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Experimental Characterization of Optical Fiber Long
Period Grating with Reduced Temperature Sensitivity
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Abstract—In this paper we show the experimental
characterization of optical fiber long period grating for the
reduced temperature sensitivity by optimizing the refractive-
index profile of the host fiber. In Long Period Fiber grating
the fundamental guided mode light couple with the into co-
propagating cladding modes at various wavelengths. The two
layer Geometry later on the three layer geometry which is
useful for refractive index sensing sensing application. The
sensitivity of LPFGs to environmental parameters is influenced
by the period of the LPFG by the order of the cladding mode
to which coupling takes place and by the composition of the
optical fiber. A novel method to compensate the temperature
sensitivity using a boron co-doped germanosilicate core fiber is
used as a host fiber. The Theoretical Characteristic Results
matches with the experimental results which demonstrate that
such gratings with reduced temperature coefficient retain their
capability to detect strain and ambient index variations.

Index Terms—LPFG, FBG, refractive index, temperature
sensitivity, cladding Mode, OSA.

I. INTRODUCTION

A long-period fiber grating (LPG), which couples light
from a fundamental guided core mode into co-propagating
cladding modes at various wavelengths, was first reported
by Vengsarkar and co-workers in1996 [1]. LPGs have also
been used as gain-flattening filters for erbium-doped fiber
amplifiers [2], and as optical fiber polarizer’s [3].

As in the fiber Bragg grating (FBG), the LPG is sensitive
to measured such as temperature or strain, which may alter
the period of the grating or the refractive index of the core
or cladding. Unlike FBG the cladding mode configuration
of the LPG is extremely sensitive to the refractive index of
the medium surrounding the cladding, thus allowing it to be
used as an ambient index sensor. Compared to other optical
sensors, LPGs offer many advantages such as low insertion
losses, low back reflection and relatively simple fabrication,
but they do show high temperature sensitivity. However,
temperature sensitivity can normally be controlled by using
a second grating as a control, or by coating the cladding
with a suitable material with a refractive index designed to
compensate for temperature.

LPGs are transmission gratings in which the coupling is
between forward propagating core and cladding modes.
Typically in a single mode fiber (see figure 1) an LPG
couples the fundamental guided core mode to a co-
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propagating cladding mode at a coupling (or resonance)
wavelength given by

A= (Mefrco(M) Negra (M) A [4] (1)
where Ani is the nth coupling wavelength, neff.co (Ai) is the
effective index of the core at the wavelength Ai and neff.cl
(M) is the effective index of the nth cladding mode at the
wavelength Ai. A is the LPG period, which is much longer
for co propagating coupling at a given wavelength than for
the counter propagating coupling. In this paper we used the
boron co doped germanosilicate core fiber as a host fiber to
reduce the Temperature sensitivity.
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Fig.1. Long Period Grating[4]

II. CHARACTERIZATION OF THE LPFG AS TEMPERATURE

SENSITIVITY

The sensitivity of LPFGs to environmental parameters is
influenced by the period of the LPFG by the order of the
cladding mode to which coupling takes place and by the
composition of the optical fiber. This combination of
influences allows the fabrication of LPFGs that have a range
of responses to a particular measured—a single LPFG may
have attenuation [5] bands that have a positive sensitivity to
a measured, others that are insensitive to the measured and
others with a negative sensitivity. This property has been
widely exploited for controlling the temperature sensitivity
of LPFGs. For many telecommunications applications
spectral stability is of prime importance, and the ability to
fabricate an LPFG with an inherently temperature
insensitive attenuation band is an attractive feature. This is
also attractive for forming temperature-insensitive strain
sensors. On the other hand, for forming temperature sensors,
or thermally tuned filters, a high temperature sensitivity (of
either sign) is required. The origin of the temperature
sensitivity may be understood by differentiating equation
the sensitivity of the LPFG to perturbations in external
refractive index is only due to the change in wavelength per

change in differential refractive index, as given in
equation(2)[6].
dao dio
= 2
d(8nefr dneffsmg @)
da dA  (dneff  dncl da 1 DI
_—= —_ — )+ _
dT  d(&neff) ( dT dT ) dA LDt (61 (3

