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DESCRIPTION

DUAL SOURCE CALIBRATION FOR DISTRIBUTED TEMPERATURE SYSTEMS

BACKGROUND OF THE INVENTION
L. Field of the Invention

The present invention relates generally to temperature sensing. More particularly,
the present disclosure relates to systems for calibrating temperature profiles in, for

example, a distributed line system.
2 Description of Related Art

Optical fibers have been used for optical communication for decades. Recently,
optical fiber sensing technologies have grown rapidly due to fiber advantages, which
conventional electrical sensors do not have. The advantages of fiber include the ability to
handle much higher bandwidth and inherently safe operation (no generation of electric
sparks). Also optical fiber is inherently immune to EMI (ElectroMagnetic Interference),
and it does not radiate EMI. A prominent feature of the fiber is the capability of true
distributed parameter measurement. Utilizing this technology, temperature and strain
profiles along significant distances can be monitored over extended lengths. Many
temperature data points can be processed along a considerable length, over tens ot
kilometers.  The resultant distributed measurement 1s equivalent to numerous
conventional point temperature sensors which would require more deployment equipment

and a higher operational costs.

When an optical fiber is excited with a laser light with a center wavelength A,
most of the light may be transmitted but small portions of incident light A are scattered
backward and forward along the fiber. Scattered light is categorized info three bands:
Rayleigh, Raman, and Brillouin scatterings. For the measurement of distributed
temperatures, a few components may be used such as a Rayleigh scattering, which 1s the

same as an excitation wavelength A, and a Stokes and anti-Stokes components which are
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longer and shorter than A, respectively. These three components may be separated by
optical filters and received by the photo detectors to convert the light to electrical signals.
The ratio of temperature sensitive anti-Stokes intensity to temperature insensitive

Rayleigh or Stokes intensities may be used for temperature measurement.

To obtain a local temperature profile along a distance, two methods — time domain
approach and frequency domain approach have — been applied conventionally. The time
domain method uses a pulsed light source and the position of the temperature is 1dentified
by the calculation of the pulse round trip time to the distance under test. The frequency
method uses a modulated laser source and the position can be calculated by applying the
inverse Fourier transformation of a sensing fiber’s ftransfer function or frequency

response.

U.S. Patent 5,113,2'77 discloses a Fiber Optic DTS (Distributed Temperature
Sensing) system, which involves a pulsed light source and a temperature measurement

was made by the ratio between Stokes and anti-Stokes intensities at each measured
distance determined from the roundtrip time of the pulse. U.S. Patent 7,057,714 discloses
a stepped modulation method to sweep the frequency of the laser source. The time
domain profiles of Stokes and anti-Stokes attenuations are obtained by applying the
inverse Fourier transformation of amplitude and phase responses of each modulating
frequency component. The time domain method is simpler than frequency domain

analysis but it requires a costly pulsed light source and higher data acquisition

components but has a lower signal to noise characteristics.

The temperature profile along the sensing fiber in DTS is obtained by the ratio of
the temperature insensitive Stokes to temperature sensitive anti-Stokes backscattered
intensities from a deployed sensing fiber as described above. But both scattering
intensities are also dependent on, for example, mechanical and chemical perturbations
such as micro bends, tensions, compressions and chemical ingressions such as hydrogen
gas, which are common in an oil field environment under high temperatures and high
pressurcs. This kind of ambiguity, i.e., whether the scattering intensities are made by
pure local temperature effect or by other effects mentioned above particularly in an anti-
Stokes profile, usually introduces some errors in the temperature calculation and needs to

be corrected to generate more accurate temperature measurements. This ambiguity may

be corrected with the aid of conventional optical reflectometry methods, in which the
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backscattered light provides a measure of wavelength dependant attenuations. In order to
implement this idea to the DTS system, an extra incident source with the same
wavelengths and similar line width of anti-Stokes or Stokes bands is required.
Commercial availability and/or the cost have been major obstacles for a practical

implementation of this correction technique.

The referenced shortcomings above are not intended to be exhaustive, but rather
are among many that tend to impair the effectiveness of previously known techniques for
temperature profiling; however, those mentioned here are sufficient to demonstrate that
the methodologies appearing in the art have not been altogether satisfactory and that a

significant need exists for the techniques described and claimed in this disclosure.

SUMMARY OF THE INVENTION

The present disclosure provides an economic and straightforward solution for
determining an accurate temperature profile in a distribution line system, and more
particularly for correcting error generated by the ambiguities of a local sensing fiber
cable. Embodiments of this disclosure utilize a secondary light source whose Stokes band

coincides with the anti-Stokes band of a primary light source of the DTS system.

In one respect, a method is provided. The method may provide a first and second
light source. The first light source may be configured to operate in a measurement mode
and the second light source may be configured to operate in a correction mode. The
second light source may have a Stoke band substantially similar to the anti-Stoke band of

the first light source. A ratio between the anti-Stoke band and Stoke band may be used to

calibrate a temperature sensing system.

In some respects, a sensing fiber may be illuminated with a first light source and
an anti-Stoke band may be detected. Similarly, the sensing fiber may be illuminated with
a second light source and a Stokes band may be detected. A ratio between the detected

Stokes band and anti-Stokes band may be used to calibrate a temperature sensing system.

The terms “a” and “an” are defined as one or more unless this disclosure explicitly

requires otherwise.

