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Abstract: In this paper, we report some results about the effects of varying the wavelength in a
structure of a non-holographic fiber specklegram sensor. In these arrangements, the speckle pattern
produced by a multi-mode optical fiber is coupled to the asingle-mode optical fiber with lower
numerical aperture, which produces a filtering effect that can be used as an optical transduction
mechanism. The influence of the wavelength on the sensor performance is evaluated by changing the
laser wavelength, and a strong effect on the linearity and reproducibility of its response is found.
Lasers emitting at 1310nm, 1550nm, and 1625 nm are used.
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1. Introduction can be detected by optical correlation techniques or

by intensity changes [2, 3]. Sensing systems based

When laser radiation is launched in a multimode on fiber-speckle are known as the fiber specklegram

optical fiber, at the output end of the fiber a complex
speckle pattern appears, which is known as modal
noise in optical communication systems, and it is an
undesired effect on data transmission [1]. Fiber
speckle patterns contain information of the spatial
state of the optical fiber, which can be used in
metrological applications. Small perturbations on
the multimode optical fiber will produce changes in
the spatial distribution of the speckle pattern which
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sensor (FSS).

Recently, we explored an FSS based on optical
power detection for monitoring high frequency
mechanical disturbances and demonstrated that the
numerical aperture of the multimode optical fiber
has a strong effect on the reproducibility of the
mechanical perturbations, i.e., the near field speckle
size has a strong effect on the metrological
characteristics of the non-holographic FSS. The
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mechanism to explain the metrological effects, is
based on an increase in the average speckle size of
the speckle pattern generated at the output of a
fiber, which
numerical aperture of the multimode fiber decreases

multimode increases when the
[4]. As the speckle size generated in the multimode
fiber depends directly on the wavelength, in this
work, we explored the effects of changing the
which

geometric

operation wavelength of the sensor,
modified the
characteristics of the fiber speckle pattern. An

consequentially,

increase in the sensor linearity response was
observed for higher wavelengths.

2. Theoretical analysis

When laser radiation of the wavelength A is
inserted into a multimode optical fiber, at the output
of the fiber, the spatial intensity distribution is the
superposition of optical modes traveling through the
fiber. In the case of a step profile optical fiber, the
number of modes M is obtained from the optical
fiber normalized frequency: V =k,a\n’, —n, =
kya(AN), where n, and n, are the core and
cladding refractive indices, respectively; a is the
radius, and AN =./n] —n’, is the numerical
aperture of the optical fiber; k, =27/ Ais 1is the
wavenumber of light in vacuum.

When the radius of the fiber is much greater than
the wavelength of laser radiation, i.e., a/A>>1, M
can be expressed as [5]

M=V/2. (1

In near field approximation, the fiber speckle
pattern has an average grain diameter given by [5]

D=2r'a’ | M 2)
or in terms of the numerical aperture and wavelength:
D=A1/AN . 3)

Equation (3) indicates the possibility to modify
the geometrical characteristics of the speckle pattern
by making changes in the numerical aperture of the
multimode fiber or by changing the wavelength of
the laser radiation. In the next section, we will
effects of the

evaluate experimentally the
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wavelength, which is equivalent to evaluating the
average grain speckle diameter, on the performance
of a non-holographic fiber specklegram sensor.

To simulate the speckle patterns, the propagation
modes in the multimode fiber are calculated using
the equation:

VxVxE—k;n’E=0 4)
where n is the refractive index of the fiber cross-
section.

Equation (4) can be solved, as a first
approximation, as an infinite waveguide, and

therefore, the refractive index is supposed as a
constant along the propagation axis. In this case, the
electric field can be computed by the finite element
method (FEM) [6]. To calculate the transversal
component of the field by the FEM, it is necessary
to discretize the section of the fiber in very small
elements and to compute (4) for each element (see

Fig. 1).
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Fig. 1 Finite element method: (a) discretization in elements
for the application of the method and (b) description of an
element and its nodes.

