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This paper describes a simple methodology to obtain an Ultra-Wide Band characteristic with dual
polarization and high radiation performance of a miniaturized compact array antenna for Multi-Mission C
band Radars applications. The proposed array antenna is composed of a principal T-junction power divider
and 32 circular radiating elements. It is manufactured on 1.58 mm thick FR 4 epoxy with miniaturized
dimensions (110 mm x 214 mm x 1.58 mm). Design objective adopted in this work is to explore the Ultra-
Wide Band characteristic and high radiation pattern performance consisting of high co-polarization at
resonance frequencies and low cross-polarization for a miniaturized antenna structure that covers the
entire C band. The intended design of the optimal proposed structure has been obtained after processing
through many steps, starting from the basic antenna and its optimization to the final proposed array
antenna structure. All the simulation investigations have been carried out using numerical methods and
verified with measurement. The suggested array antenna is well miniaturized and it has good
characteristics in terms of bandwidth (122 %), gain (15-24 dB), side lobes level and co-cross polarizations

which are required in the majority of radars processing area.
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1. INTRODUCTION

Radars systems are used since their appearance in a
lot of area like military fields and civil applications. In
terms of frequency ranges, radars systems have many
bands, like S, C, X, K and others. The type of transmitted
signals by several radars is focalized on two popular
methods: narrowband or Ultra-Wideband (UWB) radio
pulse technologies [1-3]. UWB is a radio transmission
technology through which a wide bandwidth of 500 MHz
can be utilized for signal transmission as fixed by FCC
(Federal Communications Commission). The frequency
range fixed in this work ranges from 4 to 8 GHz that
covers the whole spectrum of C band. Generally, radars
are composed of a lot of different components, the most
important parts are: diplexers for switching input output
signal, filters for filtering unwanted signals, antenna for
receiving and transmitting radio signals, transmitters for
generating signals to antennas, receivers for signal
processing and screens [4-5]. In recent year, many
researchers have designed and reported various UWB
antenna structures [6-13]. The principal goal in this
article is to improve the antenna performance in terms of
size and radiation patterns as compared to antenna
structures reported in [14-17] with UWB characteristics.
The proposed article is presented with the following
sections highlighting the major contributions, design, and
studies conducted. In section 2, we presented theoretical
development methods for the design of single element
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antenna, planar array antenna, and proposed UWB PGB
array antenna structures with simulation results, while in
section 3, a comparison analysis between the
experimental and simulated results for the proposed array
antenna is discussed including a comparison with other
recent works is included. Finally, section 4 concludes the
proposed work.

2. ANTENNA DESIGNS AND RESULTS

All deign steps are executed with a depth study and
optimization in order to find the desired results [9-10].

2.1 The Basic Antenna

In Fig. 1(a), the proposed basic single antenna is
presented, the gray color is the partial ground plane.

Wb

Radiating elements Port of excitation

.,

In

" Ground Plane

Substrate

(a) (b)

© 2023 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.15(2).02010
mailto:abdellatif.slimani@usmba.ac.ma
mailto:sudipta.das1985@gmail.com

A. SLIMANI, T.S.N. MURTHY, S.D. BENNANI, ET AL.

Wsub

[

©

Fig. 1 — (a) basic antenna, (b) linear 4 x 1 array antenna (c)
planar array antenna

Its principal dimensions are (Unit: mm): Lsus = 30,
Wsub = 20, Ly=12, Wy=2, L= 8.5, R =8.5.

To ameliorate the bandwidth and to achieve high gain,
it is required to increase the number of radiating
elements. In order to achieve it, the design has been
transformed from single antenna to the linear array
antenna [see Fig. 1(b)] and then to the planar array
antenna of eight circular radiating elements [see Fig. 1(c)].
Fig. 2(a) shows the simulated reflection coefficient (Si1)
results taken from two numerical methods (CST and
HFSS) for both cases of ground plane (total (TGP) and
partial (PGP)). Clearly, it can be observed that, for the
PGP case, an UWB property is verified and from 4.2 GHz
to 5.8 GHz, we have — 10 dB of S11 which is approximately
about 1600 MHz in terms of bandwidth. On the other
hand, for TGP case, it indicates poor matching of antenna.
In general, the design goal is to reach UWB to cover whole
C band with high gain, which is not attained by single
element antenna. The Si11 parameters for 4 x 1 linear
array with different ground planes are shown in Fig. 2(b).
For this linear array antenna, UWB band requirements
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Fig. 2 — S11 comparisons for (a) single element antenna (b)
4 x 1 linear array antenna
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covering entire C band is not achieved.

