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ABSTRACT: In this project hybrid adder and
multiplier  based FIR  filter design  for
communieation applications is implemented, The
adaptive filter has high throughput whose filter
coefflicients changes during runtime. The main
advantage of FIR Filter is its high computational
efficiency. Initlally input data is given to D-Flip
flop. after that data is shifted in row format. next
H-adder and H-Multiplier will perform the
addition and multiplication operations. To save
this outcome of the system memory controlled
filter coefficient is used, PRPG is used to arrange
the duta in pseudo random pattern and because of
this there speed of operativn will increases, Hence
this project will improve the efficiency in effective
Wwiay.

KEY WORDS: Analog Filter, Digital Filters,
Adaptive Filter, Reconfigurable FIR filter,
Memory  controlled  filier coefficient, PRPG
(Psendo Random Pattern Gienerator).

LINTRODUCTION

Each filter in DSP has its own characteristics
such as low-pass and high-pass have
different type of frequency responses. The
parameters like gain, stop-band attenuation,
roll-off and oscillations in the responses are
different for each filter, All these parameters
do not match perfectly with the ideal
response  characteristics like  infinite
attenuation in stop-band, faster roll-off and
unity pass band gain [1]. In order 1o obtain
ideal characteristics filters optimized using
approximation functions in designing of
analog lincar filter. These approximation
functions use statistical methods to optimize
the transfer function of the filter being
designed. The remarkable characteristics of
digital filters in their performance lead to
widespread use of them in digital signal
processing units.

The two main functions performed by filters
in DSP are signal separation and restoration.

If a signal mixed up with interference from
other signals or noise, signal separation

would be better choice [2]. For instance, a
device recording heart beat of a fetus in the
womb. The actual signal interfered by the
heartbeat or air inhalation of the mother. In
this case, a filter is employed to separate
ongmmal signals from interfered signals,
Thersfore, they can be processed separately.

Sometimes signals may lost or distorted due

lo unusual reasons, Tn this case, a filter is
used to restore the lost signals. Some
examples of signal distortion are sounds
recorded from a voice recorder of poor
standard, blurring of images captured due to
imperfect focusing of lens or shaking. The
signals distorted in these cases would have
been improved using signal restoration
filters.  Any one of the filter types either
analog or digital filters can address this
problem [3].

There are many ways for designing of digital
filters. Each filter design is suitable for

_particular application in time-domain or in
- frequency domain. Filters for the time-

dumain applications are specially designed
lo conserve the signal shape because the
information is encoded in the signal by the
source, Therefore, filters in this domain are
employed 1o preserve the shape of
waveiorms  like  signal  restoration,
suppressing of DC  components and
smoaothing.

o T
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Unlike time-domain, the shape of the signal
15 not significant in frequency domain.
Because the signals in the frequency demain
contain periodic waveforms, the phase,
frequency and amplitude of the signals holds
the mformation. Therefore, filters in this
domain arc employed to allow certain band
of frequencies which holds necessary
information. Signal separation. is  main
objective of frequency domain filters [4].

Apart from the filters in two domains other
filters are used known as custom filters. The
functioning of custom filter is different from
the remaining two. This type of custom
filters designed to remove the unneccssary
convolution that means to perform
deconvolution.

Adaptive filter consists of processor, which
can be programmed with specific funcrion.
The function of the Adaptive filter can be
modified by altering program kept inside the
memory of a processor, without changing
the hardware. Digital filters can be designed,
tested and realized effortlessly by using
usual computer, The characteristics of
analog filters changes with the vanations to
temperatures. Whereas digital filters are not
subjected to changes with time and
temperature, Therefore, digital filters stable
compared to analog filters.

During previous years, digitals filters are
only able process low-frequency signals.
Whereas analog filters is best choice for
high frequency signals. As the digital
technology has been developing without

leaps and bounds the frequency range of
digital filters increased and can operate in
RF frequency range. Unlike limited
functionality of analog filters on signals
digital filters have special features can
process signals in several ways., It makeés

e

Adaptive filter adaptable to variations in the
properties of the signal [5].