After calculating the electric field E for each
node and for all modes supported by the multimode
fiber, it is necessary to superpose them in order to
recover the speckle pattern. The total power can be
written as [7] P=|[,Id4 ,being I=(1/2)ce, n|E[,
the intensity of the electromagnetic wave. Thus,
after summing the total power of each element of the

discretization, we obtain
2

1
PzZB,ZECEO ncorEZ|Ee| Ae (6)

where e denotes that the sum is over all elements. In
our case, we simulated the behavior of a step-index
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multimode fiber Thorlabs AFS105/125Y by the

implementation of the FEM in the software

ComsolMultiphysics®, forwavelengths 1310nm and
1625 nm (see Fig. 2). There, it is clear that the
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number of speckle grains in a constant area (white
circle) decreases when the wavelength increases,
which has important effects on the dynamical
behavior of this kind of sensors.
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Fig. 2 Simulated speckle patterns in a step-index multi-mode fiber Thorlabs AFS105/125Y at (a) & (b) 1310 nm, and
(c) & (d) 1625nm [the zooms of the white circles in (b) and (d) denote the detection area of a standard single-mode fiber (filter fiber)

at the output of the multi-mode fiber].

3. Experiments and results

As mentioned in the introduction section, the
non-holographic ~ FSS  was  developed by
arrangements of multi-single mode fibers. In our
case, a 5-cm multi-mode optical fiber was located
between two pieces of standard single-mode fiber,

and laser sources emitting at 1310nm, 1550nm, and

1625nm were coupled to the sensor system (see Figs.

3,4, and 5).

The first single-mode fiber guarantees the
generation of many propagation modes in the
multimode fiber which in turn generates the fiber

speckle pattern. Likewise, the second single-mode
fiber acts as a filter for the speckle pattern at the
center of the multi-mode fiber (see Fig.2). So, if the
speckle pattern is modified due to external
perturbations, the collected intensity by the second
single-mode fiber will change. For a similar
perturbation, changes in the collected intensity will
depend on the average near field fiber speckle
pattern.

When the

perturbation on the multi-mode fiber will produce a

speckle grains are small, a

change in several speckles trapped by the

single-mode fiber [see Fig. 2(d)]. If the speckle



grains are big, the amount of grains affected by the
perturbation and launched into the filter fiber are
few [see Fig.2(b)]. This effect allows modifying the
reproducibility of the mechanical signal [4] and the
linearity of the sensor system (see Fig.6), only by
increasing the average fiber speckle size. In this
work, the average grain size was modified by
changing the wavelength of the laser source.
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Fig.3 Schematic drawing of the experimental setup.

Photonic Sensors

Fig. 5 Photograph of the transduction system with a
multi-mode fiber submitted to a force by a piezo-electric
actuator (external perturbations).

Figure 6 presents the experimental results for
1310nm, 1550nm, and 1625nm in the case of sine
transversal dynamical perturbations of 1kHz being
applied to the multimode fiber. These experiments
were repeated twice (Test 1 and Test 2).
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Fig. 6 Responses of the specklegram sensor at (a) 1625 nm,
(b) 1550 nm, and (c¢) 1310 nm.

It is evident that the
reproducibility of the sensor for higher source

linearity and the

wavelengths were improved. This effect can be of
great interest to designers and engineers.

4. Conclusions

In this work, preliminary results of the effects of
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varying the wavelength in a structure of a non-

holographic  fiber specklegram sensor were
presented. In these arrangements, the speckle pattern
produced by a multimode optical fiber was coupled
to an optical fiber with the lower numerical aperture,
which produced a filtering effect that could be used
as an optical transduction mechanism. The influence
of the wavelength on the sensor performance was
evaluated by changing the laser source wavelength.
Lasers emitting at 1310nm, 1550nm, and 1625nm
were used, and a strong effect on the linearity of the
sensor response was observed. Higher wavelengths
have a correspondence with an improvement in the

linearity and the reproducibility of the sensor.
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