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ABSTRACT

It has been demonstrated that B containing glasses are
sensitive to radiation in the band 225-275 nm and,
therefore, B,0, glasses are particularly adapted to
receive refractive index modulation, e.g., to make
reflection gratings. Glasses containing SiO, and B,0, are
particularly suitable when the grating is to be
localised in the cladding of a fibre. Glasses
containing S8i0O,, GeO, and B,0, are suitable when the
grating is in the path region of a waveguide, e.g., in

the core of a fibre.
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SHOTOINDUCED GRATING IN B203 CONTAINING GLASS

This :nvention relatces =c optical devices which 1include

c
~efrac-ive index moculation, e.¢. reilection gratings.

Reflection gratings are often Zmplemented -as waveguides
which have a path =zsgion and/or a confining region with a
modulated reiracted lnaex. The waveguiding structure is

often in the form cI a ZIZIibre. The modulation preferably

takes +the form of alternate regions oI higher and lower

refractive index. When radiation traverses the modulation,

it is selectively reflected.
index modulation is usually equal to the wavelength to be

The period of the refractive

reflected or +o &a mnmulitiple or sub-multiple of said

wavelength. Thus periods in the range 230 to 600 nm

preferentially reflect selected wavelengths within the

range 800 - 1630 nm

Reflection gratings have many applications 1in optical

signalling. For axample, a reflection grating can be
associated with a finre laser in order to narrow the lasing
bandwidth. When <=he refractive index bands are not
perpendicular to the ZIZibre axis, the c¢rating can be used
for +he selective removal of unwanted wavelengths. In
addition to reflection gratings, refractive index

modulation has other applications, e.g. to achieve phase

matching in waveguicdes, €To control spot size and/or shape

in waveguides and Zox storing information.

Refractive index modulation is conveniently produced by an

optical process in wiich a photosensitive glass 1s exposed.

radiation which causes an adegquate change 1n its
The =radiation has higher and lower
intended pattern of
In many

O
refractive index.

intensities corresponcing To the
modulation of the refractive index of the glass.

commonly used embodiments, the mutual interference of two

beams of radiation produces the variation of intensity
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appropriate <for reflection gratinags. In the case of
information storage, the pattsrn of radiation relates +o

ilica/germania glasses are wicely used in optical

Cel ec:c:mmun1 cations 2a2na LT nas »JDeen qaoticed thar these

U)

classes have an optical apscrxption bané extending

approximately over tThe wavelengtll range 225 - 275 nm and

e
exposure to radiation within <this band increases the

raefractive index of the silica/germania composition. The
peak of the band occurs at a wavelength which is close to
240 nm. It has, thererfore, been proposed to produce
refractive index modulation, e. g. to make reflection

ing silicasgermania glass compositions to

iiats within the wavelengtn band 223 - 275 nm.

Radiation close to 240 nm is parTticularly suitable. High

radiaticn, =. g. apove LlmW continuous, are needed

Jowers otf
to orcduce adeguate changes in the refractive index and

o a few minutes to a few hours are

writine tTimes

WO86,/01203 descrizes tihe wriling of phase gratings 1in

~wavecuides Sy the application of intense

tt 13 stated that the grating

ortical fipbres or

beams of ultraviolet lighat.

is oroduced in the core of a wave guide and that the core

is preferably a germanium-doped silica or glass filament.

The sensitivity of the glass is important, and <Chis

invention is based upon the unexvected discovery that

glasses which contain B.0,
radiation close to 240nm, ané that these

radiation, e. d.
classes are well adapted to carry the necessary rerractilve

referaply the glass contains at least

are particularly sensitivé to

index modulation.
one cf Si0O. and GeO. as well as the B,O0,.
- - / -

Compositions consisting essentially of GeO., and B,0;

oreferably containing at least 2 mole % of each component,

are suitable for zhin film optical devices which are
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cavable 0 sTorxring cata In zhe

modulatlon.

