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Abstract According to the temperature sensing model of

the fiber Bragg grating (FBG), a theoretical method of

temperature sensing capacity of FBG is proposed. Based

on the temperature sensing model of FBG, a temperature

sensing experiment was completed at liquid nitrogen tem-

perature (2196uC). The theoretical and experimental

results were compared and analyzed, which show that at

liquid nitrogen temperature or in a large-scope temper-

ature sensing, the relationship between thermal variation

DT and relative shift of reflected center wavelength

DlB/lB of FBG is nonlinear and conic multinomial.
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1 Introduction

The fiber Bragg grating (FBG) is a fiber passive appara-

tus, which was rapidly developed and widely applied in

recent years. Measuring the temperature change is the

most important and direct application of an FBG sensor.

Lots of researches had been carried out in this regard,

but most of them were involved in the normal temper-

ature zone, while few were covered below zero. Some

relevant researches considered the relationship between

thermal variation DT and reflected center wavelength lB
as linear, but it is not suitable for wavelength variation

at low temperatures or in the large-scope temperature

sensing.

According to the temperature sensing model of FBG,

the theoretical research was carried out, which focused on

the relationship between the thermal variation and the

relative shift of the reflected center wavelength. The rela-

tionship was put forward at liquid nitrogen temperature

(2196uC) based on the experiment. The theoretical and

experimental results were compared and analyzed, which

show that at liquid nitrogen temperature or in a large-

scope temperature sensing, the relationship between ther-

mal variation DT and relative shift of reflected center

wavelength DlB/lB of FBG is nonlinear and conic mul-

tinomial. The result is helpful on both the theoretical ana-

lysis and application research on the mechanism of FBG

temperature sensing.

2 Theory of FBG temperature sensing

FBG is an apparatus whose refractive index is lengthways

cycled distribution, and its Bragg equation is

lB Tð Þ~2neffL: ð1Þ

When the environmental temperature T changes, without

consideration of the strain affection, the effective refract-

ive index neff and the FBG spatial cycleLwould change by

the calorescence effect and the thermal dilatant effect,

which is due to the shift of the Bragg reflected center

wavelength lB. If the original environmental temperature

is T0, lB(T) is expanded by Thaler, and kept quantic item,

then

lB(T)~lB(T0)z
dlB(T)

dT
DTz

1

2

dl2B(T)

dT2
DT2, ð2Þ

where DT5T2T0.

By Eqs. (1) and (2), we can get

DlB
lB

~
lB(T){lB(T0)

lB(T)

~
1

lB

dlB
dT

DTz
1

2

1

lB

d2lB
dT2

DT2~gDT , ð3Þ

where g represents the thermal sensitivity coefficient,
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Taking the natural logarithm on Eq. (1) and taking the

derivative on T, we can get the following equation:

1

lB

dlB
dT

~
1

neff

dneff
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z

1

L

dL
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, ð5Þ

where
1

lB

dlB
dT

is the calorescence coefficient of FBG and

indicated as e, and
1

L

dL

dT
is the thermal dilatant coefficient

of FBG and indicated as a. Therefore, Eq. (5) can be

described as

1

lB

dlB
dT

~eza: ð6Þ

By Eq. (6), we can get

1

lB

d2lB
dT2

~
de

dT
z
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dT
z(eza)2

� �
: ð7Þ

By Eqs. (5), (6) and (7), we can get

g~(eza)z
1

2

de

dT
z

da

dT
z ezað Þ2

� �
DT : ð8Þ

The thermal dilatants’ coefficient and the calorescence

coefficient of germanium-doped silicon fiber are

a< 0.56 1026/uC [1] and e< 8.36 1026/uC [2,3], respec-
tively. Because the mechanical parameter changes with

temperature, there is a reliable relationship between the

thermal dilatant coefficient a, the calorescence coefficient
e and temperature is not constant. Therefore, the FBG

thermal sensitivity coefficient g is not constant.

3 Experimental results and analysis

Many researches indicated that the accurate measurement

temperature with FBG was not meant to measure the

thermal sensitivity coefficient with fiber mechanical para-

meter. The accurate measurement temperature should be

based on the experiments because the original mechanical

parameter will change after the silicon through fiber form-

ing and input fiber grating. The laboratory quadratic

curve fitting equation of Refs. [4] and [5] is

DlB
lB

~(6:045|10{6z10{8DT)DT : ð9Þ

The measurement temperature zone of this curve is

20uC–260uC, which does not cover the temperature re-

sponse of the reflected center wavelength of the FBG in
the low temperature zone. The temperature response of

the reflected center wavelength of FBG at liquid nitrogen

temperature (2196uC) was measured. The experimental

equipment is shown in Fig. 1. The light from the

erbium-doped fiber amplifier (EDFA, produced by

TAIKE) makes the incidence to the FBG in the liquid

nitrogen through the ring, and the reflected light by

FBG goes into the optical spectrum analyzers (OSA, pro-

duced by ANDO with AQ6319, and its resolution is

0.001 nm) through the ring. The FBG was produced by

Lightwave Technology Institute, Beijing Jiaotong

University, which used ultraviolet radiation and induced

it to the germanium-doped single-mode fiber at the ultra-

violet zone through the technology of phase masks.

The FBG reflected wavelength lB is 1559.650 nm.

Figure 2 shows the FBG reflected spectrogram at room

temperature (23uC), and Fig. 3 shows the FBG reflected

spectrogram at liquid nitrogen temperature (2196uC).
From room temperature to liquid nitrogen temperature,

the total shift DlB0 of the reflected center wavelength lB is

1.398 nm. The cycle experiment of liquid nitrogen temper-

ature to room temperature, to liquid nitrogen temperature

was implemented 4 times. The experimental data is listed in

the Table 1. The shift of lB is about 1.4 nm, which indicates

that the thermal variation is a reversible process to FBG.

Fig. 1 Experimental equipment of thermal sensing

Fig. 2 FBG reflected spectrogram at room temperature
(23uC)
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In terms of Eq. (9), the shift DlB of FBG at liquid nitro-

gen temperature is 1.325 nm, inosculated with the shift of

the wavelength in the experiment. The deviation may be
caused by some factors such as the difference of FBG, and

the reflected center wavelength, etc. The experimental

results indicate that FBG can realize the temperature sens-

ing at liquid nitrogen temperature, there is no aberrance in

the FBG reflected spectrogram, and the shift of the wave-

length is quadric with temperature.

4 Conclusions

We studied the characteristics of FBG at low temperature,

measured the relative shift of the reflected center wave-

length at liquid nitrogen temperature, and obtain the fol-

lowing conclusions: 1) FBG can achieve temperature

sensing at liquid nitrogen temperature, and there is no

aberrance in the FBG reflected spectrogram. 2) The rela-

tive shift of reflected wavelength is quadric with the tem-

perature variation.
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Fig. 3 FBG reflected spectrogram at the temperature point
of liquid nitrogen state (2196uC)

Table 1 Measurement dada of temperature sensing (nm)

lB (23uC) lB (2196uC) DlB0

1569.650 1568.251 1.399

1569.650 1568.249 1.401

1569.650 1568.247 1.403

1569.650 1568.252 1.398
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