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Abstract. A transparent dual octagonal split
ring-shaped resonator connected by a horizon-
tal strip is proposed for tri-band applications.
Stub-loaded microstrip line fed structural design
of radiator consists of two slotted octagonal-
shaped rings connected via a strip on the top
with the partial ground at the back. The low pro-
file (40x25 mm?) radiator achieves impedance
bandwidth of (46.08%) 1.62-2.59, (7.78%) 3.95-
4.27, and (12.60%) 5.18-5.82, respectively. A
bi-directional (dipole shaped) radiation pattern
with mazimum gain and minimum efficiency
of 2.5 dBi and 52%, respectively is achieved.
Transparency above 80%, low profile structure,
and tri-band operation make the antenna a good
contender for WLAN and Sub-6 GHz 5G ap-
plications. Good correlation is observed for the
modeled and experimental parameters.
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1. Introduction

Wireless Communication has become a crucial
part of today’s era of 4G and 5G technol-
ogy. Transmitting information through the air
medium with the help of electromagnetic waves
to wireless devices can be ameliorated with the
help of antennas. Wireless technology allows
people to work from remote locations for several
applications which rises the demand for com-
pact, multiband, and easy to establish antennas
that leads to seamless connectivity. The need
has elevated due to advancements in electronics
gadgets with multiple usabilities.

Many designs of antennas have been proposed
for achieving multiband antennas. Among them,
the applications covering WLAN (Wireless Lo-
cal Area Network) and sub-6 GHz band is in
very much demand. The antenna usability can
be further increased if the antennas are made
transparent as they can be interfaced anywhere
without causing any visual clutter. The main
idea behind making the antenna transparent is
that it can be installed everywhere without caus-
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ing any visual clutter and it also helps in receiv-
ing the signals at every possible corner. There
- two main categories include mesh [1] and con-
ductive oxide [2] based antennas. Mesh struc-
tures can easily be detected while antennas are
made up of oxides like FTO (Fluorine Tin Ox-
ide), ITO (indium Tin Oxide), AgHT (Silver
Tin Oxide), AZnO (Aluminum Doped) achieves
completely transparency. Such antennas can be
prepared from commercially available sheets or
sputtering techniques [3], and the chemical va-
por deposition process [4]. Due to the easy avail-
ability of AgHT-8 in the form of sheets along
with sheet impedance of 8/Sq, it is widely ac-
ceptable for fabrication of transparent antennas
Multiband transparent antennas can be useful
for better signal quality by attaching it to in-
door ceilings and walls, window glasses, large
monitors, and automobile glazing due to their
unobtrusive property.