2% <6

The term “substantially,” “about,” and its variations are defined as being largely

but not necessarily wholly what is specified as understood by one of ordinary skill in the

art, 1n one non-limiting embodiment substantially and its variations refers to ranges
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within 10%, preferably within 5%, more preferably within 1%, and most preferably

within 0.5% of what 1s specified.

The term “coupled” 1s defined as connected, although not necessarily directly, and

not necessarlly mechanically.

The terms “comprise” (and any form of comprse, such as “comprises” and
“comprising’), “have” (and any form of have, such as “has” and “having), “include”
(and any form of include, such as “includes” and “including”) and “contain” (and any
form of contain, such as “contains” and ““‘containing”) are open-ended linking verbs. As a
result, a method or device that “comprises,” “has,” “includes™ or “contains” one or more
steps or elements possesses those one or more steps or elements, but 1s not Iimited to
possessing only those one or more elements. Likewise, a step of a method or an element
of a device that “comprises,” “has,” “includes” or “contains” one or more features
possesses those one or more features, but 1s not limited to possessing only those one or

more features.

Other features and associated advantages will become apparent with reference to

the following detailed description of specific embodiments in connection with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to
further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the

detailed description of specific embodiments presented herein.
FIG. 1 shows a block diagram of a distributed temperature sensing system.

F1G. 2 shows scattering components from the distributed temperature sensing system ot
FIG. 1.
FIG. 3 shows a corresponding output of the components of FIG. 2 trom an optical

wavelength separation assembly.

FIG. 4 shows a wavelength diagram of a distributed temperature sensing system, 1n

accordance with embodiments of the disclosure.
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FIG. 5 shows a graph of scattering bands of a primary light source and a secondary light
source, in accordance with embodiments of the disclosure.
FIG. 6 shows a block diagram of a calibration system, in accordance with embodiments ot
the disclosure.
FIGs. 7 A and 7B show a profile of an anti-Stokes band of a primary light source and a
Stokes band of a secondary light source, 1n accordance with embodiments of the disclosure.
FIG. 8 shows a profile of a primary light source and a second light source, in accordance
with embodiments of the disclosure.
FIG. 9 shows the difference between the primary light source and the second light source
profile of FIG. 8, in accordance with embodiments of the disclosure.
FIG. 10 shows a block diagram of a calibration system, in accordance with embodiments of
the disclosure.
FIG. 11 shows a block diagram for detecting corrosion, in accordance with embodiments ot
the disclosure.
FIGs. 12A-12D show integration of a luminescent layer on a fiber, in accordance with
embodiments of the disclosure.
FIG. 13 shows a block diagram of a system, in accordance with embodiments of the
disclosure.
FIGs. 14A and 14B show an output of the system of FIG. 13 indicating where corrosion has
occurred, in accordance with embodiments of the disclosure.
DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

The disclosure and the various features and advantageous details are explained more
fully with reference to the non-limiting embodiments that are illustrated in the accompanying
drawings and detatled in the following description. Descriptions of well known starting
materials, processing techniques, components, and equipment are omitted so as not to
unnecessarily obscure the invention in detail. It should be understood, however, that the
detailed description and the specific examples, while indicating embodiments of the

invention, are given by way of illustration only and not by way of limitation.
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The present disclosure provides techniques for improving the accuracy of distributed
temperature measurements derived from the intensities ot back scattered wavelengths along a
sensing fiber in a distributed fiber temperature sensing instrument. Optical attenuation along
the optical fiber sensing cable may be empirically derived for the light wavelengths of
interest and may be used to obtain an improved temperature calculation. An apparatus of the
present disclosure integrates fiber with two or more different incident wavelengths. The
wavelength values are chosen so the anti-Stokes Raman return of the primary light source 1s
substantially the same value as the Stokes Raman return of the secondary light source. This
Raman Stokes backscatter may be used as indicator of fiber attenuation profile for the
primary light source's anti-Stokes wavelength.

In one respect, the present disclosure covers both a time domain method which uses
optical pulsed light sources (for the first and second light sources) and a frequency domain
method, which is based on other types of modulation known in the art of the first and second
light sources.

Referring to FIG. 1, a basic configuration of a DTS system based on light scattering is
shown. The light source 10 is injected into a lead fiber 11 to reach the sensing fiber 14
through a light splitter/combiner 12, which 1s coupled to sensing fiber 14. When the light is
guided to a sensing fiber, a portion of the light 1s scattered and travels to a wavelength
selector 16 through a splitter/combiner 12 again via lines 13 and 15, respectively. The
backscattered light from fiber 16 may include a Raleigh component 17 (same center
wavelength as injected light), a Brillouin component 18, 19 and a Raman scattering
component 20, 21. The latter two may be shifted from the input wavelength and have
mirrored 1mages symmetrical to the two components called Stokes and anti-Stokes.

Among these scatterings, Raleigh component 17 and Raman components 20
(Stokes) and 21 (anti-Stokes) are used for the calculation of temperature profile. The Stokes
and anti-Stokes band may be separated by more than tens of nanometers but Brillouin
components are more closely spaced- less than about 0.1 nm from the Rayleigh bandwidth.

These components are shown in FIG. 2.
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To calculate the temperature profile, back scattered light components may be fed
to an optical wavelength separation assembly 16, and the light may be separated to three
groups, anti-Stokes (AS), Rayleigh (R), and Stokes (S). The output of each group, shown
in FIG. 3, may subsequently be guided to three optical converters to convert each group’s

optical signal to electrical signals to the signal processing unit.

