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Abstract: Millimeter wave technology will enable to provide
high data rate. It is also expected to provide continuous good
quality, low latency video. For high-resolution video, wireless
communication will require huge bandwidth. The present 4G
spectrum will be unable to meet the demand of each mobile user.
To solve bandwidth shortage millimeter wave technology is
consider. In this paper present a circularly phase array designed.
Itisoperating in the 25GHz to 40GHz. To enhance bandwidth the
array used edge couple parasitic patch arrangement which
provides dual resonance. The array is designed in circular phase
array with the rotational feeding line. The designed used polyflon
CuFlon(tm) low dielectric constant, & = 2.1 and tangential loss,
0 =0.00045 with height h = 1.6mm. The designed achieved 8.41dB
gain. The array achieved good return loss, Su bandwidth
i.e. -11.83dB < Su < -37.8dB (25GHz to 40GHZz) and voltage
standing waveratio, VSWR < 1.7 (25GHz to 40GHz).

Keywords: Millimeter wave (mmWave), Inset feed Microstrip
Patch Antenna (IFMPA).

I. INTRODUCTION

The millimeter Wave technology has more bandwidth. It

can overcome the shortage of bandwidth. In near future the
present 4G LTE will incapable to meet the requirement of
huge bandwidth [1]. In 4G peak data rate for high mobility is
100Mbps (up to 360km/h). And 1Gbps for stationary or
pedestrian user. During the peak hours speed drops. Its
unable offer high data rate to user. So the scientists and
researchers looking to explore the mmWave over the decade
[2]-[3]. The 5G is the solution to 4G data congestion. In 5G
proposed to implement 3GPP Release 15 and ITU IMT-2020
requirements. The proposed goals of 5G are 20Gb/s highest
data speed and 100Mb/s operator practiced data rate. In
traffic area its goals is 10Mbps/m?. And also 106 user/km?
link density and 1ms latency are some of goals of 5G. It
should have mobility up to 500km/h. The 5G should be
retrograde compatibility to LTE/L TE-advanced. And aso its
onward compatibility to possible future devel opment.
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There are many expectation in future generation (5G)
communication  such as machine to machine, artificial
intelligence, industry automation, self-driving. It is not a
singletechnology, it ismultiple of technology. The allocation
of 5G frequency spectrum many research are going in
different frequency under flagship of third generation
partnership project (3GPP). Table | shows the spectrum
consideration for 5G.

Tablel. 5G Frequency Spectrum Consideration
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Low band Mid band High bands
lower 1GHz 1GHz - 6 GHz beyond 24
GHz
(mmWave)
600MHz 3.4-3.8GHz 24.25-27.5GH
700MHz 3.8-4.2GHz z
850/900MH 4.4 -49GHz 27.5-29.53GH
z z
37-40GHz
64-71GHz

The frequency from 30GHz to 300GHz and the
wavelength from 10mm-1mm is recognized as mmWave
band [4]. At 60GHz and beyond the application of mmWave
limited for short-range and indoor because of high absorption
by rain and surroundings [5], [6]. So to reduce the problem of
high absorption of higher mmWave, 26.5GHz to 40GHz will
be additional suitable for outdoor applications [1][7]&[8].
South Korea has lunched the 3.5GHz and 28 GHz for 5G
spectrum. In USA, Federal Communications Commission
(FCC) has chosen 27.5GHz - 28.35GHz for 5G band.

A 2x2 array severa ports feeding and multilayer
assembly of dual polarized array ispresented in[1]. The array
achieved 25% impedance bandwidth. To attain the equal
polarization port to port isolations remains vital. In coaxial
feeding, a coaxial probe through ground and substrateis used
to feed the patch. While in coplanar feed the ground and
patch remain on same plane. And also some of other feeding
methods series, proximity, and aperture coupled, etc. are
presented in[9] [21]. In[18], the array of 8x8 hasachieved 17
% bandwidth. The array is design used corporate feed. To
achieve high gain, electromagnetic coupling is used in the
array designed. The designed used RT Duroid 5880 having
dielectric constant, dr =2.2. The design has substrate
height, h=0.254mm. Thetangential loss of RT Duroid 5880
is 0.001 i.e. 3=0.001.
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Using polyflon CuFlon(tm) low dielectric constant,
dr = 2.1 and tangential loss, & = 0.00045 with height,
h = 1.6mm an array of 2x2 is presented in this paper. This
design has only one layer and also using only one port for
feeding. The designed also used rotation feeding line.

A large impedance bandwidth is obtained using the
edge-coupled parasitic patch.

[I. ANTENNA DESIGN

Inset Feed MPA is easy to design 50€ input impedance.
Consequently, maximum power is pass to the antenna due to
impedance matching. Inset Feed MPA is easy to fabrication.
It has less price, less outline and light weight [9] [10].

The proposed model of single patch isexplained in Section
A. And the array designed isdiscussed in Section B.
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Fig.1: Model of Inset Feed MPA (a) Top and (b) Sideview

A. DESIGN OF SINGLE PATCH

Figure 1 discusses the design model of IFMPA. Its input
impedance depends on the inset distance Y,. And it also
depend on inset gap Ig. A single element is designed at
31GHz as center frequency using polyflon CuFlon(tm) low
dielectric constant, dr = 2.1 and tangential loss, & = 0.00045
with height, h = 1.6mm. The different parameters are
calculated [11] as,

(i) Patch Width (A)
Width of Patch:
A= ———
an.dl ['i'r;' S

@

Where
¢ = Speed of light.
f,= Centre frequency.
d, =Dielectric constant of substrate.

