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ABSTRACT: This paper proposes a high gain wide band stacked antenna using multiple meta-surfaces that offers stable radiation patterns
with low cross-polarization level (CPL) and side-lobe level (SLL) for 5G applications. The suspended microstrip antenna (SMSA)
offers high gain and wide bandwidth, but the radiations from probe feed cause high CPL. SMSA design with meta-surfaces increases
the inductive impedance of SMSA; therefore, the substrate height is decreased to increase the capacitance to compensate this inductive
impedance. It decreases the cross-polar radiation due to decrease in probe feed length. Meta-surfaces electromagnetically couple with
SMSA and enhance the bandwidth of antenna. SMSA with meta-surfaces is placed in a half-wavelength Fabry Perot Cavity (FPC) to
enhance the gain of antenna. The proposed antenna offers Si; < —10dB, peak gain of 16.4dBi, SLL < —23dB and CPL < —23dB,
and front to back lobe ratio (FBR) > 22 dB over 3.3-3.9 GHz. The structure is fabricated and tested. The measured results are close to
the simulation ones. The proposed structure based on its radiation characteristics is a suitable candidate for 5G applications.

1. INTRODUCTION

Wireless communication is now a part of our life and has
influenced every aspect of human life. 5G technology
has further given a boost to wireless communication by pro-
viding reliable high data rate with low latency. 5G technology
finds applications in every field like medicine, agriculture, edu-
cation, home automation, automobile, robotics, augmented and
virtual reality. Human beings are getting habituated to these
wireless systems. If these systems and especially antennas are
not designed properly, the undesirable radiations in unintended
directions cause interference with other devices. High power
undesired radiations are harmful and cause health hazards and
biological issues.

The antenna with high gain requires low input power as ef-
fective power in desirable direction gets multiplied by the gain
of the antenna, but it should have low SLL and CPL to mitigate
interference and health hazards. MSA on low permittivity and
thick dielectric substrate increase the dimensions of antenna
while planar and stack multi-resonator patches result in vari-
ation in radiation pattern and poor Signal/Noise ratio (SNR).
A suspended MSA provides higher gain and wider bandwidth,
but as substrate height increases, cross polarization level (CPL)
also increases due to the increase in probe feed length [1].

Gain and bandwidth (BW) enhancement by stacking mul-
tiple patches above MSA has been reported [2—4]. Two cir-
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cular patches are placed above a metallic circular or elliptical
MSA [2] to achieve 12.1 dBi peak gain with 55.7% BW. But it
has high SLL and CPL. 12.5 dBi average gain is obtained using
a double-cavity multi-resonator stack antenna. The antenna of-
fers low CPL but has high SLL [3]. Triangular patches are used
to design a broadband high gain stack antenna to obtain 10.8 dBi
peak gain, but it has —13.6 dB SLL and 15.8 dB FBR [4].
Meta-surfaces (MSs) such as reactive impedance surface
(RIS) or artificial magnetic conductor (AMC) are designed, as
they control polarization, phase, magnitude of electromagnetic
fields, and therefore, the performance of antenna [5, 6]. A non-
zero-index NZI MS lens [7], nonuniform [8] or anisotropic el-
liptical meta-surface [9] are designed to improve FBR or axial
ratio bandwidth of a CP antenna [7-9]. Low profile antenna
array using RIS and partially reflective surface (PRS) [10],
stacked slotted AMC [11] have been reported. CPL and SLL of
a suspended MSA are improved using RIS and multiple meta-
surfaces in [12, 13]. However, the structures offer low gain.
FPC antennas with one or multiple PRSs or Frequency Se-
lective Surface (FSS) layers are proposed to improve gain and
BWin[14, 15]. High gain wide BW, FPC antenna with comple-
mentary FSSs [14] fed by an aperture coupled MSA, and dual-
polarized wideband antenna using quad PRS [15] have been
reported. Gain BW of FPC antennas is enhanced by using hy-
brid PRS [16] and electromagnetic band gap (EBG) and trun-
cated superstrate [17]. The structure in [16] is fed by a slotted
patch, while 1.0 profile antenna structure in [17] is fed using a
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FIGURE 1. FPC antenna with 2 x 2 (even) and 5 x 5 (odd) square PP array as FSS layer.
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FIGURE 2. FPC antenna with 2 x 2 (even) and 5 x 5 (odd) square PP array with AMC as FSS layer.

