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TITLE OF INVENTION

OPTICAL SENSOR AND METHOD BASED ON THE PROPAGATION OF
BRAGG SOLITONS IN NON-UNIFORM ONE-DIMENSIONAL PHOTONIC
CRYSTALS

FIELD OF INVENTION
The present invention relates to optical sensors and more particularly to
optical environmental sensors and routers based on the propagation of Bragg

solitons in a one-dimensional photonic crystal.

BACKGROUND ART

A sensor is a device which measures a physical quantity or parameter and
converts it into a signal which can be read by an observer or by an instrument. A
sensor's sensitivity indicates how much the sensor's output changes when the
measured quantity changes. For instance, if the mercury in a thermometer moves
lcm when the temperature changes by 1°, the sensitivity is lcm/1°. Sensors that
measure very small changes must have very high sensitivities.

A router is a device that forwards information along networks A router has at
least one input signal terminal and at least two output signal terminals. In addition,
the router also has a control signal terminal. According to the control signal through
the control terminal the router directs or routes the signal at the input terminal to
one of the output terminals. Routers are often electronic devices that are common in
telephony networks and computer networks, though routers can also be also
mechanical or optical devices. Sometimes routers can also be software in a
computer.

A photonic crystal is an optical medium that has a periodic or quasi-periodic
structure of the refractive index. When the photonic crystal is periodic only in one
direction, it is referred to as a one-dimensional photonic crystal. Such one-
dimensional (1D) crystal is often referred to as grating. One important family of
such gratings is the fiber Bragg gratings (FBG): it is an optical fiber in which the

core refractive index is modulated by a periodic function. The FBGs are usually
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realized by side illumination of the optical fiber by intense ultra-violet (UV) light.

Gratings are characterized by modulation depth of the refractive index, by the

periodicity step A, and by the average refractive index P4 over one period of the

grating. When light enters the grating, the phase and the amplitude of the reflected
or transferred light greatly depend on the wavelength of the incident light, 1. The
wavelength discrepancy or dispersion of the grating is strongest when

A~2n, A=A, Ais called "Bragg wavelength” and when the wavelength of the

incident light is close to the Bragg wavelength, most of the light is reflected from
the grating. The high reflectivity region in the wavelength domain is called
"photonic bandgap".

Most fiber Bragg gratings are used in single-mode fibers. Telecom
applications of FBGs often involve wavelength filtering, e.g. for combining or
separating multiple wavelength channels in wavelength division multiplexing
systems (optical add-drop multiplexers). Extremely narrow-band filters can be
realized e.g. with rather long FBGs (having a length of tens of centimeters) or with
combinations of such grating.

FBGs can be used as end mirrors of fiber lasers (distributed Bragg reflector
lasers, DBR fiber lasers), then typically restricting the emission to a very narrow
spectral range. Even single-frequency operation can be achieved e.g. by having the
whole laser resonator formed by a FBG with a phase shift in the middle (distributed
feedback lasers). Outside a laser resonator, an FBG can serve as a wavelength
reference e.g. for stabilization of the laser wavelength. This method can also be
applied for wavelength-stabilized laser diodes. |

In some fibers, there can be a significant deviation between the Bragg
wavelengths for different polarization directions (i.e., a birefringence). This may be
used e.g. for fabricating rocking filters.

Bragg solitons is a general term that refers to intense optical pulses (beams)
that propagate inside the photonic crystals, in which the strong dispersion

(diffraction) associated with the photonic crystals' bandgap that would in linear
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regime broaden the pulses (beams) along their propagation, is compensated by non-
linear effects such as Kerr non-linearity resulting in pulses (beams) with constant
intensity characteristics that can propagate long distances without broadening [1]. In
the scope of this application, the term Bragg soliton specifically refers to strong
optical pulses, which central frequency is close to the Bragg wavelength (or the
average Bragg wavelength in case of quasi-periodic structures) and may even be
located inside the photonic bandgap, which intensity profile is not significantly
damaged during the propagation along the photonic crystal, due to the delicate
balance between the linear and non-linear effects,, and that at least at some sections
along the photonic crystal propagate with group velocity that is much lower than the
speed of light.

