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i nvention relates to optical devices which include refractive
i'ndex modul ation, e.g. reflection gratings. j '
are often inplemented as wavegui des 5 whi ch ha
and/or a confining region wth a 1 nodul ated r€
wavegui di ng structure is

QOPTICAL DEVICE INCLUDING REFRACTIVE INDEX MODULATION
BT CASE: 324481 (SUBS)

This invention relates to optical devices which include

refractive index modulation, e.g. reflection gratings.

Reflection gratings are often implemented as waveguides
5 which have a path region and/or a confining region with a
modulated refracted index. ~The waveguiding structure is
often in the form of a fibre. The modulation preferably
takes the form of alternate regions of higher and lower
refractive index. When radiation traverses the modulation,
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 nm.

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 conveniently 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 to 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
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ogteh in the formof a fibre. The nodul ation preferably t akes

the formof alternate regions of higher and | ower refractive
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tion gratings fract:
telecommunications and it has been noticed that these

glasses have an optical absorption band extending
approximately over the wavelength range 225 - 275 nm and

exposure to radiation within this band increases the

refractive index of the silica/germania composition. The
peak of the band occurs at a wavelength which is close to
240 namn. It has, therefore, been proposed to produce
refractive index modulation, e. ¢g. to make reflection
gratings, by exposing silica/germania glass compositions to
radiation within the wavelength band 225 - 275 nm.
Radiation close to 240 nm is particularly suitable. High
powers of radiation, e. g. above lmW continuous, are needed
to produce adequate changes in the refractive index and
writing times of a few minutes to a few hours are

appropriate.

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

Compositions consisting essentially of GeO, and 320&
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.

Compositions consisting essentially of $i0, and B,0,,
preferably containing at least 2 mole % of each component,
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npdufation has ot her applications, e.g. to achieve phase 5
mat chi ng i n wavegui des, to control spot size and/or shape

wavegui des and for storing information. RefracthMggH%g e
nodul ation is conveniently produced by an opti cdl EN
whi ch a photosensitive glass is exposed 03 to radlct.u“ Mh-

causes an adequate change in its refractive index. The
radi ati on has hi gher and | ower intensities corresponding to the

i ntended patte@re particularly suidabdei forofarie nefthactrefeacnies Didéhe
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I nterference of two 15 beans of radiation produces e variation of
intensity waveguide located. in the confining region of an optical

waveguide. Glass consisting essentially of S$i0, and GeQ,
5 would be particularly suitable for use as the path region
of said waveguide.

Compositions (herein after called ternary compositions)
consisting essentially of Sio, Ge0, and B,0, are
10 particularly suitable for use in optical devices according
the invention. Preferred ternary compositions contain: -
2-40 mole % of B,0,,
2-40 mole % of Ge0Q,, and
at least 30 Mole % of Si0,.
15 It should be noted that B,0, tends to decrease the
refractive index of a silica glass whereas GeO, 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 display 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 less <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 causes 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 the chemical composition of

the glass and it is more appropriate to postulate that
structural changes, possibly including defect centres, play
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2. éppropriate for reflection gratings. In the case of information
storage, the pattern of radiation relates to the data to be stored.
Silica/germania glasses are wdely wused in optical telecomunications
and it has been noticed that these glasses have an —-abSOF-pt-i-on
band extending approximately over the wayel ength range 23515 S@?@ Him 2
exposure to radiation within this band increases the ref
the silical/germania conposition. The

a substantial role in the overall effect. Even though the

mechanism is not fuliy understood, the production of
refractive index patterns by exposure to radiation has been

demonstratad experimentally.

It has already been stated that glasses which contain B,0,
are particularly sensitive to radiation and, as indicated
above, the refractive index patterns produced in accordance
with the invention are independent of the boron content of
10 the glass. Conveniently the mole ratios B: 81 and B: Ge are
constant in 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 one of the elements
15 gsilicon 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 major importance to
match the refractive indices of the device according to
the invention to the refractive index 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 of 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 regioﬁ to a preaetermined 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 Ge0O, will have refractive
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peak of the band occurs at a wavel ength which is close to 240 nm It
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he path region or in both.

The terms "confining region" and "path region" are used to
designate the regions of lower and higher refractive index
respectively. It will be appreciated that, especially in
the case of single mode waveguides, substantial portions of
energy will be transferred in that part of the confining
region which is close 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
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
or fibres, especially single mode fibres. In the case of
a 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
the glasses used to make optical devices according to the
invention may contain conventional additives, e.g. melting
point depressants to facilitate processing during the
manufacture of the articles. Melting point depressants for
silica glasses include phosphorus, usually present as an
oxide, and fluorine.

The preparation of optical devices according to the
invention usually includes the preparation of the glasses
by the oxidation of the appropriate chlorides using 0, at
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
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an oﬁtical device conprising a portion formed of a glass which contains at

| east one of SigJerr] and GeQerr] said portion including a region in which
the refractive index is spatially nodulated so as THs SHE nce—a
pattern of refractive index variation, characterisefl in §§%£A HE%&ttern
is applied to a glass which also contains 8[err]0[ er H—are—that-said
pattern is independent of the boron content of the gl ass.

absence of oxygen. This is conveniently achieved by

heating the glass in the presence of helium.

