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Abstract: This paper presents the development of a novel IOW dual-band co-planar waveguide
(CPW)-fed split ring-shaped antenna with improved radiation p?ance in the broadside direction using
a frequency selective surface (FSS)-based artificial magnet@ uctor (AMC). The CPW-fed split ring

antenna is developed to operate at the two operating b ith the center frequencies of 2.4 GHz and 5.8
SS-based AMC is designed with the reflection

guencies of both the working bands of the antenna.

GHz, having bi-directional radiation characteri
phase close to 0° for the corresponding resonatin
The proposed AMC is introduced as a su te at a relatively lower spacing of A/12, which is much less
than the quarter-wavelength spacin@d in the conventional approach for enhancing antenna gain at
the broadside direction. By em i

8.5 dBi and 8.92 dBi in the |

ing the FSS-based AMC layer, the antenna exhibits the highest gain of

d upper bands, respectively.

Keywords: Dual~ , microstrip antenna, CPW-fed, FSS, AMC.

@ 1. INTRODUCTION

Inre @ars, multi-band and wideband operations embedding frequency selective surface
(FS Qh antennas have become a growing global interest amongst researchers. A suitable
com%mn of the printed antenna and a reflective surface, like FSS, results in overcoming the
limitation of lower antenna gain and directivity. FSS is a periodic structure comprising a one-
dimensional or two-dimensional lattice of specific geometries or slots under metallic screens,
which acts as an analogue spatial filter. The artificial magnetic conductor (AMC) is characterized
by the reflection coefficient with zero phase for the frequency range under consideration.

Many FSS-Antennas with composite structural design generating higher gain have been
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reported in the literature. An FSS-based compact dual-band antenna with dual polarized and
improved gain comprising a lower band and higher band antenna elements is demonstrated in [1].
To reduce the total antenna size, the higher band antenna element is positioned just underneath a
dual-layer FSS-based lower band radiator. The lower band FSS-based radiator is made so that it
passes the higher band. As a result, the radiation from the higher band underneath the element can
pass through the lower band radiator. Elsewhere, several FSS-based metaheuristics, mul
techniques have been introduced to achieve multiband and wide-band antennas [2 -

The antenna performance with FSS depends on the shape of the slots, latt &m
well as the electrical characteristics of the substrate. A dual band FSS c(rbs(@n; of regular
Jerusalem cross-shaped elements is applied for improved antenna p% nce, such as gain,
bandwidth, and return losses [10]. A method with a double Iayered w-profile, band-stop FSS is

(&1] The gain enhancement

etry, as

proposed for gain improvement of a conventional wide-slot anter
of a compact pentagon-shaped slot-loaded wideband ante h offset feed using a reflective

%proposed in [12]. An FSS based
embedded broadband, high gain miniaturized m Qt&;p antenna is reported in [13]. Here, the

frequency-selective surface to cover 3 - 6 GHz aepll

multiband response is attained by using an d metallic patch surface and the ‘I’ shaped
ground plane. The broadband characteristicﬁccomplished with perfect impedance matching
with modified feeding mechanism an ingle step matching staircase architecture. FSS is also
deployed to realize circular polar h improved antenna gain [14].

The properly designed @have a wide area of filtering operation in electromagnetic (EM)
field, which includes WL@ mobile, and ISM band [15 - 18] applications. In wideband FSSs,

introducing an air ¢ een the layers reduces mutual coupling and thereby enhances reflection

ader bandwidth. In general, multiple FSS layers are cascaded to achieve
, 20] and X-band response in [21]. Customarily, the transmission and reflection
character@s of an FSS are influenced by the shape, size, periodicity, and overall geometry of its
elerr?'rhe common FSS geometries include monopoles, dipoles, square loops, fractal patterns,
and ather specialized structures. Cascading multiple FSS layers is a communal approach to
enhance gain and achieve dual band response in microstrip antennas [22 - 25]. It is to be mentioned
that one notable application involves using an AMC structure as the substrate for a low-profile
conformal antenna.