The central frequency of Bragg or as they are also called "gap" solitons may
be located within or close to the grating bandgap. Recently, the propagation of a
Bragg soliton with a velocity significantly lower then the speed of light in the fiber
was demonstrated using mid-range power pulses [2].

Recently, novel optical logic gates based on the interaction between Bragg.
solitons were theoretically demonstrated [3]. In these gates the solitons propagation
direction is changed due to the two-soliton interaction in non-uniform gratings. It
was shown, that the physical effect that causes a soliton to change its propagation is
the relatively smail shifts in the interacting solitons' frequencies due to the non-
linear interaction between them.

The soliton dynamics, as indicated in reference [3] are extremely sensitive to
the relative offset between the soliton wavelength and the grating period or pitch.
As effective pitch of the grating is a function of the environmental parameters such
as temperature and strain, the soliton dynamics in gratings are highly sensitive to
the environmental conditions. This sensitivity can be utilized in order to obtain
extremely sensitive sensors based on soliton propagation in non-uniform gratings,
or in order to rout the propagating mid-range power optical pulses by changing the

environmental conditions, such as the strain of an FBG.
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SUMMARY OF INVENTION

It is an object of the present invention to use propagation properties of Bragg
solitons along non-uniform gratings in a one-dimensional photonic crystal in order
to obtain a sensor for environmental parameters.

It is another object of the present invention to use propagation properties of
Bragg solitons along non-uniform gratings in a one-dimensional photonic crystal in
order to obtain a sensor for detecting very small changes in an environmental
parameter.

It is further object of the present invention to perform optical routing of
optical pulses by means of environmental changes.

In FBGs, the high frequency selectivity of the grating can be used for
utilizing small pitch changes in the grating induced by small environmental changes
in order to change the propagation direction of optical pulses.

In one aspect the present invention relates to an optical sensor for measuring
changes in environmental parameters, comprising:

(1) a non-uniform one-dimensional photonic crystal receiving a plurality
of input optical pulses, comprising: a first region used to obtain Bragg solitons; a
second region used to slow down propagating Bragg solitons; and a third region
used to de-couple the transmitted Bragg soliton outside the one-dimensional
photonic crystal’s grating;

(ii) a laser source adapted for repetitive generating of pulses of
sufficiently stable frequency for repetitive launching of Bragg solitons towards said
one-dimensional photonic crystal;

(iii) a detector for measuring the characteristics of the output pulse of the
said one-dimensional photonic crystal; and

(iv)  a predetermined scale to convert the measurements of the output pulse
to the corresponding environmental parameter

such that laser light frequency and the one-dimensional photonic crystal's
grating pitch are tuned to a point, where the sensitivity of the sensor is at maximum,

corresponding to a known environmental parameter according to a predetermined
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scale, and given the change in the measured output pulse characteristics, the change
in the environmental parameter is estimated according to said predetermined scale.

Optionally, the laser source can be a pulsed laser source.

The environmental parameters measured include but are not limited to:
temperature, barometric pressure, strain, humidity or a concentration of a solvent in
a solution in which the sensor is situated.

In one embodiment of the present invention, the one-dimensional photonic
crystal is a non-uniform fiber Bragg grating (FBG), Multilayer films, a quasi-
periodfic structure of the refractive index (i.e. grating) implemented in chalcogenide-
based planar waveguides or a quasi-periodic structure of the refractive index (i.e.
grating) implemented in Erbium doped fiber.

In another embodiment of the present invention, the FBG is a chirped FBG
or an appodized FBG. '

The measured characteristics of the output pulse are typically intensity
and/or energy though other characteristics can also be measured.

