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g 10 it is selectively reflected. The period of the refractive

index modulation is usually equal to the wavelength to be
reflected or to a multiple or sub-multiple of said
wavelength. Thus periods in the range 250 to 600 nm

preferentially reflect selected wavelengths within the
15 range 800 - 1650 nn.

Reflection gratings have many applications in optical
signalling. For example, a reflection grating can be
associated with a fibre laser in order to narrow the lasing
20 bandwidth. When the refractive index bands are not
perpendicular to the fibre axis, the grating can be used
for the selective removal of unwanted wavelengths. in
addition to reflection gratings, refractive index
modulation has other applications, e.g. to achieve phase
25 matching in waveguides, to control spot size and/or shape

in waveguides and for storing information.

Refractive index modulation is convenientiy produced by an
optical process in which a photosensitive glass is exposed
30 to radiation which causes an ‘adequate change in its
refractive - index. The .radiation' has higher and lower
‘intensities corresponding ﬁo the intended pattern of
modulation of the refractive index of the glass. In many
commonly used embodiments, the mutual interference of two

35 beams of radiation produces the variation of intensity

-—

(A

*G00002*



30 to radiation which causes an adequate change in its refractiv? i ndex.
The radi ation has higher and |lower intensities corresponding to {hET 2006

i ntended pattern of nodulation of the refractive index of the glass. In
many comonly used enbodi ments, the mutual interference of two 35 beans of
“radiation produces the variation of intensity *@002* 2 7 0 CT 2006 2
appropriate for reflection gratings. In the case of information storage,
.the pattern afprepiibdten fetatmestltartide dataaitmgysbe stofedkhd case of
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extending appR cS@patepybevekorkd. wavel ength range 225 - 275 nm and
exposure to radiation within this band increases the 10 refractive index of
the silicalgermania conposition. The peak of the band occurs at a

wavel ength Wi thC3498¥BeBleo PAFSAR | & hasVifRéref oised beem peopbsall to

produce refterédyenindextiodsl aihdn,it€. nds tBeBRKGJBId KLt QR 9£ﬁ&££‘951
by exposing sjlicalgermania gl ass co.rrclposi tions to 15 radiation within the

wavel ength bane 225 - 278 nnf™ REAGGDn cPBSRTPEL9B0 MATS parEPB&iAg!y
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to produce adeqyales chagoesaifathe. rafractive dndex and  uciling tipes of a
few mnutes to_a few hours are 20 appropriate.” Thé sensif \ﬂf"ﬁ 5f B
gt@ss is inpBPtERES wRdIPARY iR okl 1 &2 fervetk ipone oo siTekpect eThe -
di scovery thgéak of the band occurs at = wavelength which is close to
240 nm. It has, therefore, been propbsed to produce
refractive index modulation, e. g. to make reflection
gratings, by exposing silica/germania glass compositions to
15 radiation within the wavelength band 225 - 275 nm.
Radiation close to 240 nm is particularly suitable. High
powers of radiation, e. ¢. above lmW continuous, are needed
to produce adeguate changes in the refractive index and
writing times of a few minutes to a few hours are

20 appropriate.

The sensitivity of the glass 1is important, and this
invention 1is based upon the unexpected discovery that
glasses which contain B,0, are particularly sensitive to

25 radiatibn, e. g. radiation close to 240nm, and that these
glasses are well adapted to carry the necessary refractive
index modulation. Preferably the glass contains at least
one of Si0, and GeO, as well as the B,0,.

30 Compositions consisting essentially of - GeO, and B,0,
preferably containing at least 2 mole % of each component,
are suitable for <thin film optical devices which are
capable of storing data in the form of refractive index
modulation. '

35 .

Compositions consisting essentially._df SiQ,  and B,0,,
preferably containing at least 2 molé“%'of éach component,



gl asses which contain B203 are particularly sensitive to 25 radi at%ZQD Tems
g. radiation close to 240nm and that these g¢lasses are well adap &o
carry the necessary refractive index nodul ation. Preferably the gl ass
contains at least one of SO 2 and GeO2 as well as the B203. 30

" Conposi tions consisting essentially of Geb2 and B203. preferably _ _
containing at least 2 nole % of each conponent, are suitable for thin film

.optical devi i.ch are_. capabl f storin datain_theforr_nof._
refractive ia?llee>§)\,m‘1rrtnldculll 2FToN. %%t%ﬁ%oé?fi‘ﬁfgydd}%i% R fEasEhvral ngeof
Si 2 and B20®dulrtienabtyrebntsdid mpdtl dieiant dnamlie el seaehl seppoReENnt ,
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B203 are 10 particularly suitable for use in optical devices according the
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the invention. Preferred ternary compositions contain: -

2-40 mole % of B,Q,,
2-40 mole % of Geoy and
at least 30 Mole % of §10,.

