
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [B-on Consortium - 2007]
On: 8 February 2011
Access details: Access Details: [subscription number 919435512]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Fiber and Integrated Optics
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713771194

Fiber Bragg Grating Structures with Fused Tapers
S. F. O. Silvaa; L. A. Ferreiraa; F. M. Araújoa; J. L. Santosab; O. Frazãoab

a INESC Porto, Porto, Portugal b Departamento de Física da Faculdade de Ciências, da Universidade do
Porto, Porto, Portugal

Online publication date: 08 February 2011

To cite this Article Silva, S. F. O. , Ferreira, L. A. , Araújo, F. M. , Santos, J. L. and Frazão, O.(2011) 'Fiber Bragg Grating
Structures with Fused Tapers', Fiber and Integrated Optics, 30: 1, 9 — 28
To link to this Article: DOI: 10.1080/01468030.2010.526287
URL: http://dx.doi.org/10.1080/01468030.2010.526287

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713771194
http://dx.doi.org/10.1080/01468030.2010.526287
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Fiber and Integrated Optics, 30:9–28, 2011

Copyright © Taylor & Francis Group, LLC

ISSN: 0146-8030 print/1096-4681 online

DOI: 10.1080/01468030.2010.526287

Fiber Bragg Grating Structures
with Fused Tapers

S. F. O. SILVA,1 L. A. FERREIRA,1 F. M. ARAÚJO,1

J. L. SANTOS,1;2 and O. FRAZÃO 1;2

1INESC Porto, Porto, Portugal
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Abstract Fiber structures based on the combination of abrupt tapers and fiber Bragg

gratings are studied. Two situations are explored—in one, the taper is fabricated in
the fiber region with a fiber Bragg grating; in the other, the taper is first fabricated

followed by the fiber Bragg grating. It is shown that the first device presents the prop-
erties of a Fabry-Perot cavity and the other of a phase-shifted Bragg grating, where

the phase shift is associated to the tapered fiber region. The sensing characteristics
of these structures are studied, and it is shown that the temperature sensitivities are

similar but with observable different responses to strain.

Keywords fiber Bragg grating, optical fiber sensors, optical fiber tapers, strain and
temperature measurement

1. Introduction

The single-mode fiber taper is a simple fiber structure and the basis of many optical

fiber devices that are used in several contexts, such as interferometry [1], biosensors [2],

and fiber dye lasers [3]. Tapered fiber devices rely on the interaction of the evanescent

field surrounding the fiber waist with the external environment and, therefore, are an

alternative to core-exposed fibers when the objective is to develop sensors. The shape

of the taper is also of great importance in applications, where its deformation must be

rigorously controlled, for example, in directional couplers [4, 5], in some sensors based

on bending [6, 7], and in beam expanders [8].

Tapers in optical fibers have essentially been made in two ways: by etching the fiber

cladding [9–11] or by lengthening the fiber by fusion [12–15]. Methods are based in

a fusion range, from translating the fiber into a CO2 laser beam [12], heading a fiber

horizontally over a traveling gas burner [13], or by using a fusing-and-pulling treatment

with a manual fiber fusion splicer [14, 15].

The combination of fiber Bragg gratings (FBGs) with tapers has been widely studied,

and many tapered structures have been developed for sensing applications. Etched fibers

have a uniform core and, thus, a constant propagation coefficient [16]. However, in tapers
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10 S. F. O. Silva et al.

made by fusion, the fiber core is tapered as well; and therefore, they have non-uniform

propagating properties capable of originating non-uniform gratings. In particular, the

combination of two FBGs separated by an abrupt tapered region permit the formation

of Fabry-Perot interferometers with novel properties. An example of this is a recently

reported work, where it was shown how the strain sensitivity of FBGs can be controlled

when used in combination with fused tapers [17].

This article presents the analysis of abruptly fused tapers fabricated over an FBG

and the other way around, i.e., fabricating a Bragg grating in a tapered core fiber. Also

studied are the properties of these structures for measurement of strain and temperature.

2. Fiber Tapers

Taper components have been modeled by assuming exponential, parabolic, sinusoidal,

polynomial, or other taper profiles [18–21]. Here the assumed model is developed for a

taper with an exponential profile [22]. Its fabrication relies on the fiber being placed under

tension into a particular heat source; the length of the heated region is maintained constant

as tapering proceeds, thus forming a taper. Therefore, the taper is a structure comprising

a narrow stretched filament—the taper waist—between conical tapered sections—the

taper transition—which are linked to the unstretched fiber. Figure 1a shows the general

structure of an optical fiber taper.