(i) Patch Length (B)
Effective dielectric constant (d.g) is caculated as
below:
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The length of patch isincrease due to fringing filed along
itslength. It is calculated as,

(A + o.3{ﬁ + O.264J

A j ©)

AB = 0.412h
(g - 0.258{h +0.8

The physical length (B) isgiven as:
Az
B = S 2AB (4)

To achieved 50Q input impedance on the edge of [FMPA
is calculated using equation (5) below [12].

Yo=10%{0.001699 d7+ 0.13761 d°— 6.1783 d/5 +
B
93.187dr*-682.69d,*+2561.9d,%-4043d,+6697} > (5)

Thefigure 2 has shown the measurement of Y, from edge
to the center of patch. To achieve 50Q2 input impedance, Yois
calculated using equation 5i.e. Y, = 0.3552mm. Y isthe port
position along width of the patch given by,

Yf = é (6)
2
(iii). Ground Dimension
The ground plane measurements are given by equation
below, A; =A +6h (7

By =B +6h ©)

Where, Agand By denotes width and length of the ground
plane respectively.
A
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(iv) Design Single Antenna Using HF SS and Results

Fig.3: Design of Single Element IFMPA using HFSS 18
Version.

The various parameter of a single IFMPA are calculated
using the formulas [13] to [17]. The calculated value of
various measurements is given in table I. And aso the
optimum result values of different parameter through
parametric analysis of designed array using HFSS 18 version
isgivenintablel.

Tablel. Antenna Parameter

Length
PARAMETER Using Parametric
Equation Study(mm)
(mm)
Length of Patch, B 2.125 2.1
Width of Patch, A 3.884 3.83
Substrate thickness, h 1.6 1.6
Ground Length, Bg 11.725 8.4
Ground Width, Ag 13.484 15.2
Inset Gap, |g 1.9 0.1
Inset Distance, Yo 0.355 0.641
Feeding width Wo 19

The designed single element obtains-13.85dB return loss,
Si; at 31GHz. In the frequency band 27.8GHz to 38.5GHz,
Su1 is below -10dB and is shown in the graph Fig.4 below.
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Fig.4: Return lossfor 27.8 GHz to 38.5 GHz frequency
band.

The antennahas obtain again of 6.25dB isshown infig.5.
At 31GHz the designed VSWR value is 1.51. The VSWR
values of designed antenna is less than 2.7 in the frequency
band 26.5GHz to 39GHz i.e. VSWR < 2.8 (26.5GHz to
39GHz). The VSWR graph is shown in fig. 6 bellow. The
VSWR result confirms that the input port impedanceisawell
match.
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Fig.5: Radiation pattern.
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Fig.6: VSWR.

B. DESIGN OF CIRCULAR PHASE ARRAY

0.65mm

-
0.17mm

0.4mm

Fig.7: 2x2 Circular phase array model.

Using polyflon CuFlon(tm) low dielectric constant an
array isdesigned. The proposed model has a measurement of
25mmx20mmx1.6mm. In 2x2 arrangements, four IFMPA is
arranged in a circular phase using a rationa input line and
feed line with two parasitic
patches.
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The two parasitic patches enhanced the bandwidth of the
designed. The array reduced unwanted radiation due to
circular sequence excitation to the patches [18] to [21]. The
array is designed using the HFSS18 version software is
shown in Figure 7.

The proposed designed has Sy value, -11.83dB < Sy1 <
-37.8dB. The designed array achieved more than 48% return
loss bandwidth (25GHz-40GHz). At 32.46GHz the array has
best S1; valuei.e. -37.8dB. Figure 8 bellow gives the return

Tablell. Simulation Result

loss Sy1 graph of 2x2 array.

The VSWR value of the designed is less than 1.7 in entire
band i.e. VSRW < 1.7 in 25GHz to 40GHz. The proposed
array achieved 48% (25GHz to 40GHZz)

Thefigure9 givesthe VSWR graph of 2x2 designed array.

bandwidth (VSWR < 1.7).
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Fig.8: Return loss S11 for band (25 GHz-40GH2).
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Fig.9: VSWR vsFrequency.
The figure 10 gives the 3D radiation pattern. The design

impedance

NO. St VSWR
of Gain Bandwidth Bandwidth
Patch S$11<-10dB VSWR < 2.8
Single | 6.25dB | -10dB < Sp <| VSWR<28
patch -13.85dB 26.5GHz-39
(27.8GHz- 38.5GHz) GHz

Four

Patch | 8.49dB | -11.83dB <Spi1 < VSWR < 1.7
Array -37.8dB 25GHz-40GHZ

(25GHz-40GH2z)

[1I.RESULT AND DISCUSSION

The proposed array achieved has return loss bandwidth
of more than 48%. The model has achieved -37.8dB, Si1
value at 32.46GHz. And it also achieved VSWR < 1.7
(25GHz to 40GHZz). The designed array has return loss
values —11.83dE = §,, < —37.8dE It has achieved
circularly polarized gain of 8.49dB. The proposed array
achieved large bandwidth of S;1. And the bandwidth of
VSWR and gain is aso good for the proposed array. The
proposed array will be suitable for the future wireless
communication.

IV.CONCLUSION

A 2x2 circular phase array of IFMPA in the lower
millimeter wave frequency range (25GHz to 40GHz) has
been presented. The proposed array achieved has return loss
bandwidth of more than 48%. In the design metamaterial and
superstrate should be used to further improve the gain of the
array. The proposed model will suitable for short range
mmWave communication.
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