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In this paper, a Multiband Microstrip patch antenna is designed and simulated using Artificial Magnetic
Conductor (AMC) as a ground plane. The AMC acting as a High Impedance Surface (HIS) or Frequency
Selective Surface (FSS) is a triple band structure constructed on a 3.2 mm thick Rogers RT_Duroid 5880
substrate (& =2.2) with 00 reflection phase at three different resonant frequencies 5.52 GHz, 11.12 GHz and
14.09 GHz. The return loss characteristics of Microstrip patch antenna with and without Single band and Dual
band AG structures are also simulated. The simulation results obtained using Advance Design System (ADS)
2024 shows that the Microstrip patch antenna placed above AMC structure provides better performance
characterizations in terms of bandwidth and gain, reduces the size of an antenna and improves radiation
patterns. The impedance bandwidths at multiple frequencies obtained by the proposed antenna are 14 %
(4.67-5.4 GHz), 6.3 % (6.156—6.55 GHz), 4.3% (8.556—-8.93 GHz), 6.4% (9.256—-9.88GHz) and 2.8%
(12.19 — 12.54 GHz). 1t is proved that the gain is in-creased from 7.32 dBi to 11.91 dBi when the AMC is used
as a ground plane for the microstrip patch antenna. The proposed antenna is suitable for C-band and X-band
applications, 5 GHz WLAN and Wi-Fi applications.
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Impedance bandwidth, Radiation pattern, Reflection phase.
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1. INTRODUCTION

Antennas which are operating in more than one
frequency band either to transmit or receive
electromagnetic waves are called as Multiband antennas
[1]. Multiband wireless antenna systems are crucial for
various applications, requiring compact size and high
efficiency. Microstrip antennas are widely used due to
their low profile, lightweight, and cost-effective design.
Modern printed circuit technology enables easy
fabrication of robust, multi-band wireless systems.
However, their limited impedance bandwidth needs to be
improved further for multiband and wideband operation.
Plenty of the techniques have been stated [1] to provide
multiband characteristics and to improve the band-width
of an antenna. But the well-organized use of AMC as a
ground plane will provide better results in multi-band
operation [2] since the AMC reflects the incident
Electromagnetic (EM) waves with 00 phase reversal.
AMCs are either Electro Magnetic Band gap structures
(EBG) or Frequency Selective surfaces (FSSs). FSS is any
thin, repetitive surface designed to reflect, transmit or
absorb electromagnetic fields based on frequency.

A rectangular loop-slot AMC is designed in [3] with
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FR-4 substrate operating at 26 GHz which increases the
gain and directivity. In [4], AMC based mmWave MIMO
antenna is proposed for 5G new radio (NR) networks with
high-gain and wider bandwidth. A flexible AMC based
dipole antenna for wireless tags operating in the precise
frequency range of 2.1 and 2.44 GHz for wireless
biomedical applications is presented [5]. In [6] a double
microstrip patch antenna is designed with AMC
structure which improves bandwidth, gain, return loss,
size miniaturization and efficiency.

Design and implementation of AMC structure along
with feed line for Microstrip Patch Antenna (MPA) array
is proposed in [7]. Polarization rotation technique is very
important and commonly employed in the micro-wave
and quasi-optical systems to get the polarization rotation
of EM wave [8, 10, 11, 13]. A metamaterial structure is
used for gain and bandwidth improvement in [9, 16].
Several methods are examined for exploiting higher order
resonances of high impedance Frequency Selective
Surfaces (FSS) with the goal of designing multiple
reflection phase band AMC ground planes [12, 14]. A new
type of FSS is developed for gain and bandwidth
enhancement in [15]. A small quad-band antenna based
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on electromagnetic band gap (EBG) structure for
automotive applications is proposed in [17].

A novel dual band tag antenna that is tolerant of several
platforms is suggested for the UHF-RFID bands that are
utilized in  Europe (850-867MHz) and Japan
(950 — 955 MHz) in [18]. To increase the overall gain of the
microstrip patch antenna even further, a single layer
frequency selective surface (FSS) has been developed to
attain the impedance bandwidth of 22.55 GHz and a gain of
3.9dBi at 19GHz [19]. In [20], microstrip path with
defective ground plane is developed for ISM band
applications at 2.45 GHz to improve radiation performance.

