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Significant advancement has been witnessed in the field of modern communication technol-
ogy in last decade. Several wireless systems such as Wireless LAN, Wireless Fidelity (Wi-Fi) etc.
are popular to connect devices to facilitate communication between them through internet tech-
nology. To access much faster communication, higher data rates are highly sought after with the
upgradation of mobile communication generations (1G to 5G). Wideband/multiband antennas
usually support multiple devices to get connected over a broad range of communication. As a
benchmark of next generation communication technology, Internet of Things (IOT) is gaining a
huge popularity in the field of wireless network. It ensures faster and secure communication
among devices and cloud with high data rate. With this aim, we have proposed a new monopole
antenna for IOT applications. The design consists of a new concentric ring based split ring patch
and partial ground plane. It is implemented with characteristic mode analysis. The designed
antenna operates in the ultra-wideband region with multiband characteristics at four bands of
(1.5-1.9 GHz), (3.9- 4.2 GHz), (5.9-6.9 GHz) and (7.4-11.8 GHz) to cover for various IoT commu-
nication applications. The suggested design is inspected using analysis of characteristic mode,
characteristic angle, eigen values, and modal significance. The distribution of surface current for
the proposed circular shaped patch antenna is analyzed for mode of propagation by the theory of
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1. INTRODUCTION

During the past few decades, the wireless technology
has developed a lot and become a major part in the eve-
ryday life. Every household has many devices connected
and operating using wireless technology through IoT in-
terfacing. Devices like smartphones, laptops, tablets etc
can be found everywhere in places like homes, offices,
business organizations, public and private sectors etc. All
such devices need to be connected to internet using Wi-
Fi network and also communication using voice is done
by phone calls using mobile networks. This can be a huge
challenge from the manufacturer point of view. The prod-
ucts must be designed in a way manner that they are ap-
plicable in any part of the world effectively. The devices
should be capable of working with old GSM technology all
the way up-to the today’s standard LTE network. To
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make this possible, the antenna utilized in the device
should cover all ranges of frequency and must be effective.
Designing such a lightweight, small, compact, robust,
thin, flexible, and efficient antenna is a complex task.

It is very difficult to set or use the design rules and
equations which leads the overall development of the sys-
tem complicated when size of the antenna is too big. In
those cases, other methods such as numerical methods
and electromagnetic simulators such as HFSS, CST and
IE3D can be used. The various properties of the antenna
can be verified by using these software’s. Although all the
methods which are discussed above are more suitable for
antenna design but those are having some drawbacks.
They are not providing real knowledge and deep insights
into antenna design. A recent, popular, and frequently
used method Characteristic Mode Analysis (CMA) solves
this problem efficiently.
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The characteristic modes theory (TCM) gives pattern
of radiation and number of current distributions with re-
spect to different frequency modes. A procedure to study
the arbitrary shaped conducting bodies is developed.
Again, the characteristic modes theory is revised for an-
tennas designed for modern applications. New feeding
techniques can be known by examining of the eigen cur-
rent distribution in CMA analysis. By utilizing this ap-
proach, designing of compact ultra-wide band antenna
mainly for Internet of Things and wireless communica-
tion can be developed easily.

The CMA analysis is similar or identical to the equa-
tions of method of moments (MoM). A new method is in-
itiated for following procedures in theory of characteristic
mode. Complicated shapes like fractal patch antenna can
also be designed using this method. The consequence of
notch frequency characteristics, effects of ground plane
size and effects of miniaturization of monopole antenna
can also be analyzed with the help of various modes in an
antenna. In [1], a planar, dual-polarized and dual band-
antenna is designed on a half-flex of substrate. The size
of the antenna is 70.4 x 76.14 x 3.11 mm3. In [2], a new,
single band wearable antenna which has a double-mode
operation with applications in 2.5 GHz band is designed.
In work [3], a circular ring slot wearable antenna com-
prising structure of electromagnetic bandgap is developed
for Industrial and Scientific and Medicinal (ISM) band ap-
plications. In [4], a metal watch strap based wearable an-
tenna is proposed. In [5], a multi-mode UWB antenna
with CMA analysis is reported. In [6-16], designing of an-
tenna using the most popular and efficient method, the
theory of characteristic modes is described.

In this work a circular oriented ring-shaped patch an-
tenna is designed and various variables such as the S-pa-
rameters, gain constraint and current distribution that
affect the radiating properties of antenna are given. The
designed antenna is examined by the technique of CMA.

