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Abstract - In this article authors present
optimization of fiber-optic Fabry-Perot interferotee to
attain the maximum resolution and accuracy of tmeser.
The low-finesse Fabry-Perot interferometer workiing
reflective mode has been implemented. This interfeter
was chosen for optimization because using it care laalot
of applications in practice. Its advantages aréatikely
simple configuration, potentially low cost, highsoéution

the amplitude of the electric vector of the incidentwwaon the

first mirror (My).

Exemplary, constructions of such an interferomeatea
fiber-optic device are shown in figure 2. The ifdeometer
shown in figure 2a is made as a thin film depositadcthe
end of the fiber. This Fabry-Perot interferometas two
boundary reflective surfaces: fiber/material anderal/air
[2]. The construction of the Fabry-Perot interfester,

and low inertia on temperature changes. Furthermorehown in figure 2b, is made by the use of capillang the

because of its small size it is possible to makaripeoint
wise measurement. Authors present theoretical aisagind
experimental results of optimization of the fibgatio
Fabry-Perot interferometer, which has been desigmed
elaborated at our laboratory.
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1. FIBER-OPTIC FABRY-PEROT
INTERFEROMETER

One of the common used interferometer is the Fabry-

Perot interferometer, which fiber-optic arrangemdant
shown in figure 1.
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Fig.1. The fiber-optic, Fabry-Perot ineterferometer
Mi, M, — mirrors, @k — detector in reflection mode,
D+ — detector in transmission mode

This interferometer can work in the
transmission mode. For the reflection mode, the litunde
of the electric vector of the reflected
interferometer shown on fig.1, is given by expresdi]:

_@a-e'WR
E=-—2""
1- Re"

where: R — reflectivity of the mirror Ri=R,=R), ¢ — the
phase difference between interfering bearfs, — the
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reflection or

E, ()

reflective plate. When the capillary is filled biyet air, the
reflective surfaces of this device are made by Haues:
fiber/air and air/reflective plate [3].
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Fig.2. Constructions of fiber-optic Fabry-Perot interfewter:

Mi, M, — surface with reflection coefficientR;, Ry

E;,E, — amplitude of wave reflected from the surfadé, M2

x — length of the Fabry-Perot cavity;— refractive index of the
Fabry-Perot cavity.

Interferometers shown in figure 2 are a low-finesse

light ineth Fabry-Perot interferometers working in reflectiveods,

what help us to obtain relatively high contrastkifig this
into account, amplitudes; andE, of waves reflected from
the first and the second surface can be descrifilaw:
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a(x) = [A+ 2xtg(sin*(NA)] 2

(6)

where: A — the core radius\A — the numerical aperture of

where:E;, E; — amplitude of wave reflected from the surfacethe fiber.

of reflection coefficient respectively R, R2;

x — length of the Fabry-Perot cavity,— refractive index of
the Fabry-Perot cavityg(x) — the attenuation coefficient of
the optical intensity due to divergence of lightbein the
Fabry-Perot cavity.

Optical intensity at the output of such an intesfaeter
can be expressed by [1]:

L =(EE") @3)

where:E = E;+E,; the bracketg) — denote time averages;
the asteriskl— the complex conjugate.
By substituting from (2), equation (3) can be réter as

[5]:
(V) = 1 [1+V, o Ag(v))]

I, = 1o[R + @- R Ra(x)]:

l, = E,2 — intensity of light incident on the first bounglar
surface of the interferometer, (V- visibility of the
interference pattern in spectral domain is exp§se

v = 2Ja(0RR(1-R)
° R+{-R)a(®R,

3. OPTIMIZATION OF THE INTERFEROMETER
CONSTRUCTION

(4)

where:

(%)

In order to attain the best metrological parametars
interferometric sensors the most important tasktas
maximize the visibility of the measured sigival

It can be seen that the maximization of the vigipil
value of the measured sign& can be done by the optimal
choose of the Fabry-Perot interferometer conswuctihe
very important problem is the choose of opticalapagters
of the material from which the cavity is made. Ta&active
index of the cavity material influences the valuk te
reflective coefficients of boundaries. Furthermortne
theoretical investigation shows that one of theticai
problem of Fabry-Perot construction is the proping of
the geometrical dimension of the cavity, becausey th
influence the attenuation coefficient of the ogtisagnal
intensity due to divergence of light beam in théryaPerot
cavity. The fiber-optic Fabry-Perot ineterferomstean be
made with the use of the multimode or singlemodtcep
fiber.

Using a simplified, geometrical model of rays prggaton
from a multimode fibre into a interferometer cayity
attenuationa(x) of the intensity of the optical signal due to
the beam divergence can be calculated. If the nieisk of
the Fabry-Perot cavity i§ a(x) is expressed as :
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Sensing interferometer shown in (Fig.2) can alsbuit
using a singlemode fiber. It should be taken into
consideration that divergence of light beam ocagron the
end of the singlemode fiber is much higher than dmathe
multimode fiber. This is caused by diffraction etg which
are predominant in singlemode fibers. When the
interferometer cavity lengthx is much larger than the
diameter of the fiber corgA, only the first-order reflected
beam from the end of the fibre and a small patheffirst-
order reflected beam from the surface will contiébto the
interferometric signal. As the mode field diametisr
approximated by Gaussian profile thea(x) of optical
signal due to the beam divergence can be calculayed

20’

equation [6]
a(x)=1- exp{— 7 (x)}

where:mo— the mode field diameterp(x) — the mode field
diameter at the distance.
Authors obtained that the visibility reaches theximmm
value when:

R

1-R) a(¥

It can be seen from equation (8) that in orderttaira the
maximum value of visibility the coefficier®, should have
very high value R, = 1). Therefore to the define the value
of Ry, which depends on refractive index of the mateofal
interferometer cavity and the fiber, it is possitdeestimate
from equation (8) the optimal value of the inteoieeter
cavity length.