15 It should be noteda that B,0, tends to decrease the

refractive index of a silica glass whereas GeQ, tends to

increase the refractive index of a silica glass.

Since the concentration of B,0, affects the refractive index
20 as stated above, the refractive index will disvlay a maxima
at minima B,0, concentration and the refractive index will
display a minima at maximum B,0, concentration. It is
standard practice in the preparation of optical waveguides
to vary the concentration of a dopant radially through the
25 core region, eg to fabricate a graded index multimode-
fibre. However, it is 1less convenient (and even
impractical) to produce fine detail longitudinal variation,
eg a reflection grating, by varying the concentrations of

relevant components.

30
It has been noticed that some glasses are photo-sensitive
whereby exposure to suitable light_causés changes in the
refractive index and exposure to fine patterns is adapted
to produce the desired fine detail. It is doubtful that
'35 - the optical exposure changes thé chemical composition .of

the glass and it is more appropriate to postulate that

structural changes, possibly including defect centres, play



- Since the concentration of 3203 affects the refractive index 20 as stated
above,- the refractive index will display a maxima at mininma B203 27 0CT 2008
concentration and the refractive index will display a mnim at maxi num
B2C3 concentration. It is standard practice in the preparation of opti-cal
-wavegui des to vary the concentration of 4a dopant radially through the 25
core region, eg to fabricate a graded index nultinode fibre. However, it
_is less convenient (and _even inpractical) to produce fine detai
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i ndependent of the boron content of” 10 the glass. nvénientlTy thé nole
ratios B:Si eonsRte ate the region where the refractive index
modulation is applied. In most applications it 1is
appropriate for both ratios to be constant, eg. the glass
has a uniform composition. (Where on2 of the elements
15 silicon or germanium is absent it is convenient to take the

relevant ratio as 1:0.)

Ternary compositions as defined above have great potential
for adjusting the important properties of the glass as
20 required. The refractive index is one of the importanﬁ
properties because it is usually of majér importance to
match the refractive indices of the device according to
the invention to the refractive indéx of adjacent optical
components. The device according to the invention is often
25 required to perform a waveguiding function and proper
adjustment of the refractive indices o0f the confining
region and the path region are necessary to get good
waveguiding properties. In particular it is important to
adjust the refractive index difference between the path
30 region and the confining regioﬂ to a predetermihed value.

This difference is usually called An.

It is possible to adjust the ratio of B,0,: G,0; so that the
decrease in refractive index caused by the B,0, is balanced
35 (approximately or exactly) by the increase caused by the
B,0,. Thus.the ternary compositions with B,0, in excess of

the amount needed to balance the GeO2 will have refractive



constant in the region where the refractive index nodulation is applied.
In most applications it is appropriate for both ratios to be coddt 8T, 208y.
the glass has a uniformconposition. (Were one of the el ements 15 silicon
or germanium _Js absent it is convenient .to take the relevant ratio as 1:
0. ) Ternary conpositions as defined above have great potential for
adjusting the inportant properties of the glass as 20 required. The
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ei ther the cwmdian mpirdygiion,clopse to the path region. Thus the energy
in the confining region will interact with a reflection
grating located in the confining region whereby gratings in
15 the confining region can be used either alone or to enhance

the effect of gratings in the path region.

It will be appreciated that the waveguiding structures
mentioned above maybe either planar waveguiding structures
20 or fibres, especially single mode fibres. In the case of
& fibre the confining region corresponds to the cladding

and the path region corresponds to the core.

In addition to the essential ingredients as specified above
25 the glasses used to make optical devices according to the
invention may contain conventional additives, e.gq. melting
point depressants to <facilitate processing during the
manufacture of the articles. Melting point depressants for
silica glasses include phosphorus, usually present as an

30 oxide, and fluorine.