In another aspect the present invention relates to a method for measuring a
change in given an environmental parameter, comprising the steps of:

(1) implementing a non-uniform one-dimensional photonic crystal
comprising: a first region used to bbtain Bragg solitons; a second region used to
slow down propagating Bragg solitons; and a third region used to de-couple
transmitted Bragg solitons outside the one-dimensional photonic crystal;

(ii)  generating by a laser light source pulses train for repetitive launching
of Bragg solitons at a sufficiently stable frequency towards said non-uniform one-
dimensional photonic crystal;

(iii) tuning the laser light frequency and the one-dimensional photonic
crystal's grating pitch to a point of high sensitivity, such that a low magnitude
change in the environmental parameter triggers a high magnitude change in the

output pulse characteristics; and
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(iv) detecting the change in the given environmental parameter by
measuring the change in the measured output pulse characteristics, and estimating
the environmental parameter change magnitude according to a predefined scale.

In one embodiment of the present invention, the non-uniform one-
dimensional photonic crystal comprises a chirped section of a finite length, in which
the grating period is monotonically decreasing towards the center the photonic
crystal in case of optical material with positive non-linearity, or monotonically
increasing towards the center the photonic crystal in case of material with negative
non-linearity.

In another embodiment of the present invention, the non-uniform one-
dimensional photonic crystal comprises a first appodized section, in which the
modulation amplitude of the grating is monotonically increasing towards the center
the photonic crystal for efficient coupling of light into the grating.

In yet another embodiment of the present invention, the non-uniform one-
dimensional photonic crystal further comprises a second appodization section for
efficient light de-coupling from the grating; in which the modulation amplitude of
the grating is decreasing along the fiber.

In yet another embodiment of the present invention, the non-uniform one-
dimensional photonic crystal further comprises another appodization section for
efficient light de-coupling from the grating, in which the modulation amplitude of
the grating is decreasing outwards from the center of the photonic crystal.

In a further embodiment of the present invention, the grating is fabricated
inside Erbium doped fiber to overcome losses in the grating, in which case the
grating is pumped by pumping laser.

In yet a further embodiment of the present invention, the stable laser source
is a continuous wave (CW) laser followed by optical modulators and Erbium doped
optical amplifiers, mode-locked lasers or Q-switched lasers.

In yet another embodiment of the present invention, the laser source is
followed by a narrow-band filter for further frequency stabilization of the laser

source.
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In yet another embodiment of the present invention, tuning the grating pitch
is performed by building a mechanical arrangement.

In yet another embodiment of the present invention, the mechanical
arrangement comprises tuning by temperatﬁre control and/or applied mechanical
strain through a sensitive piezoelectric element, or an applied transverse direct
current (DC) electric field in the proximity of the fiber.

In yet a further embodiment of the present invention, measuring the output
pulse characteristics at the output of the grating is performed by a measuring device
comprising an optical sensor that translates photons flux into electric current, and an
I/O unit that allows one to observe the measured electric current as a function of
time or as an averaged electric current.

In yet another embodiment of the present invention, the measuring device is
an optical sensor followed by an oscilloscope.

In yet another embodiment of the present invention, a plurality of non-
uniform one-dimensional photonic crystals are used simultaneously by splitting the
input laser pulse a plurality of gratings and measuring the output of the plurality of
grating simultaneously. The plurality of gratings can be tuned differently from each
other in order to obtain more accurate (higher resolution) estimations of the
environmental parameter at a given time.

In yet another aspect the present invention relates to an optical router for
mechanical control over the propagation direction of optical pulses, comprising:

(1) a non-uniform one-dimensional photonic crystal receiving a plurality
of input optical pulses, comprising: a first region used to obtain Bragg solitons; a
second region used to slow down propagating Bragg solitons; and a third region
used to de-couple the transmitted Bragg soliton outside the one-dimensional
photonic crystal’s grating;

(ii)  a mechanical controller for controlling the strain of the non-uniform

one-dimensional photonic crystal;
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such that for strain values below some threshold value the input optical
pulses are back-reflected, while above the threshold value the input optical pulses
are transmitted.

In one embodiment of the present invention, the mechanical controller is a
piezoelectric translator.

The specific parameter of the environmental conditions includes but is not
limited to: temperature, barometric pressure, strain, humidity or a concentration of
some solvent in a solution in which the non-uniform one-dimensional crystal is

situated.

