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In this paper we proposed to use of a photonic crystal fiber with an inner hollow defect. The use of such fibers is not
affected by a material medium on the propagation of optical radiation. Photonic crystal fibers present special prop-
erties and capabilities that lead to an outstanding potential for sensing applications
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B smoii cmamve Mol npednodcunu ucnoav3oeams onmoOIOKHO HA YOMOHHBIX KPUCIATIAX C OeeKmom 6HYmMpPeH-
Hetl nonocmu. Ha ucnonv3osanue makux 6010KOH He 8030elicmEyem MamepuaibHoe cpeocmeo Ha pacnpoCcmpaneHuu
onmuyeckou paouayuu. PomorHbie KpUCMALIbl 001A0A0M CReYUANTbHBIMU CEOLUCMBAMU U 803MONCHOCHAMU, KOMO-

pble npuoOsim K 02POMHOMY NOMEHYUATY OISl NPULONCEHU 30HOUPOBAHUS
Knrouegvie cnoga: onmuueckuti 2upockon, onmogoI0KHO Ha POMOHHbIX Kpucmananax, s¢pgpexm Canvaka

1. Introduction

It is generally recognized as promising fiber optic
gyroscopes (FOG) for the control and navigation systems,
moving objects of various kinds (ground transportation,
ships, aircraft, etc.). At the same time demand are (fiber
optical gyroscope) in a wide range of characteristics of
accuracy — 10.0 deg/h to 0, 001 deg/hr. In Russia, the
leader in the production of a number of FOG accuracy class
10,0-1,0 deg /hr is LLC "Physoptic". However, there is a
gap from the foreign level in FOG navigational accuracy
class (0.01-0.001 deg/hr).

Performance characteristics of fiber-optic gyroscope.
Increased accuracy is largely dependent on the characteris-
tics of its basic elements and features of its assembly tech-
niques. Thus, the development of fiber-optic gyroscope and
methods of its production is an urgent task. A large number
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of parameters and events affect the phase of the optical
radiation, which provide additional phase shifts not associ-
ated with the rotation of the interferometer. Therefore, the
main problem discussed in this paper is related to the ap-
pearance of additional signals at the output of a fiber ring
interferometer identical, but are not associated with rota-
tion. Since the high pressure sensitivity join with tempera-
ture insensitivity makes this sensor suitable to work in a
harsh environment such as the ocean bottom [1]. The diver-
sity of unusual features of photonic crystal fibers, beyond
what conventional fibers can offer, leads to an increase of
possibilities for new and improved sensors. There is a huge
interest of the scientific community in this original tech-
nology for applications in a variety of fields. The aim of
this work was to conduct theoretical studies of the condi-
tions of use of photonic crystal fiber (PCF) as a part of the
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fiber optical gyroscope. Photonic crystal fibers are a kind
of fiber optics that present a diversity of new and improved
features beyond what conventional optical fibers can offer.

2. Literature review

Fiber optical gyroscope ring laser and both operate
by sensing the difference in propagation time between
beams of light traveling in clockwise and counter-
clockwise directions about some closed optical path. A
rotationally induced variance in path length produces a
phase difference between the light beams propagating in
opposing directions [2].

Conventional sensors are often difficult to apply due
to the high temperatures, highly corrosive agents or elec-
tromagnetic interference that may be present in those harsh
environments. Fiber optic sensors have been proved them-
selves successful in such harsh environments due to their
high sensitivity, wide bandwidth, high operation tempera-
ture, immunity to electromagnetic interference, lightweight
and long life [3].

In this paper we proposed to use of a photonic crys-
tal fiber with an inner hollow defect.Due to their unique
geometric structure, photonic crystal fibers present special
properties and capabilities that lead to an outstanding po-
tential for sensing applications

3. Basic conditions of work fiber optical gyroscope

Fiber optical gyroscope is based on the Sagnac ef-
fect [4]. Sagnac effect generates an optical phase differ-
ence, A, between two counter propagating waves in a ro-
tating fiber coil (optical path) [1]:

=20, (M)
Ac
where Q — angular velocity, (A¢) — phase difference, C —
light -/signal velocity, A — wavelength
Fig. 1 — Open-loop fiber optic gyros are the simplest
and lowest cost rotation sensors. They are widely used in
commercial applications where their dynamic range and
linearity limitations are not constraining.
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Coil fiber optical
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Fig. 1. Scheme of fiber optic gyroscope

However, a clear and precise definition of the angu-
lar velocity is necessary to exclude the possibility of addi-
tive and multiplicative effects of other physical effects on
the measured value of the phase difference of counter
propagating waves. The main challenge to the realization
of high-precision phase measurements is a zero drift, which
is manifested in the fact that physically stationary gyro-
scope gyro output signal there, which is due to physical
phenomena not related to the rotation of the loop. In the
fiber material in a medium to obtain a stable optical phase

oscillations is practically impossible. Therefore, fiber optic
gyroscopes may occur an additive phase noise. One of the
reasons for the appearance of these signals is the scattering
and reflection in a fiber loop.

