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Abstract—New designs of artificial magnetic conductors (AMC),
including dual-polarized and multiband AMC are realized by
planar regular array of loaded loop over a ground surface.
Multiband designs of AMC surfaces are proposed based on the
use of loaded loop with different resonance lengths. In addition,
dual-polarized AMC are realized by loops with different
orientation, which create artificial magnetic conductors for both
TE and TM polarizations. The approximate analytical models
were developed to estimate the AMC surface response. FEKO
electromagnetic simulator is also used for the fullwave analysis of
presented configurations.
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L INTRODUCTION

Since the introduction of high impedance surfaces (HIS) or
artificial magnetic conductors (AMC) in [1], many researchers
have used them to design novel electromagnetic devices or
enhance the performance of the existing ones. The features of
these surfaces have resulted in many novel and improved
applications such as quasi-TEM [2] and impedance waveguides
[3], [4], bandgap structures [5], low-profile antennas [6], [7],
leaky-wave antennas [8], [9], and absorbers [10], [11].

Different approaches have been used for the realization of
AMC surfaces. They are realized by metal patches on the top
surface of the board, connected to the solid lower conducting
surface by metal plated vias in [1]. The metal patches may have
various shapes and its effects investigated in [12]. Another
method is to realize them by printed dipoles on a grounded
dielectric slab which Multiband/dual-polarized designs are
discussed in [13], [14]. One other method is volumetric
realization that does not require a ground plane. The
capacitively-loaded loop (CLL) based slab which exhibit AMC
properties and two reversed Q patterns back to back on each
side of a substrate board presented in [15] and [16]
respectively.

Here we introduce an AMC surfaces that are composed of
loaded loop in planar manner. The unit cell of this periodic
structure is illustrated in Fig. 1. The loop lay in the xy-plane
and load is on X-axis. The “a” and “w” are inner dimension
and width of loop respectively and “d” is dimension of the unit
cell. A closed loop (or simply a ring), a split ring and also a
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Figure 1. Loaded loop unit cell.

capacitively-loaded loop are different types of loaded loop
which the loop loaded by short, open and capacitive load (Fig.
4). We consider all types of these loaded loops and discuss
about the effect of each load on the reflection features of the
AMC surface.

Subsequently, we suggest multiband unit cell based on the
use of loaded loop with different resonance lengths. In this case
the effect of different orientations for each loop on the AMC
surface response will be checked. Since the loaded loop is not
symmetric, the AMC surface which is made of them is not
dual-polarized at least in the same frequency. We also discuss
about arrangement of loaded loop for realization of dual-
polarized AMC surface.

II. PLANAR ARRAY OF LOADED LOOP

Consider a regular plane square array with period “d”
formed by passive lossless scatterers located near an ideally
conducting plane and parallel to that plane. The distance
between the array plane and the ground plane is “A”. Let us
consider the case of an array formed by nearly resonant electric
dipoles. We assume the normal plane-wave incidence, to
simplify the analysis and choose the coordinate system with the
zero-point in the center of one reference scatterers, with the Z-
axis normal to the ground plane and X, Y-axes parallel to the
sides of the elementary cell as at Fig. 2. The reflection
coefficient from the structure is equal to [17]:
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Figure 2. Planar regular array of loaded loop over a grounded dielectric
slab (#=1.6 mm and &=10.2).
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ky is the wave vector, a is the polarizability coefficient of
scatterers and C is so-called interaction constant and the
formulation can be found in [17], [18]. The real part of quantity
C is positive. The real part of the inverse polarizability o' for
small conducting particles is also positive, so in principle
Re{C} can match the positive real part of a ' [17]. The
problem is that if the polarizability value is small, its inverse
value is large, and it cannot be compensated by the interaction
constant. In this case the reflection coefficient is close to —1.
For higher polarizabilities the resonance is possible when
Re{a '=C} = 0. The reflection coefficient becomes equal to +1
which corresponds to a magnetic surface [17].

From these considerations we see that to realize very thin
resonant layers we should find a way to increase the particle
polarizability without increasing its size. This can be made
possible by loading particles by some loads. For example for
short strip dipoles with capacitive input impedance if the load
impedance is inductive, the particle polarizability near the
particle resonance becomes large, which makes it possible to
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Figure 3. The reflection phase of different loaded loop (in Fig. 4) for E, as
a incident electric field polarization.
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Figure 4. The unit cell of different loops, s=0.3 mm, L=1.17 mm, (Fig. 1.
parameters: d=5 mm, a=4 mm, w=0.35 mm).
a) Close loop, b) Split loop, ¢) Capacitive loaded loop.

fulfill the resonance condition for a grid over conducting plane
[17].

Also for a loop which is considered here, with inductive
input impedance if the load impedance is capacitive, same
result can be achieved. So, the main goal is to obtain a
resonance at low frequencies where the substrate thickness “/”’
is very small compared to the wavelength and the period “d” is
also small.