Digital filters can achieve hard targets of
filter characteristics with the help composite
arrangements of filters such as series or
parallel. These designs are much casier and
compressed rather than analog filters.
II. BACKGROUND OF FILTERS

In analog filters the filtering characteristics
arc achieved using some ¢lectronic elements
like capacitors, resistors and operational
amplifiers. This kind of analog flter is
employed in noise suppression, graphic
equalizers, video enhancement and wireless
network systems. An analog filter to
perform  specific  function can be
implemented using some  well-known
organized methods. Analog filters are
employed for  signals, which are
continuously varying quantities (ex: voice
signals from a recorder, current or voltage
outputs from transducers)

In digital filters the filtering characteristics
are achieved by performing mathematical
cperations on the sampled values of digital
signal. It employs a conventional processor
or specific signal-processing chip, In DSP
processors initially the analog signal is
changed into digital format using ADC(
analog to digital converter). The continuous
signal is sampled and then quantized to
make a digital signal,

The signal produced consists of consecutive
samples indicating different input signals
values in the form of binary numbers, The
next stage processor in Adaptive filter
performs various mathematical operations
on the transformed digital signal. These
operations may include multiplication by
some constants and adding the resultant
product values. The resultant signal also

- consists of modified sampled values, which

undergo digital to analog conversion by
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DAC. Instead of continuous signals like
voltage or current, Adaptive filter processes
the signals. Which are present in the form of
samples indicating binary numbers,

There are many ways for designing of digital
filters, Each filter design is suitable for
particular application in time-domain or in
frequency domain. Filters for the time-
domain applications are specially designed
o conserve the signal shapc because the
information is encoded in the signal by the
source. Therefore, filters in this domain are

cmployed to  preserve the shape of
waveforms  like  signal  restoran on,
suppressing of DC components and

smoothing,

Unlike time-domain, the shape of the signal
Is not significant in frequency domain.
Because the signals in the frequency domain
contain periodic waveforms, the phase,
frequency and amplitude of the signals holds
the information. Thercfore, filters in thig
domain are employed to allow certain band
of frequencies which holds necessary
Information, Sighal scparation is main
objective of frequency domain filters.

Apart from the filters in two domains other
filters are used known as custom filters. The
functioning of custom filter is different from
the remaining two. This type of custom
filters designed to remove the unnecessary
convolution that means to perform de-
convolution. These are three types of filter
according to their use, We can classify
filters in other way based on the flter
structure exploited for realization of the
filters. The classification of filters according
to the differential equation and structure are
given as

* Linear and Non linear

* Time invariant and Time varying

* Adaptive and Non adaptive

* Reeursive and non-recursive

g

FRINCIPAL/IDIRECTOR

ITI. PROPOSED SYSTEM

The below figure (4.2) shows the block
diagram of proposed system.Initaly input
data is given to D-Flip flop. after that data is
shifted in row format. next H-adder and H-
Multiplier will perform the addition and
multiplication  operations. To save this
outcome of the system memory controlled
filter coefficient is used. PRPG is used to
arrange the data in pseudo random pattem
and because of this there speed of operation
will increases,

INPUT i
| DATA

B D-FLIP FLOP —‘

PRPG

SHIFT ROWS :}

£

i HADDER | HMULTIPLIER ‘
| I

FILTER COEFFICIENT

[ OUTPUT

Fig. 1: BLOCK DIAGRAM OF PROPOSED
SYSTEM

Initially, the input signal is followed by the
data acquisition block. The main intent of
data acquisition block is convert the signal
into data. This data is modified by the
addition of entities at one end of sequence
and removal of entities from other end
sequence,
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The Memory controlled Filter coefficient is
another sort of successive rationale circuit
that can be utilized for the capacity or the
exchange of twofold information, This
successive gadget stacks the information
present on its data sources and afterward
Shift s or "Shift s" it to its vield once every
clock eycle, thus the name Shift Register.

