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Abstract - This work reports the results obtained for a novel
metamaterial unit cell architecture developed using the concept
of a flat Mobius strip. The modeling was performed using the
Ansys HFSS software package. The influence of various
structural modifications and substrate materials on the
frequency bands with simultaneous negative values of magnetic
and dielectric permeabilities (Double Negative, DNG bands)
was analyzed. It is shown that changes in the dimensions of the
connecting elements and the use of different materials
significantly affect the position and width of the DNG bands. A
controllable shift of the DNG region spanning 180-1300 MHz
was identified through variations in the geometry and relative
permittivity of the substrate. The obtained results may be
useful for the design of metamaterials for microwave devices,
including antennas and filters.

Keywords - metamaterial, Mobius strip, unit cell, Double
Negative (DNG), electromagnetic properties, HFSS modeling,
relative permittivity, substrate materials, microwave devices,
firequency tuning

I. INTRODUCTION

Over the past several decades, the field of metamaterials
has witnessed intensive and systematic development,
primarily stimulated by their remarkable and unconventional
electromagnetic responses [1-6], which fundamentally
distinguish them from the properties inherent to naturally
occurring materials. A significant research focus has been
directed toward the development of periodic structures
incorporating topological elements, which can generate
targeted electromagnetic responses even in the relatively
low-frequency range. Within this framework, special
attention is given to the implementation of nontraditional
geometric shapes in the unit cells of metamaterials. In
particular, one promising structure is the Mdbius strip, which
possesses unique topological properties [7 — 14].

The authors have previously conducted an extensive set
of studies on similar metamaterial cells based on double
Mobius strips [15 — 19]. The motivation for investigating this
type of structure was provided by two-tape split-ring
resonators [20]. The investigations reported in [16 — 19]
confirmed that certain frequency bands exist in which the
dielectric parameter &,, describing polarization behavior, and
the magnetic parameter p, reflecting magnetic response, both
acquire negative values concurrently. These spectral regions
are conventionally referred to as double negative (DNG) [4].

As a further development in this direction, the transition
to using a flat analog of the double Mdbius strip is proposed,
with a design patented in [21]. The advantage of this new
unit cell geometry lies in its compactness and simplified

979-8-3315-8814-4/25/$31.00 ©2025 IEEE

fabrication process.

This paper addresses the analysis of the electromagnetic
characteristics of different configurations of metamaterial
structure constructed from the aforementioned flat Mobius
strip in a square geometry. It should be noted that square
topologies of unit cells have long attracted the attention of
researchers [3 — 5]. Among recent works of this kind, one
can cite, for instance, [22]. At the same time, the proposed
new variants of square-topology unit cells go beyond
existing approaches and offer a fresh perspective on the
capabilities of metamaterial technologies.

The corresponding studies were carried out using the
Ansys HFSS software environment [23, 24] with Floquet
boundary conditions applied for the analysis of periodic
structures. This allowed for high-precision modeling of
electromagnetic processes and identification of wave
propagation characteristics. Special attention, in line with [25
— 29], was paid to evaluating the values of ¢, p, and the
refractive index n calculated from them, as well as to
examining the DNG band shift under various cell
configurations.

II. KEY RESULTS OF THE INVESTIGATION

A. Description of the baseline model

At the initial stage of the study, a baseline model of the
flat Mobius strip was created in the form of two square loops
interconnected by a special coupling pad (Fig. 1). All
conductive materials were modelled using Perfect Electric
Conductor (PEC). A 1.5-mm-thick Plexiglas layer was
employed as the substrate separating the loops. The outer
side length of each square loop is 23.55 mm, and the width
of the conductive strip forming the loop is 4.5 mm. Both
loops include gaps with a width of 1.5 mm. In Fig. 2, the
additional geometric ratios are presented, and the overall
dimensions of the unit cell were scaled to correspond to
those of the cell based on the double Mobius strip, the design
and properties of which were investigated in [16—19].

Fig. 1. The baseline model of the flat Mobius strip.
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