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Abstract—Photonic crystal fibres have allowed for the tailoring
of waveguide dispersion and improvements in light-matter inter-
action with exotic materials. This work explores the design of a
silica based ARROW fibre with CsPbBr; perovskite inclusions
arranged in a hexagonal lattice. The results present typical
ARROW like dispersion and transmission bands with low loss.

Index Terms—ARROW fibre, photonic crystal, perovskite,
fibre

I. INTRODUCTION

The ubiquitous adoption of the step-index optical fibre has
lead to alternative fibre designs that improve upon some of its
challenges, one example is that of the photonic crystal fibre
(PCF). PCFs in general have been shown to allow for tailored
dispersion [1], light-matter interaction [2] and are typically
categorised into two design groups. Solid-core PCFs, which
consist of a dielectric core with high refractive index that is
surrounded by periodic low refractive index inclusions, this
results in a lower effective refractive index cladding and total
internal reflection (TIR) guidance [3]. Solid core fibres have
been demonstrated to operate in an “Endlessly Single Mode”.
regime [4] and present high-nonlinearity [5]. Alternatively,
PCFs may be designed with a hollow-core where light is
guided primarily within an air filled core and confinement is
provided by an out-of-plane bandgap [6]. Hollow-core fibres,
have been demonstrated to support low dispersion and high
damage threshold [7]. However, in certain PCF configurations
guidance may also be provided when working at a wavelength
where high refractive index inclusions are operated at an
‘anti-resonant’ state, refereed to as anti-resonant reflection
optical waveguides (ARROW). ARROW fibres have been
demonstrated to support finite transmission bands centred at
wavelengths corresponding to these ‘anti-resonances’ [8]. In
addition the dispersion of these fibres presents as an ‘S’-shape
around D = 0 spectrally centred on the transmission bands [9].
One way to design an ARROW fibre is to fill the inclusions
of a solid-core PCF with a high refractive index material [10].

Recently it has been shown that large single crystals of
perovskite can be grown inside silica capillaries on the order
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of hundreds of microns [11] and and even smaller resulting
in low-mode-order step-index fibres [12]. Perovskites have
been demonstrated to exhibit a high refractive index [13],
high-nonlinearity [14] and high efficiency in opto-electronic
interactions [15].

With this in context, in this work we explore the augmen-
tation of an off-the-shelf silica solid-core PCF template with
CsPbBr; perovskite inclusions. In this way, an ARROW fibre
is designed that may take advantage of the finite ARROW
bands and high nonlinearity of the perovskite material. In this
work an initial numerical study of the perovskite ARROW
fibre is displayed, showing that the design operates close
to telecoms wavelengths (1.55um) and exhibits the charac-
teristics expected of ARROW fibres. At the conference an
extensive presentation of the proposed fibre will be shown
including a numerical study where the transmission bands are
shifted using the Kerr effect and initial experimental work.

II. METHODS

The fibre design is centred around a commerciality available
solid-core fibre available from Thorlabs, specifically the ESM-
12B endlessly single mode fibre. This fibre is constructed from
fused silica core surrounded by 4 layers of circular inclusions
arranged in a hexagonal lattice with a period of 8 um and
hole radius of 1.85um. In this work dispersive models for
both fused silica and CsPbBr; were used [16], [17]. Using
the above parameters the central wavelength of the ARROW
transmission bands, )\;’nzo, 1and location where the ARROW

bands are suppressed, \;, 2, may be analytically calculated
using Eqn. 1 in [10].

To numerically model the band structure an open source
software suite was used named FEMWELL [18]. For the
numerical model, a circular domain was configured with radius
of 25 um and surrounded with a 10 ym layer configured with a
layer designed to imitate a perfectly matched layer. To do this
a radial dependent imaginary permittivity shift, Ae = iYr?,
was configured where r is the radially position and Y is
a constant with a value of 1 x 10~%. The value of Y was
chosen so that the change in complex permittivity was close
to adiabatic. The mesh was designed using another package
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Fig. 1. Retrieved results for a single ARROW band showing; a the
transmission loss, b dispersion coefficient and ¢ |E,| field distribution at
A = 1.448 um for a central 40 x 40 ym region.

named MESHWELL [19]. It was configured with a maximum
element size of 160 nm within the perovskite inclusions and
central core region while being allowed to expand to 500 nm in
the outer region. In addition, only one quarter of the structure
was modelled due to symmetry. The solver was configured to
find 50 modes around an effective refractive index guess of
nSe & 1.4413 4+ (1 x 107%) and the ARROW modes were
filtered from spurious solutions by only considering results
with more than 60 % of the total power in the core region.

III. RESULTS

The results are included in Fig. 1 where the transmis-
sion loss, Tjoss and dispersion coefficient, D, is presented
in panels a and b respectively. Overlaid in Fig. 1(a-b) with
pink(brown) dashed lines are the analytically calculated in-
clusion anti-resonance, A\J=" ~ 1.689 um and resonance,

)\;;% ~ 1.559, 1.842 um wavelengths respectively. Within the
spectral window one ARROW band is centred close to A=Y
at ~ 1.675 ym. From the results it can be seen that as A is
detuned from \=" then D — —o0 and D — +oo for smaller
and larger wavelengths respectively. Detuning from the band
centre also increases Tj.ss, these characteristics are expected
behaviour for ARROW fibres [10]. To further evaluate the
ARROW mode, the |E,| field distribution for a mode near
the band centre at A = 1.7 um is presented in Fig. 1(c).
Here it can be seen that the majority of the |E,| field is
located in the central fibre core with a small part located in the
closest 6 perovskite inclusions. The results presented support
the existence of an ARROW mode with the commercially
available fibre template. In addition the locality of electric field
in the perovskite inclusions suggests that the ARROW bands
may be sensitive to small changes in the refractive index of
the inclusions.

IV. CONCLUSIONS

In this work we have outlined the design of a CsPbBrj
perovskite ARROW fibre based on a commercially available
silica template. The design was characterised numerically
using finite element analysis and a transmission band close

to telecoms wavelengths was presented showing low loss,
typical ARROW dispersion and field distribution. This design
may be implemented in applications such as optical switching
by making use of the superlative optical properties of the
perovskite inclusions and the long interaction lengths afforded
by the fibre optic platform.
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