Optically, at the beginning of the taper, the fundamental mode propagates as a

core mode. As the fundamental mode enters the taper transition section, assuming it

is thin enough, it begins to spread out into the cladding region until the core-cladding

waveguiding structure cannot support the mode. From this point, the mode enters the

taper waist as a cladding mode. Here, the cladding and the surrounding medium act

as the waveguiding structure. Intuitively, the most sensitive region is the taper waist,

where the overall device diameter is at a minimum, and hence, the evanescent field

intensity is most pronounced. The quantities used to describe the shape of a complete

fiber taper are illustrated in Figure 1b.

In this simple model, it is assumed that a fixed length Lo of fiber is to be uniformly

heated and stretched, whereas outside this hot-zone, the fiber is cold and solid [22]. The

taper is formed symmetrically so that the two taper transitions are identical. The radius

of the optical fiber without a taper is ro, and the uniform taper waist has length Lw and

radius rw. Each identical taper transition has a length zo and a shape described by a

decreasing local radius function r.z/, where z is the longitudinal coordinate. The origin

of z is at the beginning of each taper transition (points P and Q) and, following that

notation, r.0/ D ro and r.zo/ D rw .

Here the simplest example of the constant hot-zone is followed [22], where Lw D Lo.

Assuming that the fiber radius follows a decaying exponential profile in the taper sections,

it can be written that

r.z/ D ro exp

�

�
z

Lo

�

.0 � z � zo/: (1)

The shape of the abrupt tapers presented in this work is described by Eq. (1). They were

fabricated by fusion, where an arc discharge was used while the fiber (SMF-28, Corning,

USA) was placed under tension. Figure 1c shows a photo of one of these tapers with

a �400 �m length. The ratio rw=ro is approximately 0.65 and corresponds to six arc

discharges. The number of these discharges affects the taper diameter at the waist, as
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Fiber Bragg Grating Structures with Fused Tapers 11

(a)

(b)

(c)

Figure 1. (a) Schematic of an optical fiber taper, (b) relevant design parameters, and (c) photo of

a fabricated taper.

Figure 2a shows. Since the fiber is held under tension and is locally heated, the increase

of arc discharges will decrease the strength of the fiber, leading rapidly to its break.

However, this non-linear behavior will depend on the intensity of the arc, the alignment

of the fiber, and the tension applied.

The losses introduced by the fabrication process are negligible, since the tapered

fiber transitions approximately satisfy the adiabatic criteria [23]. Figure 2b shows the

results obtained. One can observe that between the fourth and the seventh arc discharge,

there is a decrease of optical loss. This might be due to the re-coupling of light from

the external environment into the core. The last arc discharge originated the entire fusion

between the cladding and the core of the fiber, thus forming a very narrow taper. Even

for this case, the process loss did not exceed 2 dB.
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12 S. F. O. Silva et al.

(a)

(b)

Figure 2. (a) Waist radius variation with number of arc discharges and (b) losses introduced in

the taper fabrication process.

3. FBGs with Taper Structures

An optical fiber with a taper structure has non-uniform propagating properties due to the

fiber geometry in that section but also due to the effective index variation. The fundamen-

tal propagation mode has a non-uniform effective index neff .z/, because the fiber radius

decreases along the taper, and consequently, the grating has a variable Bragg wavelength.

For small variations of the effective index along the fiber, the Bragg wavelength along

the grating can be expressed in the following form:

�B .z/ D �B .0/

�

1 C
�neff .z/

neff .0/

�

; (2)
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Fiber Bragg Grating Structures with Fused Tapers 13

where �B .0/ and neff .0/ are, respectively, the Bragg wavelength and the effective index

at the beginning of the grating, i.e.,

�B .0/ D 2ƒneff .0/; (3)

and �neff .z/ is the index variation along the grating

�neff .z/ D neff .z/ � neff .0/: (4)

Equation (2) can be written as

�B.z/ D 2ƒneff .z/: (5)

The effective index of the core mode, neff .z/, is given as a function of the propagating

wavelength, the geometry of the fiber, and the refractive index of the core material [24].