Fig. 3 presents the structure of 7T-junction power
divider required to design the proposed planar array
antenna. The basic goal of this power divider
development is to supply a power into input port, the
power transmission to ports 1 and 2 should be
maintained equally. The principal dimensions after
optimization are (Unit: mm): L =64, Wi =178,
Le=20.3, Wi=35 We=28.7, Ws=52 Wi=Ad4,
Ws=2, Ws=4, Wi=4, Z1=44Q, Z2=33.9Q,

Z1=71=404Q, and Z;=.,/Z -Z,/2=54Q. Fig. 4

shows the T-junction power divider input impedance. It
is shown that our input impedance has a resistive part
of 50 Ohm while the reactive part is zero at the
operating band frequency. Hence, the power divider is
well matched to the source. It can be observed from
Fig. 5 that the planar array with total ground plane
has no matching in all band of interest, hence UWB
characteristic is not reached. For the partial ground
plane, we can conclude that the array antenna reaches
our objective in terms of bandwidth, it has a Si1 inferior
to — 10 dB from the frequency of 3.5 GHz to 8.8 GHz, so
this array antenna is Ultra wideband and covers all C-
band.

Substrate
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Fig. 3 — Proposed power divider

~
o

' ! ——Imag (Zin)
"*** Real (Zin)

o
=]
T

Zin (Ohm)
w » 0
o o o

N
=)
T
L

10 . . . . .
3

6 7
Frequency (GHz)

Fig. 4 — Simulated T power divider Input impedance

S11 (dB)

===CST- Array 4x2- Partial ground

30 H — -HFSS- Array 4x2- Partial ground |

—=--CST- Array 4x2- Total ground
----- HFSS - Array 4x2- Total ground
-40 I 1 L L L
3 4 5 8 9

6
Frequency (GHz)

Fig. 5 — S for planar array with different ground planes

02010-2



HigH-Co0 AND LOoW-CROSS POLARIZATION MEASUREMENTS...

2.2 Proposed Array Antenna Structure

Fig. 6 presents the proposed compact planar array
antenna geometry with partial ground (PG) plane. The
principal dimensions after optimization are (Unit: mm):
Lsuy =110, Wiy =214, Lg=80, Wy=21.2, Y1=093.38,
Y2=11.7, and R = 6. As per observations demonstrated
in Fig. 7(a) in terms of Si1, it can be noticed that the
array antenna with a total ground plane (TGP) is not
well matched over the whole band of interest (4-8 GHz).
It also has many resonance peaks with a lot of
distortions. So, therefore, the total ground plane is not
suitable for UWB communication. As per the
simulation results of partial ground plane, we can
observe that it provides a bandwidth greater than
5.5 GHz (S11 <— 10 dB), over the frequency spectrum 3
to 9 GHz, which covers the required band for our radar
applications in the C-band. The gain versus frequency
for different proposed antenna structures are shown in
Fig. 7(b). It can be clearly seen that the gain increases
from the single antenna (with a maximum of 4 dB) to
the final proposed array antenna (which increases from
15dB to 24 dB for total C-band). It justifies the
proposed array structure be used in several radars
which need high radiation performance.
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Fig. 7 — Proposed array antenna (a) S1: (b) gain comparisons
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3. MEASUREMENT RESULTS

Fig. 8 represents the fabricated structure with its
dimensions. It is examined by a VNA Network
Analyzer through its SMA Female connector.

Fig. 8 - Fabricated structure of UWB array antenna

3.1 S11 comparison

As indicated in Fig. 9, the simulated results
obtained using both simulators (CST and HFSS) are
experimentally verified through measurements using
vector network analyzer. The measured operating band
ranges from 3 GHz to 9 GHz with several resonance
frequencies [3.61 GHz, 4.11 GHz, 5.01 GHz, 7.01 GHz,
and 8.39 GHz].
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Fig. 9 - Simulation and measurement results

3.2 Gain and Radiation Pattern Study

To better understand the array antenna behavior, a
comparison between simulation and measurements
radiation performance in terms of normalized gain are
given in Figs. 10 and 11. The comparison is made in the
two radiation planes (F and H). During the measurement,
the transmitter antenna is positioned at 10 meters from
the receiver array antenna. The array antenna alignment
is very important to get the desired results in all
measured polarization cases. Fig. 10(a-b) represent the
comparison between CO-POL and CROSS-POL for E and
H planes respectively, at 4 GHz. Simulation and
measurement results are in well agreements. The
measured half power beam width (HPBW) at 3 dB is
about 15 degree and 18 degree, the side lobes levels are
lower than —13.5dB and —125dB for E and H-
polarization, respectively.