BRIEF DESCRIPTION OF EMBODIMENTS

Fig. 1 show the structure of the chirped FBGs used as a sensor or as an AND
gate.

Fig. 2 shows the schematic drawing of the strain-controlled router

Fig. 3 shows the schematic drawing of the novel optical sensor based on

soliton propagation.

DESCRIPTION OF THE INVENTION

In Ref. [3] a novel AND gate is presented based on soliton propagation in
non-uniform grating. Fig. 1A shows the schematic drawing of the non-uniform
grating structure that comprises the AND gate. In the specific design, the average
index of the grating over one period is not constant along the grating. The average

index is given by ’;e/;-(z) =n,,(0)+ An,; (z). Along the first section of the grating, the

average index is decreased, reaching a minimum value that remains constant along
the second, central section, while the average index along the third section is
increased, towards its initial value at z=0. The role of the ﬁrst section is to
adiabatically bring the photonic bandgap closer towards the propagating soliton

frequency contents. As a result the soliton slows down. In the case of the AND gate,
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a single soliton is back reflected before reaching section II. However, if two solitons
are launched, during the two-soliton interaction one of the solitons central
frequency is up-shifted. As a result, the soliton penetrates section II of the grating,
and is accelerated along section III. The frequency gain needed to alter the soliton
propagation direction is small, on the order of ~50MHz, in case of the specific
structure chosen in Ref. [3].

A similar effect of the grating on the soliton propagating can be obtained if

instead of decreasing and increasing the average refractive index n,,(z)along

sections I and III respectively, the local grating pitch is decreased in section I and
increased in section III. Another option is to keep the average refractive index and
the grating pitch constant along the grating, only changing the modulation depth of
the grating, increasing it along section I, and decreasing it along section III..

Instead of inducing change in soliton frequency, soliton propagating
direction along the grating can be altered by slightly changing the effective Bragg
wavelength of the grating. Decreasing Bragg wavelength will bring the created
photonic bandgap closer to the propagating soliton, and as a result a soliton that
would penetrate the structure before the small increase in the Bragg wavelength, can
be back reflected after the small increase.

According to the Bragg condition formula, the decrease in Bragg wavelength
can be caused by (a) decrease in the average refractive index or (b) the grating
pitch. Grating pitch can be controlled with a sub-picometer resolution using piezo-
electric stages. By connecting one of the gating ends to a stationary stage, and the
other end to a piezo-electric stage, as shown in Fig. 2, the grating pitch can be
controlled by th.e piezo-stage position, accurately increasing or decreasing the strain
along the grating. By changing the grating strain using the piezo stage, one can
control whether the entering pulse will be transmitted or back-reflected from the
grating, obtaining a router that can be controlled by mechanical strain.

The grating pitch change can be induced by various physical changes in the
environment of the fiber, such as physical strain, temperature change, humidity

change (effectively, through the propagating mode propagation constant) etc.

9



10

15

20

25

30

WO 2009/087635 PCT/IL2009/000038

Accdrdingly, the described device of the invention can sense extremely small
changes in the environment and translate these changes into drastic changes in the
transmission intensity. The typical measurement setup to detect such changes is
depicted in Fig. 3. It includes a grating similar to that introduced above, a
(optionally pulsed), stable laser source 10 that generates pulses train for repetitive
launching of Bragg solitons at a sufficiently stable frequency and an optical detector
20 on the transmission side of the grating. Optionally, the optical detector 20 can
also be connected to a power meter 30 (or any other available measuring device or
method) to reflect the change in the measured environmental parameter. The laser
frequency and the grating pitch can be tuned one towards the other, both by using
laser frequency tuning and the grating strain tuning by the piezo-electric stage. The
grating should be put in such way, so that the physical force under the measurement
would apply on it. The optical detector 20 would measure the optical intensity at the

output of the grating. When the applied physical force becomes lower or higher of

some threshold value, the direction of propagating of the Bragg soliton would

change. As a result a drastic change in grating transmission would be detected by
the sensor.