The preparation o0f optical devices according to the
invention usually includes the preparation of the glasses
by the oxidation of the appropriate chlorides using 0, at
35 high temperature as the oxidizing agent. If desired, the
glass intended to carry the refracted index modulation may

be subjected to mild reduction, e.g. by heating in the



5 the path region or in both. The ternms "confining region" and "p$?

region" are used to designate the regions of |ower and hi gher att Jao6
index respectively. It will be appreciated that, especially in 10 the case
of single node wavegui des, substantial portions of energy will be N
transferred in that part of the conf|n|n§ region which is close to the
path region. Thus the energy in the confining region will interact with a
_reflection lgca t he fini;ng Le |on whereby gratings.in 15
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gl ass i nt end®d® P oS thFF Yﬁe refracted i ndex modul ation nay be subjected to
mld reduction, e. g. by heating in the 2 7 OCT 2006 6

Two reflection gratings according to the invention will now

be described by way of example. The gratings are located
15 in the core of a fibre based on silica glasses and the
preparation of the fibre will be described first. The

exposure of the fibre to radiation in order to produce the
refractive index modulation will also be described with
reference to accompanying drawing.

20

The fibre was prepared by a modification of the well-known

. inside deposition process for making optical fibre. In

“this process, the appropriate number of layers are

deposited on the inner surface of a tube which serves as a

25 substrate. Thus the outermost layers are deposited first
and the innermost layers are deposited last. After all the

layers have been deposited, the tube is collapsed into a

solid rod, and the solid rod is drawn into fibre.

30 Individual layers are produced by passing a mixture of
oxygen and SiCl, with reagents such as B,Cl, and GeCl,
through the tube ard heating a small section thereof to
temperatures in the range 1200:C - 2000-C. Under these
conditions the chlorides are converted into the

35 corresponding oxides which initially deposit on the’wall of
the tube in the form of 2 fine "soot" which is immediately

fused to give a consolidated giass.-



absence of oxygen. This is conveniently achieved by heating the g}@ge %@
the presence of helium The refractive index nodulation is appli@

glass 5 which contains B203 by exposing said glass to the appropriate
pattern of radiation which accesses the absorption band having a peak.
"close to 240nm Radi ation having wavel efigths within the band 225 - 275 nm
e. g. a wavelength which is close to 240nm is particularly 10 suitable.

. Radi ati on whi ch has doubl e these wavel engths is also effective. Two
reflection gratidfgsaheesrarhyet e Ganasitiion wikl cawribé descr iateda by
way of exaM@anMm@tdm @[@tlm@tcﬁgpoéét'ﬂex&i@n§°{§ Qf 8-hL b% pased
on silica glas es_and i reparation of the fibre will be descri irst.
The exposurd®of the® f1Hrect D8I 4P GRS PTOCESES t iR d'(ﬁ@@tth?es f@$¢@.ctl ve
i ndex nodul st oa Wilgheal stoeree teseré bed Wjitxha EEéechﬂfsQalthaa?\F&P”Eleé{é ng
drawi ng. 20 Jhe, f|9L%rna%lprep§re gtlon of the wellknown
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rod is draWI"ma§ﬂtlﬂa fllnbro&po’.i&*-lémllw dual nkayers aperproduced by 8@%&1‘9%
[0)'¢ n an SiCl4 wth reagents such as B2Cl3 and” e rough

nﬂn ture of ind 3 f\g
the tube andb 1 et 15 %%t on HefebP™PB2tERfEratures in the range
1200C - 2000C. Under these conditions the chlorides are converted into the

The heating is carried out by causing a flame to traverse
along the length of the tube. The flame heats a short
section of the tube so that a portion, about 20 mm long, is
15 heated to the working temperature. This technigque of

heating is used for all stages of the process, i. e. for

the deposition, for consolidating porous layers to solid

layers and for the collapse of the tube. Multiple passes
are used at all stages of the process.

20
The starting tube was made of pure silica. It had an
external diameter of 18 mm and aﬁ internal diameter of
15Smm.

25 Cladding Deposition

The deposited cladding took the form of §i0, with phosphorus
and fluorine to reduce its melting point. Six layers of
cladding were deposited, and the conditions used for the

deposition of each layer were as follows: -
30



35 correspondi ng oxides which initially deposit on the' wall

t he f-orm of

consol i dat ed gl ass.

carri ed out

of
a fine "soot" which is immrediately fused to give a

at a tenperature such that the deposit

h LN
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27 0CT?2006 7 As an alternative the deposition is
remai ns in a porus

state and, at a later stage in the process, the "soot" is fused at a
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15

20

25

30

In the case of SiCl, and POCl, the flow rates specify the
rate of flow of 0, through a bubbler thermostated at 24°C.