@)

R, = (8)

4. EXPERIMENTS

To verify the theoretical investigation the expezirtal
set-up was designed and built. The system consibts
source, an optical processor and the investigatsioryr
Perot interferometer. In low-coherent interferomgtevhich
was used for experiments, it is possible to use tiltomain
or spectral domain signal processing.

When the spectral signal processing
measurement signal can be described as [7]:

(V) = S)L+V, cos(agv) )]

where: S() - the spectral distribution of the light source;
Vo - visibility of interference fringesAg (v) - the phase

difference between interfering beamsgp(v)= 2nvo ’
C

is used, the

(8)

0 — optical path difference¢c — velocity of the light in
vacuum.



If the light source exhibits a Gaussian spectrume t The low-finesse fiber-optic Fabry-Perot interferdemewas
normalized spectra pattern is predicted to be aneos applied as a sensing head, whose constructionoarsiin

function modified by the Gaussian visibility pr&fl as

shown in Fig.3.
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Fig.3. The signal of low-coherence system with spectighad
0.

processing: a) when 4A¢g= 0,
O —optical path difference

a) : :

In the spectral domain signal processing the mdidma )
frequency of the measurement signal gives inforonati 08
about the measurand (equation (8)), as shown i3 Higcan ﬂ ’ /\
be noted that fordg=0 there is no spectral modulation | _°¢
(Fig-3a)). If the phase difference between therfateng : / I \’ H
beams varies from zero, the function takes the fofrthe "o A A
cosine curve (Fig.3b). The spacing of adjacentsirassion /\I \} U \/

peak is proportional to the inverse of the optigath
difference (/J). In this processing, it is necessary to use
special measurement equipment and mathematicaineea 0

of the measurement signal.

Authors employed processing
measurement signal in the spectral domain, beocafusgo
important advantages. Firstly, such a processings dmt
need any mechanical elements which establishedisprec
displacement. Secondly, it is immune for any chaoigthe
optical transmission of the system. The measuresigntl
S(¥) processing is based on the channelled spectrur
technique. When extrinsic Fabry-Perot interferomete
illuminated by a low-coherent source, the reflattio
spectrum is modulated by the interference sigranfithe

cavity. [8]

In the experimental set-up is shown in figure 4the
system as a broadband source a superluminescesdio
with Gaussian spectral density was used (SLD tyeb68-
G-1-10 with central wavelengthho = 1560 nm, spectrum Alnm]

b)

v

when Ag>

of the optical

>

figure 2b. The theoretical investigation provedtttie use
of singlemode fiber should have been the most ieffic
Hence, investigated sensors were made from sucheg, f
the silicon capillary and a silver mirror. The irfegometer
consist of the optic-fiber with uncoated end, whiths a
reflectance of 0,04. The second reflectance suifaceade
by the silver mirror with reflectance of 0,9%herefore,
authors got system configuration solution closegomum.
Figures 5a and 5b show the measured signal frorfitae
optic Fabry-Perot interferometer illuminated by thewv
coherent source.
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width at half maximum AA=45 nm, produced by Fig5. Measured signal from the low-coherent fiber-ofmbry-

SUPERLUM). As an optical processor the optical spec

Perot interferometer: a) with arbitrarily chosere tkength of

analyzer was implemented (Optical Spectrum Analyzemnterferometer cavity; b) with the optimal lengthinterferometer
Ando AQ6319 with wavelength resolution of 1 nm,cavity.

wavelength accuracy of +10 pm and close-in dynamamge

of 60 dB at peak +100 pm).
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Fig.4. The experimental set-up.
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In figure 5a the measured signal form the the lolerent
fiber-optic Fabry-Perot interferometevith the arbitrarily
chosen length of interferometer cavity is showne Bignal
from the interferometer with the optimal length tfe
interferometer cavity is presented in figure 5b.

It can be noted that the signal from the interfeztam with
the optimal construction has bigger difference leetvthe
minimum (n,in ) and maximum ¢, ) values of the signal
than that with the random geometrical dimensions.

For the first interferometer with measured sigrtabven in
figure 5a, the visibility is:Vy = 0,67 and for the second,
which measured signal is shown in figure 5b, thebility
has valueV, = 0,99.
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These difference in values of visibility confirmad that by
the optimal selection of the geometrical dimensidrthe
Fabry-Perot cavity it is possible to optimized
metrological parameters by optimizing the contrafsthe
measured signal.

its [1]
(2]

4. CONCLUSIONS

(3]

[4]

In this work the method of optimization of the fibaptic,
Fabry-Perot interferometer construction has beesegnted.
The low-finesse Fabry-Perot interferometer workiig
reflective mode has been investigated. This interfeter
was chosen for optimization because of broad raofgie
potential applications. Its advantages are: redstisimple
configuration, potentially low cost, high resolutiand low
thermal inertia. Furthermore, because of its srsiak it is
possible to make nearly point wise measurement.
Theoretically and experimentally has been investidjahe
use of the multimode fiber and the singlemode fiber
Fabry-Perot sensor. The suitable construction was
investigated in order to maximize fringe visibility [7]
Presented preliminary results can be the base didiig
fiber-optic sensor of physical quantities.

(5]

(6]

(8]
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