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Abstract

This paper examines the influence of the cell number for
finite size AMC under normal plane wave incidence. A
comparison is carried out on the operational frequency, the
fractional bandwidth, and the reflection coefficient
magnitude between the finite size AMC and an infinite
structure, for different cell numbers and for three different
finite size screens.

1. Introduction

Artificial Magnetic Conductors (AMC) are usually
characterized with infinite boundary conditions and under
normal plane wave incidence. Their operational frequency is
defined when the reflection phase is 0°. This in-phase
reflection property has made possible the design of low-
profile antenna [1]-[4]. The effect of the AMC size has been
examined for a finite square structure compared to the infinite
unit cell response [5], for various unit cells configurations [2],
and for low-profile antennas with a dipole over an AMC by
varying the total surface of the screen [1]-[3]. However, the
choice of the number of cells for a given surface has not been
studied in details to the best of our knowledge and various
configurations were suggested for the smallest square AMC
studied: 2 x 2 [4], 4 x 4 [5], 5x5[2, 3], and 6 x 6 [1] unit
cells.

In this paper, the influence of the cell number for a finite size
AMC under normal plane wave incidence is investigated. The
unit cell is a metallic square patch over a grounded substrate.
For a given surface, the number of cells is increased and the
size of the unit cell is reduced, but the operational frequency
remains the same by tuning the capacitor value placed in
series between each patch. Operational frequency, fractional
bandwidth and reflection coefficient magnitude (I') are
compared between the finite size AMC and the infinite
structure, for different numbers of cells (N x N cells, 2<N<32)
and for three different finite size screens (0.45A0 x 0.45M0,
0.63%0x 0.63A0, 0.77h0 x 0.77A0,).

2. Reference unit cell and finite AMC structures

The unit cell is a metallic square patch over a grounded FR4
substrate (e,= 4.4, tand = 0.02), which height is 7 =19.9 mm
(Mo/42). The gap between each patch is g = 2.5 mm (Ao/333)
and is kept constant regardless the number of cells. A lumped

capacitor is placed in series between each patch edge and its
value allows to tune the operating frequency while the size of
the square patch is reduced. With infinite boundary conditions
and under normal plane wave incidence, each unit cell is
tailored to operate at 360 MHz (Ao = 833.33 mm). Three AMC
sizes are considered. Their dimensions and simulated cell
configurations are summarized in Table 1. Table 2 details the
cell configuration, for different numbers of cells on surface
S1 (0.45A0% 0.45M0).

Table 1: Examined AMC structures.

Surface Size [Loxho] Configurations
S1 0.45x 045 3x3t024x24
S2 0.63 x 0.63 4x4t032x32
S3 0.77 x 0.77 5x5t030x30
Table 2: Unit cell dimension and capacitor value for
surface S1.
Configu-  Patch edge Periodicity Capacitor
ration size [mm] [mm] value [pF]
125.00 127.50
3x3 (/6.7 (M/6.5) 0
61.25 63.75
6x6 (M/13.6) (w/13.1) 311
33.25 35.75
10x10 o251y (0/23.3) 503
18.75 21.25
B8 o0aad)  0w39.2) 6.65

3. AMC properties and RCS

The AMC properties for finite size structures are retrieved
from monostatic Radar Cross Section (RCS) method, under
normal plane wave incidence. The reflection coefficient is
related to the reflection coefficient through the equation (1)

[6]:

OaMC

I'=20log (1)

Oref
where I' is the reflection coefficient in dB, camc is the RCS
of the AMC in m?, orr is the RCS of the reference object in
m?. The reference plane considered here is a copper located
at height 4, and its size depends on the AMC under study (S1,
S2 or S3). The AMC bandwidth is defined as the frequency
bandwidth where the reflection phase is in the range £90°.



4. Simulated results

As the surface of the AMC increases, the operating frequency
of the finite AMC tends to decrease towards the frequency of
the unit cell in infinite configuration: around 392 MHz for S1,
385 MHz for S2 and 375 MHz for S3, Figure 1. The operating
frequency of the finite AMC is shifted to the highest
frequency, as in [5]. As the surface is reduced, the operating
frequency converges more quickly to its limit value, with less
dense configurations: 12 x 12 cells for S3, 8 x 8 cells for S2
and 4 x 4 cells for S1. Increasing the number of cells does not
enable the operating frequency to get closer to the tailored
frequency. The fractional bandwidth of the finite AMC tends
to increase towards the fractional bandwidth of the unit cell
in infinite configuration as the AMC size increases, Figure 2.
For the surfaces S2 and S3, the simulated results show that
the bandwidth can be slightly better than the infinite case
when the cells configuration is high, from 12 x 12 for S3 and
from 20 x 20 for S2. The reflection coefficient magnitude
indicates indirectly the level of energy absorbed by the AMC,
Figure 3. The simulated results show that the finiteness of the
AMC leads to lower reflection coefficient magnitude
compared to the infinite unit cell configuration. As the
number of cells increases for a given surface, the reflection
coefficient magnitude increases, improving the AMC
performances. For the finite AMC S2 and S3, the reflection
level ceases to increase regarding the number of cells from 12
x 12 cells configuration. In the case of the surface S1, the
curve tends on average to the maximum value of the
reflection coefficient from 20 x 20 cells.
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Figure 1: Operating frequency of the finite AMC depending
on N2 cells configuration for S1 (red), S2 (green) and S3
(blue), compared to infinite unit cell configuration for S1
(dashed red), S2 (dashed green) and S3 (dashed blue).
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Figure 2: Fractional bandwidth of the finite AMC depending
on N? cells configuration for S1 (red), S2 (green) and S3
(blue), compared to infinite unit cell configuration for S1
(dashed red), S2 (dashed green) and S3 (dashed blue).
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Figure 3: Reflection coefficient magnitude of the finite
AMC depending on N? cells configuration for S1 (red), S2
(green) and S3 (blue), compared to infinite unit cell
configuration for S1 (dashed red), S2 (dashed green) and S3
(dashed blue).

5. Conclusions

The number of cells and the size of an AMC have an influence
on the operating frequency, the fractional bandwidth and the
reflection coefficient magnitude of the AMC. As the surface
of the AMC may be constrained by size requirements, the
number of cells can be considered as a parameter to modify
the performance of the AMC. A small number of cells induces
a lower reflection coefficient magnitude, therefore higher
energy absorbed by the AMC, and a lower bandwidth
compare to the infinite cells structure. A higher number of
cells enables to get closer to and even to exceed the bandwidth
of the infinite cells case, depending on the size of the AMC.
However, within the framework of reconfigurable
metasurface by means of tunable capacitors, increasing the
number of cells leads to enhance the complexity of the
metasurface and its control circuitry.
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