The working temperature was approximately 1525°C. It is

emphasised, that after each traverse, each cladding laver

was in the form of =

clear glassy layver before the 'next

layer was deposited.

The cladding layers could be considered to be part of the
substrate tube upon which the core layvers were deposited.
The deposition of cladding layers as described above could
be omitted. The main purpose of the cladding layers is to
reduce the risk of contamination from the original tube

affecting core layers.

Core Deposition

Core was deposited in two layers and the conditions for the

deposition of each of the two layvers were as follows:

hi gher tenperature to give the consolidated glass. 5 This alternative is
_appropriate when it is desired to submt the deposit to chem cal
treatnments wherein the porus state facilitates the desired reaction, e. g.
reduction. Melting point depressants such as phosphorus and fluorine may
be incorporated in the mixture to facilitate processing 10 by 10 causi ng
fusing at | ower tenperatures. The heating is carried out by causing a flane
totraverse —along the length of the tube The flane heats a short section
of the tubelso th rtion, aboyt 20 |.an 1S, 15 heated to the -
wor ki ng tenteratu?%¥?%%?s t echni que of :E;ﬁég%%ﬁéph%ed for all stage§ of
the process,ji. e. r.._the depositlion, for_.consolidating porous Tavefs to
S0 ig | aver|s and ?o?l%ﬁe collgpse of theLt%E%g£$iﬁz%1ﬂHa passes are [sed
at all staggs of t$e rocess. 20 The startlp t ube was, made of pure Siflica.
It had an ﬁxterna l%faneter of 18 [nm and’-dir imter ¥ "tRaneter of 15)nmm
25 d addi ng EEp05|%é$£ The depositgd cladding ook the Tormof STO 2 Wth
phosphorus |and fl ne to reduce itS|ﬂﬁ1¥EifEﬁﬁ?%mlS|x | ayers of
cl addi ng werje deposifed, and the cgnditions used for the
: CClL,F, 0.0005 litres/min



deposition of each |aver were as follows: 3027 0 CT 2006 8 Oxygen 2
litresfmin 5 Helium1. 5 litres/min SiCl4 0.45 litres/nmin POC13 (%7 10CT 2008
litres/mn CCl2F2 0. 0005 litres/mn 10 In the case of SiCl2 and PCC13 the
flow rates specify the rate of flow of £2 through a bubbl er. thernostated
~at 24C. The working tenperature was approxi mately 1525C It is

enphasi sed, that after each traverse, each cladding layer was in the form
.of a clear glassy |layer before the next 15 |ayer was deposited. The

cl addi ng | could be considered to he part of the substrate tupe upon
whi ch the aEre | aveps g deposited. ,2Q The  depgsition of claddinm | ayers
as describ above cogﬁgnbe omtted. The na?nrpu?%ggé of the cl addijnhg

| ayers is t reducghhe risk of contapgi pation from.the original tupe

af fecting re layers. 325 Core DepoSit?gﬁ%cggérﬁégmagposited in twol | ayers
and the congditions for..the depositjonof each of the two lavers wefe as
fol lows: 30 2 7 0 C 2006 9 Ocygeh 2% 1 itr&SPriH™ BC13 0. 03 litfes/ nin
§g014 0. 1 |tres/nb%éiAGeCI4 0. 2 |t%g% GQk@es/min

In the case of SiCl, and the GeCl;, the flow rates specify
the rate of flow of 0, through a bubbler thermostated at
24°C. In the case of BCl; the flow rate is that of the

10 vapour itself at 300C and 1 atmosphere.

The working temperature was only 1450°C but this

consolidated the core layers.

15 After the preparation described above, the tube was
collapsed into a solid rod in the conventional manner using

five traverses of the flame.

The solid rod, ie the preform for fibre, had a core which
20 contained approximately 57 mole % §i0,, 25 mole % B,0, and
18 mole % GeQ, giving an RI of 1. 462. The cladding,
essentially Si0O,, had an RI of 1.458 so that An = 0.004.
The composition of the glass in the core was substantiaily
uniform, ie. the mole ratio B:Si was 1:2.28 throughout and

25 the mole ratio B: Ge was 1: 0.72 throughout.

