2 1 FEB 2006 1 A TEMPERATURE COMPENSATI ON PACKAGE FOR OPTI C FI BRE GRATI NGS
FI ELD OF THE | NVENTION 5 The present invention relates to a tenperature
conpensadti on package for optic fibre grating elenments. In particulp{EFgﬂmﬁ
invention relates to a tenperature conpensation package for a fibre Bragg
grating. The fibre Bragg gratings can be wuniformgratings, chirped
gratings and. bl azed gratings. 10 BACKGROUND OF THE | NVENTI ON Fi bre Bragg
gratings (referred to as gratings for conveni ence) are prom sing
conponents for applications in wavel ength division nultiplexing fibre 15
comuni cati on systens, dispersion conpensgtion, | aser stabilization and
gain flattening in erbiumdoped fibre anplifiers, etc. In these

appl i cati ons, i lized wavel ength reference is highly desirable.
Unf or t unat el yA%E@b%MTUﬁE@@M NEATKOY BACKAGEEGRIOPTID a
nunber of physical paraneters (e.g__. ten&gature, strain, etc).
Performance of the grating may th JBRE@ TINGSto 20 changes in these
parameters. Thus, it is of practical inportance to develop neans to

mai ntai n grating performance under varying operating conditions. The

central wavEERMOF PHE INV/ENRIORY is shifted when the tenperature T or the
strain ' that applied to the grating is changed. The change in the 25

wavel en§th AA can be expressed as: (a + 4))AT + (1 - p,)2~ (1)

The present invention relates to a temperature compensation package for
optic fibre grating elements. In particular, the invention relates to a temperature
compensation package for a fibre Bragg grating. The fibre Bragg gratings can be
uniform gratings, chirped gratings and blazed gratings.

10
BACKGROUND OF THE INVENTION

Fibre Bragg gratings (referred to as gratings for convenience) are

promising components for applications in wavelength division multiplexing fibre

15 communication systems, dispersion compensation, laser stabilization and gain
flattening in erbium doped fibre amplifiers, etc. In these applicéﬁons, the
stabilized wavelength reference is highly desirable. Unfortunately, the central
wavelength of the grating is sensitive to a number of physical parameters (e.g.,
temperature, strain, etc). Performance of the grating may therefore vary due to

20 | changes in these parameters. Thus, it ié of practical importance to develop

means to maintain grating performance under varying operating conditions.

The central wavelength of the grating is shifted when the temperature T or

the strain & that applied to the grating is changed. The change in the
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wavelength A4 can be expressed as:
Ad = (a +E)AAT + (1= p,Yle (1)

where AT’ is the change in the grating temperature;




where AT is the change in the grating tenperature; 2 1 FEB 2006 2 Ais the
central wavelength of the grating; a is the coefficients of thernal
expansion of the fibre containing the optical grating; is the theqonﬁpmb§
coefficient of the fibre containing the optical 5 grating, and pe s the
effective photo-elastic constant of the fibre. The first termin equation
(1) is the inherent tenperature dependence of the grating. The second term
neasures the effect due to the strain on the optical 10 fibre containing
the grating. As can be seen fromequation (1), one can choose suitable
strain to conpensate for the change in thé wavel ength of the grating with
the tenperature. Based on this principle, various passive packages have
been proposed to 15 stabilise the central wavel ength of the grating

agai nst the effeét isftheigentrahwevelength oftbe gragmpl e, US Pat. No. 6044189

descri bes an apparajusg, that . can proyide tenperature conpensation for the
grating. The appara One 8 nare inge r
i h 4 [%?‘%&R&Fﬁ%ils of thesmal expansioneabdhe filire rcomtainingetiiee

havi ng an idﬁt@@fgﬁe@j l;Jrface bonded to an interface surface of each
adj acent menber. Bot i nmenbers have two different 20 tenperature

coefficients of expindhenthefimo-gptit icoefficierftt bache dib R d',r,lp?{ kN face
on the first {.renber I n the stack. The nounti ng surface%i S Q@gtg}? o%#%ﬁe
opposi t2 si%RUH: 8'¥E first nenber fromthe interface surface. The device

f | t ' ith d ' { t ,
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The first term in equation (1) is the inherent temperature dependence of
the grating. The second term measures the effect due to the strain on the optical
10 fibre containing the grating. As can be seen from equation (1), one can choose

suitable strain to compensate for the change in the wavelength of the grating with
the temperature.