waveguide attached to a slotted ground plane. These antennas
have high SLL. An FPC antenna designed using a superstrate
having parasitic hybrid rings as PRS and fed by a holed patch is
proposed in [18]. High gain FPC antennas by shaping ground
plane [19] and modifying PRS and AMC layers [20,21] have
been investigated. However, high SLL and CPL and feeding
difficulties are the drawbacks of these structures.

To mitigate these drawbacks, a novel high gain wideband
antenna using multiple meta-surfaces is proposed which pro-
vides 16.4 dBi peak gain with low SLL and CPL < —23dB
and > 22dB FBR, and operates over 3.3-3.9 GHz for 5G ap-
plications. The antenna is low in cost, compact, and also easy to
fabricate and feed. The architecture of the paper is organized as
follows: Antenna geometry with design theory is discussed in
Section 2 while Section 3 deals with the simulation results and
analysis. Fabrication and measurement results are presented in
Section 4 followed by the comparison with state of art antennas
in Section 5 and conclusion in Section 6.

2. ANTENNA GEOMETRY AND DESIGN THEORY

The structures shown in Fig. 1 and Fig. 2 consist of a ground
plane, feed antenna, and an FSS to form an FPC antenna. Feed
antenna consists of a stack SMSA with multiple meta-surfaces.
The meta-surface — (a) RIS increases the inductance, reduces
the surface waves, and improves impedance matching while (b)
the meta-material inspired parasitic patch (MI-PP) increases not
only the inductance but also bandwidth (BW), and the whole
structure acts as a stack multi-resonator antenna. The increase
in inductance is compensated by decreasing the height between
substrate and ground plane (h) and between MSA and MI-PP
(h).

An RIS or AMC layer is an L-C network in which the con-
ducting patch acts as an inductor L; while the spacing between
patches is equivalent to a capacitor C;. Suspended MSA acts
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FIGURE 3. Equivalent circuit of stack MSA with meta-surfaces.

as an L,-C; network. The probe feed, a shorted transmission
line, acts as an inductor ‘L’ while the spacing between RIS and
ground plane acts as a capacitor ‘C’. Slots in AMC layer de-
creases the inductance and capacitance of the layer. A metal-
lic parasitic patch placed in this slot (PP and AMC or MI-PP)
increases the inductance L3 and capacitance C3. The spacing
between MSA and PP and AMC acts as a capacitance. The
equivalent circuit of stack MSA with meta-surfaces is shown
in Fig. 3 [11]. The electromagnetic couplings between RIS and
suspended MSA and between MSA and MI-PP are represented
by Ly and Cyyp and Ly, and Cyyp, respectively. Impedance
matching can be achieved by increasing inductance due to PP
and AMC and RIS, then compensating the increased inductance
by increasing capacitance by decreasing the substrate height
and spacing between MSA and PP and AMC layers. PP and
MSA dimensions are decreased so that antenna operates over
3.3-3.8 GHz.

The FSS consists of an array of PP fabricated on a super-
strate with and without a metasurface. The FSS is placed at
about \y/2 from the ground plane to form FPC. The dimension
and periodicity of square patches of meta-material surface are
< 0.1\, while dimensions of square patches of FSS array are
about \/2, and the periodicity is about A. Here, Ay and )\ are the
wavelengths in free-space and dielectric-medium respectively
at the central frequency of the operating band.
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FIGURE 4. Full wave Floquet analysis of periodic structure. (a) Unit cell h = 3.5mm, b’ = 1.59mm, @ = 7mm, P = 9mm. (b) Effect of patch

dimension. (c) Effect of periodicity.

