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Abstract—This work deals with the design and development
of a conformal series-fed antenna structure operating at the
60 GHz frequency. The proposed antenna operates from
57 GHz to 62 GHz with good return loss and radiation
characteristics for 6G and beyond applications. The antenna is
shown to give a good gain of more than 14.7 dBi with directional
radiation beam in the hemispherical boresight direction. The
fabricated prototype is verified with the simulated result, and it
is found to be a good matching. The step-by-step antenna design
process, parametric variation, and a detailed study are also
reported. For a case study, this series-fed antenna conformal
configuration is also embedded on a cylindrical structure. From
this study, similar resonant and radiation performance
characteristics are observed. Since the structure is compact,
conformal, and gives better performance, it can be suitable for
applications such as 6G, radar, guided missiles, body-centric
medical imaging, etc.

Index Terms—6G; Boresight direction; Conformal antenna;
Cylindrical body; Hemispherical; Series-fed antenna.

I. INTRODUCTION

The demanding requirements of the present advanced
communications in terms of speed, reliability, latency, data
traffic, and spectral efficiencies have led to the rapid
exponential growth of wireless devices. As the current
available radio spectrum bands are not sufficient to meet
these projected requirements, the Federal Communications
Commission (FCC) defines new spectrum bands. Especially,
mm wave spectrum has attracted the attention of wireless
engineers to explore the new horizons of wireless
communications. However, the high-frequency bands suffer
from atmospheric attenuation like rain drop attenuation, etc.
There are some bands like 40 GHz to 50 GHz and 70 GHz to
80 GHz that undergo minimum atmospheric attenuation and
hence are attractive for mm wave applications [1]. The
identified frequency bands for high-speed indoor and outdoor
communications are 28 GHz, 38 GHz, 60 GHz, and 73 GHz
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[2]-[4]. In these bands, the 60 GHz band is commonly used
for high-speed wireless communication, including WiFi
(802.11ad) and some 6G implementations. In addition, this
band is highly preferred compared to the ultra high frequency
(UHF) band as it involves smaller antennas, with high beam
direction capabilities, high transmission rates with minimum
interference [5].

In the literature, various antennas operating at 60 GHz
band are presented that meet the requirements of current
wireless communications. In [6], the design of a wideband
reflective surface antenna with a high gain of 16.4 dBi is
presented. In [7], the design of a 60 GHz antenna based on
open end fringing fields is designed and developed. The
developed antenna gives a peak boresight gain of 11.5 dBi
with a 2.5 GHz bandwidth. Today, 3D printing technology
plays a pivotal role in the design and development of novel
antenna models, and one such antenna at 60 GHz frequency
is presented in [8]. Another significant application of 60 GHz
antennas is in textile antenna models for body-centric
communications [9]. These antennas can be conveniently
placed on printed circuit boards (PCBs) that are low cost and
easy to implement, as described in [10]. Another high-gain
broadband mm wave antenna resonating from 53.9 GHz to
63.5GHz is presented by Khaled, Fathallah, Ashraf,
Vettikalladi, and Alshebeili in [11]. A novel 60 GHz switched
beam broadband antenna fed by a horn antenna is presented
by Jang, Kim, and Park in [12]. A comprehensive review on
mm wave antennas operating at different bands with different
specifications is given in [13]-[15].

Conformal antennas have recently attracted the attention of
antenna researchers. Various antennas are conformed to the
surface of the desired structure [16]. In mobile, automotive,
medical, and radar applications, these conformal antennas
play a significant role in meeting the requirements [17]. The
design of a phase-compensated microwave conformal
antenna for spherical mounts is presented in [18]. The
developed 4x4 array operates at 2.4 GHz, giving good
resonant and radiation characteristics. A 2D monopulse
antenna with dual band characteristics for conical conformal
applications is presented in [19]. The antenna operates from
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8.96 GHz to 11.2 GHz with gain in the range of 9 dBi to
11 dBi. Another dual band conformal antenna operating at
1.189 GHz and 1.575 GHz was developed by Yinusa in [20].
This antenna works effectively for small cylindrical
applications. Semkin et al. [21] have developed an mm wave
beam switching microwave antenna array consisting of 16
elements. This antenna is mounted on a cylindrical surface,
giving effective radiation characteristics. Similarly, the
design principles of microstrip arrays for sub-6 GHz
applications, specially aimed at WiFi-5/6 routers, are
presented in [22]. Dielectric resonator antennas (DRA) are
one of the best choices for mm wave antenna design as they
give better efficiency, and one of such antennas with an
operating band from 54.152 GHz to 63.252 GHz is presented
in [23]. Similarly, a semicircular ground plane 5G antenna is
presented in [24].