2. DESIGN METHODOLOGY

A possible way to overcome the difficulties in antenna
design in contemporary wireless contexts is the use of
AMCs which increases the bandwidth and gain while
preserving the microstrip patch antenna's simplicity and
compactness and the suggested system makes the
following contributions: (i) Base Microstrip Patch Antenna
(MPA) design with suitable substrate, and the feeding
technique; (ii) AMC structure development for improved
antenna Performance; (iii) Integration strategies for AMC
and patch antenna synergy; (iv) Optimizing MPA with
AMC metasurface for multiband operation.

3. MICROSTRIP PATCH ANTENNA DESIGN

Microstrip antennas consists of a very thin metallic
strip (patch) placed a small fraction of a wavelength
(h<< Ao, usually 0.00310<h<0.0510) above a ground
plane. The patch is designed so its pattern maximum is
normal to the patch. A simple narrow band microstrip
patch antenna is designed above a 0.8 mm thick Rogers
RT_Duroid 5880 substrate (& =2.2) with conventional
conducting ground plane to integrate with the AMC. Fig. 1
depicts the geometry of an antenna with the entire
dimensions of 40 mm x 39 mm x 0.904 mm and it is excited
with a 50 Q microstrip feed line.

w1

L1

W3

L3 L
W2
Lz
(a) (&)
Fig. 1 — Geometry of Patch antenna with W=239, L =40,
Wi=27, L1=19, W2=4.9, L:=21, Ws=0.5, Ls=3 (all

dimensions are in mm) (a) Top view (b) Side view

4. AMC DESIGN
4.1 Design of AMC Unit cell

J. NANO- ELECTRON. PHYS. 17, 05007 (2025)

The bandwidth and the resonant frequency of the
AMC structure depend on the geometry of unit cell. So,
there have been two possibilities while designing unit cell
geometry: to optimize the dimensions of unit cell for
given dielectric substrate or to modify dielectric substrate
properties with fixed unit cell dimensions. Different unit
cell geometries with various dimensions have been
proposed in the literature [7-20]. Genetic Algorithm (GA)
optimization technique has also been used to optimize
unit cell geometry together with dielectric properties and
thickness of dielectric substrate [7]. The suggested AMC
structure consists of an array of 6 x4 AMC unit cells
mounted on a thick 3.2 mm Rogers RT_Duroid 5880
substrate (& = 2.2).

4.2 Single band, Dual band and Triple band AMC
Design

Single band AMC unit cell shown in Fig. 2.(a) is a
rectangular unit cell with the dimension of
9.25 mm x 4.2 mm. An array of 6 x 4 single band AMC unit
cells (40 mm x 39 mm) provides 00 reflection phase at the
resonant frequency of 5.53 GHz. Dual band AMC structure
is constructed using an array of 6 x 4 Dual band AMC unit
cells and small rectangular patches are introduced
horizontally in between two unit cells. It provides two 00
reflection phase bands at 5.5 GHz and 11.1 GHz. The dual
band AMC unit cell is obtained by using two rectangular
patches (upper patch: 9.25 mm x 4.2 mm and the inner
patch: 1 mm x 1.8 mm). Since the size of the patch is
inversely proportional to the frequency, increase in length
of inner patch results in reduction of second resonant
frequency without altering first band. The removal of inner
patch in each individual dual-band AMC unit cell results
in triple band AMC unit cell. By neglecting the inner
patch, the third 00 reflection phase band is obtained at the
resonant frequency 14.08 GHz.

The above structures are designed to reveal 00
reflection phase features at its operating frequency. And
these characteristics are affected by the separation be-
tween the wave port and the AG surface. Reflection
phase characteristics of Single band, Dual band and
Triple band AMC structures are given in Fig. 3

1

a b c

Fig. 2 — AMC unit cell geometry (a) Single-band (b) Dual-band
(c) Triple-band (with substrate dimensions 10 mm x 6.5 mm)
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Fig. 3 — Zero degree Reflection phase characteristics

a b c
Fig. 4 — Top view of Microstrip patch antenna with (a) Single
band AMC (b) Dual band AMC (c) Triple band AMC

5. DESIGN OF MICROSTRIP PATCH ANTENNA
ABOVE AMC GROUND PLANE

5.1 Antenna with AMC

The conventional conducting ground plane of the MPA
(as shown in Fig. 1) is replaced with the above designed
AMC geometry. Fig. 4 shows the design of MPA with
Single band, Dual band and Tri-band AMC structures.
When the Single-band AMC is used as a ground plane for
the MPA, which resonates at 5.7 GHz, it enhances the
bandwidth from 1.6% (5.725 GHz to 5.820 GHz) to 27.2%
(4.917 GHz to 6.352 GHz), reduces the size of an antenna
and increases the gain at operating frequency. With the
presence of Dual band AMC structure as a ground plane,
quad band Si1 characteristics are obtained. The triple
band AG structure is used with the same MPA to produce
multiple operating frequency bands.

