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In recent years, we are witnessing an exponential development of new applications and technologies in
the fields of health, media, industry, transport, energy. This evolution goes hand in hand with the emer-
gence of new services related to a multiplication of connected objects. Faced with these challenges, a new
revolution is coming with a new standard of mobile telecommunications systems, referred to as 5G tech-
nology. This work presents an investigation of an equivalent circuit model for a 5G microstrip patch an-
tenna. The purpose of this paper is to model an antenna with electrical circuit. In this direction, the pro-
posed antenna was designed by two methods then compared in term of Si1. Firstly, the antenna was de-
signed by HFSS (High Frequency Structure Simulator) software. Then, the same antenna was designed by
an equivalent circuit by using the optimization tool in ADS (Advanced design system) software. The results
obtained from the two softwares were compared in terms of the reflection coefficient, i.e., Sii. It has been
demonstrated that the results from ADS are in good agreement with those from HFSS. Other parameters
are discussed in this paper such as VSWR (Voltage Standing Wave Ratio), E-plane and H-plane of the pro-
posed antenna and real and imaginary part of input impedance of the proposed antenna. From simulation
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results, we can conclude that the proposed equivalent circuit is validated by mean of simulations.
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1. INTRODUCTION

Throughout history, man has never ceased to find
new means for communication (hand gestures, smoke
signals, written document, etc.). Through successive
eras the human being has provided intellectual and
physical efforts in order to discover adequate methods
of communication. The effort of humanity for centuries
has borne fruit with the innovation of the electric tele-
graph in 1895 where for the first time in the history of
telecommunications one could communicate almost
instantly between two relatively distant points.

However, recent years have witnessed unprece-
dented developments in telecommunications systems.
Multi-function systems are emerging as a relevant
solution for recent communications systems, to ensure
reliable transmission. Among the most used systems
are OFDM (Orthogonal Frequency Division Multiplex-
ing) modulation [1, 2], MIMO (Multi Input Multi Out-
put) technique [3, 4] and antennas [5-7]. These tech-
niques give rise to new technologies, such as 4G, 5G or
currently terahertz technology [8]. In this work, we will
be interested in the antenna part that plays a very
important role in the communication chain.

The objective of this paper is to propose an equiva-
lent circuit for an antenna for the 5G applications. It is
in this sense, that we first started by designing our
antenna with HFSS then the proposed antenna will be
simulated with ADS. Indeed, in low frequency resonant
circuits are used to provide a selective frequency, the
value of this frequency depends on the values of the
impedances constituting the resonant circuit. For the
similar purpose, they are used in this work to generate
a high frequency that meets the need. Microwave reso-
nant circuits are based on microstrip line, whose geo-
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metric shape of the line is equivalent to an oscillating
circuit consisting of passive components. Thus, the
proposed antenna will be designed and simulated by
ADS and HFSS. The results found by the two softwares
will be compared in terms of Si1.

2. THE PROPOSED RECONFIGURABLE
ANTENNA DESIGN

2.1 The Layout Model of the Proposed Antenna

The proposed antenna configuration designed on FR4
substrate with the dimension of 37.752 x 26.821 mm? is
presented in Fig. 1. The antenna geometry comprise
two iterations of rectangular slot loaded of
8.938 x 2.852625 mm? in the rectangular patch. Also,
on the right and left of patch is loaded with added a
parasitic triangle resonator of ~ 46.32 mm2. Further-
more, the partial rectangular ground plane of proposed
geometry is loaded with a modified slot and a parasitic
circular ring resonator of radius 5.9 mm.

The geometrical dimensions of the basic patch can
be calculated as follows [10]:
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where, W, and L, represents patch’s width and length,
respectively, h is the height of the substrate, s and
Eralative are the effective and relative permittivity of
substrate respectively. c¢,f, and AL are the speed of
light, central frequency, and the effective length, re-
spectively. The main feed line is matched by an imped-
ance of 50 Ohm. For impedance matching during mod-
eling, the following transmission line characteristic
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equations are considered [10]. For Tf <1,
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where W; is the width of the feed line and Z, is the
characteristic impedance of the transmission line. For

calculation of the width and length L, of the feed net-
work, Eqgs. (9)-(11) are used:
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where B is a constant used in the inverse design formu-
la, expressed in Eq. (9) for a microstrip line of a given
characteristic impedance.