By aligning the antenna’s resonant frequency with that of the AMC, antenna performance



can be enhanced while simultaneously suppressing surface wave propagation within the substrate
[26, 27]. A novel approach employing an AMC is proposed to realize an edge-fed, wideband,
high-gain patch antenna in [26]. The multiband characteristics of a conventional electromagnetic
band-gap (EBG) AMC, implemented above a perfect electric conductor (PEC) backplane, is
investigated in [27]. Two planar FSSs with distinct configurations, along with a monopole antenna
that exhibits a dual-band response is presented in [28]. A dual-band, compact monopole a
with enhanced gain has been designed using a frequency selective surface in [29 .@rinted
monopole antenna with high gain and dual-band characteristics is presented fo ations in
wireless local area networks (WLAN) and Internet of Things (loT) sens %ks in [30].
Another compact pattern-reconfigurable antenna based on the tunable & rporated band-stop
FSS unit cell is presented for various wireless communication systems [31]” A compact broadband

?b'reported for WLAN and
WIMAX applications [32]. A wideband and high-selectivit fying frequency selective surface
(AFSS) has been proposed in [33]. Compared to the other F able, AFSS can increase the amplitude
of electromagnetic waves within the pass-band with relat @Ilflcatlon bandwidth of 30%. A wideband,

high-gain planar trapezoidal monopole antenna mgle layer FSS is proposed in [34]. FSS is also
used to design a miniaturized broadband planar antegha with better impedance matching and higher gain

for modern communication systems in [35].
AN S

Usually, to improve the radiation characteristics of the designed antenna, FSS is employed

Y-shaped monopole antenna with band-notched characteris?i&

as a reflecting radiator for the operating band under consideration, and a suitable gap is introduced
between the radiating patch and the FSS layer. Introduction of such a gap increases the overall
antenna size. In this paper, a novel FSS-based AMC is reported to design a low-profile antenna
with improved performances and dual-band characteristics. By employing the FSS-based AMC
layer, the radiation of a CPW-fed monopole antenna is enhanced along the broadside direction.
The presented antenna results in a high gain of 8.5 dBi and 8.92 dBi for the operating bands of 2.4
GHz and 5.8 GHz, respectively. The proposed design implements an AMC-based periodic
structure as a substrate below the CPW-fed antenna for its gain enhancement. Unlike conventional
reflective periodic structures such as frequency selective surfaces, that requires quarter wavelength
(Ao/4) spacing between antenna and the reflector with the AMC used here is placed at a spacing of
8 mm that is on the order of Ao/15. In comparison to the existing similar works [36 - 38], the
proposed design achieves smaller profile due to the choice of proper unit cell phase response.



Moreover, more gain enhancement of 4-7 dBi is achieved in comparison to 1.5 dBi in [36]. The
detailed design steps, antenna analysis, and simulated results, along with the experimentally

measured data, are presented in the remaining paper.

2. DESIGN OF THE CPW-FED SPLIT RING-SHAPED ANTENNA
A monopole antenna with CPW-fed as shown in Fig. 1 is chosen as the reference ante@or
the proposed design. The CPW feeding is used for low dispersion, broadband perfgrm@, ase

Nness due

e antenna is

of integration with the front ends of wireless communication systems and cost-eff:

to one-sided fabrication. Compared to narrowband (2-5%) patch antennas, m
preferred for its controllable wide as well as multi-band response. eferred antenna
architecture along with its various dimensions is indicated in Fig. 1(wﬁeeding network to
excite the antenna is obtained via the conventional equations as dete‘@.«in [39]. On the other hand,
the split ring-shaped quarter-wave monopole antenna paramet&} tuned to as to operate at both

the 2.4 GHz as well as 5.8 GHz bands. 0

Different antenna design parameters with @espective dimensions are summarized in

Table 1. The length of the modified U-shap% ole is computed by the equation (1) evolved
using the concepts as detailed in Chapter 07, [89] and Chapter 08, [40]:

\Q‘js = (1)

" axfixJ(ertD)/2

The designed anten hproduced on FR4 substrate characterized by height 0.8 mm,
relative permittivity 4.&055 tangent 0.02. The strip width W, is chosen as 2 mm such that the
strip equivalent i ce provides the required resonating frequency. Since, the larger (smaller)

decrease (increase) equivalent inductance and would increase (decrease) the

[39]. The surface current distribution performance at 2.4 GHz and 5.8 GHz is presented in Fig. 2
that illustrates the flow of current and determines the corresponding resonating frequency.
Different applications such as bidirectional (both front and back side) radiation in the orthogonal

plane of the antenna need to be tailored to unidirectional pattern. Specifically for body area



network, vehicular communication, ground penetrating radar, etc. the antenna should radiate
primarily in the broadside direction over an adequate bandwidth. In this regard, a grounded FSS
structures is proposed to achieve the desired radiation characteristics with improved performances.
Design of the FSS-based AMC and the performances of the antenna with its introduction are

>

3. DESIGN AND ANALYSIS OF THE FSS-BASED AMC e O
The 3-D aspect of the presented antenna and FSS-based AMC placed belo }ntenna is

discussed in the following subsequent sections.

presented in Fig. 3. The array of unit cell under the FSS provides AMC ch istics that are
depicted in Fig. 4(a). The FSS array cell consisting a plus-shape (+) mel%s?,having stub at each
ends and a square loop strip surrounding it. While the stubbed plus-shaped FSS is tuned to resonate
at 5.8 GHz, the outer side square loop is employed to have the c‘;aﬁal feature of AMC at 2.4
GHz. The length of the square loop is determined at the desi %ating frequency f1 = 2.4 GHz

using (2) as detailed in Chapter 02, [41]. @
[ J

— Co
LP—W @
The length of inner cross La is determined@ 0 obtain resonance at 5.8 GHz as detailed in

Chapter 02, [41]. 4
y: (3)

Nzl
Here the resonating frequenc@chosen as 5.8 GHz and the length is fine-tuned followed by the

calculation using (3) beca e increased spacing between cross elements of consecutive cells
and inclusion of groun&% below the periodic structure. The stub length Ls is changed for fine

tuning the desire ing frequency. The unit cell dimensions are listed in Table 2. The obtained
dimension (1 x13.2 mm) of unit cell is of the order of 0.1Xo with reference to the operating
frequency2.4"GHz. Finally, a ground plane is introduced on the reverse side of the chosen FR4

sub?vlth height t = 1.6 mm.

he FSS-based AMC prototype is shown in Fig. 4(c). Without ground plane, the FSS exhibits
reflection at operating frequency, however provides a sharp change in reflection phase between
+180° and, when it is placed below the antenna with spacing less than quarter wavelength, it causes
destructive interference of the radiated waves resulting in 180° phase shift. The proposed FSS-

based AMC is parametrically analyzed using ANSYS HFSS v19.0. The simulation setup of the



AMC is depicted in the Fig. 4(b). The AMC unit cell is designed above the substrate with the
ground plane below. The metallic patch and ground plane are realized by assigning them with
finite conductivity. The unit cell is surrounded by a vacuum cubical box to realize the infinite array
of the unit cells with periodicity as mentioned in Table 2. Two opposite faces of the simulation
box are assigned as perfect electric (Perfect E) boundaries, while the remaining two opposite faces
are designated as perfect magnetic (Perfect H) boundaries. This setup is required for infini%&y

of the unit cell. The top and bottom faces are designated as wave ports to serve asthe tation

and output interfaces. An integration line is drawn between two perfect E walls. ulation is
er dimensions
of the unit cell at constant values, for different stub lengths the changes i&( ion phase response

are depicted in Fig 5. It can be illustrated that changes in the stub Ength dominantly affects the

