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Abstract—To access the outstanding properties of perovskites
for next-generation optical devices, there is a demand to integrate
these materials into waveguide structures. We propose a CsPbBr;3
optical fibre which uses a micron-scale core to promote low
mode volume and high energy density with a zero-dispersion
wavelength in the telecommunications band.

Index Terms—waveguide, perovskite, nonlinear optics, zero-
dispersion

I. INTRODUCTION

Semiconductor-core optical fibres have been established as
a robust platform for nonlinear optical applications such as
frequency conversion, optical parametric amplification, and
supercontinuum generation [1]. Lead halide perovskites are
promising materials for optical applications due to their large
refractive index [2] and outstanding optical nonlinearity [3].
However, research into perovskite-based optical fibres remains
relatively limited. Using a solution-based inverse temperature
crystallisation method, MAPbBr; optical fibres with core
lengths on the order of hundreds of microns have been
fabricated [4], but this large core geometry is not suitable for
producing the energy density required for nonlinear optical
applications. Using the metal-free perovskite MDNI, long
single crystal optical fibres of 5 pm core diameter have been
grown [5], proving the viability of perovskites for waveguide
structures.

In this work, we propose a small-core optical fibre employ-
ing the lead halide perovskite CsPbBrj; as its core material to
exploit its large third-order optical nonlinearity and address
the limitations in previous lead halide perovskite optical fi-
bres. Our finite-element method (FEM) simulations suggest
the presence of a zero-dispersion wavelength (ZDW) tunable
across the telecommunications band by engineering the core
radius of the fibre. We also solve the nonlinear Schrodinger
equation (NLSE), accounting for contributions from multipho-
ton absorption (MPA) and free-carrier absorption (FCA), to
estimate the behaviour of the fibre at high peak input powers.
At the conference, we will explore the performance of the fibre
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across the normal, anomalous, and zero dispersion regimes and
their effects on the nonlinear interaction as well as potential
experimental work.

II. METHODS

To simulate the optical fibre in the linear regime, an FEM
analysis was performed using FEMWELL, an open source
solver available for Python [7]. The fibre was modelled in two
dimensions across the wavelength range 1ym < A < 2pum
for values of core radius in the range 0.4 pm < r < 1.2 pm.
The cladding was simulated in a locus of 10pm around
the core; although this is smaller than typical optical fibre
cladding radius, this dimension was sufficient due to the
strong guiding produced by the relatively large core-cladding
refractive index contrast. A mesh with a resolution of 100 nm
in the core region and 1 um in the cladding region was used.
Material dispersion was accounted for using the empirical
relations for the fused silica cladding [8] and CsPbBr3 core [2].

The behaviour of the optical fibre in the nonlinear regime
was simulated using the NLSE integrated across the frequency
domain [9]. Due the strong photoluminescence exhibited by
CsPbBr;, three-photon absorption and free-carrier effects can
be expected to play a role in the operation of the fibres,
particularly around 1550nm, so these effects are modelled
with additional contributions as given in equation 1 [10], [11],
which describes the evolution along the axial coordinate z of
a pulse with amplitude A propagating as a mode of effective
area A in an optical fibre having propagation constant 3,
a loss of «, a nonlinear parameter v = cszf for a nonlinear
refractive index ng, speed of light c, a three-photon absorption
coefficient O3pa, a three-photon free-carrier cross section o3
at a frequency of w for a pulse of central frequency wy, where
F denotes a Fourier transform and N3 describes the free-
carrier density generated by three-photon absorption governed
by equation 2 where & is Planck’s constant. Equation 1 was
implemented by iterating on the NLSE solver found in the
laserfun package available for Python [12]. The integration
was performed assuming a 150fs pulse with a sech? profile
for a source with a central wavelength of 1560 nm (placing
the fibre just in the normal dispersion regime) and repetition




rate of 80 MHz propagated along a fibre of 1cm length
with an effective mode area of 2 pum?2. The simulation was
performed using estimates of ny = 2.4 x 107" m?/W,
Bspa = 2.3 x 10713 m3 /W2, and 03 = 1.2 x 1072m?2, and
a =12dB/cm [13].
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III. RESULTS

The results of the FEM simulation are given in Fig. 1(a).
Around a core radius value of r = 0.6 um, there is a
flattened region of dispersion values close to zero. For greater
core radius values, the dispersion varies more drastically and
decreases monotonically with wavelength in the examined
range. As the core radius is increased, the zero-dispersion
wavelength is shifted, with a core radius of 1 um producing a
ZDW of 1530 nm. Aeg is given in Fig. 1(b) and is shown to
increase with core radius but remain relatively stable over the
wavelength range at each core radius.
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Fig. 1. CsPbBr;3 fibre dispersion parameter (D) of the fundamental mode
given as a function of wavelength and core radius, with zero-dispersion wave-
length show as dashed contour (a). Effective area (Aeg) of the fundamental
mode as a function of wavelength and core radius, with contour lines for
given in pm? (b).

The results of the NLSE simulation are given in Fig. 2. At
very low powers, such as 0.05 mW, the emitted spectral power
density closely resembles the input sech? profile. However,
as the power is increased, spectral broadening in the output
profile occurs as a result of self-phase modulation due to
the third-order nonlinearity. For higher powers, the spectral
broadening is modulated by increasing losses due to three-
photon absorption, whilst the free-carrier absorption produces
an asymmetry around the central wavelength.
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Fig. 2. Simulated spectral power density of output light from optical fibre
in arbitrary units as a function of wavelength for varying average coupled
powers.

IV. CONCLUSIONS

We have proposed and simulated a micron-scale core
CsPbBr; optical fibre. The device exhibits a zero-dispersion
wavelength which can be tuned across the telecommunications
band by engineering the core radius, allowing for applications
exploiting the third-order optical nonlinearity of CsPbBrs;.
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