For a weakly guiding step-index fiber, a geometric-optics approximation is generally

used to yield the effective indices of the core and the cladding modes [25]. Because a

single-mode fiber can support only the LP01 mode, the equation for the core mode is

2�

�
Dcore

�

.ncore/
2

� .neff /
2
�1=2

�
�

2
D 2 cos�1

�

.ncore/
2

� .neff /
2

.ncore/2 � .nclad/2

�1=2

; (6)

where Dcore is the diameter of the core, and ncore and nclad are the refractive index of the

core and cladding materials, respectively. This equation is solved numerically and gives

the relation between the core radius and the effective index. Hence, using Eq. (5), the

dependence of the Bragg wavelength with the core diameter can be determined.

It is relevant to emphasize that, as indicated in Section 1, there are many works that

address the combination of tapers and FBGs. However, quite often the tapers extend over

a substantial FBG length, resulting essentially in a structure with a chirped-FBG-like

response. When abrupt tapers are considered, its small length compared with that of the

grating originates a clear split of one grating in two (for the case of an abrupt taper

over an FBG) or a grating with a refractive index modulation in its central region (when

an FBG is written over an abrupt taper). As will be shown in what follows, in both

cases, Fabry-Perot-like interference effects appear with specific behavior when strain and

temperature are applied to these fiber structures.

Two optical fiber devices based on the combination of an abrupt taper and a single

Bragg grating (TFBG) are now presented. In one, the taper is fabricated over an FBG

(TFBG1); while in the other, it is the taper that is fabricated first followed by the

FBG (TFBG2). In both cases, the electric arc technique was used to fabricate the tapers.

The optical fiber was placed under tension, which allowed controlling the radius and

length of each structure, while a translation stage was used for the precise positioning of

the tapers. Also, FBGs were fabricated in series, in order to obtain sensing structures with

similar spectral characteristics. FBGs were written with UV exposure through a phase

mask (pitch of 1,044 nm) by using an excimer laser operating at 248 nm. The sensing

structures were then interrogated by a tunable laser source, and the optical spectra is

acquired by a LabViewTM-based program (National Instruments, USA) developed for

this purpose.

To research the structure of TFBG1, a Bragg grating was used with 10 mm length and

written in a hydrogen-loaded single-mode fiber (SMF-28). At the middle of the grating, an

abruptly fused taper was induced (six arc discharges, �400 �m length). For the TFBG2
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14 S. F. O. Silva et al.

structure, a branch of single-mode fiber (SMF-28) was used, where an abruptly fused

taper was fabricated (six arc discharges, �400 �m length). After being hydrogen loaded,

a single Bragg grating was written in this optical fiber, noting that the abruptly fused

taper should be at the center of the grating. The optical spectra of structures TFBG1 and

TFBG2 are shown in Figures 3a and 3b, respectively.

The TFBG1 structure indicates that the grating is essentially destroyed in the taper

section, generating a true fiber Fabry-Pérot interferometer. The mirrors are the two

unaffected lengths of the initial grating in each side of the taper section. Because these

(a)

(b)

Figure 3. Optical spectra of an FBG: (a) with a short fused taper and (b) of a Bragg grating written

in a tapered core fiber. The spectral reflectivity of the FGB alone is shown in the inset pictures.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
B
-
o
n
 
C
o
n
s
o
r
t
i
u
m
 
-
 
2
0
0
7
]
 
A
t
:
 
1
3
:
2
9
 
8
 
F
e
b
r
u
a
r
y
 
2
0
1
1



Fiber Bragg Grating Structures with Fused Tapers 15

lengths are smaller than the initial Bragg length, their spectral bandpass signatures are

wider, which is confirmed by the experimental results.

Concerning the TFBG2 structure, the fabrication of the abruptly fused taper changes

not only the effective refractive index in the region, but also eliminates any residual

photosensitivity that could exist in the fiber. However, after the fiber undergoes the

hydrogen loading process, it is feasible afterward to write a Bragg grating in that region.

The important difference, relative to the reverse-order sequence (grating written first and

taper fabrication afterward), is that now there is a continuous grating, with a constant

(in first order) refractive index amplitude modulation, on the top of an average refractive

index value that changes in the device central region due to the previous taper fabrication

operation. This progressive change introduces a progressive variation on the grating phase,

resulting in a spectral signature typical of a phase-shifted Bragg grating structure. (It is

important to notice that the length of the taper region, �400 �m, is much smaller than

the grating length, �10 mm, which means the region of the phase variation can be viewed

as a perturbation in the central region of the FBG). On the other hand, the control of the

several fabrication parameters, as well as the FBGs spectral characteristics, will contribute

significantly for the spectral response of the devices.