The procedure described above, apart from the use of BCl, in
the core, constitutes an essentially conventional
preparation of a fibre preform
30 .

The preform prepared as described above was drawn into
fibre of 120pm diameter at a temperature of 2, 000-C. The
fibre was produced'at a rate of 18 metres/min. This fibre
is the precursor of reflection gratings according to the

35 invention.



In the case of SiCl4 and the GeCl4 the flow rates specify the rate of flow
of 02 through a bubbler thernpstated at 24C. In the case of BC132hdCf 2506
rate is that of the 10 vapour itself at 300C and 1 atnosphere. The worKki ng
tenperature was only 1450C but this consolidated the core |avers. 15 After
“the preparation described above, the tubkOwas collapsed into a solid rod
in the conventional manner using five traverses of the flanme. The solid
.rod, ie the preformfor fibre, had a core which 20 contained approxi mately
57 mole % Si D5 ¢ eh9 B203N&Nd1 DT HSISE YRSEO R RANA ngean RPNBRried462.
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The conposition.of .the glass_in the core S substantially  unifor I e.
the mol e ratlirbr}:é‘.eﬁrawggngl: 2R f§c?‘hf'g]l?§ﬁ\(l)\ﬁte“§r‘r O55 fER& EnbihE F&FFg}lB@ Ge
was 1. 0. 72 thndfighoutconbheipionedure descepbediabdveompnté Hrefvkhe use
ofc BC13 in r nstiiutes an. essentiall onventional .preparation
of5 a fibre pére Oo%%e%fi%&cliﬁ% p%%f%rsmg%‘rgbgrg%i%g %%%c??ﬁgécgbg\?el\gﬁggd?’gvm
into fibre Wt 108 dfaseterfarmna tenperature of 2,000-C. The fibre was
produced at a rate of 18 netres/mn. This fibre 1is the precursor of
reflection gratings according to the 35 invention. 2 7 OCT 2006 10
Short | engt s DROFhe PAEOTdestr P hedPEbdvieWfer &5 cBATeitlddminated &by edt i on

wavegui des uséurgcd heot echntrue irblustyiaiedrad N Lhetndr ami Age ERseagBeshort

| apoth of {107 {0gs oy eahag. 3 UL 0T R EQUROS) Ol LE- 185 3ReCL kg, or
at a wavelength of 244 nm. The beam from the source 10 was
directed onto a splitter 11 so that two beams were directed
onto mirrors 12 and 13. The mirrors 12 and 13 caused the
beams to converge onto the target section, 14. Thus an

i5 interference pattern is produced with alternating regions
of higher and lower intensity. Because the fibre 15 is
photosensitive, the region 14 (whereon the beams are
focused) is affected by the beams and the refractive index
is increased in the areas of high intensity. Thus a.

20 reflection grating is produced in the region 14.

It will be appreciated that the spacing of the intérference
pattern is affected by the angle at which the two beams
intersect one another, and hence the spacing of the grating
25 can be adjusted by adjusting the reiative position of the

splitter 11 and the mirrors 12 and 13.

Two specimens of this fibre were subjected, to an
interference pattern to produce reflection gratings A and

30 B. For comparison, a reflection grating was prepared from
a conventional fibre, i.e. without +the boron. This
comparative grating is identified as grating X. Important
measurements on these gratings and their fibre waveguides
are given in the following table.

35



5 Before exposure as described below the refractive index of the core was
uniform A short portion 14 of the fibre 15 was illum nated by a 2900cTeqgs
10. This-radiation was, in the first instance, 10 produced by an Ar+
| aser, frequency doubled to give output ai a wavel ength of 244 nm The ‘beam
“fromthe source 10 was directed onto a splitter 11 so that two beans were
directed onto mrrors 12 and 13. The mrrors 12 and 13 caused the beans
.to converge onto the target section, 14. Thus an 15 interference pattern is
produced wit i ione —of hin nd lower intensity. Because

the fibre 15 is photosensit veﬁgﬁﬁqxgqgron ddafher gon |t he beams are

focused) is the beans and the irefractive index 1is 1ncreadled in
t he areas ofj hi intensity. |Thus a 20 rgflectjon gratifng 1S prodaced in

t he region g. g?nﬁ?%l be appreci &8 thaﬁ the $PAcing of th&@Mnterference
pattern is feﬁieg bé the angle at which jthe Two beans| i ntersect o
anot her, and hente“PhRE spaci ng of' t4% gratli ng 2548an be |adjust®&d by