The term ‘adaptive’ refers to acquiring one's
behavior, A filter is said to be adaptive filter,
if it has the capability to adjust according to
the characteristics of the input  signal.
Adaptive filters are significant in various
applications of DSP like noise suppression,
termination of echoes in phones, signal
enhancement in  medical diagnosis and
control systems.  Adaptive filters are
feasible to employ for the signals which are
changing continuously, When a signal is
changing its characteristics continuously the
noise alse varies with the time and the
amount interference by the noise in the
varying signal is cannot be determined
accurately. The effective suppression of
noise takes place only if the filter has ability
to adjust to the signal. Consider a frequency
spectrum of a signal which has strong noise
interference. In this case filtering by using a
convenltional filter will not conserve the
shape of the signal.

One of the widely unsed filters armong
different classes of digital filters is moving
average filter. It is a widely used filter due to
ease of implementation and the ability to
suppress the random noise, Moving average
filter is a superior filter among all time-
domain filter, because it preserves the edges
of step response during its filtering
operation.  The  frequency  domain
characteristics of the moving average filter
is contrast to the time-domain. This filter
cannot separate frequencies appropriately,
Some other filters like Gaussian, Blackman
fillers show improvement in response

Volume XIV, Issue XII, December/2022

™

characteristics than moving average but. at a
cost of high caleulation time

IV. RESULTS
The below figure (3) & (4) shows the RTL
schematic and technology schematic of
Proposed system. RTL schematic is the
combination of inputs and outputs,

y
FIR_FILTER

Fig. 2: RTL SCHEMATIC

Technology schematic is the combination of
Look up tables, Truth Tables, K-Map and
cquations
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Fig. 3;: TECHNOLOGY SCHEMATIC
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Fig, 4: OUTPUT WAVEFORM
V. CONCLUSION

Hence in this paper hybrid adder and
multiplier based FIR filter design for
communication applications is implemented.
The adaptive filter has high throughput
whose filter coefficients changes during
runtime. The main advantage of FIR Filter is
its high computational efficiency. Initially
input data is given to D-Flip flop. After that
data is shifted in row format. next H-adder
and H-Multiplier will perform the addition
and multiplication operations, To save this
outcome of the system memory controlled
filter coefficient is used, PRPG is used to
arrange the data in pscude random pattern
and because of this there speed of operation
will incrcases, Hence this project will
improve the efficiency in effective way,
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"ABSTRACT

Aosimple, reproducible and efficient reversed phase high performance liguid chramaogruphic (RP-HPLC) method has been
developed for estimation of the hroad-spectrum antiviral prodrug, Remdesivie in raw material and s injection dosage form.
Separation was done by using mobile phase consisting of Acetonitrile : 0.1% Triethylamine, TEA (70:30). The separations were
carried out on a Column X-Bridge phenyl (150x4.imm, 3.51) at a flow rate of | mLénin, The injection volume was 10 pl and the
praks were detected w235 mun, The linear dynamic response was found 1o be in the concentration range of 50pg/ml-
0hig/ml. and coefficient of correlation was found 1o be 0.9989, The %RSD value was below 2.0 pg/ml. for intraday and
interday  precision indicated that the methed was highly precise. The LOD und LOQ were found to be 6.0 pg/mi and 20
ppiml respectively which reveialed that the method was highly sensitive, The percentage recovery value was higher than 100 %,
indivating the necursey of the method wd sheence of mterference of the excipients preseil in the formulition. The proposed method
was sitnple, fast, accurate, procise amd reproducible and hence can be applied for routine quality control analysis of Remdesivie in
Bk sund gharmacentical Tormulition
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INTRODUCTION CU'7, and was subsequently investigated for Ebola virgs
disease and Marburg virus infections™ before being studied

Remdesivir is a broad=spectrum antivirgl medication, It is 45 o post-infection treatment for COVID- 19" Remdesivir is

administered via injection into a vein, During the COVID-19 a prodrug that is intended 1o allow intracellular delivery

pandemic, Remdesivir was approved or authorized for of G5-441524 monophosphate and subsequent

cmergency use to west COVID-19 in numerous coumries, biotransformation  into GS-441524 triphosphate, a

Remdesivir was originally developed 1o treal hepatitis nbonucleotide analogue inhibitor of viral RMNA
polymerase!,
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Investigation on Radiators of 2-Element ¢
Array Antenna for Next-Generation =
Wireless Applications

