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The implementation of antenna arrays, beamforming, and millimeter-wave communication in a 5G net-
work requires a novel approach to testing the radio performance of the devices. Over-the-air testing is a
practical solution for measuring the radio performance of next-generation wireless systems. This paper pre-
sents the analysis and design of the dual-polarized Vivaldi antenna for over-the-air testing of a 5G base
station for the frequency range spanning from 1.4 GHz to 6 GHz. The designed antenna consists of two
elements arranged in an orthogonal fashion. The two dual-polarized Vivaldi antenna prototypes are modeled:
one with an offset between the antenna elements and the other without an offset between the antenna ele-
ments. The wideband antenna is mainly characterized by an acceptable reflection coefficient (S11) over the
desired operational bandwidth. The simulation results show S11 less than —10 dB across 1.4 to 6 GHz fre-
quency range in both prototypes. The CST Studio Suite EM simulator is used to create and simulate the
proposed antenna utilizing the Rogers RO4350B substrate, which has an overall size of 86 x 90 x 0.5 mm3.
The proposed antenna will be used at the UE side inside the anechoic chamber to test 5G base station over
the air in terms of throughput and mobility. The compact size and low cost are the key features of this
antenna. Low cost is achieved by using cheap dielectric material.
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antenna.

DOT: 10.21272/jnep.15(6).06004

1. INTRODUCTION

The 5th generation of wireless technology has evolved
from the 4th generation of wireless technology, and it prom-
ises to provide massive worldwide connectivity. 5G is de-
signed to deliver higher data rates, ultra-low latency,
higher reliability, higher capacity, wider coverage, and a
better user experience compared to the previous genera-
tions of wireless systems [1, 2]. The Massive multiple-in-
put-multiple-output (mMIMO) antennas and beamforming
are the two technologies employed in 5G wireless networks
to improve coverage, capacity, and reliability.

An antenna element designed for beamforming
mMIMO antenna array is required to have a compact size,
broad bandwidth, and dual polarization. The dual-polar-
ized antenna is capable of mitigating multipath fading, re-
ducing the size and number of antennas, and enhancing the
channel capacity [2]. The increasing complexity of antenna
systems in mMIMO and beamforming scenario have made
conventional testing methods redundant. Now, novel over-
the-air (OTA) test methods are being deployed for 5G and
beyond wireless systems. This means that the device under
test (DuT) will not be physically connected to the test equip-
ment during testing.

Moreover, millimeter-wave (mmWave) bandwidths
will be utilized by the 5G communication equipment for
increased data speeds [3]. The testing at mmWave fre-
quency bands is a challenge. The millimeter-wave
(mmWave) devices using massive antenna arrays cannot
be tested using cables as adding a connector to each an-
tenna element is not feasible. Also, radio transceivers and
antenna systems will be integrated into a single chip,
leaving no space for radio frequency (RF) connectors [4].
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In addition, higher frequency bands are associated with
higher path loss. Beamforming is an effective technology
implemented in multiple-input and multiple-output
(MIMO) antenna systems to reduce these path losses. But
measuring the performance of MIMO antennas in beam-
forming scenarios is difficult due to inaccuracies of power
amplifiers and cable loss calibration. Moreover, the meas-
urement time is also extended [5]. Thus, cabled methods
must be abandoned.

To address these measurement challenges, OTA test-
ing techniques are being investigated for the upcoming
generations of mobile systems. 5G and beyond wireless
communication will make use of multi-antenna arrays,
which will create multiple beams and dynamically guide
them in the appropriate directions using variations in
the phase and amplitude of the signal delivered to each
antenna element in an antenna array [6]. Multi-element
antennas will be used in the sub 6 GHz as well as
mmWave frequency bands.

A method of OTA interface is needed because base sta-
tions will employ a significant number of antenna elements
to create many beams. For all of these beams, it is neces-
sary to lock the 5G base station (gNB) downlink (DL) and
attach multiple user equipment (UEs) ontheuplink (UL) to
make throughput and mobility measurements. Over-the-
air (OTA) test techniques must be used in such a case. For
testing RF performance (a minimum levelof signal quality),
demodulation (throughput performance), and radio re-
source management (handover, mobility, and initial ac-
cess), OTA testing will be necessary [4].