Based on this principle, various passive packages have been proposed to
stabilise the central wavelength of the grating against the effect of the
temperature. For example, US Pat. No. 6044189 describes an apparatus that
can provide temperature compensation for the grating. The apparatus comprises
a stack of two members with each member having an interface surface bonded to
| an interface surface of each adjacent member. Both members have two different
720  temperature coefficients of expansion. The grating is attached to a mounting
surface on the first member in the stack. The mounting surface is located on the
opposite side of the first member from the interface surface. The device forces an
elongation of the grating with decreasing temperature, or a shortening of the
grating with increasing temperature, which compensates for the change in the
wavelength of the grating with a change in temperature,
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US Patent No. 5694503 describes a device that comprises a support
member and the fibre grating that is attached to the support member. The
support member is selected to have a negative coefficient of thermal expansion,

30 which compresses the fibre grating as the temperature increases. US Patent



grating with increasing tenperature, which conpensates for the change in
the 25 wavelength of the grating wwth a change in tenperature. US Patent
No. 5694503 describes a device that conprises a support nenber an?AQ%E 0§
fibre grating that is attached to the support nmenber. The support JP
is selected to have a negative coefficient of thermal expansi'on, 30 which
conpresses the fibre grating as the tenperature increases. US Patent 2 1
FEB 2006 - 3 5991483 al so descri bes a package which conprises two threaded
menbers with different thread counts to control axial strain on the
grating for tenperature conpensation. 5 ile the nmethod described in US
Patent No. 5694503 is sinple, it is not easy to adjust the support nenber
in order t cquire better grating performance against tenperature. In
addi ti on, X Ise descehes apackageavhichlopnumineisewo threadachmeirdars 4B gn

requiring Sy fiGlent erma xpansi gn. 10, SUVWWARY OF THE
| NVENTI ON ‘%é%ﬁggtgﬁ?gé nd\?gjrﬁﬁ]gﬁ %ﬁrgfﬁnd@ga Sﬁ@ﬁbé’iﬂaﬂlﬁ a8l dok femperaiek age
for a fiboempentsatenel enent, conprising a nenber connected to said fibre

grating elenent for transmtting a force to said fibre grating el enent,
said nmenber 15 adapted to be flexed to adjust the force transmtted to said

fibr ti | . id flexi f said nenber.
By provd di nga. naparne JPHRHCAErbE a8 U Pt o, w53 ResiEiaring nat ch
can be coneasyltatddjustitasedippbitenémpenii Bfﬁd?rteﬂcﬁﬂﬁg%fe;f%w%wgfpéﬁgr ance

producing ..20 tension or conpression strain in-t I'ng elenent
to conpens2B8NSiemperaiige!n Addienc bathr thavbiG patartth avé retativelybeamgleatinng

el ement capfethdicd design requiring suitable coefficients of thermal expansion.

10 SUMMARY OF THE INVENTION

The present invention provides a temperature compensation package for

a fibre grating element, comprising a member connected to said fibre grating

element for transmitting a force to said fibre grating element, said member

15 adapted to be flexed to adjust the force transmitted to said fibre grating element,
and means to control said flexing of said member.

By providing a member to transmit force to the fibre grating element which
~ can be controllably flexed, the invention provides a structure for producing
-20 tension or compression strain in the fibre grating element to compensate for a

change in the centre wavelength of the fibre grating element caused by a
variation of temperature.

It is preferred that the control means flexes said member to form an

arcuate shape. In a preferred embodiment, the member is initially arcuate in
shape,

8]
th

The control means is preferably a temperature compenéating element
which responds to a variation in temperature to control the force applied to the

.



variation of tenperature. It is preferred that the control neans fl exes
said menber to forman 25 arcuate shape. In a preferred enbodi nent, the
menber is initially arcuate in shape. The control neans is preferablg
tenperature conpensating el ement which responds to a variation i@ FEB 2006
tenperature to control the force applied to the 2 1 FEB 2006 4 fibre
grating elenent. Alternatively, the control neans can be an actuator to
actively control the force applied to the fibre grating el enent.
Preferably, the nmenber is a flexible surfgce on a first beam The flexible
5 surface preferably has a groove for receiving the fibre grating el enent.
This inhibits damage to the fibre grating elenent. In a preferred

nmbodi t t |t f d t hat
TreCsomt rofibhd Grafhg Bigmebe ' AIGREfvelR B ponBbmariscnen broboiacaiontd
expansi on. attivelpeopit® eis ﬁﬁc@%?@ﬁéd‘?d‘fhé‘ﬁr%b@aﬁn%%{bﬁﬁ%t means with a

g con

positive coefficient of ther expansi on, freans and t he
flexi ble surface connecting the fibre grating elenment are |ocated on the

f f th | I t f d enbodi t, th trol
s A e T e
S e oty a4 i e 0 S L

S connecte% second beam ans
bet ween t hi#® tP'FssldaBé%ﬁ dadheHire egratidg mlament.n Inoaeraferfed) ERBoFRa R,

the contro d@% | oc ted between the :')0 first beamand the
second beaén rﬁ§f\|/r§£1%5%ﬁéﬁ]ct‘c¥sg, Qecond beam can be _