The novelty of the proposed work is summarised as
follows.

— Design of a simple series-fed microstrip antenna using
well-known design equations resonating at 60 GHz
frequency with a wideband from 57 GHz to 62 GHz
enabling the antenna suitable for 6G and beyond
applications.
— Embedding the proposed antenna on a conformal and
cylindrical structure and studying the resonant and
radiation characteristics in the desired operating band of
frequencies and verifying the results practically.
— The proposed antenna is compact in nature compared to
many existing antennas as mentioned in the comparison
table presented in Section I11. Therefore, it can be used for
6G, radar, guided missiles, body-centric medical imaging,
etc. The design and study of the proposed antenna are
performed in the electromagnetic (EM) simulation tool
high frequency structure simulation (HFSS).

The organisation of this paper is as follows. Section Il
reports on the design study of a proposed planar series-fed
antenna structure. Section 111 focusses on the conformality of
the proposed antenna and its placement on a cylindrical body.
Section 1V concludes the work.

Il. ANTENNA DESIGN

A. Proposed Structure

As per the IEEE 802.15.3c standards, for standard line of
sight communications using the 60 GHz band, it is divided
into four channels and the minimum requirement of
bandwidth for any channel is 2.16 GHz. Hence, in the present
work, the aim is to design antenna that resonates at 60 GHz
with good bandwidth characteristics. Also, the antenna is
required to give a stable radiation pattern with good
directional properties in boresight direction. Based on these
requirements, the antenna resonating at 60 GHz is designed
and developed as shown in Fig. 1(a). The values of W, L, and
Ls are noted to be 2 mm, 1.75 mm, and 1.5 mm, respectively.
This antenna is printed on a Rogers RT substrate with a
dielectric constant value of 2.2 having a thickness of 0.8 mm.
The overall dimensions of the antenna structure are 7 mm x
35 mm. The prototype fabricated of the final designed
antenna is shown in Fig. 1(b).
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()
Fig. 1. Proposed 60 GHz antenna: (a) Schematic View; (b) Fabricated
prototype.

B. Design Evolution

In the antenna design process, initially a simple patch with
dimensions WxL mm?(2x1.75 mm?) is considered as shown
in Fig. 2(a), where the dimensions are obtained using the
basic rectangular microstrip patch equations given in (1) and
(2), respectively:

w :C_O 2 , (1)
2f \e +1
% oL @)
2fr \lgreff ’
-1/2
greff = gr +1+ gr _1|:l+12W£:| ’ (3)

where ¢, is the effective relative dielectric constant, h is the

height of the substrate, AL is the increase in patch length due
to fringing fields, and L is the actual length of the patch. A
tapered feed structure is used to feed the antenna to obtain the
desired resonant characteristics and impedance matching
over a broad range. The feed line has a length of r = 1.65 mm
and width is varying from g = 0.25 mm to p = 0.375 mm as
shown in Fig. 2(a). In this case, the resonant frequency is
obtained at 58.75 GHz with bandwidth from 55.6 GHz to
61.6 GHz as shown in Fig. 3. Parametric analysis is carried
with respect to the antenna’s dimensions viz; patch length (L)
and patch width (W) as portrayed in Fig. 4. From the values
obtained in this curve, it is clear that better resonant values
with good reflection coefficient values are obtained for L =
1.75 mmand W =2 mm.

To get the desired target frequency, the rectangular shaped
patch is series-fed with two more rectangular shaped patches
as shown in Fig. 2(b). This structure gives resonant frequency
near to 59.75GHz with bandwidth from 57.6 GHz to
61.6 GHz as shown in Fig. 3.

(@)
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©
Fig. 2. Evolution of the antenna: (a) Design 1; (b) Design 2; (c) Design 3.
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Fig. 3. Comparison of the S-parameters with various initial designs.