The antenna geometry and the optimized value of
the parameters have been presented in Fig.1 and
Table 1, respectively.

b

Fig. 1 - The 5G antenna geometry proposed: (a) top view and
(b) bottom view
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Table 1 — The optimized dimensions of the proposed antenna
(in mm)

Parameters W, L, Wy Ly
Dimensions 22.821 | 17.876 | 11.4105 | 17.876
Parameters Wi L W, L,

. . 2.8526 2.8526 | 10.364
Dimensions 25 8.938 25 3125
Parameters L, Lsup W sup r
Dimensions 17.876 | 37.752 | 26.821 5.9

2.2 The Equivalent Circuit Model of the
Proposed Antenna

An equivalent model located for a microstrip line
antenna can be derived from the conventional hypothe-
sis of microstrip line elements in terms of R resistance,
L inductance, C capacity and G conductance [10]. In
antennas, any conductive element is approached as a
serial combination of R and L because it has R re-
sistance and L induction due to conductivity. The R
resistance represents driver losses. In microstrip line
antennas, as the upper and lower conductive layers are
separated by a dielectric material, a parallel combina-
tion of C-capacity and G conductance is assumed in
shunt. It is obvious that a certain capacity emerges
when two conductors are separated by a dielectric ma-
terial and G is considered due to dielectric loss. Some-
times a spot of induction is also considered between the
upper and lower layers to account for fringing fields
and surface waves. Taking this induction into account
results in better accuracy in the approximation of the
localized equivalent model. This section initially pre-
sents a conventional approach to modeling an equiva-
lent circuit model for a basic patch antenna as shown
by Fig. 1. However, the radiant patch can be circular,
trapezoidal, square or any other shape without slits or
notches. He then explains how the same approach is
extended to the proposed antennas.

As mentioned earlier, in the antennas, each conduc-
tor forms a series combination of R and L. Thus, in the
microstrip antenna, the three elements, i.e., microstrip
feed line, radiating patch and ground layer also for
three series combinations of R and L. However, the
series combination of R and L of the mass layer is over-
looked due to the negligible current flow compared to
the upper conductor. In the antenna, the top layer
composed of two conducting elements as feed line and
radiating patch.

In general, the microstrip patch antenna is similar
to an open-ended transmission line. The microstrip
patch, microstrip line feed and their equivalent circuits
are depicted in Fig. 2.

The C, L, and R values which match the frequency
of the microstrip patch antenna can be calculated as
follows, respectively.
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where y, is the feed point location, Q is the quality
factor of the resonator calculated as in Eq. (15):

C /Eeff

Q=" (15)

The values of Ly and Cf in the equivalent circuit of
the microstrip line feed are given by Eqs. (16) and (17):
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Fig. 2 — Microstrip antenna and its equivalent circuit: (a) micro-
strip patch antenna with microstrip line feed; (b) microstrip patch
equivalent circuit; (c) microstrip line feed equivalent circuit
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Fig. 3 — Equivalent circuit of the proposed antenna

Typical discontinuities of a loaded patch and ground
antenna as shown in Fig. 1, are slot and notches.

These discontinuities give rise to very small capaci-
tances and inductances. Especially the reactance of
these elements becomes significant at high microwave
and millimeter-wave frequencies.

The approximated lumped value in the equivalent
circuit of slot discontinuities can be given by Egs. (18)
and (19).
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All of the slots and impedance matching capaci-
tance, inductance and resistance together with the
equivalent circuitry of patch and discontinuities are
depicted in the Fig. 3.

3. RESULTS AND DISCUSSION

The simulated results of the proposed antenna are
shown in Fig. 4. The results show that the proposed
antenna has a bandwidth of about 0.7 GHz (3.6-
4.3 GHz). An equivalent circuit for the same antenna is
carried out by ADS. From Fig. 4 the bandwidth of the
antenna equivalent circuit is about 1.1 GHz (3.3-
4.4 GHz). It can be concluded that the reposed equiva-

lent circuit is a good model for the 5G path antenna
considered in this work.