Various tri-band antennas are proposed in the
literature for wireless applications [5]-[18]. A
compact triple-band antenna that is made re-
configurable with the use of a PIN diode in the
external split ring of the metamaterial struc-
ture is proposed in [5] that covers WiMAX and
WLAN band. In [6] a Tri-band Y shaped slotted
monopole antenna with a Split-Ring meandering
slot and a symmetrical upturned L-strips pair
having steady gain and the broadside radiation
pattern is presented that span from (2.33-2.76
GHz), (3.05-3.88 GHz), and (5.57-5.88 GHz).
A monopole tri-band antenna with a feeding el-
ement such as a coplanar waveguide covers the
2.4/5 GHz WLAN and 3.5/5 GHz WiMAX is
proposed. It can cover more bandwidth in com-
parison with [5]. The radiator consists of an S-
shaped strip and a rectangular ring, with a U-
shaped strip in a crooked manner and a bottom
layer with three strips [7]. A revised structure
named compact triband printed antenna which
works for 2.4,3.5,5 GHz is proposed in [8]. The
size of the antenna is 17x23.5x 1.6 mm? whereas
it is capable to cover 2.4,5.2,5.8 GHz and 3.5,5.5
GHz. Bandwidth coverage ameliorated in com-
parison with [5]-[7]. The number of antennas
used in [6] and [8] is the same but [8] has a more
strip-based structure which makes its structure
less complex. Amalgamating the different com-
munication systems into a single antenna system
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is made with the implementation of the triple-
band antenna with an E-plane coupled MSA an-
tenna having two elements with a defected base
having a size of 50x50x 1.6 mm? [9]. A polarised
antenna with a Y-shaped radiating element and
partial ground with monopole arms is circularly
polarised having a dimension of 35 x 45 mm?
[10]. A circular slot-loaded compact cylindrical
tri-band dielectric resonator antenna working in
the 2.4/5.2 and 3.5 GHz regimes [11] with a sim-
ilar size of the antenna as [9] is proposed. An
integrated antenna system for WiGig (57 to 64
GHz) and WLAN (2.4 to 2.485 GHz and 5.15 to
5.85 GHz) and application based on magnetic
electric dipole and a stacked patch antenna has
been developed with a large frequency ratio how-
ever it suffers from huge bandwidth difference in
certain applications [12]. A rectangular tri-band
antenna is designed for an application cover-
ing WiMAX and WLAN, that received problems
while fabricating small shorts without the pres-
ence of air and got 0.8 GHz deviation w.r.t sim-
ulated results [13]. Although, it exhibits multi-
band matching but does have a complex struc-
ture. Similarly, a compact metamaterial recon-
figurable antenna illustrated in [14] covers 2.4,
3.5, and 5 GHz, bands. A triple-band MIMO
antenna with omnidirectional radiation pattern
with measured radiation gain of 0.253, 0.6, and
3.38 dBi at 0.9, 1.8, and 2.6 GHz with low corre-
lation coefficient and covers GSM900/1800 and
LTE2600 bands is proposed in [15]. Nonuni-
form fork and meandered type grounded radi-
ator works on a triple band which is capable
of covering the WLAN band with good radia-
tion pattern and impedance matching [16]. A
slot-loaded microstrip multi-band antenna with
a defected ground base has been designed for
the ToT applications which resonated in 2.42,
5.22, and 5.92 GHz bands [17]. Subsequently, in
this smart world GSM, Bluetooth and DCS are
stated under the rudimentary categories where
the antenna transmission and reception play a
vital role for access in rural and urban zones.
An inverted F-antenna in a folded planar is capa-
ble of covering GSM, DCS, and Bluetooth bands
[18].

There are few more tri-band antennas which are
proposed for WLAN-WiIMAX [19], UAV [20],
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multi-standard terminals [21], notebook com-
puters [22], and beam scanning [23] applications.

However, the antennas proposed above are non-
transparent and both WLAN with sub-6 GHz
bands are still not covered. In [25]-[27], trans-
parent antennas with dual-band [25] and tri-
band [26, 27] is presented. The transparent
antenna in [25], is a slotted split ring res-
onator with the slot line extended to the patch
which covers bands of 2.4 and 5.26 GHz, re-
spectively. It is capable of indoor WLAN appli-
cations whereas the opaqueness issue has been
raised. In [26], a flexible transparent antenna is
proposed for GSM, WiMAX, WLAN, 3G, 4G,
and 5G applications however flexible antennas
often suffer from low efficiency and gain due to
the thin substrate and bending conditions.

In this work, a compact antenna having dual
octagonal-shaped rings connected with a hori-
zontal strip is proposed. Transparency above
80%, low profile structure, and tri-band oper-
ation make the antenna a good contender for
WLAN and Sub-6 GHz 5G applications. The
satisfactory agreement between the measure-
ment and numerical computations of RF per-
formance indicates the technical potential of an
octagonal ring-shaped transparent antenna for
interfacing the antenna in devices using WLAN
and sub-6 GHz 5G applications.

