
2372 PIERS Proceedings, Prague, Czech Republic, July 6–9, 2015

Effect on Lefthandedness from SRR Rotational Disorder
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Abstract— The split ring resonator (SRR) is the key element to obtain left handedness at
microwave frequencies The orientation of the SRR relative to the electromagnetic field is decisive
for achieving lefthandedness. We investigate by simulations how the lefthandedness is affected
by rotational disorder of the SRRs in an array of 2× 11 SRRs. Rotational disorder of the inner
ring has a minor effect on the lefthandedness. Combined rotational disorder of inner and outer
ring has a similar effect as rotational disorder of the outer ring only. Rotational disorder causes
a shift in the frequency range of lefthandedness.

1. INTRODUCTION

The split ring resonator (SRR) combined with a conducting wire is the most commonly used
elements for achieving left handedness (real part of refractive index n < 0) at microwave frequen-
cies [1]. The orientation of the SRR — or more precisely the gaps of the SRR — relative the wire
and electromagnetic field is decisive for lefthandedness [2].

It has been suggested that lefthandedness is sensitive to disorder and that breakdown of left-
handedness may occur [3]. The effect on the resonance in the S-parameters of the dimension of
arrays of SRRs was investigated in [4]. It was found that larger arrays have wider stop bands around
their reference frequency. In [5] arrays of SRRs with different orientations were investigated. The
resonance in the transmission spectra of SRRs was affected by the orientation and the interaction
of the SRRs. Papasimakis et al. [6] showed that in an ensemble of SRRs the resonance became
broader and eventually disappeared with disorder. In [4, 5], and [6] the effect of disorder or SRR
orientation on lefhandednesss was not investigated.

The effect of disorder on lefthandedness would be of importance in applications of metamateri-
als. In manufacturing of microwave components there are always some deviations from the desired
geometry and material properties; such deviations become more pronounced in low cost manufac-
turing techniques. When striving for lefthanded materials at THz or optical frequencies, the effect
from disorder — caused by manufacturing imperfections – will be of higher importance than at
microwave frequencies.

In this paper we investigate by simulations the effect on lefthandedness of arrays of SRRs and
wires from rotational disorder.

2. THEORY AND SIMULATIONS

The refractive index, n, of a material is given by n =
√

εrµr, where εr is the relative permittivity
and µr is the relative permeability. In lefthanded material Re(n) < 0 and this is achieved if εr and
µr simultaneously are negative [1]. We investigate the effective refractive index of slabs with SRRs
in a waveguide. We determine the real and imaginary part of the complex refractive index, n, from
the scattering parameters using the method in [7]

n =
1

k0d
{(Re(γ) + 2mπ)− iIm(γ)} (1)

where

γ = X ± i
√

1−X2

X =
1

2S21
· (1− S2

11 + S2
21)

(2)

and k0 is the wave number in vacuum and d is the physical thickness of the slab. The sign is
determined from the requirement that Im(n) ≥ 0. The integer m is related to the branch of Re(n).
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For the imaginary part there is a unique solution but for the real part there are multiple solutions
given by m. Equation (1) was derived for the case the S11 = S22 and S12 = S21.

The investigated structure is shown in Fig. 1. There are two rows with 11 SRRs in each row.
There are also 11 wires. The dielectric substrate was FR4 (ε = 4.4, tan δ = 0.02) with thickness
0.9mm. The wires and SRR are Cu of thickness 0.035 mm. The width of the strip is 0.2 mm. The
inner diameter of the SRR is 0.3 and 1.3 mm, respectively. The width of the SRR strips is 0.25 mm.
The total slab thickness is 5 mm and the size of the slab’s cross section with the waveguide is given
by the X-band waveguide (22.86mm× 10.16mm). The SRRs were rotated in the simulations with
angles φ2 nd φ1 as shown in Fig. 2. In Table 1 the simulated structures are summarized. Case I is
the reference case, which is an ordered array with all SRR oriented the same way. In case II the
SRRs are randomly oriented with φ2 = φ1. The inner ring was rotated and the outer was not in
case III. In case IV the outer was rotated and the inner was not. The positions of the SRR and
wires were not changed.

Figure 1: The simulated structure. Figure 2: The different rotation cases of the SRR.

Table 1: The angles of the inner, φ1, and outer, φ2, rings used in the simulations. The angles φ1 and φ2 ere
varied randomly in the given intervals.

Case φ1 φ2

I 0 0
II [−15◦, +15◦] φ2 = φ1

III [−15◦, +15◦] 0
IV 0 [−15◦, +15◦]

Simulation were made in Ansoft’s HFSS (High Frequency Structure Simulator). The scattering
parameters were simulated in the frequency range 9–11 GHz (i.e., in the X-band).

3. RESULTS

The S-parameters for the reference structure are shown in Fig. 3. There is a clear structure around
10.5GHz in the magnitude and phase. In Fig. 3(c) the refractive index for the reference structure
is shown. There is a clear frequency range, 10.2–10.6 GHz, where Re(n) < 0, i.e., the material has
lefthanded properties. The S-parameters and refractive index resemble those e.g., in [8].

In Fig. 4 the real and imaginary part of the refractive index is shown for different types of
rotational disorder. For the case with the inner ring being rotated and the outer ring fixed (φ1 =
±15◦, φ2 = 0) the difference from the ordered array is small. The cases with both rings rotated
the same angles (φ1 = φ2 = ±15◦) and the case with only the outer ring being rotated (φ1 = 0,
φ2 = ±15◦) give similar results and larger deviations from the ordered array. The rotational
disorder of the outer ring seems to have a larger effect on the lefthandedness than the inner ring.
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Figure 3: (a) The magnitude, and (b) the phase of the S-parameters of the reference structure (no SRR
rotations). (c) The refractive index for the reference structure.

Figure 4: Real and imaginary part of the refractive
index vs. frequency for different types of SRR rota-
tional disorder.

Figure 5: Real and imaginary parts of the refractive
index vs. frequency for the case of SRR rotational
disorder of φ1 = φ2 = φ with different values of
maximum rotation.

In Fig. 5, the real and imaginary parts of the refractive index are shown for the cases with
φ1 = φ2 = φ for increasing rotational disorder. The frequency range of the left-handedness,
Re(n) < 0), is shifted, but the lefthandedness does not disappear.
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