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Time Response Parameters of Fiber Bragg Gratings
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Abstract: We report on experimental results related to the time response of Fiber Bragg Gratings. From the experimental
data it is possible to retrieve important parameters such as the response delay and the grating switching time, which are
properties of relevance for understanding the operation of fast tuning devices.

INTRODUCTION

Fiber Bragg Gratings (FBG) have been in use for almost
thirty years and since then they have been applied to many
areas either as devices in telecommunications or as the fun-
damental element in sensor applications (Canning FLO
2007) [1]. The shift of the Bragg wavelength has been its
most significant characteristic since it is related with the
sensing of external stimulus such as strain and temperature.
In many applications the analysis of the wavelength shift
requires no consideration of time. However, some applica-
tions do require an understanding of the speed in which the
wavelength shift occurs as this feature is important for the
operation of fast devices. Given a system where temperature
remains constant, the shift in wavelength is most often
achieved by changing the strain applied to the grating.
Moreover, if the strain is time dependent, the shift in wave-
length is described according to the expression
M 1)
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where AL is the Bragg wavelength shift, A; is the Bragg
wavelength of the FBG at rest, y is a parameter that is related
to the fiber effective index, the components of the strain op-
tic tensor and Poisson’s ratio and ¢ is the infinitesimal strain
(Othonos and Kalli FBG 1999) [2].

The general theory of elasticity provides a physical ex-
planation of motions that affect elastic bodies and is used to
understand the propagation of strain waves in different mate-
rials. Particularly, due to its small diameter, an optical fiber
may be considered as an elastic bar and the strain perceived
by the fiber is best described by the elementary theory of
longitudinal motion when the material transversal deforma-
tion is neglected (Eringen and Suhubi ELT 1975) [3]. This
way, the description of the dynamic strain in a fiber being
stretched by a longitudinal load, in which a grating has been
written, can be adequately described by the expression
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where u is the displacement function, which is related to the
one-dimensional strain by &, =du/ox, c is the speed of the

longitudinal wave strain propagating in the elastic bar and
F(x,t) is a given force function per mass unit that describes
the behavior of friction forces in the material. This wave will
cause a dynamic displacement in the bar changing its body
volume.

In a previous work estimations were made concerning the
speed in which the Bragg wavelength is shifted when the
fiber is subjected to a longitudinal traction load (Neves Jr.
JLT) [4]. In this work we present experimental results on the
time response of gratings that are dynamically stretched
along the longitudinal fiber axis by means of a piezoelectric-
controlled positioning stage. From the experimental data it is
possible to retrieve important parameters such as the re-
sponse delay and the grating switching time.

EXPERIMENTAL ARRANGEMENT

The basic idea of accessing the time response of a grating
is to observe the time shift of the Bragg wavelength when
the grating is stimulated by strain in the form of a step func-
tion. This can be accomplished by rapidly stretching the fiber
in which the grating is written and observing the change in
power with the help of a photo-detector and oscilloscope as
the grating spectrum is moved from its rest position. The
experimental set-up (Fig. 1) consists of two positioning
stages, one of which is controlled by a piezoelectric element.
A piece of fiber with the jacket stripped off is glued between
the stages. Special care should be taken to position the grat-
ing close but outside the fixed stage. The other end of the
fiber is glued on the stage which is controlled by the piezoe-
lectric element. The quantity and type of glue is critical in
avoiding effects from the glue itself. Square pulses of very
low frequency and with a rise time of 40 us and duration
time of 10 ms are applied to the piezoelectric-driven stage by
means of a pulse generator. The strain waveform produced
by this method propagates in the fiber and reaches the grat-
ing on the other end causing the Bragg wavelength to shift.
To access the time response, the line of a DFB tunable laser
is positioned on the slope of the grating spectrum response
(Tsuda CST 2006) [5].

As the grating spectrum is shifted by the strain pulse the
DFB laser line moves causing the power in the photo-
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Fig. (1). Diagram of the experimental set-up. L is the length that represents the distance between the points where the fiber is glued.

detector to change. The signal is easily observed on the
screen of an oscilloscope. Fig. (2) shows the temporal re-
sponse of several measurements performed on the same
piece of fiber, but adjusting to different lengths, L, between
the two positioning stages.