2. CHARACTERISTIC MODE ANALYSIS

The principle of Characteristic Mode was first intro-
duced by Garbacz in the 20t century and after that it
was modified by Harrington and Mautz [15]. One of the
most important features of this analysis is, these modal
solutions are calculated not only for complex and also for
all arbitrary shaped conducting bodies, which are capa-
ble of showing any resonance. According to the principal
definition, the modes of CMA are nothing but real cur-
rent modes which are obtained numerically. By the very
fact, that these modes provide quite accurate infor-
mation about possible radiation patterns, are these
modes vital for the planning of the antenna. The charac-
teristic modes are independent from the excitation,
they're dependent just on the form and therefore the size
of conductive object [16]. Due to this the antenna design
contains two parts, in first part the design has to be op-
timized and based on this specified resonant frequency
and the radiation properties are often adjusted. The res-
onant frequency is going to be changed if the dimensions
of the design is either minimized or maximized and also
same equivalent situation happens with the radiation
properties. In second part of the design, it is required to
choose suitable feeding configuration to excite desire
modes. For an accurate antenna design, usually a couple
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of dominant modes are sufficient to be analysed [5]. The
characteristic modes theory (TCM) gives the amount of
current and radiation diagram with reference to various
modes of frequency. The present distribution which de-
pends upon eigen vector and eigen value. The mathe-
matical model of the characteristic modes that connects
the current on conducting surface [15-16].

[l))E ] tan=0 1)

Here the tan specifies the tangential components on
the surface S. The operator ‘7’ in the above equation is
linear and is denoted by,

() = jwA() + A®()) @

Here A(J) and @(J) are the vector, scalar potentials, re-
spectively. basically, the term I(J) is specifying as elec-
tric intensity at any point in space.

z() = [ 3

The Z is complex impedance operator, and it can be
written down as,

ZND =R +jX\) 4

The characteristic current modes are obtained from
eigen value linear equation, which is given as,

X(/n) = lnR(]n) 6))

Here real as well as imaginary parts of the impedance
operator Z = R + jX are R and X. Respectively, 1 is the
eigen value, (J») is eigen function. These CMA modes are
completely depending only on size and shape of antenna
and also independent of all kinds of excitations [15].

3. ANTENNA DESIGN AND MODELLING

In all iterations of a design, a circular patch antenna
is designed on a low-cost Rogers RT/duroid substrate.
Also, this is fed using a micro strip line of 50 Q. This first
iteration is a simple design. The dimensions of the ob-
jected antenna are shown in Table 1.

Table 1 — Dimensions of antenna

Param | L:i | Wi | Lz | Wo | R1 | R2 | Rz | D Wi
eters
Specifi | 90 | 110 | 16 | 4 16 | 8 4 16 | 2
cations
in mm

3.1 Iteration 1

The structure executed in iteration-1 is shown in
Figure 1. The corresponding S11 is shown in Figure 2.

By noticing the Si1 parameters for the first iteration,
we can notice that antenna is operating in different
bands such as 1.6-3.2 GHz, 5-5.3 GHz, 7-9.6 GHz. The
3D gain plot at 5.3 GHz and 5 GHz are shown in Fig. 3
(a) and (b) respectively along with surface current
presentation as depicted in Fig. 3 (c). The gain for the
designed antenna in iteration-1 is also high (7.41 dB).
The distribution of surface current of antenna states
proper radiation of the power from the antenna.
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Fig. 1 - Top view of antenna iteration-1
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Fig. 2 — S11 plot of iteration-1 design
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As noticed from Figs. 4-6, the CMA results like
characteristic angle, modal significance and eigenvalue
show the operation of antenna in above stated
bandwidths.
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Fig. 4 — Frequency vs characteristic angle plot for iteration-1
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Fig. 5 — Frequency vs Modal Significance plot for iteration-1
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Fig. 6 — Eigen Value plot for iteration-1

3.2 Iteration 2

In this iteration a hole is made inside the circular
shaped patch making it a ring like structure. A slit is
also made in the centre of the ring horizontally. The
structure is shown in Fig. 7. The corresponding S11 is
shown in Fig. 8.

By noticing the Si: parameter for the second itera-
tion, we can notice that the antenna is operating in dif-
ferent bands such as 2-2.4 GHz and 3.4-10.48 GHz. The
distribution of surface current of antenna is also plotted
in Fig. 9, which states proper radiation of the power from
the antenna. The CMA results like characteristic angle,
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modal significance and eigenvalue are shown in
Figs. 10-12, respectively.
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Fig. 7 - Top view of iteration-2 design
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Fig. 8 — S11 parameter plot for iteration-2

Fig. 9 — Surface current Distribution of antenna iteration-2
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Fig. 10 - Frequency vs characteristic angle plot for iteration-2

3.3 Iteration 3

In the third iteration, three more smaller circular
shaped patches are added on the top, left and right side
of the ring that are presented in the previous iteration.
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Fig. 12 - Eigen Value plot for antenna iteration-3
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Fig. 14 — Siu1 parameters plot for iteration-3
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Fig. 15 — Surface current Distribution of antenna iteration 3
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Fig. 16 — Frequency vs characteristic angle plot for iteration 3
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Fig. 17 - Frequency vs Modal Significance plot for iteration-3

Holes are made inside the smaller circular patches mak-
ing it a ring like structure. Slits are also made in the
centre of the rings horizontally and vertically. The ge-
ometry of the antenna in iteration-3 is shown in Fig. 13.
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The corresponding Si1 is shown in Fig. 14. By observ-
ing the Si1 parameters for the third (3'9) iteration, we
can notice that antenna operating in different bands
such as (1.5-1.9 GHz), (3.9- 4.2 GHz), (5.9-6.9 GHz) and
(7.4-11.8 GHz). The distribution of surface current of an-
tenna is plotted in Fig. 15, which shows the proper radi-
ation of the power from the antenna. The CMA results
like characteristic angle, modal significance and eigen-
value for iteration-3 are shown in Figs. 16 to 18.