2.  Antenna configuration
and design geometry

The transparent antenna models’ top, side, and
3-D view are depicted in Fig. 1. The blend-
ing of the transparent substrate and conduc-
tive sheet helps the antenna in achieving trans-
parency more than 85%. The lightweight trans-
parent structure consists of a Plexiglas (thick-
ness = 1.48 mm, dielectric constant (er) = 2.3
and tan 6 = 0.003) that serves as a substrate and
AgHT-8 (silver tin oxide) as patch and ground
material, respectively. AgHT-8 is a thin trans-
parent sheet (thickness = 0.177 mm and surface
resistance of 8 2/m). Antenna geometry con-
sists of two octagonal splits ring-shaped struc-
tures with slots that are united using a rectan-
gular strip is interfaced with a stub-loaded mi-
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Plexiglas Substrate
(Transparent)

AgHT-8
Patch and Partial Ground
(Transparent)

Fig. 1: Antenna Geometry (a)Top View (b) Perspective
View (Dimension in mm).

crostrip feed-line on the top and partial ground
on the bottom. A transparent antenna accom-
plishes a size of 40x25 mm?2. The fabricated
transparent antenna model is illustrated in Fig.
2. An adhesive sheet (thickness=0.19 mm) is
utilized for interfacing the conductive sheet and
substrate. The 502 SMA is connected using con-
ductive epoxy with a feed line to avoid hot sol-
der.
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(b)

Fig. 2: Fabricated Prototype (a) Top View (b) Front
View.

3. Parametric analysis

The antenna has been designed with disparate
radii in the octagonally shaped ring on the top
and partial ground on the bottom. The base an-
tenna consists of a solid octagonal-shaped patch
and full ground. Subsequently, the six consec-
utive changes are carried out for achieving the
required bands resonating in WLAN and sub-
6 GHz 5G. Firstly, the octagonal ring with a
narrow strip and a slot has been made which is
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Fig. 3: Antenna Evolution Process.

illustrated as antenna 1 and 2 in Fig. 3. Con-
junction with the outer ring, a second octagonal
slotted ring is added to form antenna 4. A hor-
izontal strip is added to attach the two slotted
octagonal-shaped rings. The slots of the ring
are oriented in opposite directions to avoid the
internal collision of radiations. Finally, in the
proposed design, the ground plane is made par-
tial which is elucidated in Fig. 3.

[Lew—

=

>3

Reflection Coefficient (dB)
) h " ) {
8

- Antenna 1 ----Antenna 2
25 -- Antenna 3 ---Antenna 4
0 —-Antenna § — Antenna 6
s —Proposed Antenna
15 2 25 3 35 4 45 5 55 6
Prequency(GHz)

Fig. 4: Reflection Coefficient of Antenna Evolution Pro-

Ccess.

While tuning Antenna 1 with a full ground
plane it is having a steady reflection coefficient
mainly. This rudimentary antenna radiates at 5
GHz with a normal reflection value which can-
not be used omnipotently. Consecutively, the
octagonal antenna with a filled pattern has been
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transformed to a simple narrow octagonal ring
(antenna 2). Antenna 2 has the languishing ef-
fect in comparison with the previous antenna
with approximately -3 dB reflection coefficient.
Revised Antenna 3 with a slight gap in the ring
shows the improvised value of reflection coeffi-
cient but not up to the mark. Subsequently, An-
tenna 4 with the second octagonal ring has been
placed with lesser radii than the outer ring. The
gap in the outer ring directs in the upper direc-
tion and the gap in the second ring directs to-
wards down which establishes the reflection coef-
ficient value below -15 dB which is considerable.
Antenna 5 with horizontal strip elevates the per-
formance of the model which results in radiation
spikes below -10 dB. To further improve the ra-
diation, the interconnection of the two octago-
nal rings has been made. Antenna 6 with im-
provised structure have dual-band performance
with reflection coefficient spike at -34 dB which
still lacks the required impedance bandwidth for
WLAN operation whereas the sub-6 GHz band
is still not covered. Thus, the final antenna is
proposed with the partial ground plane, which
radiates at WLAN and sub-6 GHz band with
a reflection coefficient below -10 dB. The par-
tial ground is added at the last since the de-
fected ground structure is known to improve the
impedance bandwidth of the resonant frequency
and so it was not added from the very first stage.
The antenna was first optimized to work at dual-
band covering both the WLAN bands but to
improve the impedance bandwidth, the partial
ground was added instead of full ground. In
doing so the impedance bandwidth did improve
significantly while achieving an additional band
between the previously attained bands.