The components of an OTA test technique include a
chamber enclosure, probe antennas, and test tools for
signal analysis. The chamber offers a protected setting
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for the controlled measurement of signals with a specific
power and direction [4]. This article stipulates that the
antenna for OTA testing must have wideband, linear po-
larization, and isolation features. For each test fre-
quency, a narrowband antenna can be utilized. This ap-
proach, however, is not very practical because many an-
tennas are needed to cover all of the test frequencies.

Using a wideband antenna to cover all the test bands is
the more practical method. The antenna must be able to
accommodate a broad range of frequency spectrums to be
useful in ultra-wideband (UBW) technology. At UBW fre-
quencies, the traveling-wave antennas have been proven to
work satisfactorily. The traveling-wave antennas include
horn antennas, dielectric rod antennas, and tapered slot
antennas that can be utilized as wideband antennas to
cover all required test bands [7]. The Vivaldi antenna, a ta-
pered slot antenna with a wide bandwidth, symmetric ra-
diation patterns in both co- and cross-polarization at micro-
wave frequencies, and acceptable time domain behavior [8,
9], are the characteristics that make this antenna the best
choice for this project. In addition, the Vivaldi antenna is
the perfect option for the work being considered because of
its low cost and simple fabrication method. The antenna
with a small gain will be sufficient for OTA measuring
needs because the distance between the DuT and the probe
antenna is not too wide.

According to the authors, this antenna is the first of
its kind in size, cost, frequency range, and application.
The fundamentals of OTA testing are covered in part 2
of this study. In section 3, the design process for the con-
struction of the dual-polarized Vivaldi antenna is de-
scribed. In section 4, the conclusion is provided.

2. OVERVIEW OF OVER-THE-AIR TESTING

The massive MIMO integrated base stations are a fun-
damental requirement for capacity and throughput en-
hancement in 5G wireless technology at both sub-6GHz
and mmWave frequency bands. The omission of RF test
ports and the dynamic beamforming in massive MIMO sce-
narios make OTA testing inevitable for 5G deployment
[10]. OTA testing includes testing and validation of MIMO
and beamforming. Both MIMO and beamforming are im-
plemented through electrically steerable antenna arrays
[11]. Beamforming implementation calls for multi-element
antenna arrays. Beam steering requires precise control
over the signal phase that is applied to each antenna ele-
ment. Using massive antenna element arrays, narrow
beams can be produced [11].

Controlling the MIMO link between the transmitter
and receiver is crucial to the 5G radio channel's function-
ality. A MIMO link should have a minimal correlation
between the various data streams from the transmitting
antennas to the receiving antennas. OTA testing is re-
quired because of the potential for substantial variations
in the air interface, which have a considerable impact on
radio link performance [11].

Massive MIMO active antenna systems enable fast
communication but also complicate testing for 5G mobile
systems [12]. Radiofrequency systems and antennas will
function as a single physical unit with the implementa-
tion of mmWave frequencies. The performance of inte-
grated solutions combining amplifiers, phase shifters,
modems, and antennas in a single multilayer PCB chip
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is crucial to the deployment of 5G infrastructure,
whether it operates at sub-6 GHz (FR1) or mmWave
(FR2) [10].

OTA test methods can be categorized as Conformance
tests and Performance tests. Conformance tests are critical
and include connecting devices to wireless test systems
[13]. These tests yield minimum-level signal quality (RF
transmission and reception), data throughput (demodula-
tion), and radio resource management (mobility, handover,
and initial access) [4]. 3GPP TR 38.810 [14] approved the
following three OTA test methods:

(I) Direct Far Field (DFF). In this test method, the
measurement antenna is kept in the far field, which
starts at 2D%/ A, where D is the diameter of the radiating
element and A is the wavelength. In this region, the
spherical waves transition into plane waves. This
method is capable of measuring multiple signals with
different angles of arrival (AoA) as it can accommodate
multiple antennas [12, 13]. However, it can lead to an
extended test range at mmWave frequencies [13]. This
method is suitable for sub-6 GHz measurements.