During the rotation of angular velocity contour (),
an apparent distance between points A and B for the oppo-
sitely traveling beams changes. For a wave traveling from
point A to point B, i.e., in a direction similar to the direc-
tion of rotation of the contour, the distance is extended, as
in a time dt point B moves to the angle (do=Q.dt), go to
point C.

This is for lengthening the path of the light beam is
equal to dt, since at each instant the beam is directed at a
tangent to the contour at that same tangential linear veloc-

ity directed projection (v = v.cosa = Q.r.cosa ). Thus, the
length of the path traversed by the beam is equal to DI + ¥
dt. Arguing similarly, for opposing traveling light beam
will be a reduction in the apparent path segment DI — 0 dt

Considering the speed of light invariant quantity,
apparent elongation and reduction paths for opposing
beams can be considered equivalent to extensions and con-
tractions of time intervals, i.e.,

At =LA+ vry )
c

At = Y ar-var 3)
C

If the relative time delays of counter propagating
waves occurring during the rotation, expressed in terms of
the phase difference of counter propagating waves, it
will be

Ap=wAt = 4.a;.S Q=
c
8.rv.S 8.7.8
= Q= , 4
e’ Ac @)

C
where ®=2.t.v, A==
14

Basic conditions of work listed FOG not allow us to
understand the constraints that are imposed on the accuracy
of measurements made with it. Hitherto used fiber optic
gyroscopes quartz fibers used in optical communications.
In these fibers, is an amorphous, almost homogeneous and
isotropic medium can propagate transverse optical waves.
Light reflected from the interface "core-shell" as a result of
total internal reflection propagates along the core as its own
wave of the optical waveguide. Light wave as electromag-
netic wave propagates along the fiber with a phase velocity
is inversely proportional to the refractive index. Even a
weak inhomogeneity can lead to cumulative effect and
change the measurement result. Since the optical radiation
propagates in a material medium, and it refers to the optical
fiber, which is made of quartz or quartz glass, such physi-
cal phenomena as the birefringence effect, Kerr effect,
Faraday effect, etc. adversely affect the angle of rotation
loop fiber optic gyroscopesand registered phase of the opti-
cal signal. These effects associated with the process of op-
tical radiation propagation in the material of the optical
medium, leading to a phase shift of counter propagating
waves, which is not associated with the rotation of the
closed loop. The negative effects are also associated with
the processes of scattering and reflection of light in an opti-
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cal path, the polarization non-reciprocity effect associated
with the asymmetric arrangement of anisotropic elements,
relative to the centre of the fiber loop, or anisotropic fiber
properties. However, the main problem of the FOG is that
as the measuring accuracy and reducing the magnitude of
the angular velocity measured is increasingly influenced by
the optical effects not related to the angular displacement
of the optical loop fiber optical gyroscope. Since the optical
radiation propagates in a material medium, and it refers to
the optical fiber, which is made of quartz or quartz glass,
such physical phenomena as the birefringence effect, Kerr
effect, Faraday effect, etc. adversely affect the angle of
rotation loop fiber optic gyroscopesand registered phase of
the optical signal. These effects associated with the process
of optical radiation propagation in the material of the opti-
cal medium, leading to a phase shift of counter propagating
waves, which is not associated with the rotation of the
closed loop. The negative effects are also associated with
the processes of scattering and reflection of light in an opti-
cal path, the polarization non-reciprocity effect associated
with the asymmetric arrangement of anisotropic elements,
relative to the center of the fiber loop, or anisotropic fiber
properties. This problem was solved and solved by the use
of frequency and phase modulation of the optical radiation
is used, which allows to shift the zero point on the slope
with the maximum slope of the interference signal. How-
ever, to get rid of the phase shifts, non-rotation circuit fails.
Effects associated with locally mutual, non-stationary
changes in the parameters of fiber, when they are excited
asymmetrically with respect to the middle of the fiber loop.
The main effects are the Faraday effect, Fresnel-Fizeau and
nonlinear optical Kerr effect. The wuse of non-
monochromatic radiation SLD (super luminescent diode
with a coherence length of 10-20 microns) is practically
eliminates the problem of the influence of the reflected and
scattered radiation on the phase of the output signal of the
FRI. However, the use of SLD removed only part of the
problems leading to additional signals.

