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Abstract. In this paper new structures of tilted fiber Bragg gratings and their
properties are considered. The article presents the results of experimental research of
periodic structures with a linearly variable value of the period of chirped tilted fiber Bragg
gratings (CTFBG) and twisted tilted fiber Bragg gratings (TTFBG). Among the many new
types of periodic structures, that are currently being developed, the structures considered
are promising. The proposed designs represent a new approach to reducing the sensitivity
to polarization of tilted fiber Bragg gratings, which can be used to measure the refractive
index, and open up wide possibilities for their practical application in creating fiber-optic
systems in various industries and other fields of activity. The properties of the indicated
periodic structures are experimentally researched, their parameters and functional
capabilities are determined.
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Chirped tilted fiber-optic Bragg gratings (CTFBG) periodic structures with variable
period.

One of the groups of periodic structures with tilted modulation of refractive index
are tilted structures with linear variable value of CTFBG period. Those structure types are
used as edge filters in the filtration systems signals, for insrance, from sensors, on the basis
of standard, simple and uniform Bragg gratings [1-5], as well, as the structures, used for
restrainting the effect of combinational scattering in fiber lasers [6].

Apart from that, CTFBG structures recording on optic fibers with large mode area
(LMA) allows limit their sensitivity to the temperature [7].

Mutual arrrangement of CTFBG transfer characteristics, used in the system and FBG
reflection characteristics is shown in the Figure 3. Unbroken red line in the Figure
demostrates the CTFBG characteristics form, while the dotted lines show the form and
position of FBG characteristics. In the situation, when CTFBG transmission characteristics
have symmetric downslopes, there might be operated the system both at the left
(discending) and at the right (ascending) downslopes of CTFBG. System’s operating area
at the ascending CTFBG downslope is indicated in green color, and system’s
characteristics, changing the position at the descending downslope, denoted in bleu color.

As it can be seen, the FBG structure can work as a sensor, for instance, of voltage,
at that, there is possible both compression and extension.

n:l transformer/

Edge filter .
P sensor measuring head
\ } 77 HERE
- CTFBG FBG
FD Power meter

Fig. 1 CTFBG usage in edge filter system for FBG sensors

-

S

/

Koopdpunument
nepenaun (YHBPB) / orpaxkenus (BPB)

' YA, < Alg, < AL
Ay, < Ahgs < Ahgg Bl B2 B3

Jauna BoaHbI [nm]
Fig. 2 Edge filter characteristics on the basis of tilted gratings with variable period
(CTFBG) and sensors, using uniform and simple Bragg gratings (FBG)
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Fig. 8 Outcomes of numerical computations of CTFBG structure transmission index
change for different angles ¢: a) for P type mode, 6) for S type mode.

In case of twisted structure the form of transmission modes changes is asymmetric.
Therefore, both polarization rotation direction and such grating rotation direction cannot
be defined on the basis of spectral characteristics. In case of structure for which ¢ = 45°,
when polarization plane rotation angle changes in the range from-22,5 to +22,5°°, such
discrimination is acceptable. Such structure’s twisting angle also can be identified. The
grating, turned for 180 degrees along its length, does not show polarization sensitivity.

Conclusion

In the result of conducted experimental researches it has been shown, that the inlet
light polarization state influences at TFBG structures optic parameters. In the work it has
been proved, that twisting of already tilted modulation of refraction index lowers the
sensitivity of such structure to rotation angle of the inlet light polarization. As well, it
should be noted, that offered structures represent a new approach to decreasing the
sensitivity to the tilted fiber Bragg gratings polarization, which might be applied to
refraction index measuring. Obtained results are of interest upon fabricating the fiber-
optic measuring systems in different industry fields, for instance, automobile industry
(refractometers for working liquids), food industry, agriculture, -cattle-breeding
(refractometers for measuring concentration of, for instance, sugar, salt in water solutions),
industrial technologies (refractometry, for example, of oil products, refractometer for
measuring oil emulsions, cooling oils), as well, in the area of point by point measurements
applying. As well, attention should be paid to practical aspects of the CTFBG structures
usage, comparing them, for example, with two structures, fabricated under 180° angle in
respect to each other. Technologically, it is better to conduct one process of periodic
structure recording on a single-mode fiber.

Experimental researches have been carried out in the laboratories of Optoelectronic
faculty of electric engineering and computer sciences of Lublin technical university in the
frame of the project SF #AP05132778 «Research and development of interrogation system
of signals with optic-fiber refractometer, using telecommunication networks» IICT CS
MES RK.
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