As mentioned betore, the temperature profile may be calculated by the ratio of
Stokes to anti-Stokes component. But the intensities of both components may be affected
by local circumstances and the variation of these intensities may be compensated or
calibrated to achieve a more accurate temperature measurement. Particularly, the
magnitude of anti-Stokes band may be varied by temperature as well as other physical
perturbations other than temperature.  Therefore, there is a need for common
perturbations to be eliminated. For this purpose, a temperature independent Rayleigh
component may be used as a reference. But the separation between Rayleigh and anti-
Stoke band 1s typically more than about 50 nm, hence, a precise compensation is difficult.

For accurate correction, another light source with a same band of anti-Stokes is useful.

Referring to FIG. 4, a diagram is shown of a scattering component 23 of a
secondary light source, the secondary light source having a very close center wavelength
and line-width to the anti-Stokes band 21 of the primary light source. In other
embodiments, a secondary light source whose scattered Stoke band 25 coincides with the
anti-Stoke band of the primary light source 21 may be used, as shown in FIG. 5. The
light source of similar intensity and line-width may improve the accuracy of the

compensation.

FIG. 6 1llustrates an auto-calibration system, according to embodiments of the
present disclosure. The primary light source 60 of the DTS may inject optical energy into
the sensing fiber 68 through the optical route 70 via light combiner/splitter 66. Scattering
bands Stokes (S), Rayleigh (R), and anti Stokes (AS) may be obtained and may be used to

calculate a temperature profile.

The anti-Stokes band generated from primary light source 60 is varied by other
physical phenomena and thus, may cause an error in the temperature calculations.
According to one embodiment, during a correction mode, optical switch 64 may be
changed such that an energy path from secondary light source 62 via optical route 72 may

be created. The selected secondary light source may generate a Stokes backscattering
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band identical to or substantially similar to the anti-Stokes band of the primary light

source 60.

In some embodiments, the primary light source and the secondary light source
may be the light source, i.e, a dual wavelength laser source operably configured to
provide at least two optical signals to the sensing fiber. One of ordinary skill in the art
may recognize that an optical switch may not be needed. The dual wavelength laser
source may operate at a first wavelength and at least the anti-Stokes band may be
collected. Next, the dual wavelength laser source may operate at a second wavelength
and at least the Stokes band may be collected, where the anti-Stokes and Stokes band are

substantially similar.

Reterring to Table 1, an example of a first light source and second light source are
shown. The selection of a secondary light source may be based on its Stokes band in
proximity to the anti-Stokes (A-Stokes) band of the primary light source. 980 nm
semiconductor laser sources, which can be used as a secondary light source are popularly

used as a pumping source of high fiber lasers and are commercially available.

Light Source | Wavelength, A AL (nm) A-Stokes Stokes
(nm)
Primary Light 1064 45.3 1018.7 1109.3
Source
Secondary 980 38.4 941.6 1018.4
Light Source

AM indicates the Raman Stokes or anti-Stokes separation from the primary light source’s
center wavelength. Each bandwidth may be extended over, for example, 20 nm although
the range may be greater or less than 20 nm. One of ordinary skill in the art can
recognize that other primary light sources may be used as long as the secondary light
source’s Stokes band 1s substantially similar to the anti-Stokes band of the primary light

SOUICC.

The secondary light source’s Stokes attenuation profile, without or with the
minimum temperature effect, may be used to correct the anti-Stokes profile made by the
primary light source during a measurement mode. Thus, the generation of an extra
wavelength band via a second light source that may be insensitive to temperature effects

and corresponds to an anti-Stokes band of the DTS unit (e.g., primary light source) may
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be used to correct temperature error induced by anti-Stokes profile in the first primary

light source.

Two like bands, one from the anti-Stokes of a primary light source (in
measurement mode) and the other from the Stokes band of the secondary light source (in
correction mode) may pass through a wavelength selector 16 (FIG. 6) and may be
detected with an Optical Spectrum Analyzer. The result is shown in FIGs. 7A and 7B.
The wavelength bands under the dotted area may indicate the anti-Stokes band for the
primary light source (FIG. 7A) and the Stokes band of the secondary light source (FIG.
7B).

FIGs. 8 show the profile of the primary anti-Stokes band (202) and the secondary
Stoke band (200), and FIG. 9 shows the difference between the two profiles, which will

be used as a calibration factor, respectively.

Reterring to FIG. 10, an alternative calibration system is shown. By selecting the
primary and secondary light source 31 and 32 via an optical switch 34, which may be
synchronized to optical switches 44 and 45, the Rayleigh and the anti-Stokes bands which
are outputs of wavelength selector 35 (38, 39, and 41 respectively) of the primary may be
chosen to calculate the temperature profile in measurement mode. In one respect, outputs
38 and 40 may be used during a measurement mode and outputs 39 and 41 may be used

during a calibration mode.

During calibration mode, the secondary Rayleigh band and the Stokes band
(output 39 and 40 of the optical switches 44 and 45) may be selected to calibrate the
primary anti-Stokes and the Rayleigh (e.g., 980 nm and 1015 nm). Unit 37 and 45 may
be wavelength reflection devices such as a FBG (Fiber Bragg grating) and edge filter
respectively. By implementation of this configuration, the anti-Stokes and the DAF
(Differential Attenuation factor) between the sources 1064 and 980 may also be
calculated. The DAF may be determined based on the attenuation difference between the
primary light source and the secondary light source. In other words, the difference
between the anti-Stoke bands of the primary light source and the Stokes band of the

secondary source may be used to determine the DAF.