5. Photonic crystal fiber as a part fiber optical
gyroscope

The photonic crystal fiber (PCF) has since it was
first proposed [5] attracted growing attention due to its
many unique properties. One of the first special character-
istics to be reported for the PCF was its potential to be end-
lessly single-mode (ESM) [6] referring to the absence of
higher-order modes regardless of the optical wavelength. In
the case of conventional fibers, the effective area is limited
by the fact that an increasing core size requires a corre-
spondingly decreasing index step between the core and the
cladding in order to maintain single-mode operation. This
imposes requirements on the control of the index profile
which is difficult to realize with index-raising doping of the
glass. Photonic crystal fibers which is ESM can in principle
be scaled to an arbitrary dimension and remain single-
mode. However, since the numerical aperture (NA) de-
creases within creasing mode size, the scaling of the
Photonic crystal fibers is in general limited by
macro-bending loss and micro-deformation loss due to the
decreasing mode spacing between the guided mode and
leaky cladding-modes [7, 8]. In contrast to conventional
fibers, the bend-loss edge for the PCF is located at lower
wavelengths compared to the transmission window [6]
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which is due to the fact that the mode spacing decreases
with decreasing wavelength. In solid core Bragg fibers,
effective areas of more than 500 pm? at 1550 nm have been
demonstrated but with attenuation levels in the order of
dB/m [9]. PCFs with large mode-area have also been dem-
onstrated [10, 11] but only for structures which are intrinsi-
cally susceptible to loss caused by bending and other per-
turbations. The main argument in favor of a replacement
optical fiber to another medium is that the first Sagnac ex-
periments conducted in the hollow pipe and the low pres-
sure air is not observed effects are manifested in the optical
fiber. In this regard, it is evident that the use of such optical
media, which on the one hand, would allow optical radia-
tion to channel, and on the other hand did not change to its
frequency and phase characteristics. Such environments
include photonic crystals with defects. In such environ-
ments the defect is a hollow waveguide, wherein the pro-
duced photonic crystal fibers have a refractive index of
1.82 at wavelength 500 nm for this fiber type Kagome ef-
fective single-mode propagation occurs in a wavelength
range from 750 to 1050 nm at substantially
30 microns diameter and a loss of about 0.7 dB/m [12].
Example of photonic crystal fiber with hollow core diame-
ter of about 30 microns. These fibers, inheriting the proper-
ties of photonic crystals, allow to form photonic band gaps,
which opens up new perspectives in the management of the
properties of agents. It becomes possible to control the dis-
persion of the waveguide by shifting the zero dispersion
wavelength in the visible region of the spectrum, and effec-
tive refractive index of the shell, forming an "infinitely"
single mode fibers including fibers having a large effective
core area, the required capacity of the day pass large lumi-
nous flux; forming air channels not only in the shell (which
makes it easier fiber), but also in the core, opening oppor-
tunities to further reduce fiber attenuation has reached the
limits .To solve the above problems, the fibers are under
development based on photonic crystals. Photonic crystal
fiber is a two-dimensional photonic crystal structure based
on the song "quartz glass-to-air" formed in the shell OB
.Photonic crystal fibers- a fiber whose cross section is con-
stant along the length and a two-dimensional photonic crys-
tal (PC) with a point defect disposed usually at the centre of
symmetry RH. Two-dimensional photonic crystal structure is
formed in the shell by means of symmetrically arranged
around the core in the form of hollow capillaries of circular or
hexagonal closely packed dielectric tube, creating a two-
dimensional periodic lattice micro see (Fig. 2).

The main feature of the photonic crystal fibers that the
energy distribution of the light wave is along the linear defect
(which is usually the core region), and the wave is in the form
of transverse modes TEO, t. E. in the cross section of the fiber
(or a photonic lattice plane crystal).
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Fig. 2. Hollow -core photonic crystal fiber
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6. Conclusion

Photonic crystal fibers are a kind of fiber optics that
present a diversity of new and improved features beyond
what conventional optical fibers can offer. Due to their
unique geometric structure, photonic crystal fibers present
special properties and capabilities that lead to an out-
standing potential for sensing applications.The article dis-
cusses the conditions of realization of the structure of the
fiber gyroscope using a photonic crystal fiber. With this
fiber and methods and devices for forming fiber interfer-
ometers can be solved the problem of creating a fiber-optic
gyroscope based on photonic — crystal fiber.
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