It is preferred that the control means has a positive or negative coefficient
10 of thermal expansion. In one preferred embodiment having a control means with
a positive coefficient of thermal expansion, the control means and the flexible
surface connecting the fibre grating element are located on the same face of the
first beam. [n another preferred embodiment, the control means and the flexible

surface connecting the fibre grating element are located on opposing faces of the
15 first beam.

Preferably, the first beam is connected to a second beam. The control
means is preferably located between the first beani and the second beam. In
one preferred embodiment, the control means is centrally located between the

20 ﬁrst beam and the second beam. The first beam and the second beam can be
connected at their respective ends.

The width of the first beam is preferably more than or equal to the width of
the second beam. This reduces the risk of damage to the fibre grating element
from contact with the second beam. The length of the first beam and the length

of the second beam each can be more than the length of the fibre grating
element.
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The fibre grating element can be connected to the flexible surface via a

30 section of optic fibre containing the fibre grating element. This connection may




connected at their respective ends. The width of the first beamis
preferably nore than or equal to the width of the second beam This
reduces the risk of damage to the fibre grating elenent 25 fromcontact
with the second beam The length of the first beam and the |ength 2 lofEBt2i&
second beam each can be nore than the length of the fibre grating elenent.
The fibre grating el enent can be connected to the flexible surface via a 3
section of optic fibre containing the fibre grating elenent. This
connection may 2 1 FEB 2uCo 5 be by several nethods. For exanple, the optic
fibre section can be supported on the Tl exible surface. The optic fibre
section can al so be bonded to or enbedded in the flexible surface. The
first and %Fcond beans can be nmade of flexible material. In a preferred

enbodi ment P& P¥ SEVRrab &2ethods « Fonasamplartd aptic fible séhiof EArebe @szﬁéﬂté’d on'he
first and : n-have the sane coefficients of therma

expansi on. %@ﬁg@% {b?%?, Ggfﬁggs eﬂ@nap% gaation aan gisorke hended {0 ohembetletn
appl i cati oin the flegibkdyafdc@geous to use a menber having a positive
coefficient of thermal expansion because such nenbers with this property.

are wdely avail able. However, materials having negative coefficient of

t her mal 5 expansi r W de tenperature range are al so suitable and
avai lable for usd® et ADd; R4 BRamenEan chemader of HeNbleamateaals iis 4 hat

they are bpréferneex@enisodimett, and i ' ntjo vi des .an.
envi ronnent al Ie; s:r_ggl e package agfav?dnsl?égrtﬁﬁegf%nﬂgg}rggt t&keﬁﬁgbgﬂcg@n f%é‘brlr%de
from i nexpBIiIPURl b fire anchareanic brarms sani luve ihreesime @vefiicients of thermal

expansion. The first and second beamé can also be relatively thin.

10 In application, it is advantagebus to use a member having a posiﬁvé
coefficient of thermal expansion because such members with this property are
widely available. However, materials having negative coefficient of thermal
expansion over a wide temperature range are also suitable and available for use
in the invention. The benefit of such materials is that they are both inexpensive

15 | and reliable. The invention provides an environmentally stable package against

the temperature which can be made from inexpensive materials and without strict
precision,

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be described, by way of
example only, by reference to the drawings, of which:

Fig.1 is a perspective view of a temperature compensation package for a
fibre grating element according to a preferred embodiment of the invention;

19
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Fig. 2 is a top view of the package of Fig. 1;

Fig. 3 is a perspective view of an alternative embodiment of the
30 __temperature compensation package of Fig. 1; | '



BRI EF DESCRI PTI ON OF THE DRAW NGS "20 Preferred enbodi nents of the
i nvention will now be described, by way of exanple only, by reference to
the drawi ngs, of which: Fig.1l is a perspective view of a tenperature
conpensation package for a 25 fibre grating el ement according td &FEB 2006
preferred enbodi nent of the invention; Fig. 2 is a top view of the package
of Fig. 1; Fig. 3 is a perspective vieM/of an alternative enbodi nent of the
30 tenperature conpensation package of Fig. 1; 21 FEB 2006 6 Fig. 4 is a
top view of the package of Fig. 3; Fig. 5 is a perspective view of another
enbodi mrent of the tenperature conpensatldﬁ -package of Fig. 1; Fig. 6 is a
perspective view of a further enbodi nent of the tenperature conpensation
package of Fig. 1; and 10 Figs. 7A, 7B and 7C are top views of the first
beam second beam and the fibre grating elenent nounted on the first beam
1. DETAI LED DESCRI PTI ON OF PREFERRED

