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In this work, a 3D printed 2 x 2 circular planar antenna array was designed to explain the usability
of 3DP technique for RF systems. An innovative process with etching substrate in PLA dielectric is im-
plemented. The designed planar array antenna consists of four circular antenna elements combined with
power divider on the top layer of PLA substrate and the ground plane is mounted on the bottom layer of
substrate, both the patch and the ground are made of red copper sheet with a thickness of 1 mm and an
overall size of 133.14 x 146.5 x 2 mm3. The proposed array used PLA substrate material with relative
permittivity of 3.1 and loss tangent of 0.001, and all parts of the antenna are fixed by screw nails. The
novel circular planar antenna array operates with one input feeding by a coaxial connector connected di-
rectly to transmission line, which is merged with the designed power divider, the final power divider con-
sists of two sections combined together and simulated individually to investigate their performance
through the reflection coefficient and isolation between ports. The 3D printed circular planar array is
simulated and the obtained results, such as Si1 reached up to — 15.69 dB at 2.63 GHz and the total gain
of 6.73 dBi, are obtained at the achieved band, and also other bands are generated which confirms the
suitability of the proposed array for various wireless applications.
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1. INTRODUCTION

Antenna array systems are generally used in radar
and satellite communication applications for achieving
high gain, narrow beam width and multiband opera-
tions. The conventional fabrication technique for an-
tenna array structure is usually complicated, need to
high-cost materials or high-temperature welding that
may be cause a damage in the substrate [1]. Fast fabri-
cating prototype, strong, reliable, and low expansive
materials for antenna array are still a challenge. Vari-
ous array antennas are discussed for wireless applica-
tions such as triangular antenna array [2, 3], rectangu-
lar-shaped monopole antenna array, C-shaped mono-
pole antenna array [4-8], and so on.

A 3D printing (3DP) or additive manufacturing
(AM) has been discussed to be the future of fabrication
given its massive effort in revolution both in design and
fabrication methods [9]. 3DP permits 3D objects with
different geometry shapes to be printed automatically
layer by layer, enabling the realization of sophisticated
shapes such as 3D conformal shapes [10], more flexible
design [11]. In addition, 3D printed systems can benefit
from reducing fabrication costs. Thus, 3DP may be a
convenient technique to manufacture RF components
and systems [12]. A novel 3DP hybrid technique for
fabricating functional RF systems such as antennas,
microstrip at the chamber temperature that maintains
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good electro-magnetic performance has been explained
n [13]. The 3DP technique carried out etching in PLA
dielectric substrate to explain the simplicity and ap-
plicability of the 3D printing technique for RF system.

A 3D printed 2X2 antenna array is used to achieve
the desired radiation pattern which cannot be obtained
by using a single element. Also, one of the main aims in
designing an antenna is to enhance the gain and di-
rectivity [14-17]. The elements can be used by a single
line or by multiple lines in a power divider network
arrangement. So, in this paper we used a circular pla-
nar antenna array connected together with a Wilkinson
power divider to improve the overall performance. Fur-
thermore, the radiating elements of the circular anten-
na are distributed symmetrically with respect to the
ground plane [18]. The patch antenna and ground
plane are made from red copper with thickness of
1 mm, and the dielectric part is printed by 3DP ma-
chine using PLA thermoplastic material of thickness
2 mm to enhance the gain and performance of antenna
array [19, 20], then all parts are fixed by screw nails
accurately. This work is arranged as follows. In part II,
design and fabrication procedures based on 3DP tech-
nique for various parts of the antenna array are given.
In part III, the simulation results of the 3D printed
antenna array system are introduced. In part IV, the
conclusion is presented.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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2. DESIGN AND FABRICATION PROCEDURE

The 3D printed 2X2 planar antenna array operates
at 2.4 GHz, fed by SMA connector which is welded from
the outer conductor with the ground plane and the
inner conductor is welded by T.L. (transmission line)
which is merged with the designed power divider. The
3DP circular array antenna consisting of four circular
antenna elements is connected with the power divider
at 45°nd the substrate is etched with multi circular
shapes as in [21] to achieve the desired performance.

2.1 Circular Antenna Element

As shown in Fig. 1, it can be observed that the cir-
cular antenna of a radius of 20.80 mm with etched sub-
strate (Apollonian gasket) resonates at 2.39, 3.56, 4.7,
5.6, 6.12 GHz with input reflection coefficient reached
to—26.6, — 15, — 21.2, — 30.2, — 27.6 dB, respectively.
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Fig. 1 — The top views and simulated Si1 result of a circular
antenna element with etched multicircular (Apollonian gasket)
substrate

2.2 1st Power Divider

The first power divider as shown in Fig. 2 consists
of a T splitter made of copper patch and a ground plane
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Fig. 2 — The 2D, 3D views, simulated S parameters and cur-
rent distribution result for thelst power divider
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with a thickness of 1 mm, the divider split the input
power by equal halves, and it is confirmed from the S
parameters and the current distribution of Fig. 2 that
the S21 and S31 are at the same level of approximately
— 3 dB over the achieved band (1 GHz-8 GHz).