The sensor relies on propagation of slow Bragg solitons. Since the losses in
FBGs are much higher than the losses in untreated fiber, the slowly propagating
Bragg solitons can experience a sufficient attenuation while propagating through the
grating. Due to the losses the propagating soliton can break and couple to dispersive
waves. Accordingly, we propose a method to overcome the attenuation of slow
Bragg solitons in the above mentioned sensor and also for other applications not
described here. The idea is to write the FBG for Bragg solitons propagation into an
Erbium doped fiber, similarly to the distributed feedback (DFB) lasers. Here,
however, our interest is not to use the grating as a laser amplifying cavity, but only
to achieve a sufficient distributed gain to overcome the losses. As a result we do not
restrict ourselves to phase-shifted gratings and to optical frequencies well inside the
bandgap.

The sensitivity of the sensor of the invention can be determined as following:

10
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The Bragg condition is:
A=2n,A (5)

Where A is the optical wavelength in the vacuum, Ais the grating pitch and
n, is the effective refractive index of the fiber. For optical fibers and wavelength in
the IR (infrared) region, n, ~1.5.

As demonstrated for the AND gate, a change of 50MHz in the carrier
frequency of the incident pulse causes the soliton to be transmitted or reflected and
as a result a peak power detection at the output of the grating changes from 0 to
approximately 3 kW. For optical wavelength close to 1550 nm, a deviation of +1nm
in the optical wavelength is equivalent to approximately -125 GHz deviation in
optical frequency. Hence, a change of SOMHz corresponds to approximately 0.4pm
change in the optical wavelength. As a result, the sensitivity of our sensor can be

defined as:

s, =‘ﬂ _ 3 g K 6)
AA| 0.4pm pm

Next, we may use different expansion constants for the silica to determine

the temperature and the pressure sensitivity of our device. According to Eq. (5) a

connection between the change in the optical wavelength, A4, the change in the

grating pitch, AA, and the change in the effective refractive index, An,, is given
by:

AL =2n,AN+2AAn,, @)

We base the calculations upon Ref [4].

For a pressure change, AP we get:

LA A2 soaee 22
AP Y Pa ®
An, 1-2vH, 1
eff eff -12
ol kil +2p.)~6.9x1072 —
P Ty a Put2pa) Pa

11
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where v is the Poisson's ratio of silica (v =0.16), Y is the Young's modulus

(Y =6.5x10" Pa), p,, =0.12 and p, =0.27. As a result the pressure sensitivity S,

is:

An
R | A oess s
AP| |AA| AA An, =0 AP Angyl o Pa N/mm
5
For the temperature sensitivity, we have:
AA _psx107 L= 02522
AT C C
(10)
Ane/f 10" _1_
AT °
As a result the temperature sensitivity S, is:
An
10 ST=|N|=|M A4l CoL MI o z64IZW (11)
|AT| ‘Al AA]Aneff_o AT~ Ang|,,_o AT C

Although the invention has been described in detail, nevertheless changes
and modifications, which do not depart from the teachings of the present invention,
will be evident to those skilled in the art. Such changes and modifications are

15 deemed to come within the purview of the present invention and the appended

claims.
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CLAIMS

Claim 1. An optical sensor for measuring changes in an environmental

parameter, comprising:

(1) a non-uniform one-dimensional photonic crystal receiving a plurality
of input optical pulses, comprising: a first region used to obtain Bragg
solitons; a second region used to slow down propagating Bragg solitons; and
a third region used to de-couple the transmitted Bragg soliton outside the

one-dimensional photonic crystal’s grating;

(ii) a laser source adapted for repetitive generation of pulses of
sufficiently stable frequency for repetitive launching of Bragg solitons

towards said one-dimensional photonic crystal;

(iii) a detector for measuring the characteristics of the output pulse of the

said one-dimensional photonic crystal; and

(iv)  a predetermined scale to convert the measurements of the output pulse

to the corresponding environmental parameter

such that laser light frequency and the one-dimensional photonic crystal's
grating pitch are tuned to a point, where the sensitivity of the sensor is at
maximum, corresponding to a known environmental parameter according to
a predetermined scale, and given the change in the measured output pulse
characteristics, the change in the environmental parameter is estimated

according to said predetermined scale.