The refractive index modulation is applied to the glass

5 which contains B,0, by exposing said glass to the
appropriate pattern of radiation which accesses the
absorption band having a peak close to 240nm. Radiation
having wavelengths within the band 225 - 275 nm, e. g. a
wavelength which is close to 240nm, is particularly

10 suitable. Radiation which has double these wavelengths is
also effective.

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 mnmixture of
oxygen and SiCl, with reagents such as B,Cl, and GeCl,
through the tube and heating a small section thereof to
temperatures in the range 1200-C - 200Q-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 a fine "soot" which is immediately

fused to give a consolidated glass.
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there i s provided

I n accordance with a second aspect of the present invention,

a net hod of producing an optical device

according to any of the preceding clains, which nethog NriSe m
R T o

nodul ating the refractive index of a portion forned of
contains Blerr]O[err] and at | east one of7SiJerr] and

0

Iy

produce a pattern of refractive index variations, wherein said nodul ation
is carried out by exposing said portion to a modul at ed i ntensity of
radi ati on whi & aocealésrhhtiwdsdhet | depbahdi draviisg eapebédcloate &b 240nm

wher eby the iggﬁﬁéééyurémgﬁéﬂrkhég éﬂ%edaﬁgkékiQQméﬁns in a porus state
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and, at a later stage in the process, the "soot" is fused
at a higher temperature to give the consolidated glass.
This alternative is appropriate when it is desired to
submit the deposit to chemical treatments 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

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
section of the tube so that a portion, about 20 mm long, is
heated to the working temperature. This technique 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.

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

15mm.

Cladding Deposition
The deposited cladding took the form of SiO, 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: -
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reproduced as the refractive index pattern in said portion. The
sensitivity of the glass is inportant, and this invention is based
upon the unexpected discovery that glasses which contain Blerr]O[err]
are particularly sensitive to radiation, e. g. radi at j-eh-etose—+6—240A1
and that these glasses are well adapted tg carry the \ NS SHEET 1S PERN i|ve
I ndex nmodul ation. Preferably the glass contains at |egast _? 5 Qeﬁr]
and Ge(Jerr] as well as the Blerr](err]. Conposi tions consisting
essentially of Ge(Jerr] and B[err]O[err] preferably containing at |east
2 nole % of each conmponent, are suitable for thin filmoptical devices
whi ch are capable of storing data in the formof refractive index
nodul ati on. Corrp05| tions consi stl ng essent iall y of Sig err] and

Blerr]Jerr], : ,
Oxygen 2 litres/min
5 Helium 1.5 litres/min
SiCl, 0.45 litres/min
POC1, 0.1 litres/min
cCi,F, 0. 0005 litres/min
10 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 layer
was in the form of a clear glassy layer before the next
15 layer was deposited.

The c¢ladding layers could be considered to be part of the
substrate tube upon which the core layers were deposited.
20 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.

25 Cgre Deposition

Core was deposited in two layers and the conditions for the

deposition of each of the two layers were as follows:

30
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3, are particularly suitable for carrying the refractive index
modul ati on wherein said nodul ation constitutes a reflectlon

wavegui de |l ocated in the confining region of an optl
wavegui de. d ass consisting essentially of Sierr] n E{EHﬁgBEEN
woul d be particularly suitable for use as9the path J i ACE of

sai d wavegui de.

Oxygen 2.0 litres/min

BCl1, 0.03 litres/min

SicCi, 0.1 litres/min
5 GeC1, 0.2 litres/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 Dbut this
consolidated the core layers.

15 After the preparation described above, +the ftube 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 % Si0O,, 25 mole % B,0, and

18 mole % GeO, giving an RI of 1. 462. The cladding,eA

essentially SiO,, had an RI of 1.458 so that An = 0.008.

The composition of the glass in the core was substantially

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 BCly 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. . —
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Compositions (herein after called ternary conpositions)

consi sting

0

t he i nventi on. Preferred ternary conpositions cont
2-40 nole % of Blerr](err],

and

shoul d be

particularly suitable for use in optical dew-ees ‘ﬁhéﬁLgN

essentially of SiJerr], Ge(err] and B[err]O[err]
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the core was uniform.

A short portion 14 of the fibre 15 was illuminated by a
source 10, This radiation was, in the first instance,
produced by an Ar® laser, frequency doubled to give output
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
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
reflection grating is produced in the region 14. '

It will be appreciated that the spacing of the interference
pattern is affected by the angle at which the two beams
intersect one another, and hence the spacing of the grating
can be adjusted by adjusting the relative 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
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.
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to vary the concentration of a dopant radially through the 15 core
region, eg to fabricate a graded index multi node _ fibre.
However, it is less convenient (and even THIS SHEETRIA % Tal) to
produce fine detail |ongitudinal varlatlon egquhg i bn
grating, by varying the concentrations of 11 retevait—eerponkent s.