I

Ch. Murali Krishna, M. Rama Krishna, Siragam Srilali, G. Sekhar Reddy,
and B. Anitha Pravalli

Abstract This paper presents 2-element array antenna which is composed with
various types of radiators such as rectangular shape ¢lement, ociagon shape element
and hybrid shape element for radio frequency identification (RFIY) systcms,
millimeter wave (mm) next-generation wireless (NGW) applications such as fifth
generation, remote sensing, satellite and military applications. Proposed antenna has
besn designed on Rogers RT/Duroid 5880 (tm) dielectric material (g, =22, 1an § =
0.0008), and overall dimension of designed antennas is 10 mm x 6 mm x 0.508 mm.
Simulation results of proposed antenna offers dual resonances in Ka - band (26.5
- 40GHz), Realized peak gains and refiection coefficient of designed antennas are
201 dBi and — 24.35 dB at 30.05 GHz, 7.69 dBi and — 23.20 dB at 38.70 GHz for
rectangular elements; 9.54 dBi and — 35.33 di3 at 31 GHe, 9.54 dBi and — 12.86 dB
at 40.30 GHz for octagon elements; 8,96 dBi and — 36.18 dB at 30.9 GHz, 9.51 dBi
and — 15.38 dB at 39.8 GHz for hybrid radiator elements is obtained, respectively.
The proposed antenna is fed by transmission line.

Keywords 2-element aray - Different radiators « Line feed - Doal band - Gain -
Group delay « NGW applications
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1 Imtroduction

The communication is increasing day by day; there is advancement in the technology.
5o, the devices are able to work for longer distances and also at higher frequencies.
Nowadays, the higher range frequencies receive an attention due to its potential
benefits for the advanced applications, For this purpose, array of antennas in which
multiple antennas are combined to single will work like single antenna and achieves
the desired directional purpose. While in single antenna, all elements individually
radiate, in array antenna for getiing radiation, all elements will get sum up; this will
increase the overall gain of the antenna and also performance of the antenna, and
the Tosses will be less. As in the same way of dipole, a driven element acts as the
lransmitter or else a receiver; from a transmitter, a driven element gets power directly
when the transmission line is connected. This array of antennas can be obtained in
many forms as a linear, circular. The applications which mostly used were in the
radar communication and in wireless communicstion [1-17].

1n this paper [ 1], a microsirip antenna was designed and fabrication with which it
is millimeter {mm) and the substrate used was Rogers/RT Duroid 5880 (tm) which
covers the frequency in the range of 39.6 GHz and the resonance frequency in the
range of 37.30-41.45 GHz and the bandwidth percentage was about 10.53%, and
the size of the antenna was 12.5 x 6 x 0.508 mm® and the applications of this
NGS, In [21, the simulated antenna design was about 4 x 4 array as it is a wideband
which covers in the range of aboul 60GHz. For increasing impedance bandwidth
L-Shaped probe fed improved the impedance bandwidth up to 25.5% of designed
antenna; which is linearly polarized, produces gain 15.2dBi and also it exhibits the
cireularly polarized, obtained gain 14.5dBi and the bandwidth was about 17.8%. In
this paper [3], a dual band antenna was designed and fabricated within size 63 x 65
x 1.6 mm" for the applications of Global positioning system and SDAR's and the
dual polarizations exist in the frequency covers in the range of about 1.1764 GHz
and 2.4325 GHz. In this [6] design, the overall size of the antenna was about 43 mm
% 104 mm % 14.5 mm and its efficiency is better 80%, and impedance matching
is less than — 10 dB. For the SDARs, the gain was about 5.8 dBi. In this [7], L
- Shaped patches and tapered elliptical cavity loaded circularly polarized antenna
covers frequency range of 56.9 to 63.4 GHz and achieved pain is 10.4 dBi to excite
orthogonal modes LSP's are fed on the melal surface of the substrate in traverse.
In this design (8], the size of the anténna is about 87 x 87 » 4.572 mm- in which
it is circularly polarized, and it is fabricated the bandwidth about in the frequency
range of 35 MHz, and the simulated gain is about 4.5 dBi. In this paper [14] for
the purpose of 5G applications, 4 dual band MIMO was proposed in which il is a
fi-element which covers the frequency in the range of 4-20 dB the isolation which
is maximum about — 27/— 28 dB. For the future of 5G, mm-wave PIFA was used.
In this paper [15], a microstrip patch antenna was designed with the mulliple slots
for the applications of WiMAX and also WLAN in which its frequency covers in the
frequency range of 2.7-3.8 and 5.4-6 GHz.
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In this paper, various radialors are implemented on 2-element array antenna for
developing high impact dual resonances, which are applicable for nexi-generation
applications in Ka-band (26.5-40 GHz) region. Proposed antenna has additional
advantages such as low weight, smaller in size, cost effective and casier design.
Performance of designed antennas is investigated in terms of reflection coefficient,
VSWR, group delay, 3D gain plots, 2D radigtion patterns and current distribution
on radiating elements. Rest of the paper is described as follows: Sect. 2 explains
the 2-element array antenna loaded with rectangular, octagon and hybrid radiator
design configurations and results discussion. Design summary of designed antennas