5.2 Reflection Coefficient

The simulated Si1 values of an antenna with and
without single band AMC structure are compared in Fig. 5.
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Fig. 6 shows that the antenna is capable of operating at
multiple resonant frequencies by using triple band AMC
structure as the conducting ground plane.

5.3 Radiation pattern

Radiation patterns are simulated in E (XZ) plane and H
(XY) plane as shown in Figs. 7 and 8 respectively, for the
frequencies 5.18, 6.3 and 8.7 GHz. The antenna using AMC
for all the configurations (antenna using single-band, dual-
band and triple-band AMC) give better gain than the
conventional antenna with a perfectly conducting ground
plane. A maximum gain of 11.9 dBi is achieved at 8.7 GHz
for triple-band AMC structure.
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Fig. 5 — S11 of Antenna with Single band AMC
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Fig. 7 — Simulated Radiation pattern in E-plane at (a) 5.18 GHz (b) 6.3 GHz (c) 8.7 GHz
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Fig. 8 — Simulated Radiation Pattern in H-plane at (a) 5.18 GHz (b) 6.3 GHz (c) 8.7 GHz

Table 1 — Comparison of Simulation Results of Antenna with Single band, Dual band and triple Band AMC structures

Ref |Structure Antenna Type EZZ‘::;‘;; (GHz) |Bandwidth (MHz) ;f;an dwidin | Gain (@B
Single band Without AMC 5.773 95 (5.820 — 5.725 GHz) 1.6 % 7.32
With AMC 5.281 1435 (4.917 — 6.352 GHz) 27.2 % 7.64
@] Without AMC 5.773 95 (5.820 — 5.725 GHz) 1.6 % 7.32
% Dual band 5.938 354 (5.750 — 6.104 GHz) 5.96 % 7.89
3 With AMC 6.951 116 (6.885 — 7.001 GHz) 1.67 % 7.82
2 8.250 167 (8.125 — 8.292 GHz) 2.02 % 11.58
§ Without AMC 5.773 95 (5.820 — 5.725 GHz) 1.6 % 7.32
A Triple band 5.183 730 (4.67 — 5.4 GHz) 14 % 7.06
With MAC 6.3 400 (6.15 — 6.55 GHz) 6.3 % 8.64
8.7 380 (8.55 — 8.93 GHz) 4.3 % 11.91
(3] Single band Without AMC 26.496 460 (26.49 — 26.95 GHz) 1.74 % 4.77
With AMC 26.439 319 (26.28 — 26.599) 1.2 % 8.52
. Without AMC 16 — — <5
(6] [Singleband g Payie 16 494 3.125 % 75
[19] |Single band |With FSS 20.395 22.55 GHz (9.12— 31.67 GHz) | 111 % 3.9
[20] |Single band |With DG and EBG 2.47 256 10.3 % 3.84

6. COMPARITIVE PERFORMANCE ANALYSIS
OF THE SUGGESTED ANTENNA WITH THE
RELATED WORKS

Impedance bandwidths of an antenna for various
proposed AMC configurations and its corresponding gain
values are compared with the related works as shown in
Table 1. The MPA proposed in [3] achieves a high gain of
8.52 dBi. However, it has a single band of operation with a
very minimum bandwidth of 460 MHz. In [6], the antenna
achieves a peak gain of 7.5 dBi with the presence of a single
band AMC. But this structure also provided a single narrow
band operation with 494 MHz. Although the antennas
proposed in [19, 20] provided an acceptable bandwidth at
the required operating frequencies, the maximum gain
obtained is very low comparing with the suggested antenna
structure and also these designs are capable of operating at
one desired frequency. The proposed antenna gives multi-
band operation with wide bandwidth and highest gain
values which makes the system suitable for wireless
applications such as C-band and X-band applications, 5 GHz
WLAN and Wi-Fi applications.