It has been noticed that sone gl asses are photosensitive
exposure to suitable |ight causes changes in the
i ndex and exposure to fine patterns is adapted

desired fine
chem cal

post ul at e t hat

centres, play

10

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

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

components is often important to avoid unwanted reflections
from component interfaces. Thus reflection gratings need
to be refractive index-matched to adjacent components and
this the

maximise the photo sensitivity and the grating properties.

limits freedom to adjust the composition to
It is usually easier to obtain index modulation in fibre
which has high An and the RIC takes this circumstance into
account).

The properties of grating X can be compared directly with
The most
important property of the grating is reflectivity and in
this
grating X (99. 5% as against 1.2%).

grating A because both gratings are 2mm long.

key parameter grating A is very much better than
It will be appreciated
that the length of a grating has a strong effect upon its
raeflectivity and the longer a gratlng (other thlngs being
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wher eby

fetart Tt TS goubtiul_tnat Jthne optrcal
conpdsi tion of GRATH NG @Ias%m@ % nor @RABPRG % i atje t o
Length me lmm 2mm
RI Core 1.462 1. 462 1. 463
An 004 . 004 005
Index
Modulation 1 x 1073 7 x 107! 3.4 x 10°°
Grating
Reflectivity 99. 5% 67% 1. 2%
RIC 25% 18% 0. 68%
Input Energy 60J 48J 192J



4 .
mechani sm is

a substantial role in the overall effect. Even though the

not fully wunderstood, the production of

refractive index patterns by exposure to radiation has pfseen

denonstrated experinentally. 5 It has al r egdFIB SERET HAS SEEVhiat
gl asses which contain Blerr]Jerr] 12 are partilcular REPIEHERAt j vel t o
radi ati on and, as indicated above, the refractive index patterns

produced i n accordance

boron cont ent
and B: Ge are
i ndex

10

with the invention are i ndependent of the

@fudl)) the betitergliass. re€fbavenvetyly tie &®| e tiRideFDdr@, Si
important tr?acl'_nsbto%@f gr'a@in;;hg aﬂggkoﬂavmg sénrtlee léx?éi’[k?.(:t 've

Grating B has only half the length but its reflectivity is
still 67% which is considerably better than grating X even
though grating X is longer. The index modulations of
gratings A and B are similar (10 X 10 as compared with 7
x 10°Y). Grating X has a much lower modulation (0.34 x 10°
‘) which is a clear indication that the boron, containing
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.
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nodul ation is applied. In nost applications it is
appropriate for both ratios-to be constant, eg. the gTass has a

‘uni form conposition. ere one of the elenments 15 'HHSSHEEFﬁﬁé@BE@r
T Avenient to take the REPEAGEmNt rdtio

ger mani um i s TBisSbest Has Be
as 1:0.) m y conpositions as defined above have great—
potenti al usting the inportant properties of the glass

as 20 required. The refractive index is one of the inportant
properties because it is usually of nmajor inportance to mat ch
the refractive indices of the device g@@&gﬁjng to t he invention
to the refractive index of adjacent optlcC conponents. The

device according to PReoPhy @At pViee oremprising refraqidgin mefukarigay f or m
a wavegui di Ngyhd +eCH | 98 ANFlo@hPPEIon is applieddidst AR Ofcdhisodi®fifact i ve
I ndices of the ponflnlng, region and the path region are

ins B,0, Wﬁ@e@gﬁ

necéssary to Getchoggnt ¢For Operti 85, Si% 24 i €8Par it

is inmportant #iPerein the pattern of refractive index variations is
independent of the boron content of the glass composition
to which the refractive indéx modulation is applied.

10 2, An optical device according to claim. 1, wherein the
modulation constitutes a reflection grating which takes the
form of alternate regions of higher and lower refractive
index whereby said modulation is adapted for use as a
reflection grating. '

15
3. An optical device according to claim 2, wherein the
period of said refractive index modulation is within the
range 0.25 to 0.6 pm whereby said modulation selectively
reflects radiation within the wavelength band 800 - 1630

20 nm.

4. An optical device according to either claim 2 or
claim 3, wherein said modulation is located in the

confining region of a waveguide.

25
5. An optical device according to claim 4, wherein the
confining region is formed of a silica glass doped with B,0,
and the path region is formed of a silica glass doped with
GeO,.

30
6. An optical device according to either claim 2 or
claim 3, wherein said modulation is located in the path
region of a waveguide.