QL refractive index

o\

of SiQ. ané 3.0.,

A

CZ eacn component,
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L)

ving the refractive index

r
-

are parzTiculariv suitable Zor carrc
modulation wherein saicd moculation constitutes a reflection
waveguide located 1 the coniiaing region of an optical

'.
+u

waveguide. Glass coasisting essentially of Si0. and GeO,
& -

would De particularly sulzapnle Icxr use as the path region

(N

O said waveguide.

Compositions (herein after called tTernary compositions)
consisting essentially or  Si0,, GeO, and B,0, are
10 particularly suitable for use in optical devices according
the i1nvention. Preferred tTernary compositions contain: -
2-40 mole % of B,O0,,
2-40 mole % of GeO,, anc
at least 30 Mole % of SiQ..

It snould be notea <thart BZO3 tenas to decrease the

§ -
(i

refractive index Orf a siiica glass whereas GeQ, tends to
c

increase the refractive inaex of a silica glass.

— Since the concentration or 3.0, affects the refractive index

20 as stated above, the refractive index will display a maxima
at minima B,O0, concentration anc the reiractive index will

display a minima at maxinum 5.0, concentratioﬂ. It 1is

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, i1t 1s less <convenient (and even
impractical) to produce fine detail longitudinal variation,

eq a reflection grating, >y varying the concentrations of

relevant components.

30

-4

+ nas been noticed that some glasses are photo-sensitive
whereby exposure tc suitablie lightfcauses changes 1n the
refractive index anéd exposure to IZine patterns 1i1s adapted
to produce the desired fine detail. It is doubtful that

the optical exposure changes the chemical composition of

LJ
h

the ¢lass and it is more appropriate to postulate that

structural'changes, possibly including defect centres, play
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a suzstcantial rol2 . tThe cverall effect. EZven though +the
mechanism 13 nocT Iullv uncerstood, the :Jroc'iuct" on ot
rafrzztive index TE&TTSrns 2V eXzTosure To radiation has bheen
cemcnsTratel SXgerLTentcaily

_%t has alrsady Zeen 3$Ia&Tsl TaT ZSlasses which conzTain 3.0,

ion and, as indicarad

apove, <The rairact.ws incex zTattarns oroduced in accordance

with The invention a2rs independent ¢ the boron contasnt of
= T 2

~he cilass. Ccnv ratios B: Si and B: Ge are

conscznt in the =rzgicn wner2 the refractive index

modulation is appilsad. i1l most applicaticns 1t is

approvriate Ifor both ratios To be constant, eg. the glass
n

nas & uniform comncs:."io 1. (Whnere one orf the elements
siliccn or germanium 15 adbsent 1T i1s convenient To take the

ralevant ratilo as .: J. )

as cef:ined above nave c¢reat potential
the LaporTant 3srorertiss of the glass as
Tme rafrzctive index 1s one of tThe important

Ties Dbecause 5T 1S usually of major importance LO

et e ey

‘g
B!
O

‘a
()
I

rafraccive indices ©f the device according. to

(W

the Zinvention to the refractive
ev.ce according to the invention is oiten

index of adjacent optical

requized to periorm a2 wavegquiding function and proper
adjustment c¢IZ the =sesfractive indices of the confining

region andéd <The path region ars necessary to get good

carcticular it i1s important TO

waveguiding Tropertls2s In
adjustc <the zrefractive index difiIsrence between the path

t0 a nredetermined value.

—he ratio of B.0.: Ge0O, so that the
index caused by the B,0, is balanced

axactlv) by the increase caused Dby <tThe

cx
pproximately or
in excess of

e
a

GeO,. Thus the ternary compositions with B,0,
the

amcunt needed tTo balance tThe GeO.. will have refractive
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indices lower than that oI pur=s silica whereas ternary
compositions with an excess oI Ge0O. will have refractive
indices greacer <Tonan Tfac oI Turs sl.llca. The ternary

compositions can sSe used 1o either Tle coniining region, oOr

the path regicn ox .11 DOTI.