performed over the 2-7 GHz band and the S-parameters are observed. Keepi

higher operating frequency and with increasing stub-length, the h}

zero phase reflection decreases (shift towards left). Ho & e

exhibiting zero reflection phases at 2.4 GHz does‘nol¢ significantly. The reflection phase
n

operating frequency giving

lower operating frequency

variation with the variation in loop dimension is pr

Fig. 6. It is noted that with change in
loop dimension, the band at 2.4 GHz is shi as the frequency band at 5.8 GHz does not
shift significantly. This is because, the increase”/in stub-length leads to increase the capacitance
between consecutive unit cell which r in to reduce the corresponding resonating frequency.
For different loop dimension, the @ tioh phase characteristic is presented in Fig 6. It can also
be seen that the variations in p dimension substantially changes the lower operating band at
2.4 GHz but the higher o@tlng band at 5.8 GHz not so considerably affected. The FSS-based
AMC is adjusted to &ﬂn the reflection phase of 0° with a variation between £90° with respect
to the desired operating frequency bands at 2.4 GHz and 5.8 GHz respectively. Thus, the proposed

FSS-based

exhti' its aCAection coefficient close to 0 dB with no transmission due to metallic ground plane.

4. CHARACTERISTICS OF THE ANTENNA WITH FSS-BASED AMC
To observe the outcome of the proposed FSS-based AMC on the performance of antenna, it
is located below the CPW-fed split ring-shaped antenna with a spacing of H, which is smaller than
the quarter wavelength of the lower operating band at 2.4 GHz. This dual-band AMC is

incorporated for antenna radiation enhancement in the broadside direction for both the frequency



bands. The antenna is fabricated with the AMC as presented in Fig. 7. The antenna characteristics
are investigated with and without the FSS-based AMC. Considering the reflection phase close to
zero in both the operating bands, the FSS-based AMC can be placed very close to the antenna to
reduce back radiation leading to enhanced gain in the opposite direction.

Simulated antenna return loss (S11) with and without the FSS based AMC at H = 10 mm are
shown in Fig. 8. It can be followed that by use of FSS-based AMC, where the operating b%at
2.4 GHz and 5.8 GHz do not shift significantly. However due to loading effect of hi rface
(FSS), two resonances can be observed in the higher band. The measured result i &'cluded in
the same graph that exhibits good mapping between the simulated and the me&ﬁults of Su.
The spacing between antenna and AMC, 'H' is varied to achieve ade&%mpedance matching
and reflection coefficient over the complete frequency band. The rgflection coefficients (S11) of
antenna with FSS and without FSS are presented in Fig. 9 for se‘t,x ues of 'H'. With increase in
'H' value, the impedance matching gets improved near 2.4 (@dwever the same does not change

significantly in the upper band at 5.8 GHz. Ratheg at mm the impedance matching gets

degraded in the upper band at first resonance of 5 z and in the middle of the band. Thus it
enna exhibits adequate impedance matching

can be noted that for a spacing of H=10m
and the reflection below 10 dB in both th nds. The antenna with AMC exhibits -10 dB

bandwidth of 25% in lower band wit GHz resonance and bandwidth of 18% in upper band
with resonances at 5.5 GHz and@:: respectively. With the FSS-based AMC the second
resonance near 5.9 GHz occu sibly due to the fact that, the FSS exhibits reactive impedance

(inductive/capacitive) Wh@ompensates the reactive impedance of opposite nature (capacitive
or inductive) of the@ leading to a near zero imaginary part of the antenna input impedance.