35 7. An optical device according to claim 6, wheréin the

confining region is formed of a silica glass and the path
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adj ust the refractive index difference between the path 30 region
and-the confining region to a predeterm ned val ue. THIS SHEET MU SSBEEN
difference is usually called [err]n. It | s poggPtdaEd 0 adjjust
the ratio of B[err]O[err]: Gederr] so that the gecrease—Tt

refractive index caused by the Blerr]0O[er¥4 is bal anced 35
(approxi mately or exactly) by the increase caused by the

Ge(err]. Thus the ternary conpositions with Blerr]O[err] in excess of
the anount ned®§doPoipafarked te aCEELLLR] ShAFF refh&Lyand GeO,.
8. An optical device according to any one of claims

4-7, wherein the wavegquide is in the form of a fibre.

9. An optical device according to claim 8, wherein the
fibre is single mode at the signal wavelength.

10. A method of producing an optical device according

10 any one of the preceding claims, which method-comprises
exposing a portion of said article to a modulated intensity
of radiation which accesses the absorption band having a
peak close to 240nm whereby the refractive index of said
portion is modulated to reproduce the intensity pattern of

15 said radiation, sald portion being formed of a glass
composition which contains B,0,, and at least one of SiQ,
and GeO,.

11, A method according to c¢laim 10, wherein the
20 wavelength of said radiation is within the band 225 -
275nm.
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5 indices |ower than that of pure silica whereas ternary
corrp03|t|ons with an excess of Ge(err] will have refractive

indices greater than that of pure silica. The tenMgry - ey
conpositions can be used in either the canfining rdggl on,R@EyLA ED. | the
path region or in both. The *%r ms " confli-ring Ag—Feg-en—and "pat h
region" are used to desi gnate the regions of |ower and higher
refractive index respectively. It will be appreciated that,
especially in 10 the case of single node wavegui des, substanti al
portions of energy will baBSEREJIErred in that part of the
confining region which is close to the path region. Thus the
ener gy in the confining region will interact with a reflection

5 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 S8i0, and B,0, are particularly

10 . suitable when the grating is to be 1localised in the
cladding of a fibre. Glasses containing Si0,, 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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grating located in the confining rebion whereby gratings in 15 t he

confining region can be used either alone or to enhance t he
effect of gratings in the path region. It will be appreciated
that the wavegui di ng structures menti oned ab . ither

pl anar wavegui di ng structures 20 or fibres, espdcidfIs

fibres. In the case of a fibre the confini ACEmresponds
to the cl adding and the path region corresponds to the C

In addition to the essential ingredients as specified above 25 the
gl asses used to nake optical devices according to the i nvention
may contain conventional additives, e. g. nelting poi nt
depressants to facilitate processing during the manuf act ure of
the articles. Melting point depressants for silica glasses

i ncl ude phosphorus, usually present as an

Fig.1.
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oxi de, and fluori ne. | The pr epalr 4t bACEMENG pSHEER
devi ces according to the i nvention usually] ijncl udes the .
preparation of the gl asses by the oxidatign jof ZWOV‘H?@@P [
chl orides using O[err] at 35 hi gh tenperaturg gs the oxidizing
| f desired, the gl ass”i nt ended t o jcarry—the—t+efralt
I ndex nodul ation may be subjected to mld jreducti.on, e.g. b
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heating in thegaprear pRvICE TNCLUDTNG REFRACTIVE INDEX MODULATPON

This invention relates to optical devices which include

refractive index modulation, e.g. reflection gratings.

Reflection gratings are often implemented as waveguides
which have a path region and/or a confining region with a
modulated refracted index. °~The waveguiding structure is
often in the form of a fibre. The modulation preferably
takes the form of alternate regions of higher and lower
refractive index. When radiation traverses the modulation,
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
rance 800 - 1650 nnm.

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
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
matching in waveguides, to control spot size and/or shape

in waveguides and for storing information.

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

beams of radiation produces the variation of intensity
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5 Silica/germania glasses are widely used in optical
telecommunications and it has been noticed that these
glasses have an optical 'absorption band extending
approximately over the wavelength range 225 - 275 nm and
exposure +to radiation within this band 4increases the

10 refractive index of the s;Tlca/gerna»-a composition. The
peak of the band occurs at a wavelength which is close to
240 nm. It has, therefore, been proposed to produce
refractive index modulation, e. g. to make reflection

gratings, by exposing silica/germania glass compositions to
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within the wavelength band 225 -~ 275 nam.
Radiation clecse to 240 nm is particularly suitable, High

powers of radiation, &. ¢. above lmW cecntinuous, are needed

to produce adsguate changes in the =zsfractive index and
20 appropriate.

The sensitivity of th

1]
Y]

lass is important, and this
he unexpected discovery that

ct

invention is based upon
glasses which contain B,0, are particularly sensitive to

25 radiation, e. g. radiation close to 240am, and that these
glasses are w2ll adapted to carry the necessary refractive
index modulation. Preferably the glass contains at least
one of SiQ, and GeO, as well as the B,0,.