The comparison between CO-POL and CROSS-POL
for both cases of E and H planes at 6.3 GHz are shown
in Figs. 11(a-b). The CROSS-POL are higher than
20 dB, the HPBW is about 8 degree and 10 degree, the
side lobes levels are lower than — 10.5 dB and — 18.9 dB
for the E and H-polarization, respectively. The slight
discrepancy between simulation and measurements are
due to measurement tolerances.
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Fig. 10 - CO-POL and CROSS-POL radiation patterns at 4 GHz for (a) E-Plane (b) H-Plane
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Fig. 11 - CO-POL and CROSS-POL radiation patterns at 6.3 GHz for (a) E-Plane (b) H-Plane

The elements distribution decreases the side lobes
level in comparison with the principal lobe in the main
direction, which gives rise to very high co-polarization and
low cross polarization. The proposed work has been
compared with other reported designs used for radars
applications [14-17] as presented in Table 1. The
comparison is made in terms of dimensions, radiation
performance and UWB characteristics. It can be
concluded that proposed structure is well miniaturized,
with high radiation and good bandwidth performance
which respects the UWB norms compared to other recent
works.

Table 1 — Comparison between our work and other recent works

Ref. Antenna Size | Maximum UWB Full C
(Wx L) m2 gain (dB) Charac- band
teristic | Coverage
[14] > 0.151 x 0.347 17.26 No No
[15] | >0.114x0.114 10.7 No No
[16] 0.50 x 0.400 13.2 Yes No
[17] 0.197 x 0.197 21 Yes No
This 0.11 x 0.214 23.5 Yes Yes
Work

4. CONCLUSION

A miniaturized UWB compact array antenna is
designed and fabricated in this paper. The design is
carried out through several steps to obtain the desired
results. In this work, we have focused on the
improvement of radiation performance along with
maintaining miniaturized antenna size and bandwidth
requirements for UWB communication systems. To
achieve a lower cross-polarization characteristic with
minimum sides lobes, a vertical distribution between
linear arrays antenna is utilized in the final structure.
The proposed array antenna is optimized, fabricated
and tested, showing an impedance bandwidth greater
than 5.5 GHz at — 10 dB level in terms of Si1 which
satisfies the UWB characteristic and covers the total C
band frequency spectrum. The designed array antenna
also exhibits good radiation performance better than
15 dB in terms of gain, with a cross-polarization better
than — 20 dB, a small HPBW and lower side lobes level
of — 10 dB for the operating band.

02010-4



HigH-Co0 AND LOoW-CROSS POLARIZATION MEASUREMENTS... JJ. NANO- ELECTRON. PHYS. 15, 02010 (2023)

REFERENCES
1. First Report and Order, Revision of Part 15 of the 9. O. Fiser, V. Hruby, J. Vrba, T. Drizdal, J. Tesarik, J. Vrba
Commission’s Rules Regarding Ultra-wideband Jr, D. Vrba, IEEE Trans. Anten. Propag. 70, 5357 (2022).
Transmission Systems FCC, FCC 02-48, (2002). 10. H. Medkour, S. Lakrit, S. Das, B.T.P. Madhav, K. Vasu
2. W.P. Siriwongpairat, KJ.R. Liu, Ultra-Wideband Babu, oJ. Circ., Syst. Comput. 31 No 3, 2250045 (2022).
Communication Systems (John Wiley & Sons Publication: 11. S. Saleh, W. Ismail, I.S.Z. Abidin, M.H.l. Jamaluddin,
2008). M.H. Bataineh, A.S. Al-Zoubi, IEEE Trans. Anten. Propag.
3. S.Yan, P.J.Soh, G.A.E.Vandenbosch, IEEE Access 6, 70, 6592 (2022).
42177 (2018). 12. R. Li, Y. Guo, IEEE Anten. Wireless Propag. Lett. 20, 483
4. A. Slimani, Sudipta Das, B.T.P. Madhav, A. El Alami, (2021).
S.D. Bennani, M. Jorio. J. Instrum. 17, T07009 (2022). 13. A. Slimani, S.D. Bennani, A. El Alami, J. Terhzaz, Int. <J.
5. A. Slimani, Sudipta. Das, W.AE. Ali, A. El Alami, Anten. Propag. 2017, 2346068 (2017).
S.D.Bennani, M. Jorio, J. Instrum. 17, P07002 (2022). 14. H.S. Manesh, G. Zhang, IEEE Access 7, 5026 (2018).
6. D.A. Crocker, W.R. Scott, IEEE Anten. Wireless Propag. 15. T.J. Douglas, K. Sarabandi, IEEE Access 6, 9951 (2018).
Lett. 18, 1347 (2019). 16. L.U. Wen, S. Gao, Q. Luo, Z. Tang, W. Hu, Y. Yin, Y. Geng,
7. A.Slimani, S.D.Bennani, A. El Alami, Int. J. Ultra- Z.Cheng, IEEE Access 6, 77169 (2018).
Wideband Commun. Syst. 3 No 3, 126 (2016). 17. K. Li, T. Dong, Z. Xia, IEEE Access 7, 51417 (2019).