(II) Indirect Far Field (IFF). Using a parabolic reflec-
tor to collimate the signals from the probe antenna, this
technique condenses the amount of space needed to pro-
duce a far-field scenario [13, 14], and the setup is called
Compact Antenna Test Range (CATR) [13, 15]. This
method seems suitable for mmWave 5G OTA testing but
it has the drawback of not providing multiple frequency
ranges [14].

(III) Near-Field to Far-Field Transformation (NFTF).
This technique involves first measuring the device under
test (DuT) in the near field and then using the Fast Fou-
rier Transform (FFT) to produce the far-field characteris-
tics from the near-field measurements [13]. Due to the ad-
ditional computations required, this method is the slowest
of the three [12]. This approach exhibits testing deficiency
in real-time device operation [14].

The essential OTA metrics include effective isotropic
radiated power (EIRP), total radiated power (TRP), total
isotropic sensitivity (TIS), effective isotropic sensitivity
(EIS), spectrum emission mask (SEM), adjacent channel
leakage ratio (ACLR), and error vector magnitude
(EVM) [10, 16]. OTA solutions are developing quickly
and playing a significant role in the verification process.
To evaluate the 5G wireless systems in a real environ-
ment and avoid expensive field tests, OTA test systems
simulate the multipath radio environments in a predict-
able, repeatable, and reliable manner [17]. OTA tests
can enhance device design and hasten the rollout of 5G.

3. ANALYSIS AND DESIGN OF THE ANTENNA

A single antenna element is first designed, and sub-
sequently, the design is expanded to include two an-
tenna elements operating in dual-polarized mode. CST
microwave studio is used to design, simulate and opti-
mize the Vivaldi antenna. The proposed antenna is
modeled with a view to achieving the following
specifications given in Table 1.

The design of the antenna depends heavily on the di-
electric material. The main factors that must be taken
into consideration because they affect how well the an-
tenna performs are thickness and dielectric constant.
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Table 1 — Desired Antenna Parameters

No Parameters Values

1 Antenna size 90 x 90 x 90 mm?3

2 Frequency range 1.4 GHz - 6 GHz

3 Return loss >10dB

4 Polarization Linear

5 Radiation pattern Peak gain in boresight

6 Gain 0-10dBi

7 Cross Polarization > 20 dB

8 Physical connection | Two SMA connectors
(one per connection)

9 Cost Low cost

Reduced antenna size and simplified fabrication is
achieved by using substrate materials with high dielec-
tric constant [18]. Such dielectric materials, however,
cause the antenna's radiation efficiency and bandwidth
to deteriorate [19]. The substrates with low dielectric
constant and high thickness offer a large bandwidth, in-
creased radiation efficiency, and efficient design at the
expense of size [18, 20]. The design utilizes the substrate
material Rogers RO4350B, which has a thickness of 0.5
mm, a dielectric constant of 3.48, and a dissipation factor
ranging from 0.0031 to 0.0037.

The availability of the dielectric material and the
proposed antenna's cost specifications are other im-
portant considerations in the selection of Rogers
RO4350B. At the outset of the design process, the sub-
strate needs to be carefully chosen based on the require-
ments of the antenna. The selection of an appropriate
feeding technique is also very important in designing the
antenna. Microstrip to slot line feed is chosen to excite
the antenna because of its planar structure, ease of im-
plementation, and widespread use in tapered slot anten-
nas. The radial stub is used at the end of the microstrip
for broadband operation.

A microstrip feed line is built on one side of the sub-
strate material and a copper plate with an etching of
0.035 mm thickness on the other. The design methodol-
ogy involves studying the various antenna parameters,
analyzing their impact on the performance of the an-
tenna through simulations, and then optimizing them to
obtain the best design that could satisfy the require-
ments of a specific application. This is because there is
no concrete and well-defined procedure available for de-
signing the antenna. Vivaldi antenna and its parame-
ters are shown in Fig. 1.