Various advantages of fiber optic sensors make them useful as tools particularly
for application in electric power industries. Small size, flexibility, and immunity to EMI

(Electromagnetic Interference) are the key benefits. The disclosure provides systems and
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methods for the detection, location, and measurement of corrosion along a length of an

extended object or objects on which a single line of optical fiber is deployed in close

proximity.

In some respect, a distributed sensor system and method for detecting, locating,
and measuring corrosion occurring anywhere in the vicinity of an optical fiber containing
an appropriate luminescent material are provided. The system and method may provide

time rate progress data for the entire length or at discrete points of the line.

In one respect, the sensor of the present disclosure may utilize optical fiber, which
contains continuous or discrete luminescent layers. When corrosion occurs, the
luminescent material starts to interact with corrosion chemicals and the luminescent
material’s emissions may change, for example, in intensity and/or peak wavelength. A
back scattered emission light from the sensing region may be guided to a detector through
the fiber as shown 1n FIG. 11. By selecting a suitable luminescent material, the corrosion

effects may be effectively monitored.

The luminescent material may be integrated onto the entire length of the core

(FIG. 12A) or at discrete locations on the core, as shown in FIG. 12B and 12C.

Alternatively, a porous protection layer is integrated on luminescent cladding layer as the

jacket of the fiber, as shown in FIG. 12D.

In some respect, the flight time of the light pulse may used to determine the
location of the corrosion source along the fiber, using for example a sensing system as
shown 1n FIG. 13. The system may include a pulsed laser coupled to a fiber splitter (FS)
which may be coupled to an optical connector (OC). It is noted that a pulsed or CW ultra
violet laser may be used to find a corrosion location. Alternatively, any electromagnetic
radiation source may be used. The intensity variation of the lighting source, connector,

and/or sensing fiber may be compensated.

Coupled to the optical connector may be a sensing fiber which may be illuminated
by the radiation source and may provide backscattering emission light via the OC and to,
for example, the filter or a detector (Det2). Alternatively, the backscattering emission
light may be provided to a filter and an optical switch, the optical switch and filter may be
coupled a detector (Det 1). Outputs from Detl and Det2 may be provided to a signal

processor for determining, among other things, corrosion location.

10
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By measuring the average signal from backscattered emission light, the magnitude
of the corrosion can also be determined. A compensating algorithm may be used to avoid
calculation error due to undesired variation of backscattered light intensities and to avoid
the calculation error due to undesired variation of backscattered light intensities occurring

from the fiber connector, bending of sensing fiber itself and the light source.

When corrosion occurs in proximity to the area where the sensing fiber is
deployed, the backscattered light luminescent intensity may be affected at each location,

as illustrated in the graphs of FIGs. 14A and FIG. 14B. In FIG. 14A, no corrosion was

detected. In FIG. 14B, incidents of corrosion occurred at locations, L1, [.2, and L3.

[t is noted that the present disclosure contemplates using other backscattering
bands from at least one light source to calibrate a temperature sensing system. The anti-
Stokes and Stokes band from a first light source and a second light source, respectively
are examples of the bands that may be used. One of ordinary skill in the art can recognize
the advantages of replacing 4 backscattering band from a furst light source due to

perturbations or factors with a similar backscattering band from another light source.

e I S
With the benefit of the present disclosure, those having ordinary skill in the art

will comprehend that techniques claimed here may be modified and applied to a number

of additional, different applications, achieving the same or a similar result.

The scope of the claims should not be limited by particular embodiments set

forth herein, but should be construed in a manner consistent with the description as a

whole.

11
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CLAIMS:

l. A method for automatic calibration of temperature measurement during a
measurement mode in a system using a fiber optic distributed sensor comprising the steps of:

a. in a measurement mode providing a primary light source light pulse
energy Into a sensing fiber by selection using an optical switch;

. collecting backscattered Raman Stokes and anti-Stokes light
components; and

11, calculating temperatures using the intensities of the
backscattered Raman Stokes and anti-Stokes light components;

b. during a correction mode selecting with the optical switch a secondary
light source and providing pulses of said secondary light source to the sensing fiber;

L. collecting a backscattered Raman Stokes component of that
secondary light source;

11, using that Raman Stokes component collected from the
secondary light source in said correction mode to correct a Raman anti-Stokes
profile collected from the primary light source while in measurement mode;
and

11, calculating a corrected temperature from the corrected anti-
Stokes profile; and
C. wherein the primary light source and secondary light source are chosen

so that a backscattered anti-Stokes band of satd primary light source is substantially the same

as a backscattered Stokes band of said secondary light source.

2. The method for automatic calibration of temperature measurement during a
measurement mode in a system using a fiber optic distributed sensor of claim 1, wherein said
primary light source and said secondary light source are provided by a multiple wavelength

laser source configured to provide at least two optical signals.

12
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3. The method for automatic calibration of temperature measurement during a
measurement mode tn a system using a fiber optic distributed sensor of claim 2, wherein said
multiple wavelength laser source is configured to deltver two difterent wavelengths chosen so
that the backscattered anti-Stokes band of a first one of the two different wavelengths is
substantially the same as the backscattered Stokes band of a second one of the two different

wavelengths.