2.3 2nd Power Divider

As shown in Fig. 3, the second power divider was
designed to divide the input power to equal four por-
tions and used it to construct the planar array antenna
with one input feeding. It can be observed from Fig. 3
that the power is equally divided between the four
ports with the same level of insertion loss, and it is
confirmed by the current distribution.
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Fig. 3 — The 2D, 3D views, simulated S parameters and current
density result for the 2nd power divider

3. 3D PRINTED 2x2 CIRCULAR ANTENNA ARRAY

A 3D printed 2X2 circular planar array antenna con-
sists of four circular antenna elements combined with
final power divider at 45° and is shown in Fig. 4. The
simulations are carried out using high frequency struc-
ture simulator (HFSS) software version 13 with a patch
and ground plane of a thickness of 1 mm which are made
of red copper and substrate from PLA of 2 mm thickness.

Fig. 4 — The 2D, 3D views for 3DP etched substrate 2x2 circu-
lar antenna array

The simulation result is indicated in Fig. 5, and it
can demonstrate that the proposed 3DP circular etched
substrate antenna achieved Siiwith various levels of —
15.69, —19.69, —19.85, —17.29 dB at 2.63, 4.45, 5.75,
7.89 GHz, respectively. The multiband behavior of the
suggested antenna makes it a good candidate for vari-
ous wireless applications [22].
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Fig. 5 — The simulated S parameter result for final 3DP etched
2%2 circular antenna array
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Fig. 6 — Current density for final 3DP etched substrate 2x2
circular antenna array at 2.4 GHz

Fig. 6 shows a uniform current distribution for the
proposed antenna at the WLAN band and presents a
uniform medium surface current density at four anten-
na elements and high distribution at arms, transmis-
sion line feeding.

Fig. 7 indicates the 3D pattern of total gain at the

REFERENCES

1. U. Ullah, N. Mahyuddin, Z. Arifin, IEEE Anten. Propag.
Magaz. 57, 241 (2015).

2. Zaakari Saf, Zenkour Lahbib, J. Microwave, Optoelectron.
Electromag. Appl. 12 No 1, 23 (2013).

3. C. Aissaoui, A.Benghalia, J. Microwave., Optoelectron.
Electromag. Appl. 16, 1 (2017).

4. M. Farran, D. Modotto, V. Ferrari, Electron. Lett. 15, 918
(2015).

5. Xu Bao Sun, Mao Yong Cao, IEEE Electron. Lett. 53 No 6,
368 (2017).

6. Y.M. Madany, D.A.E. Mohamed, W.A.E. Ali, H.A. Abd-Alnaeem,
2016 UKSim-AMSS 18th International Conference on Com-
puter Modelling and Simulation (UKSim), Cambridge, 325
(2016).

7. D.AE. Mohamed, W.A.E. Ali, H.A. Abd-Alnaeem, Y.M. Madany,
2016 17th International Symposium on Antenna Technology
and Applied Electromagnetics (ANTEM) (Montreal, QC: 2016).

8. Y.M. Madany, D.A.E. Mohamed, W.A.E. Ali, R.F. Emara,
2017 UKSim-AMSS 19th International Conference on Comput-
er Modelling & Simulation (UKSim), 235 (Cambridge: 2017).

9. History of 3D Printing: When was 3D Printing Invented?
AlI3DP. (2018).

10. P. Nayeri, M. Liang, R.A. Sabory-Garc, IEEE Trans. Anten.
Propag. 62 No 4, 2000 (2014).

11. M. Mirzaee, L. Wiest, IEEE International Symposium on
Antennas and Propag. & USNC/URSI National Radio
Science Meeting (2015).