Claim 2. An optical sensor according to claim 1, wherein said environmental
parameter comprises: temperature, barometric pressure, strain, humidity or a

concentration of a solvent in a solution in which the sensor is situated.

Claim 3. An optical sensor according to claim 1, wherein said one-dimensional

photonic crystal is a non-uniform fiber Bragg grating (FBG), Multilayer films, a

14
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quasi-periodic structure of the refractive index implemented in chalcogenide-based

planar waveguides or a quasi-periodic structure of the refractive index implemented

in Erbium doped fiber.

Claim 4. An optical sensor according to claim 3, wherein said FBG is a chirped
FBG or an appodized FBG.

Claim 5. An optical sensor according to claim 1, wherein the measured

characteristics of the output pulse are intensity or energy or both.

Claim 6. An optical sensor according to claim 1, wherein said non-uniform
one-dimensional photonic crystal comprises a first appodization section, in which
the modulation amplitude of the grating is monotonically increasing towards the

center of the photonic crystal for efficient coupling of light into the grating.

Claim 7. An optical sensor according to claim 1, wherein said non-uniform
one-dimensional photonic crystal comprises a chirped section of a finite length, in
which the grating period is monotonically decreasing towards the center of the
photonic crystal in case of optical material with positive non—lihearity, or
monotonically increasing towards the center of the photonic crystal in case of

optical material with negative non-linearity.

Claim 8. An optical sensor according to claim 1, wherein said non-uniform
one-dimensional photonic crystal further comprises another appodization section for
efficient light de-coupling from the grating, in which the modulation amplitude of

the grating is decreasing along the photonic crystal outwards from the center.

Claim 9. An optical sensor according to claim 1, wherein the grating is
fabricated inside Erbium doped fiber to overcome losses in the grating, in which

case the grating is pumped by a pumping laser.

15
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Claim 10.  An optical sensor according to claim 1, wherein said laser source is a
CW laser followed by optical modulators and Erbium doped optical amplifiers,

mode-locked lasers or Q-switched lasers.

Claim 11.  An optical sensor according to claim 10, wherein said laser source is
followed by a narrow-band filter for further frequency stabilization of said laser

source.

Claim 12.  An optical sensor according to claim 1, wherein tuning the grating

pitch is performed by building a mechanical arrangement.

Claim 13.  An optical sensor according to claim 12, wherein said mechanical
arrangement comprisés grating tuning by temperature control and/or applied
mechanical strain through a sensitive piezoelectric element, or by applied DC

electrical field.

Claim 14.  An optical sensor according to claim 1, whereinvmeasuring the output
pulse characteristics at the output of the grating is performed by a measuring device
comprising an optical sensor that translates photons flux into electric current, and an
I/O unit that allows one to observe the measured electric current as a function of

time or as an averaged electric current.

Claim 15.  An optical sensor according to claim 14, wherein said measuring

device is an optical sensor followed by an oscilloscope.

Claim 16.  An optical sensor according to claim 1, wherein a plurality of non-
uniform one-dimensional photonic crystals are used simultaneously by splitting the
input laser pulse between the said plurality of non-uniform one-dimensional
photonic crystal and measuring the output of the plurality of non-uniform one-

dimensional photonic crystals simultaneously.

Claim17. A method for measuring a change in a given environmental

parameter, comprising the steps of:
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(1) implementing a non-uniform one-dimensional photonic crystal
comprising: a first region used to obtain Bragg solitons; a second
region used to slow down propagating Bragg solitons; and a third
region used to de-couple transmitted Bragg solitons outside the one-

dimensional photonic crystal;

(ii)  generating by a laser source pulses train for repetitive launching of
Bragg solitons at a sufficiently stable frequency towards said non- ‘

uniform one-dimensional photonic crystal;

(iii) tuning the laser light frequency and the one-dimensional photonic
crystal's grating pitch to a point of high sensitivity, such that a low
magnitude change in the environmental parameter triggers a high

magnitude change in the output pulse characteristics; and

(iv) detecting the change in the given environmental parameter by
measuring the change in the measured output pulse characteristics,
and estimating the environmental parameter change magnitude

according to a predefined scale.