13



CA 02646312 2008-09-15

WO 2007/106827 PCT/US2007/063913
1/10
Sensing
splitter/ F'1b4er
combiner
/
Light Source /1 1 15 /1 31 (‘Y‘Y‘Y‘)
10 D INININ
15
/1 14
-
8, 19 Fiber
4
20,21 16
-t L

FIG. 1

SO0 :’

pleteieleiednle,

o ;
>.."::'.:'.::‘}:":: 1

p I

FIG. 2



CA 02646312 2008-09-15
WO 2007/106827 PCT/US2007/063913

2/10

20

FIG. 3

Primary
Source
output

. .:=:.-J=-..-.w;‘.5,-..-\‘.-.‘....-..-..-..-..-..-..-..-........-..-..-..............-n......u-nu-nu-n DO DRI

F 3

Secondary
SoUrce
Qutput




WO 2007/106827

Frimary
SoUrce
Output

Secondary
Source
Output

CA 02646312 2008-09-15

3/10

2]

PCT/US2007/063913

' Séciondary
Light Source
627

iy VAL, N B WM A W S

Optical
Hwltch

64

Frimary

Light Source
518}

Correct

on Mode

\Backscattering o

70

" secondary source)

>
L
N
b

Sensing fiber

_1ght 63

combinerfsplitter
60

S T—— ; .:‘-‘-“ *v.,_,‘v s

—P-{

Wavelength
Selector
16

Correction Mode
(Scattering of secondary
light source)



WO 2007/106827

FIG. 7A

FIG. 7B

LB 4

T RYTREY

12 o]

4 - -an Aadide S NN N O .

oM 0Am-# 208 @ 50

G RO R e

IE MY 5LV

s e T LT A
E: Pt . .

Y PR ES R v lna ¥ v Bia V0% @ wva e B4
DRRIR YOI SRR IR )

AV ;h’

" t— -w e poo

A tt“.mﬁ.ta BT -« FATE W NN -t-l K o

CA 02646312 2008-09-15

4/10

(

?

J-%V? ?Q»‘v"\\

E:§ Rons 3 ~s.aqa-.-= il g o

i LA L L 2

i,
.-.

PG B e WO KenE A RAES A

4NN S 5355 LS R ﬂ 2SI TN

poix ey pavy TTHRED U K

rommami S

I'N\V-h \\!'6-5'!\\‘&‘

AN QV\VNV\V‘.’“

B 3'&*

‘.‘-:.‘.‘n:n\:.:.' LU, *

UL B H A UK Rk B S m.-. T

w.yt-':id

S

¢
|
.‘\:i

WVAE B0 AvarR
% .
¥ e

ek i

- ; s @eess ssss A Egé.;‘ . r ; ..... sus ; b : r :-.

. NS 3 3 3

- 381 . s

E R % 51 a8

* % o ”

W8S gt Y LAY L EAEE R YL PRNY LY %aa F LR ¥ A AR NRME VR TS 3 el i 5T

§ . N x:

- ” )@ " A

> o 3 ¥
X = w
e - e
| % 25
% v
»

%ﬂl— “\W-;"‘b"-‘-v $~Mw »'ora & V4 W A K

S ANIVIE Y

SR Bt I B AR Rl Bt Bane

"""Q-h:::.’ﬂ'! WL

e
Z:
2
T B b BB B SN S Ve Y *uhtm
Re " . 3
& . 3 ¢
(.' [ 4
‘ i %
s ..
 vve v A L2 TR Eﬂ”i
: k
- =l
: k
, ?'
g &
» »

H O Ve W) B e

-
.

R R R R 3\ 3‘{» 5% B AT ST,

TRTYY FrEIe 35«.’?&!3 x5 Bk s R A, 9?! Y PANE PPV B FINELY PAPD RN R

CIRDR ST UG- S ?”'-'.\As-s&a‘is-.mii-a?

<
b
e
"%
*—
' . PR ' PRSI . Je ted NI .-'. "= s Yoo
A O SR S RFLRABR B0 R RSN R W RIS R

g 2 QSW[KW“N.\%' BVAK FN S EAN Y

aPERNEDINEWS

S S Bral B il BINAE Ml B AR BWAR RE

CRE %S

a?u:iéq"w&io&og R U T RO

o

. A As ' K A e .. YN S Y At § v AT YT AN 4;_-”
3 5 2 3 g §:
¥ » e = b3 e
3 3 = $ 3 #¢
. 9 *” . “ -
x o e 4 g ¥
5. a » a5 ¥ "
o, J PR R o A A =& STYITRES RRERA AR VL AVAITINIIRTENYE AR EE LA

T3 TYRETERN R 2 ¥oan & h‘# '!7"'? g % -??é
" « “o EE #
R <& o K &
% p ; ¥
x o~ i X *
3 - % il >
o 3, <% 3 -
= 12 a:

M

ZFEPMER IV,

R L
. R
. -~
" &
> K
'il'; o

W

. - - - "
I%"M‘. ﬂﬁ‘.’%""“ !

B WO DAY WA A

"3““”8".-:2?%‘*"89.9.«?:& [ B 4R ot

REER RS #;&v.b

PCT/US2007/063913

. .

f G R A3 @nw-d

)

N K ."JU-JQA-W

?"