where A is the central wavelength of the attenuation band, T
is the temperature, nqs is the effective refractive index of
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the core mode, ng is the effective refractive index of the
cladding mode, oneff = (nesr — ng), L is the length of the
LPFG and A is the period of the LPFG. The first term on the
right-hand side of equation (3) is the material contribution,
and is related to the change in the differential refractive
index of the core and cladding arising from the thermo-optic
effect. This contribution is dependent upon the composition
of the fiber and is strongly dependent upon the order of the
cladding mode. For coupling to low order cladding modes
(accessed using longer periods, A >100um), the material
effect dominates. For coupling to higher-order cladding
modes (accessed using shorter periods < 100 um), the
material effect for standard germanosilicate fibers can be
negligible. The second term is the waveguide contribution
as it results from changes in the LPFG’s period. The
magnitude and sign of the term depend upon the order of the
cladding mode. For coupling to low-order cladding modes
divd A is positive, while for the higher-order cladding
modes this term is negative. Thus, by an appropriate choice
of LPFG period it is possible to balance the two
contributions to the temperature sensitivity to produce a
temperature-independent attenuation band and also to
produce attenuation bands with temperature sensitivities
(positive or negative) appropriate to specific applications.
Altering the fiber composition, such that the thermo-optic
coefficient of the core is either larger or smaller than that of
the cladding, can also be used to obtain required
temperature sensitivity. In addition to the change in central
wavelength, a change in the extinction of the attenuation
band may be observed for LPFGs with strength kL>mn. At
room temperature, the temperature response of the
wavelengths of the attenuation bands’ is linear, as illustrated
in figure (2) LPGs fabricated in  standard
telecommunications optical fiber exhibit temperature
sensitivities in the range 3 nm/100 °C to 10 nm/100 °C [5].
This is an order of magnitude larger than the sensitivity of
FBG sensors.

E

=

= 8

£

E 61 B
e et
§ a4 ,-'_.r"'f""
5 =

5]

20 40 80 80 100 120 140 1
Temperature (°C)

Fig. 2. Shift in the wavelengths of four attenuation bands [21] A-D, as a

function of temperature for the LPFG dashed Line shows response at 1550

nm for the LPFG. Linear response of the Temperature is observed.[7]

III. EXPERIMENTAL CHARACTERIZATION OF THE LONG
PERIOD FIBER GRATING FOR TEMPERATURE SENSITIVITY

Experiment for Temperature sensitivity is done with
Boron- co- doped Fiber. Specification for the Boron co
doped Fiber is given below.

IV. TEMPERATURE SENSITIVITY EXPERIMENT

Our experiment FOR the temperature sensitivity is done
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with the same fiber parameter at the 1550 nm wavelength.
we obtain the linear temperature response with respect to
the wavelength shift.

Table I: Specifications For Designing of LPFG using the Boron-Co- Doped
Fiber. To investigate the response of the LPFG For temperature by
considering the three layer structure we use single mode fiber.

Design wavelength 1550 (1589 used by us for the
Aop(nm) verification of the mathematical model).
Cut off wavelength(nm) 1100 — 1260
Numerical Aperture 0.12-0.14
MFD(pm) 8.1-9.6
L,(grating Length) 2cm
A 500 pm
Core radii (um) 3.8
Thermocoupl
disnlay
LPFG
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Fig.3. Experimental set up for temperature sensitivity
10000
m  Temperature Response of LPG ‘
8000
3
o
~ 6000
£
j=))
c
Q@
C 40004
z 000
=
£
£ 2000
<
n
0 ]

T T T T T T
25 30 35 40 45 50

Temperature 0C
Fig.4. Shift in wavelength at LPFG at1550 (nm)

Table II: Temperature sensitivity of the LPFG

Temperature Shift in wavelength (pm)
26
30 3000
35 4000
40 6000
45 7200
50 8500

V. CONCLUSION

For Temperature sensitivity, we obtain a linear response
with respect to the wavelength and temperature. The
experiment shows that there is approximate 8nm shift in the
wavelength for the 50 degree centigrade temperature. Thus
the theoretical value matches with the experimental value.
We have shown that long-period gratings with reduced
temperature sensitivity can be fabricated in commonly
available fibers. So, this type of sensor have very good
practical applicability in aero plane, space shuttle, One of
the fabulous uses for these sensors is to actually provide a
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temperature limit signal for operating jet engines in flying
aircraft.
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