The rectangular shape represents the electrical pulse
waveform applied to the piezoelectric-driven stage and its
rise time is taken as the reference for estimating the propaga-
tion time of the strain pulse till it reaches the grating. From
the onset of the excitation waveform at t=0 s one observes

the different times, associated with each length L, that the
strain pulse takes to reach the other end of the fiber where
the grating is located. From these curves several features can
be retrieved. First, it is remarkable to observe the different
width of the optical response, which is associated with the
strength applied to the grating at each L. The applied strain is
estimated as AL/L and when the distance L increases, the
strain seen by the grating is reduced. This causes the DFB
line to be less displaced along the linear slope of the grating
spectrum. This feature is best seen in the curves plotted in
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Fig. (2). Time response of a grating due to a square pulse applied to the piezoelectric driver. L is the length between the points where the

grating is fixed.
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Fig. (3). Time response of a grating submitted to varying input pulse amplitudes at the fixed length L = 16 cm. For visualization purposes,

only one square pulse is shown.

Fig. (3). In this case, the distance L remains fixed, but the
average amplitude of the square pulse input to the piezoelec-
tric driver is changed. As the pulse amplitude increases, the
strain also increases, leading to the broadening of the optical
response.

The delay response and the rise time are the two other
features retrieved from Fig. (2). The delay response corre-
sponds to the time interval between the onset of the strain
wave in the fiber and the time in which the grating starts to
respond. The delay response represents fundamentally the
time needed for the strain impulse to reach the grating and
cause the Bragg wavelength shift. This definition of delay
response is somewhat arbitrary and within the scope of this
work is established as the time interval between the onset of
the square pulse and the time that corresponds to 10% of the
grating voltage response. In the present configuration, the
estimated delay response varies from 1.45 ms for L = 16 cm
up to 3.25 ms for L = 46 cm.

The rise time corresponds to the time needed for the grat-
ing to shift from its rest position to the point where the
photo-detector voltage reaches it is maximum value. For the
sake of definition, it is computed as the time difference be-
tween the 10% and 90% of the signal response (voltage)
coming from the photodetector and displayed on the oscillo-
scope. From Fig. (2) one observes different rise times as the
distance L is changed, noting that this time increases as the
grating is kept far away from the piezoelectric-driven stage
(see the curve for L = 46 cm in Fig. (2)). Using this defini-
tion one estimates rise times varying from 1.39ms (L =
16cm) up to 4.2ms (L = 46 cm).

The strain applied to the grating can be also estimated
once the wavelength shift is measured. Unfortunately, opti-
cal spectrum analyzers are not suitable in this case, as their

time response is too slow for providing accurate information
in a dynamic situation. However, the wavelength shift can be
evaluated considering the maximum wavelength shift ob-
tained in the system in a static situation when the piezoelec-
tric device is driven to its maximum acceptable input volt-
age. The resulting curve is linear and its slope gives the
wavelength rate of change per voltage. In the dynamic situa-
tion, when the piezo is excited by the square pulse, one is
able to read the maximum applied value to the device from a
voltage meter. The achieved wavelength shift then follows
straightforward. This way, AL / L is evaluated using equa-
tion (1), where y = 0.787 for silica fibers.

A relationship can now be established between the opti-
cal pulse width observed in the oscilloscope and the applied
strain given by AL / L (Fig. 4). For this plot, the width was
taken considering the Full Width at Half Maximum
(FWHM) values of the curves shown in Fig. (3) for L = 16
cm.

As a final remark, from the curves shown in Fig. (2) and
from our definition of delay response one can also estimate
the propagation time of the excitation impulse till it reaches
the grating. Considering the cases for L = 16 cm and 46 cm
and the respective time delay responses, a value of approxi-
mately 169 m/s is obtained. This result seems to be condi-
tioned by several factors, such as the impulse response of the
piezoelectric-driven stage where the fiber is fixed and the
glue time delay response, both of which deserve further in-
vestigation. However, it is worth mentioning here that in
silica fibers directly excited by acoustical waves with fre-
quencies in the order of a few MHz, the speed of the acousti-
cal wave is dictated by the square root of the ratio between
the elastic modulus and the material density. For silica fibers
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this velocity is given as 5,740 m/s (Tsuda CST 2006) [5]
(Beadle IEEE TUFFC 1998) [6].
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Fig. (4). The plot shows the linear relationship between the pulse
width (FWHM) and the strain applied using the piezoelectric-driven
stage.

CONCLUSIONS

From the analysis of the time response of gratings a vari-
ety of features can be retrieved, which are of importance for
further understanding the operation and fast tuning of de-
vices fabricated in fiber Bragg gratings. Particularly, the de-
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lay response and the rise time are parameters directly ob-
tained from the excitation of the grating by using a single
pulse. The technique is especially important for the design of
remote tunable grating based sensors as well as length de-
pendent tunable and fast devices.
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