Claim 18. A method according to claim 17, wherein said environmental
parameter comprises: temperature, barometric pressure, strain, humidity or a

concentration of some solvent in a solution in which the photonic crystal is situated.

Claim 19. A method according to claim 17, wherein said one-dimensional
photonic crystal is a non-uniform fiber Bragg grating (FBG), Multilayer films, a
quasi-periodic structure of the refractive index implemented in chalcogenide-based
planar waveguides or a quasi-periodic structure of the refractive index implemented

in Erbium doped fiber.

Claim 20. A method according to claim 19, wherein said non-uniform photonic

crystal is a chirped one or an appodized one.
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Claim21. A method according to claim 17, wherein said non-uniform one-
dimensional photonic crystal comprises a first appodization section, in which the
modulation amplitude of the grating is monotonically increasing towards the center

of the photonic crystal for efficient coupling of light into the grating.

Claim22. A method according to claim 17, wherein said non-uniform one-
dimensional photonic crystal comprises a chirped section of a finite length, in which
the grating period is monotonically decreasing towards the center of the photonic
crystal in case of optical material with positive non-linearity, or monotonically
increasing towards the center of the photonic crystal in case of optical material with

negative non-linearity.

"Claim23. A method according to claim 17, wherein said non-uniform one-

dimensional photonic crystal further comprises another appodization section for
efficient light de-coupling from the grating, in which the modulation amplitude of

the grating is decreasing outwards from the center of the photonic crystal .

Claim24. A method according to claim 17, wherein the grating is fabricated
inside Erbium doped fiber to overcome losses in the grating, in which case the

grating is pumped by a pumping laser.

Claim 25. A method according to claim 17, wherein the said pulsed laser source
is a CW laser followed by optical modulators and Erbium dopéd optical amplifiers,

mode-locked lasers or Q-switched lasers.

Claim 26. A method according to claim 25, wherein said laser source is followed

by a narrow-band filter for further frequency stabilization of the said laser source.

Claim 27. A method according to claim 17, wherein tuning the grating pitch is

performed by building a mechanical arrangement.

Claim28. A method according to claim 27, wherein said mechanical

arrangement comprises grating tuning by temperature control and/or applied
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mechanical strain through a sensitive piezoelectric element, or by applied DC

electrical field.

Claim29. A method according to claim 17, wherein measuring the output pulse
characteristics at the output of the grating is performed by a measuring device
comprising an opticél sensor that t}anslates photons flux into electric current, and an
/O unit that allows one to observe the measured electric current as a function of

time or as an averaged electric current.

Claim 30. A method according to claim 29, wherein said measuring device is an

optical sensor followed by an oscilloscope.

Claim 31. A method according to claim 17, wherein a plurality of non-uniform
one-dimensional photonic crystals are used simultaneously by splitting the input
laser pulse between the said plurality of non-uniform one-dimensional photonic
crystal and measuring the output of the plurality of non-uniform one-dimensional

photonic crystals simultaneously.

Claim 32.  An optical router for mechanical control over the propagation

direction of optical pulses, comprising;:

(1) a non-uniform one-dimensional photonic crystal receiving a plurality
of input optical pulses, comprising: a first region used to obtain Bragg
solitons; a second region used to slow down propagating Bragg solitons; and
a third region used to de-couple the transmitted Bragg soliton outside the

one-dimensional photonic crystal’s grating;

(ii)  a mechanical controller for controlling the strain of the non-uniform

one-dimensional photonic crystal;

such that for strain values below some threshold value the input optical
pulses are back-reflected, while above the threshold value the input optical

pulses are transmitted.
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Claim 33.  An optical router according to claim 32, wherein the mechanical

controller is a piezoelectric translator.
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