The terms "conZining region” and "patil region" are used to

designate the regions c¢I Lower and nigner rerractive index

respectively. I+t will be appreciated that, especially in

O
{1,
M
>
i

the case of single m veguides, supstantial portions of

energy will be transferred in that part of the conrining

region which is close to the path region. Thus the energy

in the confining region will interact with a reflection

grating located in the coniining region whereby gratings 1in
the confining region can bpe used either alone or to enhance

the effect of gratings in Tthe path region.

I+ will be appreciated tThat the waveguiding structures

menctioned above mavbe either planar waveguidling structures

= especially single mode IZ-Z2res. In the case of

r Zibres,

inre the confining region corresponds to the cladding

v O
' h

nd the path region corresponds ToO tThe core.

U

In addition tc the essential ingredients as specified above
the glasses used to make cptical devices according to the
invention may contain conventional additives, e.g. melting
point depressants to <facilitate processing during the
manufacture ¢ the articles. Melting point depressants for

silica glasses include phosphorus, usually present as an

oxide, and fluorine.

The ovpreparation <¢I optical devices according <to the

invention usually includes the preparation of the glasses

by the oxidation c¢Z the appropriate chlorides using 0, at

high temperature as the oxidizing agent. If desired, the

glass intended tc carry the refracted index modulation may

be subjected =o =mild reduction, e.g. by heating 1in the
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absence oI oOXvygenm. his 1s conveniently achieved by
S

heating the glass i the 2resence oI helium.

index modulatizcn Is applied to the glass

which ccntains 3.0, 2 exPosing  said glass to the
approzriate pattern oI raciaction which accesses the
absorption band ha'v:.ng a peax close To 240nm. Radiation
having wavelengtns within tie Ddana 225 - 273 nm, e. g. a

wavelength which 1s <close <o 240nm, 1s particularly
cuble these wavelengths is

)

suitcanle,. Radiation wialzcn nas

also effective.

o raflection gratings acccecréing To the i1nvention will now

o 2

described by way ¢ sxample. The gratings are located

in the core of a Zibre based on silica glasses and the

»arion of the Zihra will be described first. The

ure of the fibre to radiztion in order to produce the

'y ¥

by

)

'g
 n

Frac-ive index moculation will also be described with
1

ference to accompanving Qrawlng.

The ZIibre was prepared"by a mociZication or the well-knoﬁn
inside deposition pzccess 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

substrate. Thus the outermost lavers are deposited first
and the innermost lavers are deposited last. After all the
layers have been deposited, the Tube is collapsed into a

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

Individual layers are produced Dby passing a mixture of

oxygen and SiCl,.' with reagents such as 3,Cl, and GeCl,
through the tube anc neating a small section thereof to
temperatures in the zange 1200-C - 2000-C. Under these
condizTions the chilorides are converted  1nto the

corresponding oxides which initially deposit on the wall of

+he tube in the form of a fine "soot" which is immediately

fused to give a consolidated glass.
\ |
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As an alternative =the Zepositon 1s carried out at a
temperature sucil Taat tThe deposit remains il a porus state

ané, at a later stace 1n The Trocess, the "soot" is fused
e

at a nigher tTemperature IO ¢give e consolidated glass.

This =zlternative 15 aporopriats 'winen 1t is desired to

submit the deposit To chemical Treatments wherein the porus
state Zacilitates <The cesiread reaction, e.g. reduction.
Meltinc point depressants such as pvhosphorus and fluorine

may be incorporated i Tie mixture to Zacilitate processing

by 10 causing fusing at lower temperatures.

The heating is carried out by causing a flame to traverse
along the length of the <tube. The £flame heats a short
secticn of the tube so that a portion, about 20 mm long, is

heated to the working =ZTamperature. This technigque of

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

. the devosition, for consolidating porous layers to solid

lavers and for the collapmse 0f the =tTube. Multiple passes

are used at all stages oI the »Drocess.