The gain and radiation characteristics of FPC antenna depend
on feed antenna; therefore, the antenna feeding the FPC should
have low SLL and CPL. Stack SMSA on RIS backed substrate
using multiple meta-material is used to feed the FPC as it has
low CPL and SLL. RIS improves the impedance bandwidth as
it decreases the surface waves by decreasing the interaction be-
tween substrate and ground plane. The fields get reflected from
RIS and thus contribute to radiation which result in the increase
in gain and antenna efficiency [10, 11]. Meta-surface, viz. RIS
and meta-material inspired parasitic patch (MI-PP), increases
the inductive impedance of the structure which is compensated
by decreasing the substrate height or probe feed length. It leads
to the decrease in CPL due to the decrease in radiation from
probe feed [12, 13].

Gain can be enhanced by fabricating a parasitic patch (PP) or
an array of PPs on a dielectric superstrate layer. These metal-
lic PPs enhance the reflection coefficient of PRS and antenna
gain. For high directivity or gain, the waves emanating from the
PRS must be co-phasal. Therefore, the antenna gain depends
on dimensions and spacing between PPs as field amplitude and
phase change with dimensions and spacing between PPs fabri-
cated on a superstrate layer. Partially reflecting surface (PRS)
used in FPC is designed without and with AMC layer. The di-
mensions of PPs of FSS are decreased as its distance from feed
antenna increases to compensate the phase leg due to the in-
crease in feed path length due to increase in feed path length in
comparison to central PP. Further, the PPs are fabricated with
unequal spacing to increase the PRS reflection coefficient and
the gain of antenna [20, 21].
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The antenna feeding the FPC should have wide BW, low SLL
and CPL. FPC is a resonant cavity, and therefore, the gain and
radiation pattern of FPC depend on frequency. There are sev-
eral techniques adopted in literature to enhance the BW of FPC
antenna, but the radiation pattern varies over large BW [20-24].
In the literature, the work is mainly concentrated on the design
of PRS, but in our design, we have designed a feed structure
with low SLL and CPL, which resulted in the gain enchantment
of FPC antenna with low SLL and CPL over 3.3-3.6 GHz/3.3—
3.8 GHz, 5G band. The side view of these configurations with-
out and with AMC are shown in Fig. 1 and Fig. 2, respectively.
The design steps in designing the proposed antenna are as fol-
lows:

1. Design an SMSA on an FR4 substrate and suspend it above
the metallic ground plane to resonate at 3.45 GHz and
to operate over 3.3-3.6 GHz using standard design equa-
tions [1-3]. Optimize SMSA dimensions and substrate
height.

Design of RIS and AMC unit cell — Full wave Flo-
quet analysis of periodic structure composed of AMC and
RIS is carried out with the help of unit cell, as shown in
Fig. 4. B/ = 1.59mm FR4 substrate of P x P dimen-
sions is suspended in air at ‘h’ from ground plane. The
effect of square patch size and periodicity on resonant
frequency corresponding to 0° reflection phase crossing
and AMC bandwidth corresponding to ££90° phase varia-
tion is carried out using High Frequency Structure Simu-
lator (HFSS). The resonant frequency decreases with the
increase in patch size, when periodicity is fixed and in-
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FIGURE 5. Side view of feed antenna along with top view of RIS, MSA, and MI-PP.

creases with periodicity, when patch size is fixed as shown
in Fig. 4. Patch dimension of side ¢ = 7mm and period-
icity P = 9mm are selected so that resonant frequency
is 3.45 GHz, and bandwidth covers the desired impedance
bandwidth from 3.3 to 3.8 GHz.