As the obtained resonant characteristics are still not
satisfactory, the design is further modified as shown in Fig.
2(c). For this case, the desired resonance at 60 GHz is
obtained with a bandwidth of 57.5 GHz to 61.9 GHz. This
structure is further modified to the final proposed antenna as
shown in Fig. 1(a) so that 60 GHz resonance is obtained with
increased bandwidth from 57 GHz to 62 GHz.
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Fig. 4. Parametric analysis with respect to patch length (L) and width (W)
for Design 1.
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The simulated and measured Sii-parameters of the
proposed antenna are given in Fig. 5, from which it is
observed that the proposed antenna resonates at 60 GHz,
meeting the current wireless applications at the mm wave
band.
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Fig. 5. Si-parameters of the proposed antenna.

As discussed earlier, the important requirement of 60 GHz
antennas is to get stable and directional properties in the
boresight direction. Therefore, the radiation patterns of each
antenna designed at different stages are presented at 60 GHz
on the XZ and YZ planes as given in Fig. 6. From the
radiation patterns portrayed, it is observed that good
directional properties with high boresight gain are obtained
for the final considered structure on both the XZ and YZ
planes compared to the designs 1, 2, and 3.
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Fig. 6. Radiation patterns of various designs at 60GHz on: (a) XZ plane; (b)
YZ plane.

The simulated and measured radiation patterns of the final
planar antenna on the E and H planes are given in Figs. 7(a)
and 7(b). From the obtained radiation patterns, it is concluded
that the pattern on E plane is mainly towards the broadside
direction in the upper hemisphere, which is required for many
wireless applications. Similarly, on H plane, the pattern is
orientated towards boresight direction. The antenna radiation
pattern measurement setup in the anechoic chamber is shown
in Fig. 7(c).

-20

-40

-40

-20

j=———Co-Pol Sim
|=— = Co-Pol Meas
- . Cross-Pol Sim

Cross-Pol Meas

j=——— Co-Pol Sim
|— = Co-Pol Meas
- . Cross-Pol Sim

|— - Cross-Pol Meas

(b)

41

100

Real
— =Im

80 |-

80 |

40

Impedance (ohm)

hS

Pd

-~ -
b

-20

56 57 58 59 60

Frequency (GHz)
(d)

61 62 63

15

14

-
w

Gain (dBi)

AN

-
[+

1

AN

61

10

55 56 57 58 59 60

Frequency (GHz)
(®

1.00

0.98

o
w
o

o
o
=

Efficiency (%)

0.82

0.80

55 56 57 58 59 60 61

Freauency (GHz)

62 63

Fig. 7. Radiation patterns on: (a) E-plane; (b) H-plane; (c) Measurement
setup at 60 GHz; (d) Impedance characteristics: (e) Peak gain plot; (f)
Radiation efficiency plot.

Furthermore, the impedance characteristics of the
proposed antenna are given in Fig. 7(d). The peak gain plot is
presented in Fig. 7(e), from which it is observed that a
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maximum gain of 14.7 dBi is obtained near 55.5 GHz.
Similarly, the efficiency plot is obtained and is portrayed in
Fig. 7(f), where the efficiency is more than 98 % in the entire
operating band.

The surface current distribution of the final proposed
antenna at various frequencies is shown in Fig. 8, where it is
observed that a considerable amount of surface current is
distributed near the feed structure and the current gradually
reduces towards the end of the structure.
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Fig. 8. Surface current distribution at: (a) 55 GHz; (b) 62.5 GHz.

I1l. CONFORMAL SERIES-FED ANTENNA STRUCTURE

The earlier section presented the design and development
of a novel series-fed antenna structure resonating at 60 GHz.
However, the main objective of the proposed work is to
analyse the performance of the antenna on conformal
structures and verifying its compatibility on bent-like
surfaces. There are numerous applications where conformal
antennas can be used in a real-time scenario. The applications
include aircrafts, missiles, radar, vehicle tracking, etc. This
section presents a discussion of the proposed conformal
antenna structure and its performance observation on a bent
structure and a cylindrical body.