The anten tion characteristics with AMC are studied in far field. Simulated radiation
patterns at (p}&?\d ¢= 0° planes, are shown in Fig. 10 for 2.35 GHz and in Fig. 11 for 5.5
GHz. At @ frequencies, the back radiation is significantly reduced by around 8 - 10 dB, with

the ementation of FSS-based AMC as per the front-to-back (F/B) ratios included in Table 3.
Wit%mization in back radiation, the broadside antenna gain is improved for the required
frequency range and values are listed in Table 3 along with the front-to-back ratio (F/B). As
evident, the antenna gain is enhanced up to 8.5 dBi at 2.35 GHz whereas the enhancement is up to
8.92 dBi at 5.5 GHz. The measurement setup for the radiation pattern and gain is depicted

in Fig. 12. Here, the antenna gain is measured using gain-transfer method. In this mechanism,

the standard gain (reference gain) is utilized in order to estimate the absolute gains. Initially,
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relative gain measurements are performed, and by comparing these with the known gain of a
standard reference antenna, absolute gain values are obtained. At first, the antenna-AMC under
test is used as the receiving antenna, and the received power (P1) into a matched load is measured.
Then the test antenna is replaced with a standard gain antenna, and the received power (Ps) is
measured under identical conditions. In both cases, the geometrical setup and input power are kept
constant. The gain in the far field region is calculated using equation (4) (b»
(GT1)de = (Gs)ds + 10 logio (Pt/ Ps) 4) o O
where (Gt)ds and (Gs)qg are the gains (in dB) of the test antenna and standard gai Sﬁnas. The
return loss of the fabricated prototype is measured using an Agilent vect mk analyzer
(VNA), while its radiation pattern is evaluated using the gain transfer n%( The measurement
G

setup includes a Hittite HMC-T2100 microwave signal generator ( Hz), a Krytar 9000B

power meter, and a standard gain horn antenna. ‘
The measured F/B ratio and peak antenna gain with &{re also listed in the Table 3 that

is in well agreement with the simulated values.

Three-dimensional gain plots of antenn O}d without the FSS-based AMC as well as
the antenna backed by metallic reflector ar n in Fig. 13, Fig. 14 and Fig. 15 for 2.35 GHz
and 5.5 GHz respectively. The pl onfirm significant reduction in back radiation and
enhancement in broadside gain %\/-fed split ring shaped antenna with the use of FSS-
based AMC.

A comparative study o ect of AMC substrate and metallic reflector on the performance

of the antenna is carrie% r better understanding the role of AMC. The antenna is backed by a
continuous metalli nd plane by replacing the AMC. The reflection coefficient is plotted in
%er combinations. It can be observed that the antenna backed by metallic

almost similar resonating frequencies at 2.04 GHz and 5.75 GHz. The lower

continuous metallic ground shows a peak gain of 1.8 dBi at 2.04 GHz which is much less than the
antenna in the lower operating band. The gain however at 5.75 GHz in the upper band 9.4 dBi that
is more is compared to the antenna backed by the FSS based AMC. This justifies the fact that the
purpose of antenna gain enhancement over multiple bands cannot be served by a continuous

metallic plane in place of AMC. This is because AMC provides nearly zero reflection phase at the
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operating frequencies, whereas ground plane offers 180-degree phase shift at both the frequencies
and in such case radiation enhancement requires height variation. In a single antenna structure
different heights at different frequencies cannot be maintained.
5. PERFORMANCE ANALYSIS AND COMPARATIVE STUDY
A comparative study of the performance characteristics of the proposed antenna with respect
to other similar types of antennas are presented in Table 4. It is evident that the proposed d is

compact and provides a wider bandwidth compared to the structure in [18], while® ti@g two

layers of FSS unlike the single-layer approach in [13]. The proposed FSS demo superior
angular stability compared to [13], despite being polarization-dependent, and lower profile
in terms of interlayer spacing when compared to the design in [48]. terms of the gain

performance, the proposed antenna shows improved gain in compégn both design [13] and

[18]. The novelty of the proposed FSS lies in its Compacﬁ Si Ao x 0.1, at the center

frequency), low profile (0.1X,), enhanced angular stability @
phase variation across the desired frequency band. | Q

°,and its nearly linear reflection

6. CONC@Q
The enhancement of radiation characteri mpedance of a dual band CPW-fed split ring
shaped monopole antenna operating at 2.4 G nd 5.8 GHz is studied with the implementation
of a dual-band FSS-based AMC arrayAA}eh the inclusion of the FSS-based AMC, the broadside
antenna gain is improved by 4-7 ducing the antenna back radiation while the antenna
impedance bandwidth and re ce frequencies are almost remained same at both the operating
@)ack radiation is reduced by around 7-10 dBi. The introduction of

sonance with antenna reflection coefficient and improved impedance

bands. In the two bands
AMC includes a se
matching. The s

tween the antenna and FSS is preserved at 10 mm which is less compared
to the conver@a quarter wavelength value at the center frequency (2.35 GHz) of the lower band.