3. Design SMSA on RIS backed FR4 substrate. The RIS
consisting of an array of square patches of dimension and
periodicity < 0.1} is fabricated on the other side of the
FR4 substrate of step 1. At 3.45GHz, 0.1 is 8.7 mm.
So patch dimension is taken as 7 mm with periodicity of
9mm. The SMSA on RIS backed substrate is designed
in [13]. The SMSA dimensions and substrate height are
decreased to compensate the inductive impedance of RIS.
RIS should extend beyond the SMSA; therefore, RIS con-
sists of 7 x 7 array of square patches.

4. Design an AMC layer on 1.6 mm FR4 superstrate, simi-
lar to RIS, consisting of 7 x 7 array of square patches of
7 mm side and 9 mm periodicity (dimension and periodic-
ity < 0.1)¢) and place above SMSA. The SMSA dimen-
sions and substrate height are decreased to compensate the
inductive impedance of AMC. Optimize superstrate and
substrate height and dimensions of SMSA to improve BW.

5. Remove the 3 x 3 array of square patches of AMC, ap-
proximately equal to the dimension of SMSA and fab-
ricate a rectangular parasitic patch (PP) to form a stack
multi-resonator. PP dimensions should be slightly less
than SMSA so that PP resonates at slightly higher fre-
quency than SMSA and electromagnetically couples with
SMSA to improve BW. The SMSA dimensions and sub-
strate height are decreased to compensate the inductive
impedance of PP. This is the feed antenna of FPC antenna.

6. Design an FSS on an FR4 superstrate consisting of a
square PP array (PRS of FPC antenna). The dimensions
of patches are about /2, and the spacing between patches
is about A, where ) is the wavelength in dielectric medium
at central operating frequency. The patch dimensions and
spacing between patches are decreased as its distance from
center of feed antenna increases to compensate the phase
lag in PP feed and to improve gain by increasing magni-
tude of reflection coefficient of PRS [20,21]. Odd array
PRS has a patch just above SMSA, while even array PRS
does not has a patch just above SMSA.

A rectangular MSA on one side with RIS (an array of square
patches of 7 mm side with periodicity of 9 mm) on other side of
1.59 mm FR4 substrate-1 is designed and placed at h = 1 mm
above the 0.5 mm copper metal ground plane. A second meta-
surface (an array of square patches of 7 mm side) is printed on
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1.59 mm thick FR4 superstrate-1 around a rectangular parasitic
patch (PP), called meta-material inspired PP layer (MI-PP) and
placed at 4’ from substrate-1. FSS layer (an array of square
patches) on another 1.59 mm thick FR4 superstrate is designed
and placed at about \¢/2 from ground plane to form FPC an-
tenna as shown in Fig. 1. The structures in Fig. 2 have an-
other meta-surface AMC formed by an array of square patches
of 7mm with periodicity of 9 mm at the top side of the super-
strate. Both dielectric substrate and superstrate have e,, = 4.4
and tand = 0.02. The suspended MSA is fed using a 502
coaxial probe. The side view of fed antenna and top views of
RIS, MSA, and MI-PP are shown in Fig. 5. The evolution of
the FPC structures and related theory are described below.

3. SIMULATION RESULTS AND ANALYSIS

An SMSA is designed on an RIS backed 1.59 mm FR4 sub-
strate (RIS layer — 7 x 7 array of 7mm square patches with
periodicity of 9mm), on 80 x 85mm? ground plane. Now a
26.5mm x 29.1 mm parasitic patch (PP) is fabricated on one
side of the FR4 superstrate with an array of 7 mm square patches
around the PP and placed above SMSA (Fig. 5). The structure
is termed as ‘Feed Antenna’ (FA). S;; < —10dB is obtained
over 3.3-3.6 GHz. The optimized structure offers 8.6 dBi peak
gain. The FBR is about 20 dB and CPL > —18dB [13]. FA is
now placed in FPC to enhance the gain and BW. The structures
are simulated using IE3D 15.0 version software.