In various wireless applications like guided missiles, radar,
aircraft, satellites, etc., the antennas suitable for insertion into
conformal structures are desired. Therefore, the performance
of the antenna is verified with the conformal structure as
shown in Fig. 9(a). The resulting Si;-parameters of the
proposed conformal antenna are given in Fig. 9(b), from
which it is observed that the antenna resonates exactly at
60 GHz with huge impedance bandwidth from 52 GHz to
62.25 GHz. The 2D radiation patterns of the proposed
conformal antenna are given in Fig. 9(c), from which it is
observed that the antenna exhibits good broadside radiation
characteristics on the XZ plane and directional characteristics
on the YZ plane. From Fig. 9(c), it is noted that a peak gain
of more than 10 dBi is obtained at 60 GHz.

In the present case, a cylindrical glass structure of radius
4.25 mm and length 37.5 mm is considered and on which the
proposed series-fed microstrip antenna is attached as shown
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in Fig. 10.
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Fig. 9. (a) Proposed conformal antenna: (b) Si;-parameter; (c) 2D pattern at
60 GHz.
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Fig. 10. Conformal antenna in 60 GHz simulation set-up: (a) Front view; (b)
Side view; (c) Fabricated conformal antenna.

The antenna’s S-parameters are given in Fig. 11(a), from
which it is observed that the proposed centipede antenna on
the cylindrical glass drum resonates at 59.5 GHz. The
measured results are found to be almost matched with the
simulated results. This means that when the antenna is
employed on a planar structure, a 60 GHz resonance is
obtained, whereas when the antenna is mounted on a
conformal structure, the resonance frequency is slightly
reduced, making the antenna to resonate at 59.5 GHz. The
radiation patterns on the XZ and YZ planes of the proposed
centipede-shaped microstrip antenna when employed on the
cylindrical drum are shown in Fig. 12.
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Fig. 11. S-parameters of the conformal antenna mounted on a cylindrical

structure.
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From the portrayed radiation patterns, it is observed that
the proposed conformal antenna exhibits almost similar
radiation patterns as when employed on the planar structure.
It is found that the pattern on the XZ plane is nearly
omnidirectional in the upper hemisphere and on the YZ plane;
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the radiation pattern is directional with good boresight
direction characteristics. However, a slight disturbance is
observed in the radiation patterns.
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Fig. 12. Measured and simulated antenna radiation pattern on cylindrical
drum on: (a) XZ plane; (b) YZ plane.

The proposed work is compared with some similar works
in the literature (Table I). The antenna proposed in [6] uses
the concept of the Febry-Perot cavity resonating at 60 GHz
with 5.6 GHz bandwidth and the antenna size is 25x25 mm?,
The antenna mentioned in [7], operating at 60 GHz, gives a
bandwidth of 2.5 GHz and the antenna is 35x25 mm?. This
antenna uses the concept of an open end microstrip to give
characteristics of boresight gain. The antenna mentioned in
[8] is a printed lens antenna that resonates at 60 GHz with a
pattern beam offset at 15 °. However, this antenna gives a
gain of 4 dBi. The antenna developed in [9], is suitable for
conformal textile applications with a gain of 7 dBi. However,
the size of this antenna is 100x100 mm?. The double-layered
antenna discussed in [11] gives bandwidth from 53.9 GHz to
66.3 GHz and the antenna size is 30x30 mm?2. The antenna
discussed in [12] resonates at 60 GHz with a bandwidth of
6.5 GHz and the antenna size is 13x20 mm? From the table,
it is observed that the antenna is compact giving gain more
than 14.7 dBi at 55.5 GHz with a compact size of 7x35 mm?,
Additionally, the performance of the antenna is verified in the
conformal structure, making it suitable for real-time
applications such as aircrafts, missiles, etc.
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TABLE I. COMPARISON WITH EXISTING SIMILAR WORKS.

Operating Impedance . Type of radiation .
Ref. Type of Antenna frequency Bandwidth Gain pattern Size
Reflecting surface Directional with narrow
[6] with Fabry-Perot 60 GHz 5.6 GHz 16 dBi . 25x25 mm?
- beamwidth
cavity
[7] Open end 60 GHz 2.5 GHz 115 dBi Directional towards 35%25 mm?
microstrip boresight
[8] Printed plastic 60 GHz - 4dBi Beam offset to 15 ° 15x15 mm?
[9] Textile conformal 60 GHz 57 GHz to 64 GHz 7 dBi Dlrectlona! towards 100%100 mm?
antenna boresight
Double-layered
[11] microstrip 60 GHz 53.9 GHz to 11.8 dBi Directional 30x30 mm?
66.3 GHz
antenna
[12] Textile conformal 60 GHz 6.5 GHz 13.4 dBi Dlrectlona! towards 13%20 mm2
antenna boresight
Series-fed Hemispherical on the
Proposed work microstrip 60 GHz 57 GHz to 62 GHz 14.7dBi | XZ plane and directional 7x35 mm?
antenna on YZ plane