T

Boff E-field

Fig. 1 — Vivaldi Antenna Geometry and Parameters

A description of the Vivaldi antenna parameters is
given in Table 2.

W Direction ¢

H W Tadition
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Table 2 — Vivaldi Antenna Parameters

No Notation Parameters
1 L Antenna length

2 w Antenna width

3 H Aperture size

4 R Taper rate

5 T Taper length

6 Bogr Backwall offset

7 Dsc Circular cavity diameter
8 Wi Slotline width

9 Wins Microstrip width

10 | Rr Radial stub radius
11 | 6 Radial stub angle

By using the mathematical equations given in the lit-
erature, antenna dimensions can be calculated. The
width and length of the antenna can be calculated from
the equation [21].

w=L=25 |2

fLA er+1’

@)

where L is the length of the antenna, Wis the width of the
antenna, C'is the free space velocity of light, fL is the min-
imum frequency of operation, and &r is the dielectric con-
stant. The maximum and minimum aperture size of the
antenna is calculated using the equations [22].
c

i‘q = f min\/g ? (2)
where Ag is the guide wavelength, Cis the speed of light,
fmin is the minimum frequency, and ¢r is the dielectric
constant. The maximum opening width or aperture size
is given by

A

Whax = ?g~ 3

The minimum opening width is given by

C

Whin = fer’ 4)

where f is centre frequency.
The taper rate of the Vivaldi antenna is computed
using the equation [23, 24].

y =1(Ce™ + ), (6)
where C1 and C: are constants given by C; = % and
ylesz_yzeRxl .
C2 = =g ra— R defines the opening rate of exponen-

tial taper and determines the beamwidth of the Vivaldi
antenna. (x1, y1) defines the coordinates of origin and (x2,
y2) defines the coordinates of flare end points.

According to conventional knowledge of Vivaldi an-
tenna design, the length of the antenna should be
greater than one wavelength at the lowest design fre-
quency [20], and the width should be half a wavelength
at the lowest operating frequency. This information,
combined with the mathematical equation in (1), results
in length and width dimensions that do not meet the size
requirements set forth for this antenna. The compact
size is the primary design objective for this antenna,
thus its length and width could not be extended above
90 mm. As a result, significant parametric study and
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analysis are required for this antenna. The return loss
of an antenna, which determines its operational band-
width, is the most crucial criterion for wideband anten-
nas. The amount of radio frequency power that the an-
tenna reflects rather than accepts is known as return
loss. The permitted operating level is 10 dB of return
loss, which translates to 10% of the power reflected and
90% of the power radiated by the antenna. The design
process intends to develop an antenna that could meet
the 10 dB criterion over the whole 1.4 — 6 GHz operating
frequency. The width of the microstrip feed line is fine-
tuned to obtain the input impedance of 50 Q. By progres-
sively and continually changing the characteristic im-
pedance of the tapered microstrip feed line along its
length, the impedance matching with the antenna is
achieved. The initial value of aperture size is calculated
using the equations given in (3) and (4). The initial taper
rate value is derived from equation (5) in MATLAB soft-
ware. The starting stub angle is chosen to be 60 degrees.
The CST MWS software is used for numerical simula-
tion of the antenna configuration in the time domain
solver after declaring the initial values of the antenna
parameters. A thorough parametric analysis of several
antenna characteristics is conducted, and these param-
eters are then tuned to provide the best possible antenna
performance while meeting the design performance.

3.1 Parametric Study and Analysis

Increasing the antenna's length and width increases
its bandwidth, especially at the lowest working frequen-
cies. The reduction in width and length dimensions of
the antenna reduces the system bandwidth. Increased
aperture size or mouth opening enhances antenna per-
formance in the lower frequency range, enabling the re-
quired band's lowest frequency to be attained. With
changes in aperture size, the antenna's high-frequency
return loss response nearly stays constant. Antenna im-
pedance and free space impedance are matched by aper-
ture size. The choice of the aperture size must therefore
strike a compromise between improving the return loss
in the lower frequency range and achieving impedance
matching in the higher frequency range.