3.1. Even Array

Initially, a 1.59 mm FR4 superstrate is placed above the FA.
Thereafter, 2 X 2 and 4 x 4 arrays of square PPs are fabricated
on one side of the superstrate called PRS layer, and on the other
side the AMC layer consisting of an array of square patches
of side 7mm and periodicity 9 mm is fabricated. The square
patches of 21 mm and spacing of 44 mm form the 2 x 2 array.
In even array, there is no metallic patch at the center just above
the SMSA (Fig. 2). In 4 x 4 array of square PPs, central square
patches are of 21 mm while outer square patches are 20 mm.
The spacing is 44 mm between the center patches and 42 mm
between the center patches and outer patches. PRS height is
about A\¢/2. If PRS is capacitive, it is more than \y/2, and if
inductive it is less than A¢/2. A dielectric PRS is capacitive,
therefore its height from the ground plane is about 0.6\. PRS
height decreases to 0.55)\¢ when PRS with 2 x 2 square patches
and 0.53)¢ with 4 x 4 square patches with meta-material are
designed. PRS height also depends on the feed antenna struc-
ture. S|, and impedance variation of the structures are shown
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in Fig. 6. A resonant cavity has different parts, viz. PRS, di-
mension and spacing between square patches of PRS, height
of cavity from ground plane, feed antenna consisting of RIS
layer, MSA, MI-PP, and meta-material layer. They have their
own resonant frequencies. If different parts resonate at differ-
ent frequencies but close to each other, it gives rise to a wide
band as in the case of PRS with 2 x 2 and 4 x 4 PP arrays.

The gain of FPC antenna also depends on the resonance of
different parts of FPC. If all the parts resonate in unison or near
unison, it results in high gain but narrow bandwidth, whereas
if different parts resonate at different but nearby frequencies, it
results in broadband but moderate gain. Gain and efficiency
of structures with different PRSs are shown in Fig. 7. The
antenna with a 2 x 2 array PRS offers S;; < —10dB over
3.13-3.80 GHz. It provides wide BW. However, the structure
has moderate gain which decreases at higher frequencies. Also
antenna efficiency decreases due to degradation in impedance
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matching at higher frequencies. The antenna with a 4 x 4 ar-
ray PRS offers S;; < —10dB over 3.3-3.88 GHz. It offers
a peak gain of 16 dBi and antenna efficiency > 70% over the
operating band. The radiation patterns of antenna with dielec-
tric PRS at 3.45 GHz (central frequency of 3.3-3.6 GHz band)
and at 3.55 GHz (central frequency of 3.3-3.8 GHz band) in
the cases of antenna with 2 x 2 and 4 x 4 square patch array
PRSs are shown in Fig. 8. The dimensions of PPs are progres-
sively decreased, and the spacing between the square patches
is decreased in the antenna with 4 x 4 square PP array PRS to
compensate the phase lag. The patches with dimensions < \/2
provide capacitive reactance, and therefore, they provide phase
lead to compensate the phase lag in feed to PPs far away from
the central patch. The antenna with 4 x 4 square PP array pro-
vides 16.0 dBi peak gain with CPL, SLL > —23dB, and FBR
of 20dB.

WWwWw.jpier.org
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3.2. 0dd Array impedance variation, gain and efficiency, and radiation patterns
of structures with 1 x 1 metallic patch with and without AMC
are shown in Figs. 9, 10, and 11, respectively. Structures with
odd 1 x 1,3 x 3,and 5 x 5 square PP arrays are simulated and

Structure with 1 x 1 or single metallic patches with and with-
out AMC are designed. 1 x 1 or single metallic patch with
AMC provides higher gain than that without AMC. S;; and
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FIGURE 15. Top view of different layers of fabricated antenna.

FIGURE 16. 3-dimensional view.

optimized. .Sy; and impedance variation of the structures are
shown in Fig. 12. Gain and efficiency of structures with dif-
ferent PRSs are shown in Fig. 13. Radiation patterns of these
structures are shown in Fig. 14.