IV. CONCLUSIONS
In the present work, the design and development of a novel

series-fed patch antenna resonating at 60 GHz is presented.
This antenna gives good impedance bandwidth from below
57 GHz to 62 GHz with stable radiation characteristics in the
hemispherical boresight direction. As a case study, the
performance of this antenna conformal geometry is verified
on a cylindrical glass surface of radius 4.25 mm and length
37.5 mm. The developed conformal antenna is also shown to
give good resonant properties at 60 GHz with good boresight
radiation characteristics, thus enabling the antenna to be
suitable for applications like radar, aircraft, etc. at mm wave
frequencies.

[1]

[2

(31

(4]

[5]

(6]

[71

(8]

(9]

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.

REFERENCES

T. S. Rappaport et al., “Millimeter wave mobile communications for
5G cellular: It will work!”, IEEE Access, vol. 1, pp. 335-349, 2013.
DOI: 10.1109/ACCESS.2013.2260813.

K. Chandra, R. V. Prasad, B. Quang, and I. G. M. M. Niemegeers,
“CogCell: Cognitive interplay between 60 GHz picocells and 2.4/5
GHz hotspots in the 5G era”, IEEE Communication Magazine., vol. 53,
no. 7, pp. 118-125, 2015. DOI: 10.1109/MCOM.2015.7158274.

E. Dahlman et al., “5G wireless access: Requirements and realization”,
IEEE Communication Magazine, vol. 52, no. 12, pp. 42-47, 2014. DOI:
10.1109/MCOM.2014.6979985.

M. S. Alam, M. T. Islam, N. Misran, and J. S. Mandeep, “A wideband
microstrip patch antenna for 60 GHz wireless applications”,
Elektronika ir Elektrotechnika, vol. 19, no. 9, pp. 65-70, 2013. DOI:
10.5755/j01.eee.19.9.5651.

IEEE 802.15 WPAN Task Group 3c (TG3c), IEEE 802.15.3c, 2009.
D. Abbou, T. P. Vuong, R. Touhami, F. Ferrero, D. Hamzaoui, and M.
C. E. Yagoub, “High-gain wideband partially reflecting surface
antenna for 60 GHz systems”, IEEE Antennas and Wireless
Propagation Letters, vol. 16, pp. 2704-2707, 2017. DOI:
10.1109/LAWP.2017.2742862.

Y. Al-Alem and A. A. Kishk, “Efficient 60 GHz antenna based on
open-end microstrip line fringing fields”, in Proc. of 2018 IEEE
International Symposium on Antennas and Propagation & USNC/URSI
National Radio Science Meeting, 2018, pp. 1703-1704. DOI:
10.1109/APUSNCURSINRSM.2018.8609412.

A. Bisognin et al., “3D printed plastic 60 GHz lens: Enabling
innovative millimeter wave antenna solution and system”, in Proc. of
2014 |IEEE MTT-S International Microwave Symposium (IMS2014),
2014, pp. 1-4. DOI: 10.1109/MWSYM.2014.6848450.

N. Chahat, M. Zhadobov, S. A. Muhammad, L. Le Coq, and R. Sauleau,
“60-GHz textile antenna array for body-centric communications”,

44

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

IEEE Transactions on Antennas and Propagation, vol. 61, no. 4, pp.
1816-1824, 2013. DOI: 10.1109/TAP.2012.2232633.

Z. N. Chen, X. Qing, M. Sun, K. Gong, and W. Hong, “60-GHz
antennas on PCB”, in Proc. of The 8th European Conference on
Antennas and Propagation (EuCAP 2014), 2014, pp. 533-536. DOI:
10.1109/EuCAP.2014.6901812.

K. Issa, H. Fathallah, M. A. Ashraf, H. Vettikalladi, and S. Alshebeili,
“Broadband high-gain antenna for millimetre-wave 60-GHz band”,
Electronics, wvol. 8, no. 11, p. 1246, 2019. DOI:
10.3390/electronics8111246.

