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VISIBLE AND/OR INVISIBLE
LASER RADIATION

AVOID EYE OR SKIN EXPOSURE
TO DIRECT OR SCATTERED RADIATION
LASER PROTECTIVE EYEWEAR REQUIRED
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Emitted wavelength
Pulse duration(if appropriate)
Max output
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Introduction

Microstructured optical fibers (MOF) are very well
suited for refractive index (RI) sensing and bio-sensing
applications. A special class of MOFs are the ones with
dual solid cores. In these fibers, the propagating modes
are coupled through the interaction of their evanescent
fields [1-2]. The coupling efficiency is quite sensitive
on the refractive index of the material filling the fiber
holes, therefore this class of fibers can be used as a
refractive index sensor.

However, a major disadvantage of these systems
is that the core interaction is generally weak and
consequently the dimensions of the sensor should be
very small, in the micrometer scale. This causes several
problems regarding the practical use of the sensor,
especially regarding the filling of the fiber holes with
the fluid under study.

Therefore, in the present work a new model of a
refractive index sensor based on a dual core micro-
structured fiber is presented, based on the introduction
of a hole in the central region of the fiber cores [3].
This way the mode profile is extended providing the
opportunity to increase the dimensions of the fiber
sensor. The influence of the central hole diameter on
the behavior of the sensor is extensively studied
through numerical simulations..

It is found that the introduction of the central holes
enhances the core interaction, enabling a considerable
increment of the dimensions of the system (up-scaling).
Indeed, the numerical simulations have shown that by
proper selection of the central hole diameter, the
dimensions of the sensor can be increased by a
considerable factor, up to 10, without degradation of its

performance compared to the original design.

Theoretical analysis

Mathematically, the coupling between the fiber cores
can be described using a pair of super-modes, a
symmetric (even) and an anti-symmetric (odd) one, as

shown in figure 1.

Fig. 1: The electric field distribution for a symmetric (a)
and an anti-symmetric (b) fiber mode.

It can be shown that the strength of the interaction is
inversely proportional to the coupling length, defined

through the formula

— AO
S ZAneff

where /4, is the free-space wavelength and An,; the
refractive index difference between the odd and the even
mode.

In order to use the MOF as refractive index sensors,
the fluid under investigation fills the fiber holes altering
the value of the effecting refractive index. This effect
can practically be measured either by the change of the
transferred mode power, in the case of a monochromatic
source, or by the shift of the wavelength where the
maximum transmittance occurs, in the case of a
broadband source. In both cases it has been found that
the sensitivity is given by the formula

1 0

Ml -
Angppon eff

| N———

Numerical simulations

As mentioned in the introduction, the use of a small

hole n the central region of the cores results to mode
spreading, and consequently enhancement of the core
interaction and suppression of the multimode behavior.
Indeed, the coupling length decreases as the hole
diameter - described by the parameter ahole - increases,

as shown in figure 2.
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Fig. 2: The coupling length as function of the central

hole diameter for three different wavelengths

This provides the opportunity to increase the
dimensions of the fiber, facilitating its practical use.
Indeed, as shown in the following table, the fiber can be
used as a sensor even if it is up-scaled by a factor of 5.
Further, the sensitivity can become significant, by
proper choice of the hole diameter in combination with

the wavelength.

Table 1: The coupling length and the sensitivity as
function of the central hole diameter and the
wavelength, in the case that the dimensions of the fiber

sensor are increased by a factor of 5.

ahole | A[nm] S Lc[m]
0.85 500 12.6 | 0.026
0.8 700 0.27 | 0.018
0.7 800 0.98 | 0.019
0.6 900 0.50 0.022

References

[1] W. Yuan, G. E. Town, and O. Bang, IEEE Sens. J.
10,1192 (2010)

[2] C. Markos, W. Yuan, K. Vlachos, G. E. Town, and
O. Bang, Opt. Express 19, 7790 (2011)

[3] G. Tsigaridas, V. Karvouniaris, and P. Persephonis,
arXiv:1411.4123

* SOUAE WOAWZXV‘ZIO ﬂa £Q£M

00

— —
f
/

(&' o
X

9*

-y