30 Compositions consisting essentially of GeO, and 320&
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.

Compositions consisting essentially of 8iO, and B,0,,
preferably containing at least 2 mole % of each component,
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n the core of a fibre based on silica gl asREBLAGHIAENAESHEET
preparation of the fibre will be described first. T
of the fibre to radiation in order to produce the

2B

ppsure
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i.ndex nodul ation will also be described with :
acconpanyi ng draw ng. 20 The ¥ibre was pr ep I cation
of the well-known I nsi de deposition process for naking optiga
fibre. I'n this t ocess, . the _appropriate—Tunber;—gt—tayers
are are Bagbichiatay sHLCFRRE UL FPLFETEF BF A TATON S5POBY ac a 25

subst r at e. moBuwlsttilon ehieerdnssaldyerd:latd cdeposstitiuies o reflection and the
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have
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solid rod ivavagwhiie.nt@laspr eonsigbing essephiipdlvuf 1S3Qr endar@Qr oduced

by passi ng glig il &Dcicularly s8R 3G Jsellgr heavidhin 22geRLS such
as Blerr]Cl[err] and Ged [err]

of said waveguide.

Compositions (herein after called ternary compositions)
consisting essentially of §8i0,, GeO, and B,0; are
particularly suitable for use in optical devices according
the invention. Preferred ternary compositions contain: -
2-40 mole % of B,0,,
2-40 nmole % of GeQ,, and
at least 30 Mole % of §iO0,.
It should be noted that B,0; tends to decrease the
refractive index of a silica glass whereas GeO, tends to

increase the refractive index of a silica glass.

Since the concentration of 3,0, affects the refractive index
as stated above, the refractive index will display a maxima
a

a2t minima B,0, concentrx tior

3

and the refractive index will
display a2 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
core region, eg to fabricate a graded index multimode
fibre. However, it is less <convenient (and even
impractical) to produce fine detail longitudinal variation,
eg a reflection grating, by varying the concentrations of

relevant components.

It has been noticed that some glasses are photo-sensitive
whereby exposure to suitable light causes changes in the
refractive index and exposure to fine patterns is adapted
to produce the desired fine detail. It is doubtful that
the optical exposure changes the chemical composition of
the glass and it is more appropriate to postulate that
structural changes, possibly including defect centres, play
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a substantial role in the overall effect. Even though the
mechanism is not fully understood, the production of
refractive index patterns by exposure to radiation has been
demonstrated experimentally.

It has already been stated that glasses which contain B,0,
are particularly sensitive to radiation and, as indicated
above, the refractive index patterns produced in accordance
with the invention are independent of the boron content of

10 the glass. Conveniently the mole ratios B:Si and B:Ge are
constant in +the region where the refractive index
modulation is applied. In most applications it is
appropriate for both ratios to be constant, eg. the glass
has a uniform composition. (Where one of the elements

15 silicon or germanium is absent it is convenient to take the
relevant ratio as 1:0.)
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guired. ve index is cne of the important
properties baecause it is usually of major importance to
match the refractive indices of the device according to
the invention to the refractive index of adjacent optical
components. e device according to the invention is often
25 required to perform a wavequiding function and proper
adjustment of the refractive indices of the confining
region and the path region are necessary to get good
waveguiding properties. In particular it is important to
adjust the rerractive index difference between the path
30 region and the confining regioﬁ to a predetermined 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 GeO, will have refractive



As an alternative the deposition is carried out at aﬁgpmggmfnﬁ sﬂg‘ﬁ‘perature
such that the deposit remains in a porus state and; llat er
stage in the process, the "soot" is fused At a h| her t g nger at ur e
to give the consolidated glass. 5 This altelnhtid Qﬁércpri-ate
when it is desired to subm tst he deposi Q chem cal tregtnments
wherei n the porus state facilitates the fesired reaction, {e. g.
reducti on. Mel ting point depressants such.as—phosphoerus atd

fluorine indices Awyelre thecor pba'at of iputdeshilirar evharéaci teratey
processing éanosltxoxgé’ %E’t ausl NG Jeus! ’& Aed,OWAN A CHRGLALUECS cts ve

The heating 1s carried out y causing a ame 4o traverse al on
the | engt h dndipest gseaterTiham apkaheafs unshordlica.  Thesgerparyof the

tuPE so EhaES?‘Z?Q{r?%T@%)?Hﬁ ggﬁgnhgéagnhéé thR confinilRpbedibg, the
MD 'ng enB he ngth region or in botu

The terms "confining region' and "path region" are used to
designate the regions of lower and hicher refractive index
respectively. It will be appreciated that, especially in
10 the case of single mode waveguides, substantial portions of
energy will be transferred in that part of the confining
region which is close to the path region. Thus the energy

|

n the confining region will interact with a reflection
grating located in the confining region whereby gratings in
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
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a fibre the confining region corresponds t
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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.g. 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 of 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. Dby heating in the
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deposition

The refractive index modulation is applied to the glass

5 which contains B,0, by exposing said glass to the

appropriate pattern of radiation which accesses the

absorption band having a peak close to 240nam.