T.H.Jang, H. Y. Kim, and C. S. Park, “A 60 GHz wideband switched-
beam dipole-array-fed hybrid horn antenna”, IEEE Antennas and
Wireless Propagation Letters, vol. 17, no. 7, pp. 1344-1348, 2018.
DOI: 10.1109/LAWP.2018.2845877.

H. P. Zapata Cano, Z. D. Zaharis, T. V. Yioultsis, N. V. Kantartzis, and
P. 1. Lazaridis, “Pattern reconfigurable antennas at millimeter-wave
frequencies: A comprehensive survey”, IEEE Access, vol. 10, pp.
83029-83042, 2022. DOI: 10.1109/ACCESS.2022.3196456.

L. Li et al., “The path to 5G: mmWave aspects”, Journal of
Communications and Information Networks, vol. 1, no. 2, pp. 1-18,
2016. DOI: 10.11959/j.issn.2096-1081.2016.032.

F. Giannetti, M. Luise, and R. Reggiannini, “Mobile and personal
communications in the 60 GHz band: A survey”, Wireless Personal
Communications, vol. 10, pp. 207-243, 1999. DOl
10.1023/A:1018308429332.

W. Wiesbeck, M. Younis, and D. Loffler, “Design and measurement of
conformal antennas”, in Proc. of IEEE Antennas and Propagation
Society International Symposium (IEEE Cat. No.02CH37313), 2002,
pp. 84-87, vol. 1. DOI: 10.1109/APS.2002.1016256.

X. Gao, Z. Shen, and C. Hua, “Conformal VHF log-periodic balloon
antenna”, IEEE Transactions on Antennas and Propagation, vol. 63,
no. 6, pp. 27562761, 2015. DOI: 10.1109/TAP.2015.2414478.

B. D. Braaten, S. Roy, I. Irfanullah, S. Nariyal, and D. E. Anagnostou,
“Phase-compensated conformal antennas for changing spherical
surfaces”, IEEE Transactions on Antennas and Propagation, vol. 62,
no. 4, pp. 1880-1887, 2014. DOI: 10.1109/TAP.2014.2298881.

Y. Gao, W. Jiang, W. Hu, Q. Wang, W. Zhang, and S. Gong, “A dual-
polarized 2-D monopulse antenna array for conical conformal
applications”, IEEE Transactions on Antennas and Propagation, vol.
69, no. 9, pp. 5479-5488, 2021. DOI: 10.1109/TAP.2021.3060085.

K. A. Yinusa, “A dual-band conformal antenna for GNSS applications
in small cylindrical structures”, IEEE Antennas and Wireless
Propagation Letters, vol. 17, no. 6, pp. 1056-1059, 2018. DOI:
10.1109/LAWP.2018.2830969.

V. Semkin et al., “Beam switching conformal antenna array for mm-
wave communications”, IEEE Antennas and Wireless Propagation
Letters, vol. 15, pp. 28-31, 2016. DOI: 10.1109/LAWP.2015.2426510.
L. C. Paul et al., “Design and characterization of a compact four-
element microstrip array antenna for WiFi-5/6 routers”, International
Journal of RF and Microwave Computer-Aided Engineering, vol.
2023, art. 1D 6640730, 2023. DOI: 10.1155/2023/6640730.

L. C. Paul, M. F. Rahman, M. Z. Mahmud, R. Azim, and M. T. Islam,
“An aperture coupled compact cylindrical dielectric resonator antenna
for WiGig application”, in Proc. of 2021 International Conference on
Electronics, Communications and Information Technology (ICECIT),
2021, pp. 1-4. DOI: 10.1109/ICECIT54077.2021.9641268.



ELEKTRONIKA IR ELEKTROTECHNIKA, ISSN 1392-1215, VOL. 30, NO. 2, 2024

[24] L. C. Paul et al., “A compact wrench-shaped patch antenna with a Electronics and Energy, vol. 6, art. 100334, 2023. DOI:
slotted parasitic element and semi-circular ground plane for 5G 10.1016/j.prime.2023.100334.
communication”, e-Prime - Advances in Electrical Engineering,

@ This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution 4.0
@ (CC BY 4.0) license (http://creativecommons.org/licenses/by/4.0/).

45