J. NANO- ELECTRON. PHYS. 13, 03028 (2021)

same band for 3DP 2X2 circular etched antenna array,
the achieved gain is 6.73 dBi with a directional proper-
ty along the z-axis, it is worth noting that the antenna
array is constructed in the x-y plane, and the total gain
and current distribution are simulated at 2.4 GHz.

dB(GainTotal)
6.7325¢+000
3. 3940e+000
= 5. 5196¢-002
" -3,2836e+000
-6.6224¢+000
-9, 9612e+000
-1, 3300e+001

n -1.6639e+001
-1.9978e+001
-2.3316e+001
-2, 6655e+001
-2.9994e+001

-3.3333e+201
-3.6672e+801
-4, 6010e+001
-4, 3349e+001
-4, 6685e+001

Fig. 7—The simulated total gain for 3DP etched substrate
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4. CONCLUSIONS

In this paper, a four circular element antenna array
printed over an etched PLA substrate is designed, im-
plemented, and simulated for wireless applications.
The functional properties of the proposed 2x2 circular
array, are mainly reflection coefficient Si11 and gain
have been carried out to investigate the desired per-
formance. The proposed array antenna is achieved a
return loss of —15.69dB at 2.63 GHz with a gain
reached to 6.73 dBi. The entire size of the suggested
3DP circular antenna array was 133.14X146.5X2 mm?.
Consequently, the suggested antenna array could be
used for various wireless communication applications.
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HanpykoBaua ua 3D npunTepi Kpyr/ia mjocka aHTeHHAa pemriTea 2x2
IJIsS IOOATKIB 0€31POTOBOrO 3B'I3KY
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¥ poboTi OyJsia po3pobiieHa KpyrJia MJI0CKA aHTeHHA pernnTka 2 x 2, HajapykoBana Ha 3D mpumTepi, nas
MIOSICHEHHS 3PYYHOCTI BUKOpHCTaHHS TexHosorii 3DP misa pamiouacTrorHux cucrem. BuposamsxeHo iHHOBA-
IIAHUHA IPOIeC 3 TPABJIEHHAM IMAKIAanKu B miesekTpuky PLA. CrpoexkToBaHa IIOCKA aHTEHHA PEINiTHKA
CKJIAZIA€ThCsI 3 YOTUPHOX KPYIJIMX aHTEHHUX €JIEMEHTIB y IO€IHAHHI 3 JIJIBHUKOM IIOTY’KHOCTI Ha BEpX-
HbOMY Irapi makiaagku 3 PLA, a 3aseMiIioBad BCTAHOBJIETHCA HA HUYKHBOMY IIapl migraagku. I mard, 1
3a3eMJIIOBAY BUIOTOBJIEHI 3 YEPBOHOIO MIJHOTO JIMCTA TOBINMHOK 1 MM 1 3arajJbHUM pPO3MIpOM
133,14 x 146,5 x 2 MM3. ¥V 3aIpomOHOBAHIM aHTEHHIM PENTI[l BUKOPUCTOBYBAIX Marepias migkaanakn PLA
3 BIZHOCHOIO JieJIEKTPUYHOI0 HPOHUKHICTIO 3,1 1 Tanrerncom Kyrta Brpar 0,001, a Bcl YacTHMHM aHTEeHHU 3a-
KPIILUTIOBAJIM TBUHTOBUMH IBsixamu. HoBa Kpyria IJIOCKa aHTEHHA PEIIITKA IPAIoE 3 OJHUM BXOOM,
STKUU JKUBUTHCA Bl KOAKCIAIBLHOTO PO3'eMy, IMIIKJIIOYEHOT0 Oe3rocepeIHbo JI0 JIiHII esieKkTporepenadi, sKa
o0'eqHaHA 3 PO3POOIEHUM JIIBHUKOM HOTYKHOCTI. KiHIeBUil MIIBHUK IMOTYKHOCTI CKJIAIa€ThCA 3 JBOX Ce-
KITi#, 00'€eTHAHUX Pa30M 1 3MOJeTbOBAHUX 1HAUBITYAJIHHO JJIST JIOCIPKeHHS 1X XapaKTePUCTUK Yepes Koe-
dirienT BiIOUTTA Ta 130JIAIII0 MK IOPTAMHU. 3MOJEIBLOBAHO KPYTIJLy ILIOCKY AHTEHHY PEIliTKY, HaIapyKo-
Bany Ha 3D mpuHTepi, 1 oTpEMAaHO pe3ybTaTH, Takl Ak Sii, 1m0 carae a0 — 15,69 nb ma gacrori 2,63 I'T', 1
3aranbHUI KoedirienT mincuaeHHs 6,73 nbi, y mocsarayromy giamas3oHl; TAKOK TeHEPYIOTHCS 1HIIM CMYTH,
10 TIATBEP/KY€e MPUAATHICT 3aIIPOIIOHOBAHOI aHTEHHOI PEITITKH JJI PI3HUX 0e3IPOTOBUX JI0TATKIB.

Kmiouosi cnosa: 3D apyx, PLA, Kpyrumuii, [1mocka anrenna perriTka.
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