The backwall offset is an additional metallization that
is added behind the circular cavity to prevent the abrupt
termination of currents. The lower values of backwall off-
set are seen to deteriorate the performance of the antenna
at lower frequencies. The higher frequencies show little
variation with the variation in the backwall offset values.
The reduction in cavity diameter results in poor return
loss of the antenna at the lower frequencies. Higher cavity
diameter improves the antenna bandwidth. The variation
in slot line width has more impact on the higher frequen-
cies in the designated frequency range than the lower fre-
quencies. The decrease in slot line width results in im-
proved return loss performance of the antenna at higher
frequencies of the spectrum. An increase in slot line width
improves low-frequency transmission. The width of the
slot line has to be large enough to realize an orthogonal
structure because the antenna is to be used in dual-polar-
ized mode. Hence, a trade-off in the parametric value of
slot line width is achieved.

The taper rate of the slot line is observed to impact

J. NANO- ELECTRON. PHYS. 15, 06004 (2023)

the mid-band frequencies of the desired band. The de-
crease in taper rate shows considerable improvement in
the center frequencies of the frequency range. However,
the decrease in taper rate degrades the antenna perfor-
mance at the lower frequencies. The literature on de-
signing Vivaldi antennas states that the taper length is
typically half of the wavelength at the lowest frequency
in the desired band for efficient energy radiation. The
antenna's taper length is optimized with the necessary
antenna dimensions in mind because increasing the ta-
per length would lengthen the antenna even though it is
seen that a longer taper length would boost perfor-
mance. Again, a trade-off is considered.

The stub radius and stub angle are optimized for opti-
mum antenna performance after the effects of these param-
eters on the operational bandwidth of the antenna are inves-
tigated. The optimized antenna parameters obtained from
parametric analysis and CST simulations for the best possi-
ble antenna performance are shown in Table 3.

Table 3 — Optimized parameters

No Parameters Values
1 L 86 mm
2 W 90 mm
3 H 51 mm
4 R 0.063

5 T 66 mm
6 Bogt 4 mm

7 Dsc 12 mm
8 Wi 1 mm
9 Wins 1.4 mm
10 | Rr 5 mm
11 | @ 900

3.2 Simulated Antenna Prototypes

The designed single-element Vivaldi antenna is
seen in Fig. 2.

\/Q

Fig. 2 — Single Element Vivaldi Antenna

The connectors should be suitable to send a microwave
signal to the transmission line. For the SMA connectors —
which are used to link the microwave energy —to grasp the
edge of the circuit board securely and prevent gaps, the
feed structure has to be coplanar. Due to the mismatch in
dimensions between the contactor contact and substrate
thickness, there may be a significant amount of energy
that is reflected when it comes to thin substrates [25]. To
avoid these problems, a coplanar to microstrip transition
is constructed. The ground plane on the substrate's back
and the coplanar waveguide (CPW) ground are connected
using metallic via holes.

Differential port feeding is used to excite the copla-
nar waveguide structure. Differential feeding involves
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feeding 180-degree phase-shifted signals with equal am-
plitude to the opposing ports. Fig. 3 depicts the front and
back view of the designed antenna with CPW to mi-
crostrip transition.

Fig. 3 — Front and Back View of the CPW-Microstrip Vivaldi
Antenna

Fig. 4 illustrates a dual polarized (horizontal and
vertical) Vivaldi antenna made out of the two Vivaldi an-
tenna elements (VAE) incorporated into a single orthog-
onal structure. To prevent feeding lines from crossing
each other and causing mutual coupling of microwave
radiation, one antenna element is moved ahead of the
other, creating a dual-polarized antenna with an offset
between the two antenna elements.

Fig. 4 — Dual Polarized Vivaldi antenna with offset

Another dual-polarized antenna prototype is created
without offset. Comparing the outcomes of the two pro-
totypes is intended to help determine which antenna
produces more precise findings. This antenna is created
by cutting out two equal-length rectangular slots in the
ground plane at the back of each antenna's circular cav-
ity as shown in Fig. 5.