8. L.Y. Nie, X.Q. Lin, S. Xiang, B. Wang, L. Xiao, J.Y. Ye,
IEEE Trans. Anten. Propag. 70, 8186 (2020).

BumiproBaHHsA BHCOKOI Ta HU3BKOI IepexXpecHOol nojigpusanii B MiHiaTiopHii
HaAIINPOKOCMYTOBill KOMIAKTHIN aHTEeHHi peuriTi nua 6araroniisosux PJIC
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¥V wmi#i craTTi omMcaHO IPOCTY METOMUKY OTPHMAHHS HAJIITHPOKOCMYTOBOI XapaKTePUCTUKH 3 II0/IBIIIHOI0
TOJIAPHU3ATIE0 1 MIBUMIEHUMH XapPaKTePUCTUKAMY BHUIIPOMIHIOBAHHS MIHIATIOPHOI KOMITAKTHOI aHTEHHOI
PeLIiTKY I 3acTocyBaHHA B OararoriiboBux PJIC C-miamasomy. 3ampomoHOBaHA aHTEHA CKJIATAETHCA 3
roioBHOrO T-IepeximHoro MiIbHHUKA IOTY’KHOCTI 1 32 KpYIJIMX BUIIPOMIHIOIYHX eJIeMeHTiB. BoHa
BUTOTOBJIeHA Ha ernokcuaHii cvoi FR 4 tosmmnono 1,58 MM 3 miniaTiopaumu podmipamu (110 mm x 214 Mmm
x 1,68 mm). Merow poGoTH € DOCTIMKEHHSA HAIIIMPOKOCMYTOBOI XAPAKTEPUCTUKM Ta IIIIBHUIIEHOL
e)eKTUBHOCTI JTlarpaMu CIIPSIMOBAHOCTI, 10 CKJIAIAETHCA 3 BUCOKOI MOJIAPHU3AIii Ha Pe30HAHCHUX YacTOTax 1
HU3BKOI IEePeXpPecHOl MOJIAPHU3Aaliil JJIis MIHIATIOPHOI CTPYKTYPH aHTEHH, SgKa MOoKpuBae Bech C-miamasoH.
3amaHoBaHA KOHCTPYKILISI ONTHUMAJIBHOL CTPYKTYPH OyJia OTPHUMAHA IICJIs ONPAIllOBAHHS 0araTboxX eTalliB,
MOYMHAIYN Bif 0a30BOI AHTEHW Ta Ii ONTHMI3AIlll M0 OCTATOYHOI 3AIIPOIOHOBAHOI CTPYKTYPH AHTEHHOI
pemritku. Bel imiTamiiei mocsimkeHHsS OyJM IIPOBeeHI 3 BHUKOPHCTAHHAM UHCEJbHUX METOMIB 1
MiATBEPIMKEH] POo3paxyHKaMM. 3allpOHOHOBAHA PEIIiT4acTa aHTeHa O0o0pe MiHIaTIOPHU30BaHA 1 Mae rapHi
XapaKTePUCTUKKN 3 TOYKK 30py cMyru mporyckanaa (122 %), xoedimienra macwienua (15-24 nb), pisusa
OIUHMX TEJIIOCTOK 1 IepexXpecHUX IOJAPHU3AIliil, AKI € HeoOXiTHMMH B OLJIBIIOCTI obJacTell 00pOOKH
PamioJIOKAIIIAHUX CUTHAJIIB.

Kmrouori ciosa: Aurenna perritka, Hammmpokocmyrosumit 38’s130k, [lonspuaartisi, Pagap, Biumi mesmocrin.
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