7. CONCLUSION

In this paper, a microstripfed patch antenna with a
triple-band AMC ground plane is designed and simulated
for improved performance. The proposed AMC structure
enhances bandwidth from 95 MHz to 730 and 1435 MHz
while increasing gain from 7.32 dBi to 11.91 dBi. The
antenna also achieves reduced back radiation and
acceptable radiation patterns in both E and H planes.
Antenna with single band AMC is suitable for WLAN
applications of IEEE 802.11a, IEEE 802.11n & IEEE
802.11ac and IEEE 802.11 WiMAX standard at 5.5 GHz.
The patch antenna with tri-band AMC resonates at
5.183 GHz, 6.3 GHz, 8.7 GHz, 9.819 GHz and 12.42 GHz
with Bandwidth of 730 MHz, 400 MHz, 380 MHz,
637 MHz and 350 MHz at corresponding frequencies. And
it finds operations in C band (4 —8 GHz) and X band
(8 —12 GHz) applications where the proposed antenna
can be used for satellite and RADAR applications, in
WLAN (IEEE 802.11a & n) & Wi-Fi applications and also
finds applications for defense and secure communication.
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BararogianasoHHa MiKPOCMY:KKOBA HaTY-AHTEHA 3 BUKOPHUCTAHHAM IITYYHOI'O MATHITHOTO
NPOBiTHUKA 3i 301/IBIIEHOI0 MPOILyCKHOIO 3JaTHICTIO Ta KoedinieHToM migcuieHss njis
0e3apPOoTOBUX 3aCTOCYBaHb

S. Thilagavathi, R. Sudhakar

Department of ECE, Dr. Mahalingam College of Engineering and Technology, Pollachi, India

¥V poGoti po3pobiieHo Ta 3MOIEIBLOBAHO 6AraToI1aTa30HHY MIKPOCMYYKKOBY IIAT4-aHTEHY 3 BUKOPUCTAHHIM
mryaHoro Mar"itHoro mpoBimHuka (AMC) sk 3asemmmoBasibHol mwrommun. AMC, mo mie AK BHCOKOOMHA

noBepxus (HIS) a6o wacrorHo-cenexTuHa moBepxus (FSS),

sIBJIsie  cO0OI0 TPHUAIANA30HHY CTPYKTYPY,

nobymosany Ha migkiaanmi Rogers RT_Duroid 5880 topmmunowno 3,2 mm (& = 2,2) 3 dasoro Bimburrs 00 HA TPBOX
pisHHX pe3oHaHCHUX dacrorax 5,52; 11,12 ta 14,09 I'Tu. Taxosk 3Moae/IbOBAHO XapPAKTEPHCTHKU BTPAT HA
BLIOUTTS MIKPOCMYKKOBOI IIaTY-aHTEHHM 3 OIHOIIANIA30HHOK Ta JABOIIANA30HHOI CTPYKTypaMu Ta 0e3 HUX.
Pesynpratu MomemoBanHs, orpuMani 3a momomorod Advance Design System (ADS) 2024, mokasyoTb, IO
MIKPOCMY’KKOBA IAT4-aHTEHa, po3MmimeHa Hax cTpykTypolo AMC, 3abesmeuye kpaili XapaKTEPUCTUKU 3 TOYKHU
30py IPOITYCKHOI 3IaTHOCTI Ta KoedillieHTa IIiJCHJIEHHs, 3MEHIIye PO3Mip AHTEeHHW Ta MOKpAIllye miarpaMu
cupsimoBaHocTi. JlianasoHn iMmenascy Ha PiSHHX YacTOTAX, OTPUMAHUM 3ANPOIIOHOBAHOK AHTEHOI0, CTAHOBUTH
14 % (4,67-5,4 I'Tm), 6,3 % (6,15-6,55 I'Tm), 4,3 % (8,55-8,93 '), 6,4 % (9,25-9,88 I'T) ta 2,8 % (12,19-12,54
I'Tm). JosemeHo, 110 KoedillieHT miAcUIeHH 301bIryeTbed 3 7,32 10 11,91 nbi, komu AMC BHKOPUCTOBYETBCS K
3a3eMJIIOI0YA ILJIOIIMHA JIJII MIKPOCMY?KKOBOI [1aTU-aHTEHN. 3AIPOIIOHOBAHA AHTEHA IIAXOIUTE JJIs 3aCTOCYBaHb
y C-miamasonax ta X-miamasonax, a Taxosk 11t WLAN ta Wi-Fi ma gacrori 5 I'T'ir.

Knwouosi ciosa: [lItyunnit maruiTani mpoBigauk, YacToTHO-ceeKTHBHA HoBepxHs, KoedimienT miacnaenss,
Bucoxoomnua mosepxusa, Cmyra mporyckaunsa immenancy, Jiarpama cupamosanocti, ®asza BigouTTs.
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