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Abstract

Chirped fiber Bragg gratings are widely used in fiber-optic communication systems in chromatic dispersion
compensation devices. Such gratings can be widely used in the creation of sensitive elements of fiber-optic
measuring systems based on arrays of Bragg gratings.
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The technology of creating distributed fiber-optic phase interferometric sensors based on Bragg
gratings requires recording arrays of gratings with specified reflection coefficients and spectrum width
at half-height during the extraction of a fiber fiber [1].

It is known that type | Bragg fiber gratings can be recorded with almost any reflection coefficient and
spectrum width at half-height, however, this requires the use of recording methods with a long exposure
(10-20 min) [2], which cannot be done during the extraction of optical fiber. The use of type Il gratings
makes it possible to implement the technology of single-pulse recording of Bragg gratings with
reflection coefficients up to 100% and the width of the reflection peak at half-height up to 1 nm [4].
However, type Il gratings are characterized by a sharp dependence of the induced modulation of the
refractive index in an optical fiber on the energy density in a laser pulse. This feature complicates
obtaining a grating with the desired reflection coefficient, in addition, recording a type Il grating into a
fiber reduces the mechanical strength of the fiber fiber [3].

Therefore, in order to create a sensitive element of a fiber-optic FEED with the required ratio of the
reflection coefficients of lattice pairs and a sufficient spectrum width at half-height, a method for
obtaining chirped fiber Bragg gratings with a discretely varying period during optical fiber extraction
was proposed and tested [4]. The main purpose of the work was to test the applicability of such gratings
in distributed fiber-optic phase interferometric sensors. In order to achieve the goal of the work,
experimental studies of the influence of various external influences on the spectral characteristics of
Bragg gratings were carried out.
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Figure 1. The spectrum of a fiber Bragg lattice with a discretely varying period

The effect of longitudinal mechanical stress. Using a device that creates a tension corresponding to



a given value of the applied force and an optical spectrum analyzer, the effect of fiber tension on the
displacement of the central wavelength was checked. The experiment was carried out at applied force
values from 4 to 20 N. The limit values are determined by the technical characteristics and capabilities
of the device. A step of 1 N is enough to determine the dependence. The light source and the
spectroanalyzer were connected through a splitter to a grid, which, in turn, was located in the area of
the light guide, to which a mechanical longitudinal voltage was applied using a specialized apparatus.
Based on the results, graphs were constructed, dependencies were obtained.

The effect of temperature exposure. It is known that a noticeable degradation of gratings, the
formation of which is due to the electrostriction mechanism, is observed already at 200-300 °C [4]. In
addition, a change in temperature leads to a change in the wavelength of the Bragg resonance, which
may interfere with the correct operation of interferometric sensors. Thus, the task of this experiment
was to obtain the dependence of the shift of the Bragg resonance with an increase in temperature, as
well as to determine the maximum operating temperatures of the sensor based on type | VBR with a
discretely varying period.

To conduct the experiment, a circuit was assembled that included, in addition to a radiation source
and a spectroanalyzer, a thermal chamber controlled by a thermostat and an optical power meter. VBR
was heated in a thermal chamber to 370 °C, its spectrum was continuously monitored on an optical
spectroanalyzer. Figure 2 clearly demonstrates the shift of the spectrum to the long-wavelength region
with increasing temperature, as well as a strong decrease in the reflection coefficient at a temperature
of the thermal chamber of more than 140 ° C. At a temperature of 280 °C, the spectrum of the grating
practically became indistinguishable against the background of the noise of the optical circuit. A
number of tests were carried out to determine the thermal stability of the grid. Several samples were
successively kept in a thermal chamber for 3 hours and 20 minutes. at different temperatures.
Degradation of the gratings was not observed at 100 and 120 °C.
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Figure 2. Dependence of the spectrum on temperature

The effect of winding. To study the effect of winding a fiber section with an induced lattice, rigging with
different circles was used. The fiber section with the VBR was sequentially wound on diameters from 50 to 5
mm. The spectrogram was taken after winding on each dimeter. The flow of radiation energy between the axes
of the birefringent light guide was recorded. At the same time, the spectral distance between the reflection peaks
did not change, there were no displacements up to the winding of the light guide to diameters less than 10 mm.
After conducting the experiment on relatively large circles, winding on smaller ones occurred with a small effort
necessary to overcome the elastic properties of the optical fiber, as a result, a uniform 0.2 nm displacement was
observed on the spectrogram, when winding on the smallest diameter, the displacement was 0.4 nm. The change
in the localization of the peaks was associated with the applied tensile force, as a result of which the quartz glass
was stretched and the displacement characteristic of mechanical stretching occurred. The experiment allowed us
to establish that for fiber gratings with a length of 100 mm, winding even on small diameters does not
significantly affect the reflection spectrum of the lattice.

Dependence on the state of the introduced polarization. The dependence of the reflection coefficient of
chirped fiber Bragg gratings with a discretely varying period on the state of polarization introduced into a
birefringent light guide was investigated. To test this dependence, a scheme was assembled, the key elements of



which are a polarization controller and an extinction meter. 5 test samples were alternately included in the
scheme. The difference in reflected energy from different polarization states did not exceed 2 percent. The
results obtained allow us to judge the independence of the VBR with a discretely varying period from the state of
the introduced polarization.

In the course of the work, various factors influencing the spectral characteristics of chirped fiber Bragg
gratings with a discretely varying period were investigated. The number of sections of a chirped VBR with a
discretely varying period is theoretically calculated to obtain a quasi-continuous lattice reflection spectrum.

Experiments with the creation of longitudinal mechanical stress have been carried out. The dependence of the
displacement of the Bragg resonance on the applied tensile force is obtained. Experiments on thermal effects
were carried out. The dependences of the shift of the spectrum of chirped fiber Bragg gratings with a discretely
varying period on temperature are obtained. Experiments were conducted to determine the temperature
resistance of the tested samples. The dependence of the reflection coefficient of chirped fiber Bragg gratings
with a discretely varying period on the state of polarization introduced into a birefringent light guide is
investigated. Winding on various diameters is made. The spectra of gratings wound on circles of different sizes
are analyzed.

The studied samples have a sufficient half-height spectrum and reflection coefficient for use in phase
interferometric sensors. To obtain a quasi-continuous reflection spectrum of the chirped VBR, it is necessary to
increase the number of lattice sectors, respectively reducing the angle of displacement of the interferometer
mirrors when recording the diffraction structure. Depending on the reflectivity requirements, such a structure can
be recorded with the same length or longer.
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JOCJIKEHHS CHEKTPAJIBHUX XAPAKTEPUCTHUK BOJIOKOHHMX BPEITIBCBKHUX
PEIIITOK 3 JUCKPETHO 3SMIHHUM ITEPIO1OM

Anomauyia. YipmipoBaHi BOJOKOHHI OpETTIBCBKI PENITKH IIHPOKO BHKOPHUCTOBYIOTHCS B BOJIOKOHHO-
ONTHYHUX CHCTEMax 3B'SI3KYy B MPHUCTPOSAX KOMIIEHcamii XxpoMmaTHdHOi aucnepcii. Taki pemrTka MoxyTs OyTH
HIMPOKO BUKOPHCTAHI MPU CTBOPEHHI YYTJIMBHX EIEMEHTIB BOJIOKOHHO-ONTHYHUX BUMIPIOBAJILHUX CHUCTEM Ha
OCHOBI MacCHUBIB OpErTiBCbKUX PEIIiTOK.
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