4. CONCLUSIONS

This paper dealt with development as well as analy-
sis of a circularly patched micro strip antenna with us-
ing characteristic mode analysis. An antenna was de-
signed, developed, analyzed, and optimized to make it
suitable for IoT applications using both High Frequency
Structure Simulator (HFSS) and also CST software.
Various parameters such as Si1 parameters, gain pa-
rameter of the antenna, distribution of surface currents
and CMA results like characteristic angle, modal signif-
icance and eigenvalue are observed. The results of the
designed antenna models prove that antenna operates
at wide range of frequencies ranging from 1.5-1.9 GHz,
3.9- 4.2 GHz, 5.9-6.9 GHz and 7.4-11.8 GHz. These re-
sults make antenna applicable for IoT communication
applications.
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Kijblg 3 anasisom xapakrepHux pe:xkumie (CMA) nia noxarkie 38’s3ky 1oT
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3a ocTaHHE JECATHUIITTA B TaJly3i CYYaCHUX KOMYHIKAI[IMHUX TEXHOJIOTIHM CIIOCTEepIraBCA 3HAYHUMA IIPO-
rpec. Kisbka GeamporoBux cucrem, Takux ak Wireless LAN, Wireless Fidelity (Wi-Fi) oo, momysisipHi mitst
MiAKJTIOYEHHS IIPUCTPOIB IJIA MOJIETIICHH 3B A3KY Misk HUMHM 34 JOIIOMOTrol0 iHnTepHeT-TexHoorii. [1lo6 oTpu-
MaTH JOCTYII [0 HA0AraTo IIBHUIIOTO 3B'A3KY, Yy 3BA3KY 3 OHOBJIEHHSAM IIOKOJIIHB MOOLIBHOTO 3B A3KY
(1G mo 5G) myse moTpiOHI BUIM MIBUAKOCTI Hepemadvl manux. lllupokocMyrosi/6aratocMyrosl aHTEHH 3a3BU-
Jay MATPUMYIOTh KiJbKa IPUCTPOIB [JIsA IMIK/IIOYEeHHS B IIMPOKOMY Iiala3oHi 3B'A3KY. 1K eTaioH KoMyHi-
KaIifHol TexHoJorli HacTymHoro mokosiHHs, IaTepHer peueit (IoT) mHaOyBae Besmde3HOI MOMyJISIPHOCTL y
cepi 6eanporoBux mepesk. Lle 3abesmedye mBuammMi 1 Ge3MEYHUN 3B'A30K MIsK IIPHUCTPOSIMU TA XMAapOI 3
BHCOKOI0 IIBUIKICTIO ITepeavl JaHuX. 3 I[i€l0 METOK MU 3aIIPOIIOHYBAaJIA HOBY MOHOIIOJIBHY aHTEHY IS J0-
matkie IoT. KoHeTpykilis ckiiagaerbess 3 HOBOI HAKJIAJAKKA PO3IIIEHOr0 Kb HA OCHOBI KOHIIEHTPUYHOI'O
KIJTBITA T4 YACTKOBOI 3a3eMJI€HO]I TIOMHY. Peasiayerbes 3 aHaII30M XapaKTePUCTHIHOTO peskumy. Po3poo-
JIeHa aHTeHa IIPaIlioe B HAAIIIMPOKOCMYTOBIH 00J1acTi 3 6araTofianasoHHUME XapaKTePUCTUKAME B YOTHPHOX
mamasonax (1,5-1,9 I'Tm), (3,9-4,2 I'Tm), (5,9-6,9 I'T'm) 1 (7,4-11,8 I'T'1), 11106 0XOIMTH Pi3HI KOMYHIKAIIINHL
uporpamu [oT. 3anponoHoBaHAa KOHCTPYKILiS IEPEBIPSIETHCS 32 JOIIOMOIOI0 aHAJI3Y XapAKTePUCTUYHOTO pe-
JKMMY, XapaKTePHOr0 KyTa, BJIACHUX 3HAYEHB 1 MOJAJIbHOTO 3HAYeHHsI. PO3II0/I1/I IOBEPXHEBOTO CTPYMY JIJIS
3aIPOIIOHOBAHOI IMATY-AHTEH! KPYIJIOl (POPMH aHAII3yeThCS HA CIIOCIO MOIMUPEHHS 3a JIOIIOMOTO0 Teopii Xa-
paxrepunx mox (CMA).

Knrouosi ciiosa: Xapakrepua mozna, Xapakrepuuii KyT, MogasibHe 3HAYEHHS.
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