Radiation

having wavelengths within the band 225 - 275 nn, e. g. a
wavelength which is close to 240nm, is particularly
10 suitable. Radiation which has double these wavelengths is

also effective.

Two reflection gratings according to the invention will now

o

2 described by way of example. The gratings
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exposure of the fibre to radiaztion in order to

are located

in the core of a £fibre based on silica glasses and the
preparation of the fibre will be described £irst. The

produce the

refractive indax moéulation will also be described with

reference to accompanying drawin

tQ

20

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

. inside deposition process for making optical
this process, the appropriate number of

deposited on the inner surface of a tube which

fibre. In
layers are
serves as a

23 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

-

80lid rod, and the solid rod is drawn into fibre.

30 Individual layers are produced by passing a

oxygen and SiCl, with reagents such as B,Cl,

through the tube and heating a small section
temperatures in the range 1200'C - 2000°C.

conditions the chlorides are converted

mixture of
and GeClA
thereof to

Under these

into the

35 ©  corresponding oxides which initially deposit on the'wall of

the tube in the form of a fine "soot" which is

fused to give a consolidated glass.

immediately

e

and
al |
e

nal
The
and

of



10

13

20

25

30

Oxygen 2 litres/mn

REPLACEMENT SHEET

26 NOV 1996

As an alternative the deposition is carried out at a
temperature such that the deposit remains in a porus state
and, at a later stage in the process, the "soot" is fused
at a higher temperature to give the consolidated glass.
This alternative is appropriate when it is desired to
submit the deposit to chemical treatments wherein the porus
state facilitates the desired reaction, e.qg. reduction.
Melting point depressants such as vhosphorus and fluorine
may be incorporated in the mixture to facilitate processing
by 10 causing fusing at lower temperatures.

The heating is carried out by causing a flame to traverse
along the leagth of the tube. The flame heats a short
section of the tube so that a portion, about 20 mm long, is
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
layvers and for the collapse of the tube. Multiple passes
re used at all stages of the process.
The starting tube was made of pure silica. It had an
external dianmeter of 18 mm and an internal diameter of
15mm.

Cladding Devosition

The deposited cladding took the form of SiO, with phosphorus
and fluorine to reducé its melting point. Six layers of
cladding were deposited, and the conditions used for the
deposition of each layer were as follows: -



5 Hel i um 1. 5 litres/ mfn . -

Sidlerr] 0. 45 litres/min VREP‘%@F‘F%? SFEET
0. T'litres/mn CCl12F2 0.0005 litres/
10 In the case of SiCl[err] and POCl[err] the|fliov@&NGS 1998cCl |
t he rate of flow of O[err] through a bubbl ¢r {t her nostated jat
24[ err] C The working tenperature was apprd¢xinmatery Is5Z5[err
It is enphasi sed, that after &ach traverse}| each cl addi ng

was in the formof a clear glassy |ayer before the next 15

was deposit ed.
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Oxygen 2 litres/min
Helium 1.5 litres/min
SicCl, 0.45 litres/min
POCL, 0.1 litres/min
CcCi,F, 6.0005 litres/min

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 layer

was in the form o0f a clear glassy layer before the next
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could e considered to be part of the
substrate tube upon which the core layers were deposited.
The deposition of cladding layers as described above could
be omitted. The main purpose oi the cladding layers is to
reduce the risk of contamination from the original tube
affecting core layers.

Core Devosition

Core was deposited in two layers and the conditions for the
deposition of each of the two layers were as follows:

| ayer

C.
er
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| ayers. re Deposition Cpre was deposited fin two

| ayers and the conditions for the deposi {i on-of "eactrof~'t He two
| ayers were as foll ows: 30
Oxygen ' 2.0 litres/min
BCl, 0.03 litres/minl
SicCl, 0.1 litres/nin
- GeCl, i 0.2 litres/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 cors lavers.

15 After the preparation described above, the tube was
collapsed into 2 solid rod in the conventional manner using

h

five traverses of the flame.
The solid rod, ie the preform for fibre, had a core which
20 contained approximately 57 nole % §i0,, 25 mole % B,0, and
18 mole % GeO, giving an RI of 1. 462. The cladding,sé
essentially Si0,, had an RI of 1.458 so that 4n = 0.00§.
The composition of the glass in the core was substantially
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 BC1, 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.
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Short lengths of the fibre described above were converted
into reflection waveguides using the technique illustrated
in the drawing., In each short length of fibre the core had
a2 uniform composition, ie. as specified for its preform.
Before exposure as described below the refractive index of
the core was uniform.