To understand the working of the antenna,
parametric analysis is performed to analyze the
effect on the reflection coefficient. The outer
ring thickness (ORT) is varied where it can be
observed that when the thickness increases, the
frequency band shifts towards the higher side
whereas a decrease in the thickness leads to shift-
ing in the first and second resonant frequency
towards the lower side as shown in Fig. 5(a).
The optimum value of 0.93 mm is chosen as the
thickness. In Fig. 5(b), the reflection coefficient
is observed by changing the inner ring thickness
(IRT). As the value of IRT increases, the fre-
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quency at the third resonant shifts towards the
higher side of the band while there is no signifi-
cant change in the other two bands.

0

--=ORT=1.16mm —ORT =0.93 mm - -ORT =0.7mm

Reflection Coefficient (dB)

-30
L5 25 35 4.5 55
Frequency (GHz)
(a)
0

=-=IRT =138 mm —IRT =0.92 mm - =IRT =0.46 mm

Reflection Coefficient (dB)

1.5 2.5 335 45 55
Frequency (GHz)

(b)

Fig. 5: Variation in terms of (a) Outer Ring Thickness
(ORT) (b) Inner Ring Thickness (IRT).

Figure 6(a) illustrates the effect on the reflec-
tion coefficient due to variation of the slot length
(SL). Significant effect on the second and third
band is observed in terms of impedance band-
width and reflection coefficient when the slot
length is increased or decreased however the first
band is least affected due to the same. The ef-
fect on the reflection coefficient by rotating the
connector (C) connecting the outer and inner
octagonal ring is observed in Fig. 6(b). When
the connector is rotated from the 59 position to-
wards the 0° position, the impedance bandwidth
at the second and third band significantly im-
proved however the third resonant band shifted
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Fig. 6: Variation in terms of (a) Outer and Inner Ring
Slot Length (SL) (b) Outer and Inner Ring Con-
nector Position (C).

a bit more towards the higher side thus deviat-
ing from the bands of interest (WLAN). While
the rotation to 10° led to only dual-band perfor-
mance. The connector position is selected as 5°
as the same covers the required band and attains
acceptable impedance bandwidth.

The effect of the stub length variation (S) is
depicted in Fig. 7(a) where it is observed that
optimum stub length helps in achieving the right
level of reflection coefficient while improving the
impedance bandwidth as well. The stub length
of 14 mm is selected as the same achieve the re-
quired frequency bands with superior IBW com-
pared to other results. Finally, the length of the
ground plane (GL) has been varied which plays a
vital role in establishing the required impedance

(© 2021 Journal of Advanced Engineering and Computation (JAEC)
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Fig. 7: Variation in terms of (a)Stub Size (S) (b)
Ground Length (GL).
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Fig. 8: Reflection Coefficient Plot.

bandwidth of the tri-band transparent antenna.
The best performance is observed for length of
the ground = 5 mm as tri-band performance is
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observed along with the satisfactory values of
the impedance bandwidth as shown in Fig. 7(b).
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208

4. Results and discussion
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Fig. 10: 2-D Co/Cross Pol Radiation Pattern.
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Tab. 1: Comparison of Transparent Tri-band Antenna Performance with other multiband antennas.

Operating Substrate . Size Ground
Ref No. freq. (GHz) Transparer(t Gain (dB) (mm?) Plane
FR4/ .
Ref. [6] | 2.5/3.5/5.5 2/1.5/1 18x33 Jodified
No
FR 4/ Asymmetric
Ref. [8] | 2.4/5/3.5/5.5 1.85/1.87/2.80 | 17x23.5 ymmet
No trapezoid
Rogers 5880/ iqua:e'Shapr thth
Ref. [12] 2.4/5/60 9.8/7.9/84 |1.12x1.12| X Wberenecior
No anfi shortlpg pin
with an air gap
2.40-2.484/
FR 4/
Ref. [16] 5.150-5.350/ 1.48/2.30/ 3.05| 34x8 Fork-shape
No
5.725-5.825
Rogers
Ref[17]  |2.42/5.22/5.92| KO3/ o 4g/717 /8.18(55.5x42.75 iilfl;::égzriaf;
No
FR 4/ Ground with
Ref. [18] | 0.89/1.8/2.4 1.47/2.05 /2.37| 30x12 shorting pin
No and airgap
2.42/3.7 Plexiglas/ Rectangular
Ref. [25] 1.98/2.95 105x60 shaped Partial
(2x1 array) Yes Ground
0.88-1.03/
Glass/
Ref. [26] | 1.47-2.74/ o -0.18/3.66/4.35| 6040 s}?;;zze‘;iif;fr(‘fr‘gji .
3.32-5.97
Polyimide/
Ref. [27] | 2.45/3.8/5.7 3.27/9.47/4.47| 30x30 Relﬁ;??ii‘lﬂgrrjﬁiged
Yes
Plexiglass/
2.05, 4.08 Rectangular shaped
Proposed work| ‘0 . 1.1/1.9/2.5 | 40x25 Do) oy