adj usting the relgtlve position of The sSplitter Il and the mrrors 14 and
13. Two spedi mens“8f this fibre wé9% subjdcted, 926 an interd@¥ ence pattern
to produce rjefTection gratings A and 30 §. For conparTsom—a reftecttjon
grating was prepéPéaxfronla conventional flibre, i. e. wilthout the borgn.
This conparfat Mg@ugeaiiong i s|idantd ficed as gratingoX |fpojtant 145
measur errents_g.n_t_h_e_s_%g_p_a_t_i_n_;_g_and their flibre \I\IF)\/Pglli des are _given ijn the
follow ng tgble. c23t2nd 0 C T 2006 11 GRATING A GRATI NG B GRATI NG X

Reflectivity 99. 5% 67% 1. 2%
10 RIC 25% 18% 0.68%
Input Energy 6§07 48J 192g

The "RIC" is the relative index change and it is calculated

as [(index modulation)/An)} x 100 (to convert to
15 percentage).
(In optical technology, refractive index matching of

components is often important to avoid unwanted reflections
from component interfaces. Thus reflection gratings need
20 to be refractive index-matched to adjacent components and
this 1limits the freedom to adjust the composition to
maximise the photo sensitivity and the grating properties.
It is wusually easier to obtain index modulation in fibre
which has high An and the RIC takes this circumstance into

25 account).

The properties of grating X can be compared directly with
grating A because both gratings are 2mm long. The most
important property of the grating is reflectivity and in
30 this key parameter g¢grating 2 is very much better than
grating X (99.5% as against 1.2%). It will be appreciated
that the length of a grating has a strong effect upon its

reflectivity and the longer a grating (other things being



Length 2mm 1nm 2mm RI Core 1. 462 1. 462 1. 463 5 An . 004 .004 . 005

I ndex Modulation 1 x 10 7 x 10'4 3. 4 x 10'5 G ating Reflechwtyz@ngS%gg
67% 1. 2% 10 RIC 25% 18% 0. 68% |nput Energy 60J 48J 192J The "RIC' is
the relative index change and it is calculated as [(index nodul ation)/An)]
x 100 (to convert to 15 percentage). (In optical technology, refractive

i ndex matching of conponents is often inportant to avoi d unwant ed
.reflections from conponent interfaces. Thus reflection gratings need 20 to
be refractive index-nmatched to adjacent conponents and this limts the
freedomto adjusslt) thaecd:mméti onst ore filbx¢ i wet ¥.he phot asSenshé+ofdye,and
the grating t eas 0, Obt ai |ndex dulation in
fibre which Has tﬁst,&la%n%é?% &%%ngﬁ éﬁné ré?‘r’%ung ance |?1m ng
account). The pr opertl es of grating X can be conpared directly with

grating A bepausendd i aldNgsh Al € 208 1 Ofg-r, The: "Dsd 4 FPoL ppic praperty

of_the grating.s reflect|V|t and in 30 this key paraneter grating 1s very

mrch better YratThf X XL oBoh AR aRhY ket asr Jojan |grakirg bk even

appr eci at ed tHchB;htHE'akeIﬂ@’( h}\OflSa gbatgb.lﬂg has'ha St DdNg Q&:ﬁi@qtatli%@ i85
reflect|V|t)r/?eIa d the

b OCT 2006
12 equal) t Jtrf%s |ts (?e%l %ch?t/'%?glg Q‘?g Iﬁ(@r efacfﬂan Dared with

x 1074, Grating X has a much lower modulation (0. 34 x 10°
‘) which is a clear indication that the boron, containing
10 the glasses are more photo sensitive. Grating X has a
slightly higher An (0.005 against 0.004) so the RIC values
emphasise the superiority of the gratings according to the

invention.



