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Abstract—In this work a fast Bragg grating-based tuning
device, working according to the mechanical compression of
the fiber, is demonstrated. The device achieves a tuning range
of 10 nm and presents tuning speeds up to 15 nm/ms. The
component can function as the basic element in wavelength

routers and add-drop multiplexers.
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I. INTRODUCTION

The development of wavelength division multiplexing
(WDM) systems has provided a huge increase in the
transmission capacity of optical links. Moreover, the
maturity of optical network devices such as add-drops and
optical cross-connects motivates the migration of statically
designed point-to-point optical links to dynamically
reconfigurable optical networks. However, reconfiguration
requires the employment of components that allow a wide
and rapid change of optical channels, requiring devices that
respond, at least, in the milliseconds or microsecond time
frame. Channel tuning can be achieved through several
techniques and fiber Bragg gratings (FBG) offer a practical
alternative for achieving wide tuning, once this can be
accomplished by the application of external stimulus like
temperature [1] and strain [2, 3]. However, temperature-
based systems have some disadvantages like low speed.
Additionally, longer Bragg wavelength shifts are only
possible by applying high temperatures, whereby
temperatures above 500 °C generally damage the fiber and
the grating. On the other hand, devices based on the
application of longitudinal strain requires external applied
forces easily achieved using piezoelectric actuators (PZTs)
[4], magnetic actuator [5] or step motors [6]. Literature
reports longitudinal strain systems based on the traction
and/or compression working principle, with different
performance for tuning speed and tuning range. For instance,
a tuning range of 16 nm with a tuning speed of 0.5 nm/ms is
reported in [7] using a magnetic actuator for traction. A
tuning range of 32 nm with an estimated tuning speed of
3.2x10? nm/ms is reported in [6] using step motor for
compression. Another system is described in [8] with a
tuning range of 45 nm and tuning speed of 19 nm/ms using
high-voltage ( 0 to -1000 VDC) driven actuators for traction
and compression.
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In this work, we present the design, fabrication and test
of a FBG tuning device based on the compression technique,
which provides a tuning range of 10 nm and tuning speeds
up to 15 nm/ms, but using low-voltage (0 to +100 VDC)
piezo actuators.

II. AXIAL COMPRESSION IN THE FIBER

For achieving wide tuning in fiber gratings based on
traction and/or compression one needs to understand how
longitudinal strain is applied onto the fiber. The first
assumption is to consider the fiber as a thin cylindrical,
linear, homogenous, isotropic and elastic bar. According to
the linear theory of elasticity, this hypothesis is valid for
stress estimation with an error of less than 5.6% for applied
strain < 2% [9]. Considering this constraint, when a load is
applied longitudinally (for instance, in the x direction, which

corresponds to the fiber axis), the one-dimensional
infinitesimal strain is given by
ou
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where u is the displacement function. Under the assumptions
of a linear behavior, the relationship between the stress and
the strain is given by

O-x = ng ’ (2)
where O, is the longitudinal stress, & is the longitudinal
strain and E is the Young modulus for the silica fiber. On the
other hand, the Bragg wavelength shift experienced by the
grating is proportional to the applied longitudinal strain as
computed by [3]
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where AAp is the Bragg wavelength shift, Ay is the Bragg
reference wavelength for a grating free of applied strain, n,;
is the effective index, p;; and p;, are components of the
strain optic tensor and Vv is the Poisson’s ratio, which
represents the ratio between the transversal and longitudinal
strains. Equation (3) is used to estimate the tuning range,
when gratings are submitted to traction and/or compression,
given that the device does not undergo temperature changes.
On the other hand, equation (3) considers primarily the
grating under the influence of static forces. However, if the
strain is time dependent, the same expression provides the
clue for asserting the time behavior of gratings. In this case,
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it can be rewritten as a relationship between AAg and & in
the time domain if the remaining parameters are taken as
constants:

sl =Ll el @

Thus, the temporal behavior of & dictates the temporal
behavior of Al in a linear way. This approach is necessary
in order to estimate the tuning speed as the ratio of Adg and
the time gap in which the wavelength shift is achieved, as
will be described further on.

III. COMPRESSOR DESIGN

The design of a device based on compression requires
several considerations of size, ways of applying forces on the
fiber and, particularly, the way in which the fiber is fixed and
withstand the compression strain. One particular mechanical
structure that can be used for providing compression is seen
in Fig. 1. The component consists of a metal frame shaped in
the form of a quadrilateral, with two narrow metal beams
stretching from the sides across the central part of the frame.
The fiber is placed and fixed by means of glue in a groove
fabricated in the middle of the beams. The Bragg grating is
positioned in the middle of the two beams. Compression is
achieved with the help of a piezoelectric actuator placed
across the vertical axis of the metal frame, between its
bottom and upper sides. As the actuator is stretched by
means of an applied voltage, the metal frame is pulled in the
vertical direction, making the beams come close to each
other in the central part. By doing this, the fiber and grating
are submitted to a compression load, which leads to a change
in the grating parameters, as given by (3). In order to avoid
buckling of the fiber between the beams, which may lead to
its disruption, the fiber is protected with a sleeve. The design
of the metal frame was performed using a CAD software and
ANSYS™ [10] for estimating the load to which the frame
stands without being deformed.