-respectively, e. package of

EVMBODI MENTS: 15 FFé’éIl'f aaf?(ﬁ’ gemﬂf\m%pﬁém@e@fﬁr@ Jonpensati on package 1
according to a preferred enbodi nent of the invention. Package 1 has a
first beam 11, a_second beam 22 and control neans 44. 200 Beans 11, 22 are

made from thin, Figed is @ patspectve atelv aifeamsthBRlebdtiment of the temperature
5 compensatlon package of Fig. 1;

Fig. 6 is a perspective view of a further embodiment of the temperature
compensation package of Fig. 1; and )

10 Figs. 7A, 7B and 7C are top views of the first beam, second beam and the

fibre grating element mounted on the first beam, respectively, of the package of
Fig.1.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

._...
wn

Figs. 1 and 2 show a temperature compensation package 1 according to a
preferred embodiment of the invention. Package 1 has a first beam 11, a second
beam 22 and control means 44.

720 Beams 11, 22 are made from thin, flexible material and are arcuate in
shape. Beams 11, 22 are bonded at their respective ends 55, 66 using suitable
bonding material, such as an epoxy agent.

A section of optic fibre 33 containing a fibre grating element 13 is located

25 in grooved surface 12 of flexible beam 11. Surface 12 is, by virtue of being
integrally formed with flexible beam 11, connected to grating element 13 via fibre
section 33 so as to transmit force to grating element 13. Surface 12 acts as a
member that can be flexed to adjust the force transmitted to the grating element

13. The width of first beam 11 is larger than the width of second beam 22 to



shape. Beans 11, 22 are bonded at their respective ends 55, 66 using
suitable bonding material, such as an epoxy agent. A section of optic
fibre 33 containing a fibre grating elenent 13 is located 25 in g&q%¥§%
surface 12 of flexible beam 11. Surface 12 is, by virtue of being 006
integrally fornmed with flexible beam 11, connected to grating el enent 13
via fibre section 33 so as to transmt force to grating el enent 13.
Surface 12 acts as a nenber that can be flexed to adjust the force
transmtted to the grating elenent 13. The width of first beam 1l is

| arger than the width of second beam22-t@ 2 1 FEB 2006 7 all ow surface 12
to flex (and so apply force to fibre grating elenent 13) wunhindered by any
contact with second beam 22. Control neans 44 is centrally | ocated between

b 11, Zlcandsurfade of ' 2 of 11. Oh
ocat T e aand P 8oT S0y RHES TP e chralid teisment ot 1 o

| ocations ar emggssi ble in between th

means 44 i HHP<eESA4aRY ONtast withsacond hiegat 2Bul k strai n adj ust ment .
menber which is responsive to changes in tenperature. Alternatively,
control neans 44 can be an actuator which actively controls flexing of

f 12 be@onttdl. o ' 44 de f
retal apd 352?,3 o AN 4 T Ueh ity 1R bl beins 1 22 el anaioR 1 n
the enbddi ER e§HM>f $Ufagegt? ofibaam 1. @thailocafﬁn@émsémghﬂse%en*}ﬂ% a

nmenper

| ar ge posi tivheer@sfdsd g2 f er,pal _expansi on. Strain adj ustnent
15 44 is bonded to (;rfeg‘lge%?&g ﬁﬁt gg?a@é’ ™ frReass A dn thise embodimdrdaim a1

and the s6¥bndricaldmulR2straiheadjug®sests mahhd a s.24.vary with
the cross- térﬁﬁgi gnal a,ea of tJhe strai n@ﬁrﬂgﬁ%n%eﬁ%%%&?‘%ﬁo changés 'In
raire.  Alternatively, control means 44 can be an actuator which actively
controls flexing of surface 12 on beam 11.. The strain adjustment member 44 can

10 made from metal and glass materials with large coefficients of thermal
expansion.

In the embodiment shown in Figs. 1 and 2, strain adjustment member 44

has a large positive coefficient of thermal expansion. Strain adjustment member

I5 44 is bonded to respective interface surfaces 24 of the first beam 11 and the

second beam 22. The siges of the interface surfaces 24 vary with the cross-
sectional area of the strain adjustment member 44.