Therefore, these results indicate that fabricating an abruptly fused taper in an FBG

(TFBG1) or a Bragg grating in a tapered core fiber (TFBG2) originates fiber structures

that are conceptually different. TFBG1 is a Fabry-Perot interferometer, because the arc

discharge erases the grating in the taper section (in practice, the structure will be formed

by two shorter Bragg gratings separated by a tapered cavity). In TFBG2, the grating is

written in the taper section where the effective index is different, thus causing a phase

change, resulting in a phase-shifted FBG device.

4. Sensing Characteristics

In the previous section, it was shown that a Fabry-Pérot cavity can be created with

an abruptly fused taper in the middle of an FBG (tapered Fabry-Perot structure [TFP],

TFBG1). Basically, this tapered structure will act as a two-wave interferometer formed

by two shorter gratings, which are the distributed mirrors (Figure 4a). As reported

elsewhere [26], the equivalent reflection of a uniform FBG with total length LT appears

at the middle of the structure, which corresponds, in this case, to the position of each

mirror and, hence, where the two waves seem to be reflected. Assuming that each grating

has length L1 and the fused taper has length L2, then the cavity length is given by

L D L1 C L2. Inducing two abruptly fused tapers equally spaced in the FBG will

split the grating into three shorter gratings, thus forming two concatenated Fabry-Perot

cavities with the same length, as shown in Figure 4b. In the same way, inducing three

abruptly fused tapers equally spaced in the FBG will split the grating into four shorter

gratings, thus forming three concatenated Fabry-Pérot cavities with the same length

(Figure 4c).

The tapers were fabricated using the electric arc technique. An optical fiber with an

FBG was placed under tension, which allowed controlling the radius and length of each

structure, while a translation stage was used for the precise positioning of the tapers in

the FBG region. The initial grating had a length of �10 mm and the abrupt tapers a

length of �400 �m.

To better evaluate the proposed model, these TFP structures were theoretically

analyzed. Figure 5 shows the spectral reflectivity of the three structures obtained ex-

perimentally and the corresponding simulations.
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16 S. F. O. Silva et al.

(a)

(b)

(c)

Figure 4. Schematic of FBG-based Fabry-Pérot interferometers: (a) single cavity, (b) two concate-

nated cavities, and (c) three concatenated cavities.

Fairly good agreement was observed between the experimental and simulated results.

As expected, the precise control of the fabrication parameters, as well as increasing

the complexity of the TFP structure, will contribute significantly to their spectral re-

sponses, as is shown in the simulations of the several TFP devices, in particular TFP3

(Figure 5c).

A channeled spectrum in the reflection band is observed for each TFP, which becomes

increasingly structured when the number of concatenated Fabry-Pérot sections increases.

The periodicity of the fringes is 0.10 nm, 0.11 nm, and 0.12 nm for TFP1 , TFP2, and

TFP3, respectively. The increase of the bandwidth envelope of each TFP is due to the

presence of gratings with shorter lengths. The corresponding values are approximately

0.2 nm, 0.4 nm, and 0.6 nm. To better evaluate these results, the spectral behavior of

the equivalent uniform Bragg gratings was performed, and the corresponding theoretical

values obtained were 0.19 nm, 0.37 nm, and 0.55 nm. Notice that, in practice, the arc

discharge during the fabrication process destroys the FBG in a region longer than the

taper length. Theoretical analysis shows that, for a 400 �m-long taper, each affected

region has a total length of 1.5 mm. Thus, for the experimental TFP structures, the

length of the unaffected FBGs after the fabrication of tapers is smaller than the one

predicted theoretically.

These TFP structures were submitted to strain and temperature. Concerning applied

strain, the results obtained are shown in Figure 6, where the wavelength evolution of the

three peaks identified in Figure 5 is presented.

The peaks wavelength shifts are associated with the channeled spectrum and, there-

fore, with the interferometric transfer function of the structure. As Table 1 shows, there
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Fiber Bragg Grating Structures with Fused Tapers 17

(a)

(b)

(c)

Figure 5. Reflection spectrum of: (a) FBG with an abrupt taper, (b) FBG with two abrupt tapers,

and (c) FBG with three abrupt tapers.
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18 S. F. O. Silva et al.