=

i

Fig. 5 — Single polarized Vivaldi antennas with cut-outs

Fig. 6 shows the dual-polarized Vivaldi antenna
without offset between the antenna elements. The feed-
ing lines are made to pass through the slot line at differ-
ent positions to prevent them from overlapping each
other in dual polarization configuration.
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Fig. 6 — Dual Polarized Vivaldi Antenna without Offset

3.3 Simulation Results and Discussions

Fig. 7 shows simulated return loss (S11, S22) and
cross-polarization discrimination (S21, S12) of dual-polar-
ized Vivaldi antenna with offset.

S-Parameters Vagnitude i dB]
:: \f\ /;\ A /"\ —i
el NN NN T
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;t; b N \j “// \\JI [intedtod e
NI 7 AR Dt

1 15 H 14 3 35 4 45 H 55 6
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Fig. 7 — Return loss & Cross-polarization Rejection of An-
tenna with Offset

Fig. 8 shows the simulated return loss (S11, S22) and
cross-polarization rejection (S21, Si2) of the dual-polar-
ized Vivaldi antenna without offset.
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Fig. 8 — Return loss & Cross-polarization Rejection of Antenna
without Offset

The simulation results demonstrate that the return
loss in both prototypes exceeds 10 dB, the threshold that
this antenna requires to function as a wideband antenna
and cover the entire targeted band of frequencies. S11 in-
dicates the return loss when the antenna is excited at
port 1, while Se2 represents the return loss when the an-
tenna is excited at port 2.
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farfield (f=1.4) [2)

0

Frequency = 1.4 GHz

Main lobe magnitude =  -1.99 dB
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 230.3 deg.
Side lobe level = -2.9 dB

150 L — 150
180
Phi / Degree vs. dB

(a)

—— farfield (f=4) [2]

Frequency = 4 GHz

Main lobe magnitude = 7.6 dB
Main lobe direction = 1.0 deg.
Angular width (3 dB) = 51.5 deg.
Side lobe level = -11.9 dB

(b)

farfield (f=6) (2]

Frequency = 6 GHz

Main lobe magnitude =  8.13dB
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 49.3 deg.
Side lobe level = -8.2dB

Phi / Degree vs. d8

(©

Fig. 9 —2-D Radiation Pattern (a) 1.4 GHz, (b) 4 GHz, (c) 6 GHz
of the antenna with offset

The simulations also show that the cross-polariza-
tion rejection is higher than 20 dB, which is required of
this antenna to produce optimal results. A polarization
that is orthogonal to the preferred polarization is re-
ferred to as cross-polarization. Vertical polarization is
cross-polarization if the fields coming from the antenna
are horizontally polarized and vice versa. The cross-po-
larization rejection measures the rejection of orthogo-
nally polarized transmissions and reflects the polarity of
an antenna element. S21 and Si2 represent the cross-po-
larization discrimination when the antenna is excited at
port 1 and port 2 respectively.

The radiation pattern, which depicts the distribution
of radiated energy in space, is a significant and funda-
mental characteristic of the antenna. 2-D radiation pat-
terns of the simulated antenna at 1.4 GHz, 4 GHz, and
6 GHz for dual-polarized Vivaldi antenna with offset are
shown in Fig. 9.

Fig. 10 shows the simulated radiation patterns of the
dual-polarized Vivaldi antenna without offset at
1.4 GHz, 4 GHz, and 6 GHz.

The results of 2-D radiation pattern simulations for the
dual-polarized Vivaldi antenna with an offset demonstrate
that the peak gain is in the direction of the boresight over
the target band, satisfying the criterion of the proposed an-
tenna. However, simulations for the dual-polarized Vivaldi
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—— farfield (f=1.4) (1]

Frequency = 1.4 GHz

Main lobe magnitude = -1.62 dB
Main lobe direction = 71.0 deg.
Angular width (3 dB) = 223.7 deg.

