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Abstract
The fibre drawing technique is utilized for fabricating
metamaterials. The ability to engineer both the permittivity
and permeability is demonstrated. A hyperlens with /176
sub-diffraction focusing is realized. Tunability of 50% is
also demonstrated.

I. INTRODUCTION
Metamaterials can exhibit properties not found in
natural materials, from which devices with extraordinary
functions can be made. Invisibility cloaks [1] and subdiffraction imaging lenses are example devices. The
extraordinary properties arise from the metamaterial
microstructure which is a composite of precise subwavelength features, typically of metal and dielectric.
Fabrication of bulk quantities of volume metamaterials is
a challenge due to the combination of dissimilar
materials, the scale, and the uniformity required
throughout a macroscopic volume.
We have applied the fibre drawing technique to solve
this fabrication challenge. This is a novel application of a
well-established industrial microfabrication technique.

dependence of permittivity. The fibre was cut into
sections a few cm long and stacked together to make a
planar sample. Figure 1 shows the transmission of these
samples characterized using THz time domain
spectroscopy (THz TDS). The boundary between
transmission and reflection gives the plasma frequency,
which determines the permittivity. As expected from
theory, the measured plasma frequency changed with the
geometry [5], demonstrating that fibre drawing can
indeed be used to fabricate this class of metamaterials.

II. METAMATERIAL FABRICATION AND
CHARACTERISATION

Fig. 1. Transmission versus frequency for metamaterial drawn to three
different sizes, demonstrating shift of plasma frequency with scale [5].

A. Engineered Permittivity
The simplest form of metamaterial is a “wire array”
[2] comprised of an array of fine wires within a dielectric.
The permittivity depends very largely on the size and
spacing of the wires, so is readily engineered.
Conceptually, our fabrication approach fills the air
holes of a microstructured fibre preform with metal.
Combining the Taylor wire process [3] with
microstructured polymer optical fibre [4] fabrication, we
use a polymer preform and fill the holes with indium,
which is chosen because it is molten at the polymer
drawing temperature.
We fabricated metamaterial fibres for use at terahertz
(THz) frequencies by drawing this preform to fibre. Three
different diameters were drawn, to demonstrate the scale

These results were performed at THz frequencies
largely because of the material we chose and the
dimensions are easier to fabricate. We subsequently
extended this range into the mid-IR [6].
B. Engineered Permeability
To engineer the permeability requires different shaped
metallic inclusions, in this case slotted cylinders. We
fabricated another type of metamaterial fibre by a similar
process using slotted cylinders for single and double
“split ring resonator” (SRR) structures [7].
These SRR metamaterials demonstrated strong
magnetic resonances at frequencies just sub-THz, and
permeabilities substantially different from unity,
including negative values [8].
III. METAMATERIAL HYPERLENS
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Moving from demonstrating the ability to create
materials with a wide range of permittivities and
permeabilities we chose to fabricate a hyperlens to
demonstrate a metamaterial device with important
practical functionality.

The wire array structure has an additional property:
depending on the polarization of incident radiation it can
behave as a dielectric or a metal. With this extreme
anisotropy, radiation with polarization transverse to the
wires can propagate without diffraction. With a tapered
structure sub-diffraction focusing can be achieved.
We made two hyperlenses and concatenated them, as
shown in Figure 2. The first hyperlens comprised 473
hexagonally spaced indium wires embedded in a
PMMA/Zeonex fibre. The wire diameter through the
tapered region reduces from ~160 to ~20 m, while their
separation decreases from 400 to 50 m. The second
hyperlens comprised 462 hexagonally spaced tin wires
embedded in a soda-lime glass fibre. The wire diameter
of this tapered region reduced from 10 to 2.5 m, while
the separation decreased from 20 to 5 m. The expected
magnification factor of this hybrid hyperlens is 32x [9].
In/Polymer
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Fig. 2. Schematic of combined polymer and glass 
metamaterial
hyperlenses used in the focusing experiment [9].

The focusing capability was characterized in the THz
TDS, illuminating a 1.5 mm pinhole at the large end and
scanning the near field at the small end. Measurements at
three different frequencies, 0.034, 0.058 and 0.072 THz,
showed the pinhole focused to ~50, ~60 and ~70 m
respectively, corresponding to sub-diffraction focusing of
/176, /87 and /60 respectively (see Fig. 3 for /176).

176

Fig. 3. Focused image of the pinhole after the concatenated
hyperlenses, measured in near field at 0.034 THz (8.8 mm) [9].

IV. TUNABLE METAMATERIALS
The properties of metamaterials depend very largely
on their geometry, rather than materials, so tunability
requires the ability to dynamically modify that geometry.
For most fabrication approaches geometry is locked in
when the device is made. Our approach creates an
additional opportunity to make tunable devices. The
dielectrics considered so far, such as PMMA and sodalime, have relatively high Young’s moduli, in the GPa
range, which does not permit much stretching or
compression. We explored the use of polyurethane, with
a Young’s modulus in the MPa range [10]. As shown in

Fig. 4, the polyurethane based metamaterial can be easily
compressed (using tweezers) and returns to its original
shape when released.
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Fig. 4. Changing the geometry of the metamaterial using tweezers.
(a) Original, (b) compressed, (c) released after compression [10].

When measured using THz TDS the plasma frequency
shifted by around 0.2 THz from 0.395 THz. This ~50%
tuning of the plasma frequency was consistent with a
modelled 20-30% compression of the structure.
Importantly it was reversible and repeatable,
demonstrating a viable approach to tuning metamaterials.
V. CONCLUSIONS
We have demonstrated that fibre drawing can be used
to fabricate metamaterials with engineered permittivity
and permeability for frequencies from mid-IR to THz.
We have applied this technique to realise extreme subdiffraction focusing up to /176 with metamaterial
hyperlenses, and demonstrated tunable metamaterials.
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