(a)

(b)

(c)

Figure 6. Wavelength shift versus applied strain of the peaks identified as �1, �2, and �3 in

Figure 5 for: (a) TFP1, (b) TFP2, and (c) TFP3.
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Fiber Bragg Grating Structures with Fused Tapers 19

Table 1

Strain coefficients of the TFP structures

��=�" (pm/�")

TFP structure �1 �2 �3

TFP1 0.695 0.705 0.690

TFP2 0.647 0.647 0.648

TFP3 0.630 0.631 0.633

is a slight decrease of the strain sensitivity values with the increase of the number of

tapers in the grating.

It can also be observed that the obtained strain sensitivities are inferior to 1 pm/�"

as obtained with a uniform Bragg grating. Since tapers have reduced fiber diameters,

stress is higher is these regions when compared to the unperturbed FBG sections.

In Figure 5, the spectral envelope shift induced by strain is associated with the

regions of the Bragg grating not affected by the taper fabrication. It is found that this

envelope moves slower with applied strain than the interferometric fringes (wavelength

peaks). This turns out from the observation of the peak power changes shown in Figure 7

(the peak powers associated with �1 and �3 are normalized to that identified �2, which

is attributed a unitary value). The applied strain increases nL, but in order to keep the

2� phase difference between the reflected waves, the wavelength must also increase.

By the envelope effect, the spectral peak associated with �1 increases and the spectral

peak associated to �3 decreases. However, the envelope shifts as well. If the fringes

and the envelope had a synchronous movement, then no peak power variations would

be observed. The reason that �1 increases and �3 decreases must be that the fringes

move faster than the envelope. Regardless, its continuous presence is a clear indication

of the stated envelope displacement with strain. Indeed, in the case of TFP1, 1,000 �"

corresponds to a wavelength shift of 0.7 nm, which is much higher than the FWHM

of the envelope (�0.2 nm). Therefore, if the envelope did not move, the referenced

fringes would move out of it and soon would not be visible. This differential spectral

displacement, and consequent differential strain sensitivity of the Fabry-Pérot and Bragg

grating, is explained by the fact that the applied strain appears more in the taper re-

gions due to the fiber reduced diameter in these regions and less in the unperturbed

fiber sections, which are those where the Bragg grating refractive index modulation

remains.

In the case of TFP2 and TFP3, results similar to those obtained for TFP1 can be

observed: the spectral peak associated to �1 increases, and the spectral peak associated

to �3 decreases. However, a linear response is found that is not observed in TFP1. This

might be associated to different locations of the optical peaks relative to the envelope, or

due to the presence of broad spectral envelopes that result from the length reduction of

the Bragg grating sections with the increase of the number of tapers in the structure.

Figure 8 shows the wavelength variation of the spectral peaks of the TFP structures

as a function of temperature. It can be observed that the obtained sensitivities are of the

order of 10 pm/ıC, similar to what can be found with a uniform Bragg grating operating

at 1,550 nm (the wavelength shift of the peak identified as �1 in Figure 5a—single

TFP structure—is not given due to its residual amplitude). Since the devices undergo
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20 S. F. O. Silva et al.

(a)

(b)

(c)

Figure 7. Amplitude of the peaks identified as �1 and �3 in Figure 5 normalized to the �2 peak

(which is attributed the unitary value) versus applied strain for: (a) TFP1, (b) TFP2, and (c) TFP3.
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Fiber Bragg Grating Structures with Fused Tapers 21

(a)

(b)

(c)

Figure 8. Wavelength shift versus temperature variation of the peaks identified as �1, �2, and �3

in Figure 5 for: (a) TFP1, (b) TFP2, and (c) TFP3.
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no geometric change when submitted to temperature variations, only the variation of the

thermo-optic effect is observed.

It was also observed that the amplitude of the spectral peaks does not change with

temperature. This happens because, in the case of temperature variation, the envelope of

the spectral response of these sensing structures moves synchronously with the internal

wavelength peaks (interferometric fringes). This can be confirmed through a simple

analysis of the relevant equations. Using the grating Bragg condition .�B D 2neff ƒ/

and the interferometric phase term .� D 4�nL=�/, the following relations are obtained:

�B D 2nƒ ) @�B D �B

@n

n
;

8

ˆ

ˆ

<

ˆ

ˆ

:

@� D
4�L

�
@n

@� D �
4�nL

�2
@�

) @� D �
@n

n
:

These equations show that the displacement of the envelope and the displacement of

the internal interferometric fringes as a function of the refractive index variation are the

same.