Phi / Degree vs. dB

(a)
— farfield (f=4) (1]
Frequency = 4 GHz
Main lobe magnitude =  7.67 dB
Main lobe direction = 3.0 deg.
Angular width (3 dB) = 54.2 deg.
Side lobe level = -10.1dB

— farfield (f=6) [2]

Frequency = 6 GHz

i - Main lobe magnitude =  7.89 dB
180 Main lobe direction = 0.0 deg.
Angular width (3 dB) =  61.5 deg.
Side lobe level = -11.6 d8

150

Phi / Degree vs. d8

(©

Fig. 10 — 2-D Radiation Pattern (a) 1.4 GHz, (b) 4 GHz, (¢)
6 GHz of the antenna without offset

antenna without an offset show that the peak gain deviates
from the boresight direction at the lower components of the
frequency range. Due to the antenna's small size, radia-
tions at the lowest frequency part of the desired frequency
spectrum are reflected, which is the source of this discrep-
ancy. By using a metal plate at the back of the antenna to
absorb reflections, this issue can be addressed. Yet, the an-
tenna displays the desired far-field 2-D radiation patterns
for all other frequencies in the intended frequency band.
Fig. 11 shows the simulated gain, radiation efficiency, and
total efficiency at 1.4 GHz, 4 GHz, and 6 GHz for dual-po-
larized Vivaldi antenna with offset in 3D radiation pat-
terns.

Farfleld
Approximation  enabled (kR »» 1)
Monitor farfiold (f=1.4) (1)
Component  Abs
Output Galn
Fraquency 1.4 GHz
Rad, offic 01022 d8
Tot effic -1.527 dB
Gain 1.586 dB

(a)
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y

— —————
Type Farfleld
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Output Gain

Frequency 4 GHz

Rad. effic. -0.1156 dB

Tot, effic. -0.1260 dB

Gain 7.900 dB
——

Type Farfield

Approximation  enabled (kR == 1)

Monitor farfield (=6) (1]

Component  Abs

Output Gain

Frequency 6 GHz
Rad, effic. -0.1662 dB
Tot. effic. -0.1918 dB
Gain 8.017 dB

(©

Fig. 11 — 3-D Radiation Pattern (a) 1.4 GHz, (b) 4 GHz, (c)
6 GHz of the Vivaldi antenna with offset

Fig. 12 depicts the simulated gain, radiation effi-
ciency, and total efficiency at 1.4 GHz, 4 GHz, and 6 GHz
for dual-polarized Vivaldi antenna without offset in 3D
radiation patterns.

enatied (R >> 1)
tfared (124) [1]
Abs

Gan
4GHz
04635 08
-05205 98
152108

(b)
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Type Fareld
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Fig. 12 — 3-D Radiation Pattern (a) 1.4 GHz, (b) 4 GHz, (C)
6 GHz of the Vivaldi antenna without offset

The simulated antenna gains are 1.586 dB, 7.900 dB,
and 8.017 dB at 1.4 GHz, 4 GHz, and 6 GHz, respectively
for dual-polarized Vivaldi antenna with offset, which
agree with the antenna's specified gain requirements.
With a dual-polarized Vivaldi antenna without offset, the
simulated antenna gains are — 1.755 dB, 7.527 dB, and
8.009 dB at 1.4 GHz, 4 GHz, and 6 GHz, respectively. At
the lowest frequency of 1.4 GHz, it is observed that the
antenna without offset does not perform as well in terms
of antenna gain and radiation pattern as the antenna
with offset. However, both simulated antenna prototypes
have performed admirably over the majority of the neces-
sary frequency range and have complied with the anten-
na's requirements.

4. CONCLUSION

This study describes a dual-polarized Vivaldi an-
tenna with broad-bandwidth and high isolation for OTA
measurements of 5G base stations. The antenna is de-
signed to resonate over a sub-6 GHz frequency spectrum.
Two dual-polarized antenna prototypes are designed
and simulated. Both prototype designs achieve the 10 dB
criterion for wideband operation over the entire in-
tended frequency range. XPD is found to be greater than
20 dB over all the frequencies in the desired frequency
range. The simulation results show that the antennas
perform with the desired gain and radiation pattern.
The antenna is modeled on a 0.5 mm thick dielectric ma-
terial. This culminates in the development of a highly
thin and light antenna. The goal of this research is to
demonstrate that it is feasible to design an electrically
small and inexpensive antenna that can test 5G New Ra-
dio over-the-air while covering the whole sub-6 GHz fre-
quency band. We anticipate that the actualized antenna
will satisfy the design requirements. The fabrication er-
rors may be the only reason for the divergence from the
simulated outcomes.
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KoMmakTHa MHPOKOCMYroBa MOABIiHO-IIOJIIPHU30OBAHA AHTEHA
nnsa OTA-recryBanna HoBoro pangio go 6 I'T'y 5G