4. FABRICATION AND MEASUREMENT RESULTS

The FPC antenna with 3 x 3 PP array and AMC as PRS termed
as ‘3 x 3-array-AMC’ is fabricated. The 0.5 mm thick copper
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metal plate ground plane is precisely cut using LASER tech-
nology. The MSA on RIS backed FR4 substrate, MI-PP on
FR4 superstrate, and PRS and AMC on another FR4 super-
strate are fabricated using photo-lithography technique. Photo-
lithography technique employs chemical etching process which
removes unwanted metal regions of the metallic layers of FR4
dielectric. Photo-lithography technique provides high accuracy
and precise control of the shape and size of the desired pattern.
S|1 and radiation pattern are measured using Agilent Field fox
N 9116A network analyzer and standard horn antenna in an ane-
choic chamber respectively.

The top view of each layer, 3-dimensional view of the
antenna, and simulated and measured S;; are shown in
Figs. 15, 16, and 17, respectively. The simulated and measured
gain variations and measured radiation patterns at 3.3 GHz,
3.55GHz, and 3.8 GHz are shown in Fig. 18 and Fig. 19,
respectively.

Radiation patterns are measured in far-field region using
standard horn antenna in an anechoic chamber. The standard

Www.jpier.org
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TABLE 1. Radiation parameters of the FPC antenna structures.

Ante;z; i;mscmre Gain (dBi) | BW (GHz) | SLL (dB) | CPL (dB) | FBR (dB) | Size (Ao x \o) | Aperture Efficiency %
Diclectric 10.0 333.604 | 25 “19 19.5 1.48 x 1.48 36.34
1 x 1 array 115 3.3-3.65 o4 20 19 148 x 1.48 51.35

1 x 1 array-AMC 12.5 328368 | —23 ~20 17 1.48 x 1.48 64.61

2 x 2 array-AMC 14.1 313380 | 20 20 19.5 2.05 x 2.05 48.66

3 x 3 array-AMC 15.8 33-3.85 “92 “920 20 2.5 % 2.5 48.41

4 x 4 array-AMC 16.2 33-3.88 23 23 20 3.0 x 3.0 36.86

5 x 5 array-AMC 16.4 33391 —93 —23 2 3.15 x 3.15 35.1

TABLE 2. Comparison of proposed antenna with reported state-of-art antennas (NR-Not Reported).

Ref. Gain (dBi) | Fractional BW (%) | SLL (dB) | CPL (dB) | FBR (dB) | Size (Ao X Ao X Xo) | Aperture Efficiency %
[14] 13.8 26.26 -10 -19 —-17 24x24%x0.5 36.15
[15] 14.7 17.86 —-13 —-21 —16 1.9x1.9x0.5 65.05
[16] 17.1 25.38 -8 NR —16 2.8 x 2.8 x 0.69 52.05
[17] 18.7 17.48 —6 -37 NR 5.0 x 5.0 x 0.75 23.6
[18] 15.8 9.51 —16.4 NR 20 2.35 x 2.35 x 0.63 54.98
[19] 16.0 19.31 —-9.5 —13 26 2.75 x 2.75 x 0.56 41.89
[20] 17.4 11.13 —20 —16 20 2.83 x 3.23 x 0.49 47.83
[21] 17.2 11.57 —-19 —-17 20 2.3 x2.75x0.5 66.02
[22] 10.5 14.77 —17 -15 NR 2.0 x 2.0 x 0.66 22.32
[23] 16.35 4.88 —13 NR 18 2.19 x 2.19 x 0.58 71.59
[24] 10.0 18.87 -5 —10 10 1.0 x1.0x0.5 79.58
This work 16.4 16.92 —23 —-23 22 3.15 x 3.15x 0.5 35.06
0 [ : 17
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FIGURE 17. Simulated and measured 5.

horn antenna acting as a transmitting antenna is connected to a
microwave source, Agilent field fox network analyzer N9916A,
and the FPC antenna is connected to Agilent field fox spec-
trum analyzer. Radiation patterns are measured when transmit-
ting (Tx) and receiving (Rx) antennas are aligned and face each
other in F-plane. The receiving antenna is rotated from 0° to
360°. Radiation patterns are also measured when both Tx and
Rx antennas are in H-plane. These are co-polar radiation pat-
tern, and SLL is determined from co-polar radiation pattern.
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FIGURE 18. Simulated and measured gains.