One consequence of this result is that the determination of the amplitude of certain

peaks of the spectral transfer function of these structures permits temperature independent

strain measurement, a feature that is not exhibited by many sensing heads oriented to

measurement of strain. Also, power referencing is easily accessible with these sensing

configurations. Additionally, combining the monitoring of the amplitude of those peaks

with any of their wavelength shifts makes possible the simultaneous measurement of strain

and temperature, which adds extra flexibility to the utilization of these TFP structures.

The results presented addressed the sensing characteristics of the structures formed

by inducing a fused taper in an FBG. As indicated before, another possibility is feasible,

namely the fabrication of an FBG in a tapered fiber (TFBG2).

Figure 9 shows the spectral responses of three tapered FBG devices that were

obtained experimentally. Each grating has �10 mm length, and the fused tapers are

�400 �m. Figures 9a, 9b, and 9c are relative to a Bragg grating written over one fiber

taper (TFBG2a), over two fiber tapers (TFBG2b), and over three fiber tapers (TFBG2c),

respectively. The spectral response of these devices exhibits a channeled structure, an

indication that there are cavity-like interferometric effects. They may arise from the

taper-induced modulation of the effective refractive index of the guided mode, from

different amplitudes of the Bragg grating refractive index modulation in the fiber regions

that undertook the tapering process, or both.

The behavior of these TFBG devices in the situation of variable applied strain and

temperature was also experimentally studied. For the case of strain, the obtained results

relative to the spectral shifts of the fringes are shown in Figure 10. It can be observed that

the obtained sensitivities are inferior to those associated with a uniform Bragg grating.

Also, as shown in Table 2, the increase of the number of taper sections along each Bragg

grating structure does not significantly affect the wavelength sensitivity to the strain of

the optical peaks, which is residually lower when compared with the values obtained

for the TFP devices (Table 1).

Following an argument similar to the one developed in the context of the TFP

devices, it was observed that the envelope of each TFBG2 structure moves slower than

the corresponding spectral internal peaks.
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(a)

(b)

(c)

Figure 9. Reflection spectrum of: (a) Bragg grating written over a short fiber taper (TFBG2a),

(b) Bragg grating written over two short fiber tapers equally spaced (TFBG2b), and (c) Bragg

grating written over three short fiber tapers equally spaced (TFBG2c).
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(a)

(b)

(c)

Figure 10. Wavelength shift versus applied strain of the peaks identified as �1, �2, and �3 in

Figure 9 for: (a) TFBG2a, (b) TFBG2b, and (c) TFBG2c .
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(a)

(b)

(c)

Figure 11. Wavelength shift versus temperature variation of the peaks identified as �1, �2, and �3

in Figure 9 for: (a) TFBG2a, (b) TFBG2b, and (c) TFBG2c .
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Table 2

Strain coefficients of the TFP structures

��=�" (pm/�")

TFBG2 structure �1 �2 �3

TFBG2a — 0.589 0.603

TFBG2b 0.585 0.585 0.584

TFBG2c 0.628 0.613 0.616

Figure 11 shows the wavelength variation of the spectral peaks of the TFBG2 devices

as a function of temperature. It can be observed that the obtained sensitivities are

similar to those associated with a uniform Bragg grating. In this case, the envelope

of the spectral responses moves synchronously with the corresponding peaks. Therefore,

the determination of the amplitude of certain peaks of the spectral transfer function of

these devices also allows temperature independent strain measurement.

5. Conclusions

This work has reported the analysis of FBG structures with abruptly fused tapers.

Two devices were studied—one based on tapers fabricated on an FBG length, the

other on an FBG written over fused tapers. The first device presents Fabry-Perot type

characteristics, since the taper fabrication process destroys the spatial integrity of the

grating, smaller length gratings appear that perform as cavity mirrors. Concerning the

second device, the taper (tapers) is fabricated first and after hydrogenization, an FBG

is written over the structure, resulting into configurations that exhibit also Fabry-Pérot

like behavior. The properties of these devices for strain and temperature sensing were

investigated, resulting in positive indications of their potential to perform simultaneous

measurement of these parameters.
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