The starting *“ube was made of pure silica. It had an
external diameter of !83 mm anéd an internal diameter of
15mm.

ing Depgosition
eposited cladding took the Zorm o Si0O, with phosphorus

-3
)
O

oF

and fluorine to reduce 1ts melting point. Six layers of

cladding were deposited, and the conditions used for the

deposition of each layer were as Iollows: -
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Cx)

Oxvagen 5 - -_Zrss/min

| .
» t m— b . .

| Helium ! 1.2 icres/min
| SiCl, J. <25 Litres/min
| 20Cl, | 0.1 ligres/min
|

CCL,F, . 0.00035 litres/min |

In the case of SiCl., and POCL., the flow rates specify the
rate of flow of 0. thrxouch & bubbler thermostated at 24°C.
The working temperature was approximately 1525°C. It is

emphasised, that after eacnh zTraverse, each cladding layer

)

was in the form of 2 clear glassy laver before the next

laver was deposited.

The cladding layers cculd be considered to be part of the
ch C

substrate tube upon wal the core Layers were deposited.

The deposition of cladcding layvers as descriped above could

be omitted. The main purpose of the cladding layers is to

reduce the risk of contamination Irom the original tube
. _

affecting core layers.

Core Devosit-on

Core was deposited in two layers and the conditions for the

deposition of each of the two lavers were as follows:
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O

Oxycen

3CL.

b s g G b Wil — " W A Gl .y p W - -

i
{h
n
a.
j

24°C. In the casa2 of BCll che Ilow rats L= the
vapour i1tself at :00C anca 1l atmospnere

The working temperature was only 1450°C Dbut  this
consoiicated the cors iLavyers

AfTar <The 1npDreperzt.on tube was

fu

concalneaqa

O S7T m
13 molz % (GeO. siving an RXI
RI

essentially Si0,,
The composi“‘on.cf the class 1n

unizZorm:, L1e,

descrined 32nove, ~he
C

~he mole ratio 5: S1

nvent.lona. mnanner using

-m » -

TlLora, nac a core

B.O.
“he claaading,
0. 004.
ally

Throughout and

wnicn
S10., 253 nc-2 % and
orf i.482.
1. 458 so that An

substanti

the ccre was

4

vwas i1:2. 28

che mol ratioc 2:Ge was 1:0. 72 thrcughout.
The procedurs described above, apart Irom the use of BCIz in
che core, conscitutes an essenctrally conventional
nreaparation oL a Ilpre orarorm

rihed above was drawn 121To

Th cr2rform Tregvarec as daesc
o0f 120pm ci méter at a
fibre was produced at a rate of
15 the precursor O0If zeflection

Lnavent.on.

temperature oI

2, CO0O- C. The

18 metres/min This fibre

gratings acccréing to the

——— e ——— —— —
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Figure 1 illustrates apparatus for producing reflection gratings in

optical fibre. Short lengths of the fibre described above were

converted into reflection gratings using the technique illustrated in

the drawing. In each short length of fibre the core had a uniform

composition, ie. as specified for its preform. Before exposure as

described below the refractive index of the core was uniform.

A short poxtion 14 of
socurce 10.

produced by an ArT laser,

at a'wavelength of 244 nm. The peam from the source 10 was

directed onto a splitter 1! so that two beams were directed
onto mixrors 12 and L3. The mrrxzoxrs 12 and 13 caused the

beams tTo converge onto Thiie Targat section, 14. Thus an

1s producead with alternating regions

rlaterference pattern
Sgcause the fLibre 15 is

QZ higher and iower intensity.
(wnnereon the beams are

AN

Tocused) is affected by the beams anda the refractive index

1s increased in <the areas oI 0nignl intensity. Thus a
a In the regiagon 14.

reflection grating is produce

d that the spacing of the interrference

It will be appreciace
' which the two beams

C
is affected by the angls ac

pattarn
and hence tie spacing of the grating

Lntersect one another,
can be adjusted by adjusting the relative position of the

splitter 11 and the mir-ors 12 anc 1l3.