A short portion 14 of the fibre 15 was illuminated by a
souxce 10, This radiation was, in the firxst instance,
produced by an 2ar* laser, frequency doubled to give output
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 mirroxrs 12 and 13 caused the
beams to converge onto the target section, 14, Thus an
interference pattern is produced with alternating regions
of higher and lower intensity. Because the fibre 15 is
photcsensitive, the region 14 (wherxeon the beams are
focused) is affected by the beams and the refractive index
is increased in the areas of high intensity. Thus a

reflection grating is produced in the region 14,

It will be appreciated that the spacing of the interference
pattern is affected by the angle at which the two beams
intersect one another, and hence the spacing of the grating
can be adjusted by adjusting the relative 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
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.
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GRATING A GRATING B

GRATING X

Length 2mn lmm 2mm

RI Core 1. 462 1. 462 1. 4863

An . 004 . 004 . 005

Index
Modulation 1 x 10°¢ 7 x 10°! 3.4 x 10°%

Grating
Reflectivity 89. 5% 67% 1.2%

RIC : 25% 18% 0.68%

Input Energy 603 483 1927

The "RIC" is the relative index change and it is calculated
as [(index modulation)/An)] x 100 (to convert to

percentage).

(In optical technology, refractive index matching of

components is cfiten impoxtant to avoid unwanted reflections

from component interfaces. Thus reflection gratings need

to be refractive index-matched to adjacent components and
this limits the £freedom to adjust the composition to
maximise the photo sensitivity and the grating properties.
It is usually easier to obtain index modulation in fibre
which has high An and the RIC takes this circumstance into
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

this key parameter grating A is wvery much better than

1 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
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contai ned approximately 57 nole % SiJerr], 25 nol e {%pBb kg r dleegn
18- mole % Ge(Jerr] giving an Rl of 1. 462. The cl doﬂ% FIME'QE"? Hee
essentially Si(err], had an Rl of 1.458 so that [err] = 0. 004.
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uniform ie. the nole ratio B: Si was 1:322. 28 throughout and 25
the nole ratio B:. Ge was 1: 0. 72 throughout. The procedure
descri bed above, apart fromthe use of BCl[err] in the Dr e,
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i bre preform 30 The prefor as, descri bed above was
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2,00Jerr]C. The fibre was produced at a rate of 18 netres/ mn.

IELS fibre Grating B ﬁgstg§i§)ﬂ§§€“%% enghg'sﬁéingEEé%ié%@&é%@PG%i”9 to
5 still 67% which is considerably better than grating X even
though grating X is longer. The index modulations of
gratings A and B are similar (10 X 10! as compared with 7
x 10''). 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.
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CLAIMS
1. An optical device conmprising refractive modulation
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wherein said modulation is applied to glass composition
which contains B,0, and at least one of S§i0, and GeO,
wherein the pattern of refractive index variations is
independent of the boron coptent of the glass composition
fo which the refractive index modulation is applied.
'

2. An optical device according to claim. 1, wherein the
modulation constitutes a reflection grating which takes the
form of alternate regions of higher and lower refractive
index whereby said modulation is adapted for use as a
reflection grating.

3. An opticel device according to claim 2, wherein the
period of said refractive index mocdulation is within the
range 0.25 to 0.6 pum whereby saié mecdulation selectively
reflects radiation within the wavelength band 800 - 1650

nm.

4. An optical--device according to either claim 2 or
claim 3, wherein said modulation is located in the

confining region of a waveguide.

5. An optical device according to claim 4, wherein the
confining region is formed of a silica glass doped with B,0,
and the path region is formed of a silica glass doped with
GeO,.

6. An optical device according to either claim 2 or
claim 3, wherein said modulation is located in the path
region of a waveguide,

7. An optical device according to claim 6, wherein the

confining region is formed of a silica glass and the path

* [ L M S *
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mrrors 12 and 13. The mrrors 12 and 13 caused th beans |t o
converge onto the target section, 14. Thus an 15 ice
pattern is pregiumed syfidrrald efnatshli £ doped withoh, ) aharcead | ower
intensity. Because the fibre-15 is photosen3|t|ve t e

region 14 (whereon the beans are focused) is affected by the

beans and th& refracdhvepticiesk device accosdingreasedyi mrcheomraadmf hi gh

nrensity. 4 TNUmdrdh the wavediliBe! 1AN10" BhenGokh BEOdUEEY,LN the region
5
9. An optical device according to claim 8, wherein the

fibre is single mode at the signal wavelength.

10. A method of producing an optical device according

10 any one of the preceding claims, which method-comprises
exposing a portion of said article to a modulated intensity
of radiation which accesses the absorption band having a
peak close to 240nm whereby the refractive index of said
portion is modulated to reproduce the intensity pattern of

15 said radiation, said portion being formed of a glass
composition which contains B,0,, and at least one of SioQ,
and GeO,.