Fig. 1. Metal frame used in the compression-based device.

For the structure shown in Fig. 1, loads up to 1000 N (45

pm maximum displacement) are allowed without

deformation.

IV. TUNING RANGE AND SPEED

The tuning range of the Bragg wavelength is achieved as a
result of the strain experienced by the grating when it is
compressed, by the application of voltage to the piezo
actuator over its allowed range (in this case, from 0 to +100
VDC). This range can be measured with an optical spectrum
analyser, whose results are shown in Fig. 2. One observes
that for the current device the maximum tuning range is
limited to 10 nm. Within this range the shift in wavelength
is linear and reproducible over voltage. Besides the tuning
range, the other important characteristic is the tuning speed.
Tuning occurs in a time interval which, for many
applications, should be as short as possible. This way,
tuning speed turns out to be an important parameter for
reconfigurable devices and should be properly measured. In
the case of Bragg gratings, tuning speed, v, can be defined
as the ratio between the maximum wavelength shift (tuning
range) and the time needed to perform the shift. For
estimating the speed one is primarily concerned with the
measurement of two parameters: the range in which the
wavelength is tuned and the time in which this occurs, as
given by

AL (%)
Y = —— nm/ms,
At

where A/ is the tuning range and At is the time interval. Due
to its slow response, optical spectrum analysers are not
suitable for measuring the time interval. Therefore, these
parameters need to be measured or estimated, which require
a reference from which both are determined.
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Fig. 2. Tuning range of the designed compressor.

The experimental setup used for obtaining the wavelength
shift and the time interval is seen in Fig. 3. The idea behind
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the measurement is to apply a step impulse of known
voltage to the piezoelectric transducer and observe the time
response by means of a fast photo-detector (response time <
1 ns) and a digital oscilloscope when the grating is moved
from its rest position. For controlling the voltage applied to
the actuator a function generator was used. The generator
output was connected to the actuator driver, which provides
a ten times signal amplification. The function generator was
also controlled externally through the parallel port of a
personal computer by means of a routine written in
LabView. The control is necessary for sending only one
voltage square pulse to the actuator at a time. The slope of
the electric square pulse served as the reference for the onset
of the voltage to the piezoelectric transducer and for
observing the delay in the photo-detector response. Both
excitation and response waveforms were observed in a
digital oscilloscope with the corresponding data sent to the
personal computer for analysis over the GPIB interface.

Virtual

Laboratory
LabView

Light source
ASE and/or tunable laser I

Arbitrary
function
generator

Oscilloscope

Fig. 3. Experimental setup for measuring the tuning speed.

Fig. 4 shows a typical response seen on the oscilloscope
screen. The dashed lines show the behaviour of the voltage
rise (Fig. 4a) and drop (Fig. 4b) of the square pulse, when it
is applied to the actuator. The solid curves show the
photodetector response. Considering the time interval as the
time measured between the two vertical traces shown in the
figures, one can then calculate the tuning speed. For the rise
of the square pulse, the tuning speed was calculated as 2.59
nm/ms, while for the fall, the tuning speed was 15.15
nm/ms. The difference in the tuning speed is due to the
blocking force experienced by the PZT when increasing the
load. During the fall of the electric pulse, the fiber is
released from strain, making it return faster to the rest
position.
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Fig. 4. (a) Rise of the PZT load and (b) drop of the load. For the case when

the load increases, the PZT experiences a blocking force.

In a past work we have demonstrated the operation of a
4-channel reconfigurable add-drop multiplexer based on
fixed Bragg gratings. Channel reconfiguration was achieved
using 1x2 and 2x2 discrete optical switches that were driven
by TTL voltage provided by an electronic circuit under the
supervision of a microcontroller [11]. The use of many
switches (a total of five in that prototype) causes high
insertion losses that can be avoided with the employment of
a different configuration using the present tuning device.
Such configuration is seen in Fig. 5 for the same number of
channels. In place of the optical switches, one can cascade
four mechanical structures in a row, whose fibers containing
the gratings are spliced to each other. Each FBG can be
individually tuned over the external controller. The
configuration is still under construction and tests results are
not available at the present time. However, this
configuration is expected to have less insertion loss and be
of much lower cost.

Controller

Fig 5. Configuration of the proposed reconfigurable OADM.
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V. CONCLUSIONS

We have presented a Bragg grating-based tuning device,
whose working principle relies on the compression of the
fiber. The structure allows tuning in a 10nm range. Within
this range the shift in wavelength is linear and reproducible
over voltage, making it very reliable for applications in
WDM networks, where channel reconfiguration is required.
The range is limited by constraints that act to reduce the
compression applied to the fiber. For instance, as the
compression strength rises, the fiber suffers buckling
between the beams in the central part of the mechanical
frame. This contributes to release the strength and also leads
to the breaking of the fiber. Tuning speed is the other
important factor in reconfigurable devices. Although
different speeds are achieved during the rise and fall of the
electric pulse (2,6 nm/ms and 15,2 nm/ms, respectively), the
present device can still sweep the whole range of the C-band
in a very short time. Considering the reconfiguration time of
optical channels in SDH networks (50 ms), the device
demonstrated here can work well under the required limit.
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