The radiator is fabricated and tested using
a Keysight handheld N9915A vector network
analyzer and anechoic chamber after carrying
out numerical computations and optimization
in commercial 3D electromagnetic field solver
software, Ansoft. The reflection coefficient re-
sults are illustrated in Fig. 8 for the proposed
design. It is observed that the simulated an-
tenna achieves tri-band resonance at (46.08%)

(© 2021 Journal of Advanced Engineering and Computation (JAEC)

1.62-2.59, (7.78%) 3.95-4.27, and (12.60%) 5.13-
5.82 which closely matches the measured values.
The measured impedance bandwidth is slightly
lower due to the tolerances in geometric fabrica-
tion and calibration errors in RF cabling-based
systems.

The distribution of current in the octagonal-
shaped transparent antenna at 2.05, 4.08, and
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Fig. 12: Frequency Variation in terms of Gain and Ef-
ficiency.

5.47 GHz is presented in Fig. 9. At 2.05 GHz,
the distribution of current is observed on the
stub, outer ring, and the strip connecting in-
ner and outer hollow octagonal-shaped rings.
Very little current is coupled in the inner ring
whereas, at 4.08 GHz, the current is also cou-
pled with the inner ring where major distribu-
tion is observed on the sides next to the slotted
regions. At 5.47 GHz, the majority of the sur-
face current is observed near the right edges of
inner and outer octagonal rings.

The 2D co/cross-polarization patterns of the
transparent radiator along the E and H plane
are depicted in Fig. 10 which is numerically cal-
culated using HFSS software and experimentally
measured in an anechoic chamber as illustrated
in Fig. 11. At least a 10 dB difference between
co and cross-pol pattern is observed which is true
for both simulated and measured results. At the
E plane bidirectional (dipole shaped) pattern is
achieved while at the H plane, the omnidirec-
tional pattern is observed.

Figure 12 portrays the gain and efficiency of
the proposed low-profile transparent antenna.
The simulated gain of the antenna is 1.1, 1.9,
and 2.5 dBi at 2.05, 4.08, and 5.47 GHz where
efficiency ranges from 58-67%, respectively. The
measured gain demonstrated well correlation
with the simulated results.

The performance comparison of the low-
profile tri-band transparent antenna with other
antennas is carried out as shown in Tab. 1.
The antenna radiates at WLAN and sub-6 GHz
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band, with the satisfactory value of reflection co-
efficient, peak gain, and achieves more than 80%
optical transparency.

5. Conclusions

A low-profile transparent antenna with dis-
parate radii in the octagonally shaped ring on
the top and partial ground on the bottom is
proposed. The optimized antenna geometry
helped in achieving tri-band performance span-
ning from (46.08%) 1.62-2.59, (7.78%) 3.95-4.27,
and (12.60%) 5.13-5.82, gain greater than 1
dBi and bidirectional pattern at bands of in-
terest. The triband resonance attainment and
design process are backed by numerical com-
putations, parametric studies, and experimental
results. The antenna exhibits more than 80%
transparency and compact size that makes it
suitable for its placement in the indoor or out-
door facility without being noticed. Thus, it of-
fers seamless connectivity to the devices working
on WLAN and sub-6 GHz frequency.
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