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Flexible or wearable antennas are noticing exponential rise in demand for 5G technologies, wireless
sensor network, the Internet of Things (IoT) system and health monitoring. This paper focuses on the
study of different substrates in the development of a compact, flexible and robust antenna. In this paper,
an octagonal ring resonator antenna has been designed for tri-band terahertz application. The antenna is
working on triple band characteristics at 140 GHz, 340 GHz and 396 GHz with overall dimensions of
700 x 900 x 10 pm3. Three substrate materials Rogers R03003, polyamide and polyester are chosen for de-
termining flexibility, durability as well as optimal antenna performance. The result and performance show
that the recommended antenna will be compatible with compact flexible wireless devices. All simulation
work has been done using electromagnetic software Ansoft High Frequency Structure Simulator (HFSS).
The electromagnetic features like S11 parameters, VSWR, gain, efficiency and the radiation characteristics

of such antenna are also explored.
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1. INTRODUCTION

Next generation network requires low profile, com-
pact size and broadband planar antennas. Flexible an-
tennas exhibit wide adaptability due to its small size,
low mass, lightweight and also suitable for curved sur-
face [1]. Consistently, flexible electronic systems re-
quire the integration of flexible antennas operating in
specific frequency bands to provide wireless connectivi-
ty which is highly demanded [2]. The efficiency of these
systems primarily depends on the characteristics of the
integrated antenna as well as the fabrication and man-
ufacturing technology [3].

The flexible substrate should be highly deformable
and mechanically robust and must exhibit high toler-
ance levels of bending repeatability to comply with flex-
ible technologies and integrated components [4]. Re-
searchers introduced various types of substrates, for
example Rogers R03003 [5, 8], NinjaFlex substrate [6],
glass epoxy [7], polyimide [9], paper [10], as well as
fabrics [11]. Typically, for flexible and wearable appli-
cations antennas are printed on very thin sheets.

Many antennas with different shapes are realized
in last decades, few of them are chamfered corner mon-
opole antenna [5], square shape [6], meander line PIFA
[7], Bow Tie antenna [8], ring antenna [12] and fractal
antennas [13-16]. The comparison of the proposed de-
sign with the different designs existing in the literature
is listed in Table 1.

In this paper, an octagonal ring resonator antenna is
suggested for triple band operation for wearable appli-
cation. The overall antenna dimension is 700 x 900 pm?2.
To enhance the performance like gain and efficiency
different conductive materials like gold and silver are
also analyzed. Next different flexible substrate configu-
rations have been discussed to improve the performance
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Table 1 - Comparison of the proposed antenna with existing
antennas

. R t fre-
Ref. no Substrate (&) Size eso1j1an re
quencies (GHz)
[5] PDMSe =3 | 24 x 28 mm? 3.4-11
6] NI?]iFgleX 56 x 52 mm? 2.45
[7] FR4 &=4.6 | 15 x 30 mm? 2.45
[8] R03003 & =3 | 40 x 40 mm? 2.5
[9] pcg’lyzuglfe 35x 25 mm? | 2.45 & 5.2
Recommended polyester ,| 140,340 &
antenna & =32 700 x 900 pm 396

of the antenna. The designing of triple band antenna
starts with the consideration of an octagonal ring mi-
crostrip antenna structure; because it is radiating over
low frequency, the various iterations have been applied
to make it triple band resonating antenna. The whole
work is organized as follows; Section 2 describes the
triple band antenna design, synthesis and analysis. Sec-
tion 3 describes the result and validation of work, Sec-
tion 4 describes the designing of recommended antenna
on different conducting surfaces And finally the recom-
mended antenna has also been analyzed on different
flexible substrates. All the simulation work is carried
using Ansys electromagnetic software HFSSv15.