The package 1 operates as follows. As the adjustment member 44 is
Inserted between beams 11, 22, a compression strain is applied to beams 11, 22,
causing them to flex or bend in an arcuate shape. Surface 12 also flexes

)

transmitting this compression strain force to optic fibre section 33 and grating
element 13. As the temperature of the package 1- increases, the length of the
adjustment member 44 expands. This causes adjustment member 44 to' apply
further compression against beams 11 and 22. This is transmitted by surface 12
to fibre section 33 and grating element 13, causing further compression of grating

element 13. This increased compression strain on grating element 13

{9
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compensates for the effect of the increasing temperature. Thus, the central

wavelength of the fibre grating element 13 is held constant against the increase
30 intemperature.

e



The package 1 operates as follows. As the adjustnent nenber 44 is '7?0)

i nserted between beans 11, 22, a conpression strain is applied to beanms 11,
22, causing themto flex or bend in an arcuate shape. Surface 12 also
flexes, transmtting this compression strain force to optic fibr&!st&eilon
33 and grating elenent 13. As the tenperature of the package 1 increases,
the length of the adjustnent nenber 44 expands. This causes adj ustnent
menber 44 to apply 25 further conpression against beans 11 and 22. This -is
transmtted by surface 12 to fibre section 33 and grating el ement 13,
causing further conpression of grating- eBenent 13. This increased
conpression strain on grating elenent 13 conpensates for the effect of the
i ncreasing tenperature. Thus, the central wavelength of the fibre grating
el ement 13 is held constant against the increase 1) in tenperature. 2 1

FEB 2DOB 8 Conve(ése‘lﬂ%_ @s th@ﬁte erat ure of Eackage | decreases, the

adj ust ment  menteP Y Seln @S dhestemneseiere of pee agexiudecieases,atine adjastohem

surface 12. ' I | j i a 1tted.b urface 12 taq_ .

grating el yﬁ%}mb%i??df I el féed\??,nﬂge@yhﬁébgﬁ%%pgsgﬁ(rﬁ?ai@ S&i%‘%ﬁo FH&%@ i?i nighis

el ement 137edutiion intforais iransmited|ynaitace!12 t\graing!diemen? 18 WelibGg tfe @
ecC of the

| onger vel %%qt h t herehy coppensati ng, for the ef ecreasi ng
t enper at ur &CTHTGESIO8 SRIN.LN [He,giatiag Llament {18 nabus.cthentandiaiwavelsngtin of

package of tHa @rating i HaAtRI j ' nber 44', has. a
negati ve coef ? ir?:i egnisﬁlﬁ?ﬂg?ﬁa;‘o(ﬁggggﬁg? '%hggﬁ'g’l%%@??Bhp%%gaﬁr&?qréheéfect
cont ai ni ngof th degeasingtepiparetre13' is | ocated on the underside surface

12" of flexible beam11'. That is, the flexible surface 12' connecting
grati.ng el ement 13' is.on the opposing face of beam 11, to

Figs. 3 and 4 illustrate an alternative embodiment of the package of Fig, 1.
10 In this embodiment, adjustment member 44' has a negative coefficient of thermal
expansion and optic fibre section 33' containing fibre grating element 13' is
located on the underside surface 12‘ of flexible beam 11'. That is, the flexible
surface 12' connecting grating element 13' is on the opposing face of beamn 11' to

the face of adjustment member 44"

This alternative embodiment works in a similar manner to that described
above. In this case, when the adjustment member 44' is inserted between the
beams 11', 22', a tension strain is applied to flexible surface 12", Surface 12'

| transmits this force to fibre section 33' and fibre grating 13'. As the temperature
20 of the package 1' increases, the length of the adjustment member 44' contracts.
Thus, the tension strain on surface 12' (via beam 11"} relieved and this is
transmitted to fibre grating 13'. This results in decreasing strain in the fibre
grating element 13' compensating for the change in the central wavelength of the
grating element 13' with the increasing temperature. Likewise, when the
temperature of the package 1' decreases, the length of the adjustment member
44' expands and this expansion is transmitted by surface 12' to grating element
13'. As a result, the strain on the grating element 13" increases. The increased

strain on grating element 13' compensates for -the effect of the decreasing
temperature on the central wavelength.

o
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the face of adjustnent nmenber 44. 15 This alternative enbodi mrent works in a
simlar manner to that described above. In this case, when the adjustnent
nmenber 44' is inserted between the beans 1 V, 22, a tension strainis
applied to flexible surface 12'. Surface 1.2' transmits this forcdel tid 2306
fibre section 33" and fibre grating 13'. As the tenperature 20 of the
package 1' increases, the length of the adjustnent nmenber 44' contracts.
Thus, the tension strain on surface 12' (via beam!| V) relieved and this is
transmtted to fibre grating 13'. This results in decreasing strain in the
fibre grating elenment 13" conpensating for the change in the central

wavel ength of the grating elenent 13" with the increasing tenperature.