A. Polarizability Of Loaded Loop

Consider a small circular loop formed by an ideally
conducting wire. Let us assume that the electrical size of the
loop is not large, which results in the following approximate
formula for input admittance [18]:

1.2
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where 4, and A; are the coefficients of Fourier series
expansion of the current distribution function with respect to
the polar angle ¢ measured around the loop.

Consider the planar regular array of loaded loop over a
ground surface in Fig. 2. If the incident electric field is in the
plane of the loop, the loop response depends on the orientation
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Figure 5. The reflection phase of different loaded loop (in Fig. 4) for E,
as a incident electric field polarization.
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Figure 6. Multiband unit cells based on the use of loaded loop with
different resonance lengths. g=0.15 mm (both ring have same “w” and
dimensions is similar to that in Fig. 4)

of the field with respect to the position of the load. The current
excited in the loop can be divided into two parts, so that one of
them does not depend on the load position and coincides with
that exited in a closed loop. For the case when the external
electric field is polarized along the X-axis, this component
actually represents the whole current and allows us to find the
polarizability [18]:

o = dra’J)(kya)
@tk 3)

The second component of the current can be considered as
one generated by an equivalent source located at the load
position, and that component is proportional to the y-polarized
of the external electric field. These currents can be calculated

using the theory of loop antenna, and then the polarizability can
be determined as [18]:
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With these polarizability coefficients the response of
surface would be estimated. If the incident electric field is
polarized along the X-axis the load does not have significant
effect on resonance frequency and the surface response is
similar to closed loop (Fig. 3). But if electric field is polarized
along the Y-axis the effect of load would be seen (Fig. 5). Also
since the load impedance is capacitive if we increase the

| — Phase(Ex) “© Phase(Ey) |

_— 1 v Ny~

Phase [deg]
o

1 4 3 N
-150 J S ) AN
10 15 20 25 30 35 40 45 50 55 6.0
Frequency [GHz]

Figure 7. The reflection phase of dual-band unit cell when the position of
both gaps is the same.

Figure 8. Arrangement of loaded loop for realization of dual-polarized
AMC surface (dimensions is similar to that in Fig. 4).

capacitance the lower resonance frequency achieved.

Rectangular (circular) loops used in printed FSS result in
dual-polarized wideband high-impedance surfaces [14]. Here,
we propose to use loaded rectangular loops in order to create an
AMC structure.

B. Multiband AMC

Dual-band AMC designs was importance for example
where dual subreflectors were used as feeds for the main
reflector operating at two desired bands. Also, it has been
proposed in [13], [14] to use more than one element in a single
unit cell in order to create multiband AMC surfaces. This idea
is applied here in the design of dual-band AMC surfaces using
printed loaded loop implemented on a grounded dielectric slab,
wherein two loops of different resonance lengths are
considered in a unit cell (Fig. 6).

C. Dual-polarised AMC

Since the loaded loop is not symmetric, the AMC surface
which is made of them is not dual-polarized at least in the same
frequency. So we can control the AMC surface response by
loading the loop only for one polarization (Fig. 5). For the
other polarization, the AMC surface is similar to closed loop
surface and the load does not have significant effect on
resonance frequency (Fig. 3). To overcome the problem we can
arrange the loaded loop as illustrated in Fig. 8.
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Figure 9. The reflection phase of dual-band unit cell when the position
of gaps is different.
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Figure 10. The reflection phase of dual-polarized arrangement (Fig. 8) of
split loop for £, and E, polarization.

III. SIMULATION RESULTS AND DISCUSSION

Here we discuss about the simulation results for these
different loaded loop: closed loop, split loop, capacitive loaded
loop and consider Multiband unit cells and dual-polarized
arrangement. All structures are backed by a grounded dielectric
slab having thickness of #=1.6 mm and¢g, =10.2 . The loaded

loop unit cell parameters are: a=4 mm, w=0.35 mm, d=5 mm
(Fig. 1). We compare the reflection phase of the different
loaded loops lay in the xy-plane in Figs. 3 and 5. As predicted
by analytical models, loading loop causes lower resonance
frequency but less bandwidth. Also x-polarized electric field is
similar to closed loop, but for the y-polarized electric field we
have smaller zero phase reflection first frequency and if we
increase the capacitance the lower resonance frequency
achieved. So we can control the zero phase reflection
frequency by changing the load capacitance.

We also suggest multiband unit cell based on the use of
loaded loop with different resonance lengths (Fig. 6). The
results are illustrated in Figs. 7 and 9. A frequency of 180°
reflection phase occurs between the two AMC bands. For any
perturbed AMC, there will always be a frequency point
between the two AMC bands where the incident wave will be
reflected with a phase reversal [13]. This resonance poses a
fundamental limitation in the performance of multiband AMCs.
Therefore a dual AMC response with the two bands in close
proximity suffers from poor bandwidth performance. The
bandwidth can be improved by increasing the spectral
separation [13].

Any desired loaded loop unit cell can be arranged as
illustrated in Fig. 8 to get same results (smaller zero phase
reflection frequency) for both polarizations as illustrated in Fig.
10. So now we have dual-polarized and/or multiband smaller
unit cell for every AMC applications.
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