2. ANTENNA DESIGN AND ANALYSIS

For designing the flexible antenna, initially octago-
nal shaped ring geometry has been designed on polyes-
ter substrate with dielectric constant of 3.2 and loss
tangent of 0.003. The low loss tangent gives very less
power loss and better antenna gain and efficiency. Loss
tangent does not have effect on resonant frequency but

The results were presented at the International Conference on Multifunctional Nanomaterials (ICMN2020)
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slightly varies the bandwidth [17]. For better imped-
ance matching quarter wave transmission line has
been designed between patch and feed line. The octag-
onal ring antenna is closely related to circular patch
antenna. For calculating the designing equation, first
circular patch design equation must be introduced. The
theoretical resonance frequency of a circular patch an-
tenna is given by [10]
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where F is a constant, f is the resonating frequency in
Hz, h is the height of the substrate, ¢, is the dielectric
constant of the substrate, r is the radius of the circle
and re is the effective radius after fringe field effect.
These Equations (1)-(3) can be implemented for creat-
ing hexagonal microstrip patch antenna by relating the
areas of the circular and hexagonal patch as presented
in Equation (4). The side length ‘s’ of the hexagonal can
be calculated by the given formula.

Table 2 — Optimized dimensions of primary antenna

Parameter| R: L Wl L | Wi| Le | Wo| Re | Rs

Unit(um) [250 [900 [700 |200 |80 |154 |20 |215 [180
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Fig. 1 - Octagonal ring antenna: (a) front side; (b) back side

(a) Antenna-I (1st iteration) (b) Antenna-II (2nd iteration)  (c) Antenna-III (3t iteration)

Fig. 2 — Development of a triple band ring antenna
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The intermediate antenna design steps are exam-
ined and depicted in Fig. 2 and all dimensions are also
listed in Table 2. It is observed that for the 1st itera-
tions the resonant frequency shifted towards a lower
frequency band due to increase in gap capacitance and
resonating on 140 GHz with reflection coefficient of
— 34 dB. By applying the 27 ring in the radiating
patch, the recommended antenna is operating on dual
frequency of 140 GHz and 340 GHz with reflection coef-
ficient of — 23.4 dB and — 20.3 dB, respectively. Finally,
the increase in iterations makes the operating frequen-
cies shifted at higher frequency band. The insertion of
3*d ring gives an extra resonance on 396 GHz. These
characteristics are shown in Fig. 3.
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Fig. 3 — Simulated S11 (dB) of suggested antenna

3. SIMULATED RESULTS AND DISCUSSION

By applying the triple ring in the above-described
antenna, the desired triple band pass characteristics
have been achieved. The graph depicted in Fig. 3 shows
that antenna produces resonance on 140 GHz, 340 GHz
and 396 GHz. The mentioned antenna produces triple
band characteristics at 140 GH, 340 GHz and the third
resonance at 396 GHz with Si1 of —-21.74dB, -
19.34 dB and — 13.4 dB. Fig. 6 displays that this sug-
gested design shows very good band-pass characteris-
tics at 140/340/396 GHz.
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Fig. 4 - Simulated VSWR of suggested antenna
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The graphical representation of the VSWR versus
frequency plot is shown in Fig. 4, which concludes that
at the simulated frequency 992GHz, the obtained value
of VSWR is less than 2.
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Fig. 5 — Current distribution of the proposed antenna:
(a) 140 GHz; (b) 340 GHz; (c) 396 GHz
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Fig. 6 — Radiation pattern of the proposed antenna:
(a) 140 GHz; (b) 340 GHz; (c) 396 GHz

The effect of surface current on the proposed anten-
na geometry has been presented in Fig. 5. At desired
resonating frequencies of 140 GHz, 340 GHz and
396 GHz, the distribution of vector current is uniform
and is concentrated at slot edges as shown in Fig. 5
which looks like passband for antenna structure.

These features can also be proved from far field ra-
diation characteristics. The radiation patterns of the
presented antenna shown in Fig. 6 proclaim the suita-
ble matching results with passband characteristics.
The recommended antenna has also been compared
with various octagonal ring antennas that are men-
tioned in kinds of literature [18-21] as listed in Table 3.

Table 3 - Recommended antenna comparison with other oc-
tagonal ring antennas

Ref. no SubsFrate Rlpg Resonant Bandwidth
material (&) | radius frequency

[18] FR4&=44 [144mm| 7.5GHz 7 GHz
[19] FR4 & =44 [10 mm 3 GHz 8.4 GHz
[20] ?152820 9.5 mm 14.5 GHz 150 GHz
[21] FR4 & =44 [17mm 1.8 GHz 0.28 GHz
Recom-

polyester 140, 340 &
mended e 3.2 0.25 mm 396 GHz 20 GHz
antenna

4. DIFFERENT CONDUCTING MATERIAL
ANALYSIS

After designing the triple band flexible antenna,
some other conducting materials like silver and gold
are also used to analyze antenna characteristics. The
frequency of the antenna is highly dependent on the
conductivity of the material. The effect of gold and sil-
ver materials on the reflection coefficient has been plot-
ted in Fig. 7.