Li kewi se, when the 25 tenperature of the package V decreases, the | ength of

t he adj ustnment Mmigiieillustrateseanethesembddinherst afthansicntions hriBRemhbédhdpy
surface 12'thto.%aég ng -el e,Im:né «13' ., As aresult, the strain on the grating
el enent , 131§ WJBFheampdl e eatathe s3mai ADR ¢AnRaGEnERehles A'28" are
conpensat e f Pty ' r tral
vevel engt hPromed IPBSETR ol v Bp RSB S clEn S5 TR EAb o b PebRdeg

i nvention. 1l'n Inhaddiinbpddjustinent membelt #4'0fs hemted hear fildd" savtiont 38 sadre.
As a copnse ce,, hol {", 8" are provided in beam 22" to allow optic

Shot BERTSRITERASE {1

fibre sect S rough the package 1". In addition, adjustnent
menber 44" is |ocated near fibre section 33" and 5 grating elenent 13".
Fig. 6 illustrates a further enbodi nent of the invention. In this

Fig. 6 illustrates a further embodiment of the invention. In this
embodiment, package 10 is designed to cater for multiple optic fibre sections 33,

34, 35, 36, 37, 38, 39, 40 each containing fibre grating elements 13. In such a

10 case, the adjustment member 44 has a large coefficient of thermal expansion to
provide sufficient force to be transmitted to each fibre grating element 13. While

this embodiment is illustrated with an adjustment member 44 having a positive
coefficient of thermal expansion, a similar package for multiple optic fibre

sections can be made using an adjustment member with a negative coefficient of
15  thermal expansion.

Figs. 7A, 7B and 7C shows in more detail the individual components of the

package 1. Figs. 7A and 7B show top views of the first beam 11 and the second

. beam 22, respectively. Where only one optical fibre section 33 containing the

20 grating element 13 is to be packaged, a thickness and width of less than 2mm

and 5mm, respectively, for the beam 11 is preferred. Where multiple optic fibre

sections (33, 34, 35, 36, 37, 38, 39, 40) each containing the grating elements 13

are to be packaged, the width of the beam 11 should be large enough to support
these multiple fibre sections.

[0S
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Fig. 7C shows a top view of first beam 11 with optic fibre section 33
containing the grating element 13 embedded in surface 12 of the beam 11. Fibre
section 33 is embedded into surface 12 by heat-cured epoxy or other epoxy 13.

The fibre section 33 containing the grating element 13 is usually held in tension
30 during the bonding process. -




enbodi ment, package 10 is designed to cater for nmultiple optic fibre
sections 33, 34, 35, 36, 37, 38, 39, 40 each containing fibre grating

el enents 13. In such a 10 case, the adjustnment nenber 44 has a | arge
coefficient of thermal expansion to provide sufficient force to%i?"BZ%ﬁ
transmtted to each fibre grating elenent 13. Wiile this enbodi nt? £5
illustrated with an adj ustnent nenber 44 having a positive coefficient of
t hermal expansion, a simlar package for nultiple optic fibre sections can
be made using an adjustnent nenber with a negative coefficient of. 15

t hermal expansion. Figs. 7A, 7B and 7C shoWs-in nmore detail the individual
conponents of the package 1. Figs. 7A and 7B show top views of the first
beam 11 and the second beam 22, respectively. Were only one optical fibre
section 33 containing the 20 grating element 13 is to be packaged, a

t hi ckness and width of ,l ess than 2mm and 5mm respectively, for ‘the beam
11 is preferred. e?’éd?r%%! ie‘bl eoypaGtiogr they rst beam dnsandsthe sagorgbbead, 237,

38, 39, 40) Pal! t b . are to, be. kaged,

the wi dtn erasg okt R By PP LRIg, Bhaia obding B meerifucBl BAGRGL

fibre sectibagchemiaidortinghepaxies tap b avediwtilerfol nsHanichl BohBingPbbis

fibre s<§ct| on %%ﬁ containing the grating elenent 13 enbedded in sufface 12
e .

of the Bean?1d BreUSedction 33 is enbedded into surface 12 by heat - cured
epoxy or other epoxy 13. The fibre section 33 containing the grating
element 13 is usually held in tension 30 during the bonding process. 2 1
FEB 2306 10 The Ehas‘%sﬁbem ‘thane second tieani 22 ssachemm AdvaapayionabeRRs-

beam 22 ; ; ; -
N section, including a rectangular, square, circular or triangular. The first and
second beams need not have the same polygonal cross-section. The first and
10 second beams can be made of any suitable metal, glass or other materials. In the

preferred embodiments, for example, beams 11 and 22 are made of Invar metal.