are reported in Sect, 3, Finally, Sect, 4 concludes the paper.

2 Antenna Design Configuration and Results Discussion

The proposed anlennas are designed on Rogers RT/Duriod 5880 (tm) with dielec-
iric constant (&,) = 2.2, loss tangent (fan §) = 0.0008 and 115 thickness (h) is
(1.508 mm. The designed anlennas are gimulated using high-frequency structurs simu-
lator (HESS) electromagnetic computational tool. Designed antennas are composed
of two radiating elements with transmission line feeding and interconnected with strp
lines to improve the performance of designed antenna, In this paper, different shapes
of radiating elements are designed for investigating the performance of 2-element
array antenna for millimeter wave next-generation wirsless (NGW) applications over
Ka-band (26.5-40 GHz). The suggested 2-clement array antenoa is smaller in size,
easy to fabricate, low profile and light weight.

2.1 Design and Discussion About 2-Element Array Antenna
Loaded with Rectangular Elements

Figure | shows the 2-element arruy antenna composed of rectangular radiators printed
on one side of dielectric material Rogers RT/Duroid 5880 (tm), and other side is full
ground plane. Dimensions of the rectangular radiators are optimized and measured
from standard microstrip antenna design equations [12]. Geometrical parameters
represented on designed antenna are Lys = 6 mm, We = 10 mm, Ly = L5 mm,
Wr="05mm, Ly = 1 mm, W, = 0.5 mm, L, =3 mm, W,_..=3mm,m=&2 .
(a) Width of radiating patch, W, = 374/ =t

—1
)

(by Effective diclectric constant, Sur = =ty 5'.;—'(! + I!%ﬂ)

B= Lo
() Extension of patch length, AL = 0.412h %ﬁ'ﬁ%‘.ﬁi—l

(52 +08)
(d) Length of radiating patch, Ly = Lef — 2al
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W

W,
fa) 30 view (b} Top view

Fig. | Geomeirical arrangemenl of 2-element arrey antenig compoead with reclangolor elements

Where Leg = ﬁ‘;

where ‘¢" is velocity of light = 3 x 108 m/s, °f,’ is resonant frequency, GHz and
‘e’ is dielectric constant of substrate = 2.2.

Reflection coefficiant characleristics of designed 2-element armay anlenna loaded
with rectangular elements are shown in Fig. 2. This suggested antenna obtains dual
resonant frequencies at 30.05 GHz and 38.7 GHz having reflection coefficients of —
24,35 dB and — 23.30 dB, respectively, Impedance bandwidth of band-1is 1.25 GHz
over the operating frequency band of 20,37-30.62 GHz. Second band is achieved
aver the resonating band from 38.14 10 39.31 GHz, and ils corresponding impedance
bandwidth is 1.17 GHz, Obtained smaller impedance bandwidth ratios (IBR) of
designed 2-element arvay antenna composed with rectangular clements are 4.16 and
3.02%, Voltage standing wave ratio (VSWR) characteristics of antenna represent the
impedance matching condition in the entire bandwidth. An ideal value of VSWR is
1-00. Figure 3 presents VSWR characteristics of designed antenna, VSWR values
al resonant frequencies over operating band are 1.12 and 1.14. Group delay (tg4) 15

oo - — e = 1
5.0 -
— b
B
i LR - ;
el |
=-1508
-
B TH VT | v p—
il 30 i 245504
ml (BB iekE 122
A = T . . oo