£ AN X B X D

; ERR A ene R oY A

"4 & vdnd wa 'w;mwrt roowe

R 3ol KAWL & «w s'-w{& UK VL,

M ES VY

Mi%q'IHAVHQU‘DMIiWN“QO’”"'M!“Q ngﬁ RN AN 3W¥?

TRER WY

;

o il asd & WREWEVAGINE TN TN B B wia ke

‘l'!’ TER T -&E M RN

ML IVWEL-TL 6w n

£
3 5 :

¥ 24 4 F
X. w $ v
b oo ‘- ‘
x - A :

¥
.
»
-
&
i R S0 ’.';x FEEIERT

A~

R

FTH LYY ROP RO LY R
479 'y "F""‘?;“ W ERE PN ST

}h'ﬂ'ﬁ?\l

1 -
g . ?f-
o @ "
% 5 :
R é wr
3

LKV 2 PW. A W o .5

2 AcAE vl .u_.h'. L

AS#os 2 i i &

3
#
¥

povs e s pargme

*"ams A5E 58K

S"!’

3 3

-
%=
Sa 0"

#;2"5 - Wl mw& Neva u'wt-; w W e e

" B .4

DY Y

AT WSS B WY .2- WP WX QO W Y
Ye

-

COPNEE BN ESEE e Xak

-.-MII -'.'I'-‘.-

2

x-

¥ 4

-

ok em

[

I LR TR AT 3”:'!5‘! YR LR T E

roa @ W\‘*". Rl AN EAR-ENANE g by
S REXE E I F X - W~ 3
e XS :-w ’ m.o Xiwa mcd | avaara poa ;{g\ XY

m

GQ\

Y- BN 'V"”'""
ol e
e 1 v% 2 e DA !'ww

siveis S0

Tk Y O A

- LIRS Tty R ol 1 R QIR M pIAT
P | | : b
¥y .{:s 3 3 y & .
s P : g : B4
v, R4 \ 8L . - .
s SH 5 n g '
2 4 4. 3 7 $5 1% 3
0 -5 “ A ol N 2
Y
ot 1
Lo * N
2 MYNY 2 g '.':',' : . ‘p;Ay P
R X B j
SR e

npo«sggwomw

vl a 2 3E OB NI I e 1§

R Y DT m

L m, [ L R Kb - - L I .
- 2 ;V':'O x-\'$ L Ol | Y-Vi Y LN L& X0 g \N

R IW.’X*O K4 '4"'.4

orarurre At ;«2 YWrR 2% W ik w

p WEW LIRS 6 »ov‘#;a" 3 Woe & %o ot o 'i“""""“’“!"“"“!“ o'g:v

G'M .-‘ % ‘-'M’

*’NI

Ve o $Moamwtci-mo¢o.n¢~w|pwl .

Xowim zci’w N WG W W
uw«»’:«@w syprsoadatonmsa

piG: 2

xw O’XM V-N -’Qb'lf‘h.z I-OY. IWM ‘0‘(“:‘%&\&

AR RS 2GR 20 E E $x3§ RELE T T 3:" @.

N"'

00 8 Bos s wwn 0a Sy EgRY By MRS _%s-»e § 50N £ ¥ i v
x|

: : A
i ; H %
: Vi, .

*?”"ﬂ'“f‘.""“!"”‘?'ﬁﬂﬁ'%’fyt Es¥via %nx-.mx.v.“ :
:
yif ;

“""?"":" Al
l-'vnii -uv’

&m&m&& AR RPNy .,.%.,..,,. EIEI—
.Qx:-?f.!f» .:3

; BRR AN E oA 8 e uiwo'w\wo*)l*l*ﬁ,"

%

O N EASAAAAR VSR VRN

.,!\ LS| b‘." ._.9.\‘

YR ARENRD

X
(\
Ny z-:&.:xui’s f RANITH

et i«vﬁ- Nrre® b s

Wn,
ARA Eana)

e & B F m
o E28 !-‘i&'!”m IRYX

i &
p vy mgr-ﬁw % B

\RfM"P W o

R LES Y E ;u

vwew#8W§kﬁ»ﬂw

M"IMW L & m.@,t-wgw..gwf/p r I
"

"

m—i

M
.,

v

-, e

'%"M #o

o
)
D AL o

v
$
Q"“%WMS \ES,-.«1 % WA

. s £
8 A 2 e ey
.,* e d

}@rw

i ¥ RIS ANS AR

wel il ol !"’ .

»

N

- *ﬂ‘-‘ &2 9 dvoh &

:'1'.
o
P
V., ’ L .. e ° o M .
’,' RNAL IR G I NL VL, Dot TEBE AR e ke g‘w W5 e e PR W R s &
) . 5 PN
w
N o
[} 1 ﬁ
‘s o
S w
N i.;
”E v
d =

$
>

i

) |
.