When Tx antenna is in E-plane and Rx antenna in H-plane or
vice-versa, cross-polar radiation patterns are measured. CPL
is determined as the difference between cross-polar maximum
value and co-polar maximum value in dB. The gain of antenna
is calculated using Friss transmission equation. The cable and
connector losses are take into account. The measured results
closely align with simulated ones. The slight discrepancy in
measured results from simulated ones can be attributed to fab-
rication error, SMA connector loading, or misalignment of dif-
ferent layers in the prototype antenna. The radiation parameters
of different FPC antenna structures are listed in Table 1.
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FIGURE 19. Simulated and measured radiation patterns.

Odd array PRS has a parasitic patch just above SMSA, while
even array PRS does not have a patch just above SMSA. The
gain of FPC antenna depends on the magnitude of reflection co-
efficient (|T'|) of PRS. The FPC antenna with odd array PRS has
more gain due to higher |I'| than even array. The effective value
of |I'| increases with the increase in array size; as feed antenna
has broadside radiation pattern, central patch of FSS intercepts
the maximum fields, and the PP away from the central patch
intercepts less fields due to the increase in distance [20,21]. As
a result, marginal improvement in gain and aperture efficiency
decrease with array size.

5. COMPARISON WITH STATE OF ART FPC ANTEN-
NAS

The proposed antenna is compared with start-of-art antennas
reported in the literature in terms of peak gain, % BW, SLL,
CPL, FBR, aperture efficiency, and antenna size in Table 2. All
the structures have higher SLL and CPL than the proposed an-
tenna except [ 17] which has lower CPL but significantly higher
SLL. The antennas in [14—19, 22, 24] offer large BW, but at the
cost of high SLL and CPL. The structures in [16—19,22] have
profile > 0.5)\¢. The structures in [21,22] have higher CPL,
while antenna in [23] has higher SLL than the proposed an-
tenna. Refs. [15, 16] have higher aperture efficiency but lower
FBR and SLL. Refs. [18,20,21,23] have higher aperture effi-
ciency but narrow BW. Antenna in [24] also has higher aperture
efficiency but lower gain and FBR. The proposed antenna of-
fers low SLL and CPL, high F/B ratio, and simple design com-
pared to state of art antennas reported in the literature. It is easy
to feed and fabricate and has the advantages of low cost, light
weight, and planar structure.

6. CONCLUSION

The gain of FPC antenna depends on feed antenna and PRS.
FPC fed by an antenna with low CPL and SLL offers gain en-
hancement over wide BW with low CPL and SLL and high
FBR. AMC on PRS helps in reducing the height of FPC and
also enhances the gain with improved radiation characteristics.
Using this concept, a novel high gain wideband antenna using
multiple meta-surfaces is designed that provides 16.4 dBi peak
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gain with low SLL and CPL < —23dB and > 22dB FBR
over 3.3-3.9 GHz for 5G applications. The compact low-cost
antenna is easy to design, fabricate, and feed. Dual band and
circularly polarized antennas with low SLL and CPL may be
designed using this concept.

LIST OF ABBREVIATIONS

AMC Artificial magnetic conductor
MI-PP Meta-material inspired parasitic patch
BW Band width

MS Meta-material surface

CP Circularly polarized

MSA Microstrip antenna

CPL Cross polarization level

NZI Non-zero index

SLL Side lobe level

PP Parasitic patch

FA Feed antenna

PRS Partially reflecting surface

FBR Front to back lobe ratio

RIS Reactive impedance surface
FPC Fabry Perot cavity

SMSA Suspended microstrip antenna
FSS Frequency selective surface
SNR Signal to noise ratio
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