Silver is used as conducting material with the con-
ductivity of 0.61 x 108 siemens/m and mass density of
10500. After applying the silver in place of copper, the
resonating frequency has shifted towards a higher fre-
quency band. After that, gold is used as a conducting
material with a conductivity of 0.41 x 108 siemens/m
and mass density of 19300. Therefore, an analysis of
different materials can be a good choice for wide range
of frequency tuning. Comparison of radiation efficiency
is demonstrated in Fig. 8. The radiation efficiency is

J. NANO- ELECTRON. PHYS.13, 02019 (2021)

defined according to IEEE Std 145-1993 “The ratio of
the total power radiated by an antenna to the net pow-
er accepted by the antenna from the connected trans-
mitter”. Fig. 8 realizes that the proposed antenna has
good radiation efficiency of around 80 %.
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Fig. 7 - Comparative reflection coefficient at different conduc-
tive materials
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Fig. 8 - Comparative radiation efficiency at different conduc-
tive materials

5. DIFFERENT FLEXIBLE MATERIAL
CHARACTERIZATION
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Fig. 9 — Reflection coefficient at different substrates
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Fig. 10 — Radiation efficiency at different substrate

As we had discussed earlier while determining the
most optimal substrate material, properties including
flexibility, durability, thickness, frequency bandwidth,
and dielectric losses, were of the highest consideration.
Therefore, R03003 from Rogers Corporation and poly-
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IIpoexTyBaHHs TPUCMYTOBOI BOCBMHUKYTHOI KiJIBIIEBOI aHTEHU
OJIA THYYKHX Ta IOPTATHUBHUX 3aCTOCYBaHb
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CriocTepiraerbcsi €KCIIOHEHI1aJIbHe 3POCTAHHS IOMUTY HA THydYKl a00 MOPTATHUBHI aHTEHU y 3B'A3KY 3
posnoBcopreHHIM craHaapry 5G, 6e3nporoBux ceHcopHuxX Mepe:x, cucremu Iureprer (IoT) Ta MoriTOpHHTY
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crany 310poB'a. CraTTa POKyCyeThCA Ha JOCTIIIKeHH] PISHUX ITIIKJIAN0K IIPKU PO3PO0O0ITl KOMIAKTHOI, THYIKOI
Ta HaIlHOI aHTeHH. Y pobOTI BOCBMUKYTHA KIJIbIleBa PE30HATOPHA aHTeHA 0yJia CIPOeKTOBAHA IJIS TPHUC-
MYTOBHUX TepareplioBUX JOAATKIB. AHTeHa IIpalrioe y TpboX miamasonax yactor 140 I'T', 340 I'T'y ta 396 I'Tix
1 mae 3arasnpHi poamipu 700x900x10 mrm3. Tpu marepiamu makiaaaku Rogers R0O3003, momamis ta mostiec-
Tep OyJsix BUOpaHI JIsi BUSHAYEHHS THYYKOCTI, JJOBIOBIYHOCTI, 8 TAKOXK ONTHMAJIFHUX XapPAKTEPUCTUK aHTe-
uu. Pe3ynbratu Ta XapaKTepUCTUKY [IOKA3YIOTh, 1[0 PEKOMEH/[0BaHA aHTeHa 0y/e CyMiCHA 3 KOMIIAKTHUMU
THYYKUME 0e31poToBUMU IpucTposiMu. Best pobora 3 MOJIeII0BAHHS IIPOBOINIIACS 3 BUKOPUCTAHHSIM €JIEKT-
pomarsiTHoro mporpamuoro 3abesneuends Ansoft High Frequency Structure Simulator (HFSS). Takosx mo-
CITPRYIOTBCS TAKl eJIEKTPOMATHITHI XapaKTePUCTUKN aHTeHU AK koedimientu S1;, VSWR, koeditient mi-
CUJIEHHS, eeKTUBHICTh Ta PAIiaIifiHI TapaAMEeTPH.

Knrouogi ciosa: 'ayuka anrena, Kinbiesuit pesonarop, Tpucmyrosa aurena, [lopratusna anteHa.
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