P. Singhl, F.H. Ali2

L Department of Test and Measurement, Rohde & Schwarz., New Delhi, India
2 School of Engineering and Informatics, University of Sussex., United Kingdom

BroposamkeHHS aHTEHHUX PEITITOK, GOpMyBaHHS IIPOMEHS Ta 3B A3KY Ha MIIMETPOBUX XBUJIAX Y MEPEsKL
5G BUMarae HOBOTO ITIJIX0/Ty JI0 TECTYBAHHS PAIONPOJIyKTHBHOCTI IPUCTPOiB. BesipoToBe TecTyBaHHs € Ipak-
TUYHUM PIIIeHHAM [IJI BUMIPIOBAHHS PaTiONPOAYKTUBHOCTI 0E3OPOTOBHX CHUCTEM HOBOTO IIOKOJIIHHSA. Y
I[BOMY JOKYMEHTI IIPe/ICTABJIeHO aHal3 1 Ju3aliH MoJBiiHOI moasgpu3osanol autenn Vivaldi qus 6e3mporo-
BOTO TecTyBaHHA 06a30Boi crauini 5G mya wacrorroro miamasony Bix 1,4 I'T'iy mo 6 I'Tir. Pospobiena anrena
CKJIAJIA€ThCA 3 IBOX €JIEMEHTIB, PO3TAIIOBAHUX OPTOTOHAJIBHO. 3MO/1eJIbOBAHO JIBA IPOTOTUNM aHTeHu Bisa-
JIBJTL 3 TIOJBIMHOIO TOJISIPU3AITIEI0: OHA 31 3MIIEHHAM MK eJIeMEeHTaMU aHTeHHW, a 1HIna — 0e3 3MIMIeHHs
Mixk esleMeHTaMu aHTeHu. [IlMpokocMyroBa aHTeHa B OCHOBHOMY XapaKTepPU3yeThCsA IPUAHATHUM Koediirie-
HTOM BibuTTs (S11) y 6askaHiil pobodiil cMyal mporyckaHHs. Pe3ysbraTi Mosie/ Il0BaHHS ITOKA3yI0Th, o S11
menmre —10 1B y miamasowni vacror Bifg 1,4 g0 6 I'T'iy B 060x mporornnax. Cumyssirop CST Studio Suite EM
BUKOPHUCTOBYETHCS JJIsI CTBOPEHHS Ta MOJEJIOBAHHS 3aIIPOIIOHOBAHOI AHTEHU 3 BUKOPUCTAHHSAM ITIIKJIAIKA
Rogers RO4350B, axa mae saranbpamii poamip 86 x 90 x 0.5 mm3. 3amporoHoBaHa aHTeHA 0yIe BUKOPHUCTOBY-
BaTucsa Ha cropoHi UE BcepemuHi 6e3exoBol KaMepH JJIs TeCTyBaHHSA 0a30Bol craHIlii 5G mo moBiTpIO 1010
IPOIyCKHOI 3aTHOCTI Ta MobimbHOCTl. KoMuakTHMi po3mip 1 HU3bKA BAPTICTD € KJIIOYOBUME XapPaKTePUCTH-
Kawmu 11iel anTenu. Huapka BapTicTh J0CATa€THCS BUKOPUCTAHHAM JEIIeBOro IieJIEeKTPUYHOI0 MaTepiay.

Kimouosi ciiosa: @opmyBanus npomens, Iloasitina nmonapusaiisa, Edipae TectyBanns, Jiarpama cripsamo-

BaHOCTI, 3BopoTHI BrpaTtu, AHTeHa Vivaldi.
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