Two swpvecimens of this <fibre were subjectedq, to - an

interference vattern to produce reflection gratings A and

For comparison, a reflection grating was prepared from

B.
= g 1. e. without the boron. This

a conventional Zl2rIe,
R i Zied as grating X. Impertant

comparative grating 1s =
r fibre wavegulides

measuramencs onn thesse r

are given n ciae
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| GRATING A GRATING B l GRATING X ,
Length 2mm mm ’ 2mm ,
RI Core | L. 462 1. 262 i, 463
An . . 004 | . 004 I . 005
Inaex |
| Modulation i ox 10°° 7 x 10°° | 3.4 x 10°° '
Grating
Reflectivity 39. 5% - 87% 1. 2%
RIC | 25% | 18% 0. 68%
i Input Energy 507 48J 1927

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

as [ (index modulation)/An) | x 100 (to convert to
percentage). |
(In optical technology, <rerfractive wLndex matching of

components is often important to avoidé unwanted reflections

from component intarIaces. Thus reflection gratings need

to be refractive index-matched to z2djacent components and

this limits the Ireedom to adjust the composition to

oy wimp o

maximise the phot¢ sensitivity and the ¢grating properties.
It is usually easier to obtain index modulation in fibre

oy 'wr wn

which has high An anéd the RIC takes this circumstance 1nto

account).

The properties of <
hoth gratings are 2mm long. The most

grating A Dbecause
reflectivity and 1n

-~ ?

important property o the grating s

this key parameter Jrating A is very much Dbetter than

grating X (99.5% as against 1.2%). It will be appreciated

that the length oZ a2 grating has a strong effect upon 1its

reflectivity and ths longer a grating (other things being

rating Z can be compared directly with:
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equal) %+the >zettT ity It 1s, therefore,

2 2
important that both grating A anc X 2ave the same length.

Grating B has only nali The lengtl Zut 1ts reflectivity is

6§7% which 1s consiceradbly ZetTer than grating X even

still
though grating X Is loxger. The index modulations of
gratings A anéd 3 are similar (10 X :0"° as compared with 7
e

x 10°%). Grating X nas a much lower modulation (0.34 x 10°

'y which is a clear :indication that the boron, containing

the glasses are mors phoTO sensitive. Grating X has a

slightly higher An (0.005 against C. 004) so the RIC values

emphasise the superiority of The gratings according to the

invention.



CA 02280472 2003-01-20

13

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A photosensitive optical fibre having a
photosensitive core and a cladding, said cladding
consisting of a first silica glass and said core
consisting of a second silica glass having a
refractive index substantially 0.004 higher than
said first silica glass wherein said second silica
glass contains:

a) at least 30 mole% of Si10,
b) 2 - 40 mole% of GeO,
C) 2 - 40 mole% of B,0O;.

2. A photosensitive optical fibre according to claim
1, wherein the second silica glass composition 18 a

ternary composition.

3. A photosensitive optical fibre according to claim
2, wherein the second silica glass consists of

substantially:
a) 57 mole% of Si0,
b) 18 mole% of GeO,

C) 25 mole% of B,0O,.

4 . A photosensitive optical fibre according to claim
1, wherein the first silica glass composition
consists essentially of SiO,.

5. A photosensitive optical fibre according to claim
4, wherein the first silica glass composition

contains combined P and/or F to reduce its melting
point.
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6. A photosensitive optical fibre according to claim
1, wherein the first silica glass composition
consists essentially of Si0, and B,0, whereby the

First silica glass composition is photosensitive.
7. A photosensitive optical fibre according to claim 1

wherein said cladding consists essentially of 2 -
98 mole% Si0, and 2 - 98 mole% B,0,

Morganb/416304.1
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