3350 3500 3150 4000 2.
Frequency [GHz|

RO 750

Fig, 2 Reflection cocflicient characteristivs af 2-element aray antenna loaded with rectangular
radialing
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Flg.3 VSWR characieristics of 2-clement array anienna loaded with rectangular radiators
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Fig. 4 Croup delay plot of suggested 2_elemant array mobenna loaded with rectangular radialon

a function of frequency, and it defines that the delay in electromagnetic (EM) signal
reaches to receiver. Figure 4 shows the group delay characteristics of 2-clement
amay antenna. Corresponding group delay values at resonant frequencies are 1.24
and (.88 ns in the resonant bands,

Another important characteristic in antenna design is far-field reports such as 3D
gain polar plots and radiation parierns. Maximum obtained peak gain values are 8.01
dBi at 30.05 GHz and 7,69 dBi at 38.7 GHz, and these 3D plots are shown in Fig. 5.
The co-polarization and cross-polarization radiation patterns of designed antenna in
H-plane (azimuthal plane) and E-plane (elevation plane) are simulated at phi () =
0° and 90°. Radiation patterns at 30.05 and 38.7 GHz in H-plane and E-plane are
observed and are illustrated in Fig. 6, Figure 7 shows the surface current distribution

of designed antenna at two resonant frequencies.
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2.2 Design and Discussion About 2-Element Array Antenna
Loaded with Octagon Radiators

In this section, reciangular radiating element is replaced with octagon radiating patch
element. This octagon shape is looks near to circle shape. The dimension of octagon
is derived from circular parch standard mathematical expressions. The geomefry af
circular paich is measured from standard mathematical equations [18]:

=

a=
L+ [m[%]ﬂ.ﬂza]i

mFE

g.791 00"
iere F = =
wi F I

Radius of the circular patch is affected because of fringing field's variation in the
microstrip design. So, the effective radius of circular patch antenna can be modified

i b
]
2
P a[l .5 (111(-5) + 1.??26)}!
Tae, ah

The width of the feedline can be computed a8 w; = E'&:ﬁi—i
where 4 = 20 %[5 + 551 (023 + %),

Z, Characteristic impedance of free space,
Z; Characteristic impedance of feedline.

Figure 8 shows the designed 2-glement array antenni loaded with octagon patch
elements. Optimized octagon edge (5) dimension is 1.34 mm. Figure Y shows the
reflection coefficient characteristics of designed J-element array antenna, which is
composed with detagon elements and is simulated using HFSS tool.

Figure @ shows the return loss characteristics of designed antenna loaded

with octagonal elements. This suggested antenna obtains dual resomant frequen-
cies at 31 and 40.30 GHz, and its corresponding reflection coefficient value is

Fig-8 Geometrical
arrangement of 2-clement
arrey autenna loaded with
octagnn ridialors
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Fig. 9 Reflection coafficient characieristics of 2-clement anicnna aray lomded with octagon
radialors

— 13533 and — 12.86 dB. Comesponding impedance bandwidths of dual bands
are 1,49 GHz and 900 MHz. Band-1 covers from 30.20 to 31.69 GHz and 39.82
10 4072 GHz. Smaller impedance bandwidth ratios at dual band resonant frequen-
cies are 4.80% and 2.23%, respectively. Figure 10 demonstrates the VSWR plot of
designed antenna loaded with octagon radiating elements. VSWR values at resonant
frequencies are 1.03 at 31 GHz and 1.58 at 40,30 GHz. Group delay values at reso-
nant frequencies are 2,03 ns and 0.2 ns al 41 GHz and 40.3 GHz, respectively, as
shown in Fig. 11.