MEPARB I LALSS,

-~
~
b Sha
‘2

i

s
-t

o

4

ok
.,{

sovivemcBor eyvny Prevns-e at-*.f:;'-&i EXTLTXEUN &

W R g
T RS

¥¢
Y

.&. E‘ '-S:.-l%‘-" -

L

i-‘.-i.?.% [ v

RO S TN N
-

¢mo KRN, o

X b :-St P oK @ K

@'sﬁwammn

f( o

‘¥

-r“' ""WW!

o
]
‘E._;: )
5 R T AV AON N8 ue DM H L & A ; B MG P ONRNE R A Y SN RN D O S BN 6N 4 & ’ oo o
523'@89 39.-.3 3(52’ e B ‘u.ﬂ.(u."wv .{c-. §>I‘;mof A‘?J“k'/ ;' ’}?ﬁ:}:‘.’.& IR A QEwEQ; D h e e 1(4«-‘. 4«>1¢" toox HI"C’O’;-’.N&V?%#?’W# %%fﬁ-ﬁii.“.ﬂ
» : <% R 5 § 'ﬁ %
[ ] ¢l <R a v’ ..: ‘::
29 - < e ?‘3 g é\ o
oK I 53'( E $ - 24 o
3 X 2 : : 7
A . . % ¥ ¢ e . B
BRI W7 Shows o wwvw v 2o ¥ mre Moo o7 @ Ve N omu N ¥ xRy wree e nne mo BEE B AR WS B S AL WO W SRR RSN Y K SRy SRR XL DI ek b o Db s b oy i i B
b P ’i.. ‘-4 :& e “ }{ e ;z " b b VST W Q¥ %
: # ,! 3 = % o v 7
F o . A % Y] o '{ 31‘
. ol S - “* w 3 % “w
2 g % %4 3 " - %
a *-'.“ E (‘i O; 9 - m
L i § i : 2 ¥ ;
ﬁxiw#-wa-b Su‘u&'vﬂm»w“-.lwuﬁ“wcn--m.wu“(mb“vomm-v-—a-‘---urcw‘cvn..\n’-?@g-mﬁgW."m-'!\svz%zx (% 23K B B b % . o wxh .
». by g i r— 97 4 - - !. . i R 3y “m > T :
s Z & % ¥ v . Y
2 ot o o xx 2 7
: % 7 g & o
L b L2 L I 5 k':.:
7 ¥ e _,.,,
:*.x
'}
’..
p.

¢ R B - »o zw»n}waxfp

PR
)"'- -q

xow v.m f




PCT/US2007/063913

CA 02646312 2008-09-15
5/10

WO 2007/106827

A S -

r——— . W L Wk
- TR Ak b —

SRR J

¥ AU I0AANNS ST A3 § A EN A A ot et Rt

Sbtul - -.'f”c\a”‘” .

B R o

NNNANAG S o s

LT

~a

— 980nm
e 1 O0B40M

g = sem s g,

'gfs'.

e ahelvhs

- — ) —

eI

/651
LCGl
Gl
6ol
cecl
LLCl
A4
G0l

LR
-

IRty

-

e

-a. T
RN

3
0

€
4

o

t

SRR

[

A

LA PO
oo OO

——— i e A AR & A

TR RTIF

1
Hig

¥
+
H

FEH!

!

~
‘el

SR AT

o

1

q
By

etterm et me—py -y

AL hddd A b

>

ALY

R

- T
d =3

Vil HEI S SR 4L

W

Hua

Ay

fidt

e o ..M“u%

Cr e

St
..J.'.H/W..
.

i
L]

MO . .

Sy o o)

S S s

FIG. 9

¥

1FY]

3
]

. .
M v ~
SRS TR

mern o
¢

ﬂﬂi"ﬁ

e
Va A,

.ﬂ.

.\n\.“.:f.

clL6

el

. .
B S

LR Y

MM

S FIERITE T2

FIG. 8

Difference

SN

¢
L

temperature

19L

FIETATR TR

™~
W

Tl

AL A A lee i m————
- — W W .-

't

609

-— A Y-

A

S
IRAR L
%

LT

R B R U TR T

- .

ey ient e
AR

18C |
GOE

T T
..(.\.1.

I;’ !:.'..'IH'—fr'l ik

3
K

i

O

RS T AR N -

e
AN

saver

AR

Gl

PR RE (TS O B SR H !

LN

WhED b BRI

Rt T T

-y

0
8
6
4
2
O
8 .
-0
-0

2
1
1
1
1
1

. -

Nemranea

. L. -
- ——a. . AS A A - — —— s & el - . - e

aoue)sip aoue]sip




CA 02646312 2008-09-15

PCT/US2007/063913

WO 2007/106827

6/10

G
UOUMS
leondo

| 10]09)19p0JoYd _

10)09]9S

Uious|anepn

1

J10}09}opP0l0Yd

UOUMS
leondo

Ol ©l4

m
_

e

4S
921N0S
1yb1 Artepuodag
0
A 0
VA [X3
4% 92JN0S
UoImg b1 Arewind
|eondo h



CA 02646312 2008-09-15

PCT/US2007/063913

WO 2007/106827

7/10

> ¥

s
¢ LiED
v .w

‘
awvewe . s v s .

-

Y

RS A P o e

b

- — e

b B |
-

...'ra D e o e

L1 Old

(uoibay buisusag)
laAeT Jusosaulwn

SN UM
« .