While this invention has been described above with respect to a specific
embodiment, various changes in form and details may be made without departing
from the scope of the invention. The beams and the member in this invention can

have a variety of shapes and sizes. All such variations are encompassed in this
invention.

Throughout this specification and the claims which follow, unless the
" 20 context requires otherwise, the word "comprise", and variations such as
"comprises" and "comprising", will be understood to imply the inclusion of a
stgted integer or step or group of integers or steps but not the exclusion of any

other integer or step or group of integers or steps.



can al so be joined by |laser welding, chem cal bonding or nmechani cal

bondi ng. For chem cal bondi ng, epoxies can be used while for nechanical
bondi ng, bolts 5 and nuts are used. The first beam 11 and second beam 22
each can have a polygonal cross- section, including a rectangularq ﬁ%ugﬁe,
circular or triangular. The first and second beans need not havg t he ‘Sanme
pol ygonal cross-section. The first and 10 second beans can be made of any
suitable nmetal, glass or other materials. In the preferred enbodi nents,
for exanple, beanms 11 and 22 are nmade of 1lnvar netal. Wiile this invention
has been descri bed above with respect to a specific enbodi ment, various
changes in fGUAHMEhd details nmay be made without departing 15 fromthe scope
of the invention. The beans and the nmenber in this invention can have a
vari ety of shapes and sizes. Al such variations are enconpassed in this

i ess the 30 contenperat® PeapEnSaliBH PARAdY 5 Thrl bl sicitent,

vari ati ons saoiprising: conpri ses"” and "conprising", will be understood to
i mply thg i ncl usiogr gf a Stated ipteger or step or group of integers or
steps bul not th& WSEIMRTBRT SOURIRA te@heecond sarmber at their sespedive emds,

I nt egers or‘,\a{e? . Al M C ensation
package for a ]Qi@rsg?d gﬁ%"ﬁ%ﬁsaﬁ gh%ﬁ?%ééﬁors’%g i@g{h%gﬂ? g{ﬁ%ﬁ&%r’ er coupl ed
to a second nenbarcattrdlmaeans eligmetddy betvsten saithfirstimembefl ahidbsfid Werbhtg
el ement is di srﬁgsecl) on,.t he f'][_st menber; and . .
member, bending said first member 'and said second member into an arcuate
shape, wherein the control means varies the curvature of said first member in
10  response to a variation in temperature, thereby compensating the thermal effect

exerted on said fibre grating element by the variation of temperature.

2. A temperature compensation package according to claim 1, wherein said
first member further comprises a flexible element, wherein said fibre grating
15 element_is disposed on the flexible element.

3. A temperature compensation package according to claim 2, wherein said
flexible element forms an arcuate shape when said control means is disposed
between said first member and said second member.

20
4. A temperature compensation package according to claim 2, wherein said
flexible element is a flexible surface on said first member.

5. A temperature compensation package according to claim 4, wherein said
25  flexible element has a groove for receiving said fibre grating element.

6. A temperature compensation package according to claim 5, wherein said
groove is V-shaped in cross-section.



a control neans di sposed between said first nenber and said second nenber,
bendi ng said first nenber and said second nmenber into an arcuate shape,
wherein the control means varies the curvature of said first nenber in 10
response to a variation in tenperature, thereby conpensating t?g FtEtB%m;al
effect exerted on said fibre grating elenent by the variation®of
tenperature. 2. A tenperature conpensati on package according to claiml1,
wherein said first nenber further conprises a flexible elenent, wherein
said fibre grating 15 elenent is disposet2on the flexible elenent. 3. A

t enper ature conpensati on package according to claim2, wherein said

flexible el drent A temperaturercompensatRipepadieyeSacdrding t6 HaifEANFhéiflsggosed
bet ween said fh_rit menber and sai d_second nenber. 20°4. A tenperature
conpensat i of°PHOk AfENRciE APl ater lraactively waeting thesalrdin appliadotoethel Brent

is a flexiblgg ERpferpn said first nmember. 5. A tenperature conpensation
package ac_cgﬁdtﬁ% to crﬁ'ai m 4, wherein said 25 flexible elenent has a

groove for receiving said fibre grating elenent. 6. A tenperature
corrpensagi o] paclj\a%e accg ding to claimb5, wherein said groove is V-shaped
in cross?sefri on/r BPHPYARIG Rensation pagkaeeaasoeding ip slaimt 1,onhereirkeaid

cross?sect ] on O8RS . 1,08y
et el y varshie! Feans MASEBEATE Copfight &t tERRAM ARG "ol rent . 5 5.

t enper ature conpensati on package according to claim1l1, wherein said
control neans has a positive coefficient of thermal expansion.