Figures 12 and 13 shows the Far-field radiation characteristics of proposed 2-
element array antenng composed of octagon elements. Figure 12 shows the 3D gain
polar plots. Maximum obtained peak gain values al resonant frequencies arc 9.54 dBi
and 9.845 dBi, respectively. Figure 13 presents co-polarization and cross=polarization
characteristics in H-plane and E-plane at phi values 0° and 90°. Figure 14 shows the
surface current distribution of simulated antenna.
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Fig. 10 VSWR characteristics of 2.elament antenna amay loaded with octagon radinlors
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Fig. 15 Qeometrical

arrangement of 2-clement
arrty antenna loaded with
hybrid modeled radiators

2.3 Design and Discussion About 2-Element Array Antenna
Loaded with Hybrid Elemenis

Figure 15 shows the hybrid-shaped elements loaded on 2-element array antenna.
This hybrid shape is developed by combining rectangular and circular elements.
The dimensions represented on presented antennas are R = 3.2 mm, i = 2.7 mm.
These proposed antennas are simulated using HFSS tool and are printed on dielectric
substrate material Rogers RT/Duroid 5880 (tm).

Figure 16 shows the reflection coefficient characteristics of 2-element array
antenna loaded with hybrid-shaped clement. This antenna resonates at two frequen-
cies such as 30.90 and 39.8 GHz. Band-1 is resonating from 30.05 to 31,59 GHz and
band-2 is resonating from 39.32 dB 10 40.38 GHz. Impedance bandwidths at — 10dB
are 1.54 GHz and 1.06 GHz, respectively, with $11 are — 36,18 dB and — 1538 dB.
Figure 17 shows the VSWR plot. VSWR values at resonant frequencies are 1.02 and
1.44. Figure 18 shows the group delay characteristics of designed antenna.

Figure 19 shows the 3D gain polar plots of designed antenna al (wo resonant
frequencies such as 30.90 and 39.80 GHz, Maximum peak gain values of designed
antenna are 8.96 dBi and 9.51 dBi at 30.90 GHz and 39.80 GHz, respectively.
Figure 20 shows the radiation pattems of suggested antenna in lerms of elevation
and azimuthal planes. Figure 21 shows the surface current distribution of 2-clement
array antenna loaded with hybrid radiating elements.
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3 Design Summary of Designed Antennas

In this paper, 2-clement array antennas are designed and simulaled, which is loadad
with rectangular elements, octagon elements and hybrid shape elements. Figures 22,
73 and 24 shows the reflection coefficient, VSWR and group delay responses for these
three designed antennas, These three plots show the functional behavior on type of
radiating element and its other parameters such as zain and fractional bandwidth
ratios. Table 1 shows the comparison of designed antennas in terms of resonarnt
frequency, reflection coeflicient, bandwidth, gain, VSWR and group delay.
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Tablel Design sumumary of designed atlennns analysis _
Design No.of |f.GHz |81,08 |BW. |IBR.% |VSWR Gain, |Group
banis GHz dBi delay
ins}
element |2 3005 —2435 (125 |415 1.12 B0l 12
By 3870 -2320 [117 |30 1.14 760 |0E
anfenna
compreed
rectangular
radialin
Zeglement 2 31.00 — 13533 1.49 | 4.BO JRIE 9,34 208
i | 4050 — 1286 (050 (223 1.58 084 (023
anlenng
comipesed
oclagon
radiaor
2-element .2 ane —3618 | 134 4,98 |02 £06 21
Ay 398 =1538 |1.D6 |[266 1,40 051 |03
anlennd
Lompossd
ryhrid
radiator

4 Conclusion

A 10 % 6 mm?® compact 2-element
urations on Rogers RT/Durcid 5880 substrate materi

of 2.9. These three antennas show dual band behavior in high-frequency

region, which are well suits for next-gener
coefficient (S11), voltage standing wave ra

array antennias has been desi gned in various config-
al having dielectric constant
Ka-band
ation wireless applications. The reflection
tio (VSWR), group delay, 3D polar plots,
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2D radiation patterns and surface current distributions are reported for all config-
urations in this article. On the basis of various antenna characteristics, 2-clement
array antenna loaded with hybrid radiator is appropriate for millimeter wave (mm
wave), next-generation applications such as ulira-wide band (UWB), fifth generation
communications and satellite syslems,
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