In Fig. 5, we depicted the VSWR of the proposed de-
sign. From Fig. 5, we observe that the proposed design
has good match because the value of VSWR is less than
2 in the operating band.

In Fig. 6, the variations of the real and imaginary
parts of the antenna input impedance are presented. At
the resonance frequency the real part is near to 50 Q
and the imaginary part equal to 0 which mean that the
proposed antenna is efficient in terms of reflected pow-
er against transmitted power.

In Fig. 7 the simulated radiation patterns are
shown at operation frequency for the proposed anten-
na. In the E-plane, the maximum radiation is observed
at 45° while in the H-plane the main beam is directed
— 60°. The proposed antenna exhibits overall good per-
formance for both simulated.
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Fig. 4 — S1: for the proposed antenna
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Fig. 5 — VSWR for the proposed antenna
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Fig. 6 — Real and imaginary parts of the proposed antenna
input impedance
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JHocnimmeHusa Momesi eKBiBaJIGHTHOIL CXeMH AJIA MiKpocMyroBoi natuy-autenu 5G
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B ocranHi poru Mu crocrepiraemMo eKCIOHEHINIaIbHNUYM PO3BUTOK HOBUX JIOJATKIB Ta TEXHOJIOTIH y rajry3i
0XOPOHM 310poB’st, 3MI, mpoMucI0BOCTi, TPAHCIIOPTY, €HepreTUKH. Lla eBoolia fae pyka 00 pyKy 3 IIOSBOIO
HOBHX IIOCJIYT, IIOB A3aHUX 31 301IBIIEHHAM KiJIbKOCTI 3B’ A3aHUX 00 €KTiB. 3ITKHYBIINCH 3 MU BUKJIUKAMII,
HAcTae HOBA €pa 3 HOBHMM CTAHJAPTOM MOOLJIBHHX TEJICKOMYHIKAI[IMHUX CHCTEM, TAK 3BAHOI0 TEXHOJIOTIEI0
5G. PoGora mpesacrasiisie TOCTIZKeHHS] MOZIesIl eKBIBAJIEHTHOI CXeMH JIJIsI MIKpOCMyroBol mard-anteHu 5G.
Mertoro maHOl po0bOTH € MOJIEIIOBAHHS AHTEHU 3 €JIeKTPUYHOI cxeMow. J[Jist 11boro 3ampomoHoBaHa aHTeHa
OyJia CKOHCTPYHOBAHA ABOMA METOOAMH, a IIOTIM MOpPiBHAHO Koedimientn Sii. Ilo-mepimre, anTena OyJsia pos-
pobsena mporpamunm 3adesnedennam HFSS (High Frequency Structure Simulator). ITotim Ta cama anrena
OyJ1a CIIpoeKTOBaHA 3a JIOIIOMOTOI0 €KBIBAJIEHTHOI CXeMHU, BUKOPUCTOBYIOUM 1HCTPYMEHT OITMMI3allii B IIpo-
rpamuomy 3abesmeuenui ADS (Advanced design system). PeaysbraTy, oTpuMaHi BiJ JBOX IIpOrpam, IIOPIB-
HIOBaJIX 3a KoedilienToM BinomuTTs, TooTo Si1. Byso mpomemomcTpoBano, mo pesyabratu ADS mobpe yaro-
RyloTbesa 3 pedynabratamu HFSS. B poGori obrosoproforbes 1 immm mapamerpu, taki sk VSWR (Voltage
Standing Wave Ratio), E-mtomupsa 1 H-mtonpuHa 3aIpooOHOBAHOI aHTEHM, 4 TAKOMK peaibHa Ta ySIBHA Jac-
TUHU BXIJTHOTO OTOPY AHTEHW. 3 Pe3yJIbTAaTiB MOJIEIOBAHHSA MOKHA 3POOUTH BUCHOBOK, ITI0 3AIIPOIIOHOBAHA
eKBIBaJIEHTHA CXeMa IIITBEP/KEeHA 3a JTOIIOMOTOK MO/IeJIIOBAHHS.

Kmiouosi cnosa: Aurena, Homarku 5G, ExsiBanmentra cxema, KoediiienT Bigourrs.
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