9. A temperature compensation package according to claim 1, wherein said

10 control means compensating element has a negative coefficient of thermal
expansion.

10. A temperature compensation package according to claim 1, wherein said
first member is a first beam and said second member is a second beam, wherein
15  the first beam and second beam are connected at their respective ends.

~11. Atemperature compensation package according to claim 10, wherein the
width of said first beam is more than or equal to the width of said second beam.

20 12. A temperature compensation package according to any one of claims 10-
11, wherein the length of said first beam and the length of said second beam are
each more than the length of said fibre grating element.

13.  Atemperature compensation package according to claim 10, wherein said
25  first beam is thin and flexible.

14. A temperature compensation package according to claim 10, wherein said
second beam is thin and flexible.



9. A tenperature conpensation package according to claim1l, wherein said
10 control neans conpensating el enent has a negative coefficient of thernal
expansion. 10. A tenperature conpensation package according to claiml,
wherein said first menber is a first beamand said second nemberg { SER2006
second beam wherein 15 the first beam and second beam are connected at
their respective ends. 11. A tenperature conpensati on package according to
claim 10, wherein the wdth of said first beamis nore than or equal to.
the width of said second beam 20 12. A teggperature conpensation package
according to any one of clains 10- 11, wherein the length of said first
beam and t hetg en i Q@@,{TP t h th. of
said fibre grati %gm%ﬂe)ﬁe&ﬁ%l % ?L%?'B,%H?enpe g? ﬁ?%éggﬁ.b@wggoi%%%pgb gég&ﬁ 3%'00
accor di ng t dikfegraiing elementds dispmised @b shidr first hremibdryia Bisection of bpe Hbes
14. A tenperatyr.e. co ation package according to claim10, wherein said
second beam‘faoé]ltl?'ﬁm %ﬁ%f‘%ﬁf@ﬂg.eﬁ?ﬂ%“ﬁEB 2006 13 15. A tenperature
conpensati on package according to claiml1l, wherein said fibre grating

el ement is disposed on said first nenber via a section of optic fibre
contai ni Ag ski.d fA leepgraiuregosipansationSpackags hecardiraf olaim G npeessk isaid
package. accg{bg%zbg fl aim 2 V\,heé.ei n said fibre, ?rati ng element is disposed
on said fle alingrelsmentis dispesed angtaid dlexible elaspentda@asestion eheptic
fibre grati Mbrébemeiing sAid fbrbaffafiig blgifiefompensat i on package according to
claim 16, wherein said 10 optic fibre section is supported on said

fl exi bl e el enent.

~ 17. A temperature compensation package according to claim 16, wherein said
10  optic fibre section is supported on said flexible element.

18. A temperature compensation package according to claim 17, wherein said
optic fibre section is bonded to said flexible element.

15 19. A temperature compensation package according to claim 18, wherein said
optic fibre section is embedded in said flexible element.



18. A tenperature conpensation package according to claim17, wherein said
optic fibre section is bonded to said flexible elenent. 15 19. A
t emper.at ure conpensati on package according to claim 18, wherein said optic
fibre section is enbedded in said flexible elenment. ABSTRACT Thﬁlﬂﬁﬁﬁﬂﬁt
i nvention provides a tenperature conpensation package (1) for a I bre
grating elenent (13), conprising a nenber (12) connected to said fibre
grating elenment (13) for transmtting a force to said fibre grating el enent
(13), said nenber (12) adapted to be flexed to adjust the force
transmitted to said fibre grating el ene 4'(13), and neans (44) to control
said flexing of said nenber (12). The control neans (44) may be_ | ocated
between a first beam (11) and a second beam (22) of the package (1).
ABSTRACT

The present invention provides a temperature compensation package (1) for a
fibre grating element (13), comprising a member (12) connected to said fibre
5 grating element (13) for transmitting a force to said fibre grating element (13),
said member (12) adapted to be flexed to adjust the force transmitted to said

fibre grating element (13), and means (44) to control said flexing of said member

(12). The control means (44) may be_located between a first beam (11) and a
second beam (22) of the package (1).
10