The prop@sed design is useful for improving the antenna gain with multiband characteristics.
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Figure 1. Geometry of the proposed CPW-fed antenna. (a) Schematic view, (b) fabricated prototype
Figure 2. Surface current distribution of the CPW-fed antenna at frequencies. (a) 2.4 GHz, (b) 5.5 GHz
Figure 3. The 3-D view of the CPW-fed antenna with the FSS-based AMC

Figure 4. Development of AMC. (a) Schematic view of unit cell, (b) simulation setup, and (c) fabricated

Figure 6. Simulated reflection phase response of the AMC for variation in loop dimension'; Q

prototype.
Figure 5. Simulated reflection phase response of the AMC for variation in stub length of cross

Figure 7. Fabricated prototype of the CPW-fed antenna with the FSS-based AMC as s .

(a) Top-view, (b) Side view

Figure 8. Simulated and Measured reflection coefficients of the antenna Witb@hout AMC as well
as metal reflector

Figure 10. Simulated and measured radiation plot of antenna with hout AMC for H = 10 mm at

Figure 9. Reflection coefficients of antenna FSS-based AMC for szariation

2.35 GHz

Figure 11. Simulated and measured radiation plot of thé l@with and without AMC for H = 10 mm
at 5.5 GHz &

Figure 12. The schematic diagram of the measx%t setup for radiation pattern and gain of the Antenna
Figure 13. 3-D gain plot of the antenna at 2,35 GMz. (a) antenna only, (b) antenna with FSS-based AMC
Figure 14. 3-D gain plot of the antenna at™®\GHz. (a) antenna only, (b) antenna with FSS-based AMC

Figure 15. Three dimensional r?diati t (gain) of the antenna backed by metallic reflector (a) at 2.35

GHz; (b) at 5.5 GHz.
X

Table 1. Dim @of he CPW fed Split Ring Shaped Antenna

Table 2: Pi ions of unit cell of the proposed FSS-based AMC

Tatv( acteristics of the antenna with FSS-based AMC at H= 10 mm
I

Tablg 4. Comparison of the proposed design with other similar type antennas
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Table d Q
Parameter | La Wa | Wy Lg Lr br Oa Wr We
A
Value (mm) |45 |27 |11.65 12(4.5% 18 |14 |3 2 |3
E ~
b’ : Table 2
Parameter Px Nt Lp W, La Ls Wa Ws
Value (mm) & 13.2 12.7 0.5 9.2 54 2 0.5
@ Table 3
Parameter F/B ratio (dB) Peak gain (dBi)
(Frequency in GHz) 2.35 55 2.35 55
vﬁ' Antenna 0.51 4.37 15 4.3
Y} Antenna + FSS (simulated) 8.45 14.8 8.5 8.92
Antenna + FSS (measured) 8.1 14.1 8.2 8.6
Table 4
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Ao) (b
S

Antenna Parameter Ref [13] Ref [18] Proposed
Antenna Wideband Dualband Dualband
Frequency band (GHz) | 3.3-17.85 2.48/5.72 24158

-10 dB bandwidth 138% 7%/ 17.8% 25% / 18%
Number of layers 1 2 2
Layer spacing 12 (0.2%0) 10 (<0.25X0)
Unit cell (mm) 13x13 16x16 13.2x13.2 (0.}
Gain (dBi) 4.45 754168 8.5/8.92
Angular stability 30° 90° e;
Reflection phase Linea '[b
Technology used Fractal Cascading Ca%ﬂg
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