) v
R

|
-

T
wota

(snoiod)
9)oe[ UoIsollo) ON



CA 02646312 2008-09-15

WO 2007/106827 PCT/US2007/063913
8/10

EERLE . . .
P A S N i i A e A A A e e N Y M N R S OO T MM A T A A N L A TR IR A
‘e

ry L3 W Bt -
.~ Bt

BN A —rr)

G
. . W, . ' as 3
S n i L eliesk 1.

il W il S ¥

-

W e B

[ 3

PR s §'$‘;-i‘~' ."&.w”. re®
Ty KNCC LU w i TV s
By WA 10 Lo ey
<R P Lot D {;.‘\. .
. ‘ '5‘3' ‘.?'o"- ":
w2 Py, g
M ’."3 .’ - '?aq"""

g

g2 )
‘B- -"‘.i J‘O {H ¥

FIG. 12C

-, .

v

L2

L

-kl

AR P R

0
-~

core

»

)

R A A L L L

B

....._,
L - 2L 05E i

{V 'g.k ‘/\c',\

BYE RNV IVIAY AR ARAREAI AR IS AT AR AR bbb cnnebebondennduandannnn

FIG. 12A

er Jrrm e

LA

M Vg e A Ay

XL

>

[ T P

P
‘
f
=)y

¥

, el 53
R ool ol YA W o

m'&\' e 244

AN T AT AV T PV A SNBSS B 20 d £2 A diye ¥ oW Ve S 8 P e b | Ml oy et By e ke ke e A Y Y Y § ¥ N Y A PY

cladding

.4 . .'

.' . : EEE

-, N e

% ‘. >

. ) .

D . _,"
.

Dt A L ol R Lt T T U U S ST L P Sy Y —

.
L

.

celtwwr N
. L.

. w
™ .. o
i AN I

YA .
A A R e e A Byt e B o g g F gy I

-

L)

!
1
1

.

BVAE 3

R

s B
*E
PR

\ . .
' . . N " n
WRART SRR S L RS

32

4 ;.’

'
A,
.

At
2.

_\ .
. 'wh ‘g
L . 9'
V} -
~
-
Y

’

AAP e AW . ; rme te aaPeat
Y _ _... 3

Kl
e
o (emmemen

e

»
’

A. . - .. .
et M e G Ty TUY

FIG. 12B

A
v

ol N

&

-'I

. "

hY
(

%

e daalilelemrirsinararirrian s mranacatiniia.

)‘;;lﬂ'
A

By s 3

~a
7 AW

4

ap
r
’
Ay -y

e ®
.

. g:*}«-

%3

&
t

v
S

S ]
we

Luminescent

‘a

;o B
> .

e
[

.-m",ﬁ“'

:F

-,
Y.nh

- can

e nth e e S S N e e e M e T s v

-
J

3

-
b
)
o

VW N WAV AR AW AW B AR P RALAS B A I Lk

5

Luminescent layer
%



CA 02646312 2008-09-15

PCT/US2007/063913

WO 2007/106827

9/10

g :m m._ g«“v .\.m X .\...m'a 3. .. t !&uﬁﬁﬂti‘i‘ I.” ¢‘uﬂhﬂh!—u !l

el 9Old

nup [onue)

20
2[qe)) Joq1 Swisuag

FWW”M

.....
~  Medp\ cwesn - t{
. - .

u aﬂ& uc_.m I.. l. 9‘ k ah.{ :l.w &..’m VE E nh
R e O Rl §e A o 2R 1«;&#«3 " xﬁ m m . ﬁﬂ 44 ;M sr\a wﬂm
B LA ....,W. \ : ...“...,”. . - a mu,a - .ﬂ ~a0 TN V- .\..\. I, T o

.. p..do .“n-.. ! ..ﬂma f/r \ ” h.f‘ 1 m\\.v

.“...0

dcl Old

DOCnanE

ﬂwﬂ;lﬂ“ e s

“r-f e 3

'-

.~ - 22

-rg TV - =
: '.“a k .n ’! ',.me
NP

. .
7ad

,m u.x /m tﬁ),uw &ﬂ...u,.

:\./kn/..hn,u x\.

w o . % N : . ~ 5 S, K
o A - v o e x ....“ AN b 4 > . o Y . y S b 7 ry - n " .. v .. 3 : . b ! L - - ..--..J.. .
% %#N ﬂx !& "L AR o LA - Ll . R v " dopchyy N Lyt - LN, W) AN pew e 3 g R N x
% .. ) " ) Y ~ %ﬂﬂ .rr/a n ‘..«v r *ﬁ! ”’l —lxa ﬂ’y .b‘a' /

0\
0

=) umm SN0J0 m_:

uintti.& offt 7 v a u?.a O e, B el &aa.u% B oo woadh g W a3

ey
“\

& & .l

% ﬁm m. m w m;_?s.a.a L:.... .m

.. s ..
. A.)‘ Vo’/ :»;2.((\ oo».

Q.G o
ﬁ:l !.—’ »ut-

Iose T pasing

TOISOLIO™)

ot

LY

— Ay e . A AR L A e by, A

T Tt e Tt ettt et Y s e A Ve



CA 02646312 2008-09-15

PCT/US2007/063913

WO 2007/106827

10/10

~

dvl Old Vvl 9Ol4

. nan
N

TP A AR LA SR, Ay A .;..Aﬁ//w.ﬂl

N St oy
—e. o
WE o Sov —

Ll

sAririnie

Y -

£

(Y Ly Per 0 e

et

M R L TR L T e T N

- r

AT - © e e ymay=dess
AR A

o — . e & ianria.

R R PR T T LA

447 P

L

I VAR L s A ma

ARSRRSRARASSASAALpS s




Primary light
source
31

Optical
Switch

34
/

Secondary light
source
32

N0

Optical
Switch

| 32

Photodetector

Wavelength
Selector

Optical
Switch
45

Photodetector




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