i nportant that both grating A and X have the sane length. Gating B has
only half the length but its reflectivity is 5 still 67%which is 27 gey 2006
considerably better than grating X even though grating X is |onger. 'I%

i ndex nodul ations of gratings A and B are simlar (10 X 10'4 as conpared
"wWith 7 x 10'4). Gating X has a much [ oyer nodulation (0. 34 x 10" 4)
which is a clear i ndi cation that the boron, containing 10 the gl asses are
. more photo mg Gating X has a slightly higher An (0.005 agai nst
0.004) so t vaI ues enphasise the superiority of the gratings
accordi ng to the invention. 2 7 OCT 2006 13 CLAIMS 1. A photosensitive
optical fibre hARhgjosensitiearticgl fibtehavng apfiptasensiling eere and a cladging ng
consisting of a first silica glass and said core consisting of a second
si lica gl assaldasladding cbhgilséng oéhrfissttsilioa dlaskeand baid coae dohsisting of hi ca gl ass
5 wherein the second si ass, ¢ |t|on| a ternary conposition and
consi sts of S gﬁﬁg‘géﬁ?ﬁzﬂlﬁfs ﬁ%‘%”@? Wﬁg&%fa%w@n X thag ?ﬁjﬂé%to?npf@egﬁ’sslo c)
25 nol e% of Bl At .. a|m1
wherein %he fi rgin ﬁ}gﬁ?ca leggﬁé%%ééggﬁﬁogﬁ%gd%&fn ssgﬂbé@ﬁ@ag Si 2

15 3. A photroseiatsi ofisubstantiaiut fibre according to claim2, wherein the
first silica glass conposition contains conbined P and/or F to reduce its
melting point. 4. A photosensitive optical fibre according to claim 2,
wherein the 20 ref ragsiwmd@gte&f@ﬁotzhe first silica glass is substantially

0.004 lower than refractive index of the second silica glass. 5. A
phot osensi tive opti Bh18iMmeleé 8E&8Qk ng to claim 1, wherein the first

10 c) 25 mole% of B,Os.

2. A photosensitive optical fibre according to claim 1, wherein the first

silica glass composition consists essentially of SiO,.

15 3. A photosensitive optical fibre according to claim 2, wherein the first
silica glass composition contains combined P and/or F to reduce its

melting point.

4. A photosensitive optical fibre according to claim 2, wherein the
20 refractive index of the first silica glass is substantially 0.004 lower

than refractive index of the second silica glass.

5. A photosensitive optical fibre according to claim 1, wherein the first
silica glass composition consists essentially of SiO, and B,O3 whereby the

25 first silica glass composition is photosensitive.

6. A photosensitive optical fibre according to claim 1, wherein the first silica

glass consists essentially of 2 - 98 mole% SiO, and 2 - 98 mole% B,0s.

30

7. A photosensitive optical fibre having a photosensitive core and a cladding



silica glass conposition consists essentially of SiQ2 and B203 whereby the
25 first silica glass conposition is photosensitive. 6. A photose&nsiOCiva06
optical fibre according to claim1, wherein the first silica glass
consists essentially of 2 - 98 nole% SiQ2 and 2 - 98 nol e% B203. 30 7. A

“ photosensitive optical fibre having aiphotosensitive core and a cladding 2
7 OCT 2006 14 said claddi ng consisting of a first silica glass and said

- gore consi stigeliamg aﬁfsass oild 8t 5182 5128 Uidts Pb@"&! il ve i ndex

than said first si wher e secon Pca gl ass composi tion

is a ternar )se@omjcmlida giasamﬂwrrgomhagm reﬁaet)veB@udex&ﬁansb&P/ﬁr@f sific@lags) 18 -
40 nole -0 nol e% of B2Q3. 10 8. Use of B203 in an
optical fi br"&h%@'%t%é%%ﬂé”tqe\/gWsmlw 'Sc%ﬁ?fﬂﬁ@hﬁompﬁé't@ﬁtqr@al fibre
having a cor@miils@ cl adding said cladding consisting of a first silica

gl ass and said core consisting of a second silica glass having a higher
refracti ve i ndex than said first silica glass wherein said second silica

gl ass cont ai ns: a t 30 %0f Si02 b) 2 - 40 nol e% of GeR2
c) 2 - 40 nol e% of Iﬁzﬁogb 3’372 Sf?ot{‘é tgd ﬁd silica gI ass is phot osensitive.

20 18 — 40 mole% of GeO,
c) 25 — 40 mole% of B,Os.

10 8. Use of B203 in an optical fibre as a photosensitivity-enhancing
component, the optical fibre having a core and a cladding said cladding
consisting of a first silica glass and said core consisting of a second silica glass
having a higher refractive index than said first silica glass wherein said
second silica glass contains:-

15 a) at least 30 mole% of SiO,

b)2 - 40 mole% of GeO,
c) 2-40 mole% of B,O3

whereby the second silica glass is photosensitive.

20



