes the briefest time for re-enactment. 
Introducing is tolerably exact and takes direct time for 
recreation. The planned radio wires are dissected in terms of 
gain. 

 

Radius of The Patch 17mm 

Inter- Element Spacing 62.5mm 

Width 0f 100Ω Feedline 0.7mm 

Width of 70.7Ω Feedline 1.6mm 

Width 0f 50Ω Feedline 3mm 
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5.1 Simulation Results of Return Loss and Impedance 
Bandwidth  
From the fig 6,7,8 and 9 appears the return misfortune(loss) of 
the proposed antenna in dB at the nourish position where the 
input to the microstrip radio wire was connected. From the fig 
6 it is clear that the proposed an 2x1,4x1,8x1 and 8x8 circular 
patch array antenna are worked at a thunderous recurrence of 
2.4 GHz. The return misfortune(loss) values were gotten at 
this resounding recurrence are -9.4116 dB, -8.2985dB, -
10.0336dB and -10.8026 dB as shown in the below fig 6,7,8 
and 9.  

 
The simulated impedance bandwidth values are 
50MHz,100MHz,650MHz and 800MHz respectively. 
 

 
Fig 6 2x1 Return Loss and impedance bandwidth 

 

 
Fig 7 4x1 return loss and impedance bandwidth 

 

 
Fig 8 8x1 return loss and impedance bandwidth 

 
 
 
 
 
 

 
Fig 9 8x8 return loss and impedance bandwidth 

 
5.2 Simulation Results of VSWR 
From the fig 10,11,12, and 13 shows the VSWR (Voltage 
Standing Wave Ratio) plots for the cases of Circular Single 
Patch Antenna, 2x1 Circular Patch Antenna array,4x1 circular 
patch array antenna,8x1 circular patch array antenna and 8x8 
circular patch array antenna respectively. Here the VSWR 
value for the proposed a 2X1,4x1,8x1 and 8x8 Circular Patch 
Antenna array are operated at a resonant frequency of 
2.4GHz. The VSWR plot values were obtained at this resonant 
frequency are 2.0994 dB,8.2786 dB,1.8141 dB and 1.4114 dB 
respectively.  

 
 

Fig 10 2x1 VSWR Plot 

 
Fig 11 4x1 VSWR Plot 
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Fig 12 8x1 VSWR Plot 

 

 
Fig 13 8x8 VSWR Plot 

 
5.3 Simulation Results of Gain 
From the fig 14,15,16 and 17 shows the Gain plot of the 
proposed antenna in dB at the feed position where the input to 
the Microstrip patch antenna was applied. From the fig 
14,15,16, and 17 It is evident that the proposed a Circular 
Patch Antenna array are operated at a resonant frequency of 
2.4GHz. The Gain values were obtained at this resonant 
frequency are 3.6910 dB ,8.1496 dB, -1.774 dB ,3.6810 dB 
respectively. 

 
 

Fig 14 2x1 Gain 
 
 
 

 

 
Fig 15 4x1 Gain 

 

 
Fig 16 8x1 Gain 

 

 
Fig 17  8X8 Gain 
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5.4 Simulation Results of Radiation Pattern 
From the fig 18,19,20, and 21 shown the radiation patterns of 
the circular patch array antenna for 4x1 patch antenna array in 
E-Plane and H-Plane at 2.4GHz as shown in the below fig 
18,19,20, and 21 respectively 

 
Fig 18 2x1 Radiation Pattern 

 

 
Fig 19 4x1 Radiation Pattern 

 

 
Fig 20 8x1 Radiation Pattern 

 

 
Fig 21 8x8 Radiation Pattern 

 

In the comparison of antenna design 2x1,4x1,8x1 and 8x8 to 
achieve the gain for 8 dB in 2x1 circular patch antenna 
array.similarly to the 8x8 circular patch antenna array is 
achieved 800 MHz as shown in the below table 5. 
 

Table 5 Comparison of Design 2x1,4x1,8x1 & 8x8 
 

Array 
Return 

Loss (dB) 
Gain 
(dB) 

VSWR 
Impedance 

B.W 

2x1 
-9.4116 
dB 

3.6910 
dB 

2.0994 
dB 

50MHz 

4x1 
-8.2985 
dB 

8.1496 
dB 

8.2786 
dB 

100 MHz 

8x1 
-10.0336 
dB 

-1.7742 dB 
1.8141 
dB 

650 MHz 

8x8 
-10.8026 
dB 

3.6810 
dB 

1.4114 
dB 

800 MHz 

 
6    CONCLUSION AND FUTURE WORK 
Microstrip fix radio wire cluster(patch antenna array) of circular 
molded transmitting components were effectively outlined and 
executed utilizing the FR4 Epoxy Glass Substrate. Through 
the examination of HFSS recreation program,it was watched 
that the radio wire resounded at 2.4GHz recurrence. In this 
work,edge nourish procedure was utilized for the recreation of 
2x1 circular patch antenna array,4x1 circular patch array 
antenna,8x1 circular patch array antenna and 8x8 circular 
patch antenna array. From the proposed reenactment plan,the 
greatest accomplished pick up(gain) was 3.6910 dB for 2x1 
array and 8.1486 dB for a 4x1 array conjointly the most 
extreme accomplished transmission capacity(impedance 
bandwidth) was 50MHz for 2X1,100 MHz for 4x1,650 MHz for 
8x1 and 800 MHz for 8x8 receiving array antenna. In future, 
MIMO antenna(radio wire) can be outlined for compact size 
with superior gain which can be appropriate for remote 
application. 
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