11. A mathod according to claim 10, wherein the
20 wavelength of said radiation is within the band 225 -
275nm.
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It will be appreciated that the spacing of the interfeqeRERLAGEMENT SHEET
pattern is affected by the angle at which the two bea |nt

one anot her, and hence the spacing of the grating 25
tezé?@)‘*;ﬁﬁ

by adjusting the relative position of the sphi
mrrors 12 and 13. Two specinens of thi !
subjected, to an I nterference pattern to produce reflectlonj
gratings A and 30 B. For conpaﬁ son, a reflectiomrgratimg was
prepared from a conventi onal fibre, i.e. wthout the boron.
Thi s conpar at OPEIQABt DRYICE INCIUDING REFRAPTIVENG X. | nport ant
measurenents on these gratings BNDEX MODUBATION wavegui des are
given in the following table. 35
m m
5 It has been demonstrated that B containing glasses are
sensitive to radiation in the band 225 - 275 am and,

therefore, B,0,, glasses are particularly adapted to receive
refractive index modulation, e.g. to make reflection
gratings. Glasses containing Si0, and B,0, are particularly

.0 suitable when the grating is to bes localised in the
cladding of a fibre. Glasses containing §i0,, Ge0, and B,0,
are suitable when the grating is in the path region of a
waveguide, e.¢. in the core of a fibre.

Figure 1
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the relative index change and it is cal cul ated as [ (index
nmodul ation)/[err]n)] x 100 (to convert to 5 percentage)r
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appropriate for reflection gratings. In the case of
information storage, the pattern of radiation relates to
the data to be storsd.

Silica/germania glasses are widely wused in optical
telecommunications and it has bsen noticdd that these
glasses have an 6ptical absorption band extending
approximately over ‘the wavelength range 225 - 275 nm and
exposure to radiation _witﬁin this band increases the
réfraétive index of the silica/germania composition. The
peak of the band occurs at a wavelength which is close to
240 nm. . It has, therefore, been proposed to produce
refractive index modulation, e. ¢g. to make reflection
¢ratings, by exposing silica/germania glass cempositions to
radiation within the wavelength band 225 - 275 nm
Radiation close to 240 nm is particularly su&table. High
powers of radiation, e. g. above lmW continuois, are neseded
to produce adeguate changes in the refractive index and
writing times of a few minutes to a fgw hours are
appropriate. '

WO86/01303 describes the writing of phase gratings in
optical fibres or waveguides by the application of intense
beams of ultraviolet light, It is stated that the grating
is produced in the éore of a wave guide and that the core
is preferably a germanium-doped silica or glass filament,

The sensitivity of the glass is importadﬁ, and this
invention Is based upon the unexpected di&covery that
glasses which contain B,0, are particularly -sensitive to
radiation, e&. g. radiation close to 240nm, ahd that these
glasses are well adapted to carry the necessaky refractive
index modulation. Preferably the glass contéins at least
one of $i0, and Ge0, as well as the B,0,.

Compositions consisting essentially of GeO, and B,0,
preferably containing at least 2 mole % of eat¢h component,
are suitable for thin film optical devices which are

Q4
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(In -optical fechnology, refractive index matching jof

conmponents is often inportant to avoid | ect ifoREPLACEMENT SHekfoO
conponent interfaces. Thus refl ediTas syEal HA§BERNe | to—be-
refractive index-matched to adjacent cORP S_anc tﬂkz lintls
the freedomto adjust the conposttTon to Xi m%g 19;930t0
sensitivity and the grating properties. It isfu y.easjer jtg
obtain index nodulation in fibre whi ch has high An and the RIC
takes this circunstance into 5 account). The—preperiigs
of grating X can be conpared directly w t42a- ' grating A because both

gratings are 2gupkBNE. of T8E el rtant, property of the
grating is refl, eg'{lLvi tyD and ?ﬁpﬁé data in HPénggﬁmpa?rfan‘é?&ac&*é(ﬁ Agdaxi s

very nuch bettBPSRRaRION. grating X (99.5%as against 1.2%. It will

be appr eci at edCompositiontsha&ohbfstﬁ&%t hesQfen s ingchas; g straqng_effect
upongi ts prefe:r:EMeCti vity and the Ior‘félgr'g%il ratglfng&tg% h@rngt hPtPgs
bei ng _ Y conta nlng at least 2 mole % of each component,
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I nportant that both grating A and X have the sane | engt
Grating B has only half the length but its reflectivity]ifs
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a substantial role in the overall effect. Eyen though the
mechanism is not fully understood, the production of
refractive index patterns by exposure to radiation has been
demonstrated experimentally.

It'has.already been stated that glasses which contain B,0,
are particularly sensitive to radiation and, as indicatead
above, the refractive index patterns produced in accordance
with the invention are independent of the boron content of
the glass. Conveniently the mole ratios B:Si and B:Ge are
constant in the region where the =zefractive index

modulation is applied. In most applications it is
appropriaté for both ratios to be constant, eg. the glass
has & uniform composition. (Where one of the elements

silicon or germanium is absent it is convenient to take the
relevant ratio as 1:0.)

Ternary composifions as defined above have gréat potential
for adjusting the imgortant properties of fhe glass as
required. The refractive index is one of the important
propercies because it is usually of major iﬁportance to
match the refractive indices of the device according.to
the invention to the refractive index of adjscent optical
components. The device according to the invenﬁion is often
required to perform a waveguiding function and proper
adjustment of the refractive indices of the confining
region and the path region are necessary to get good
waveguiding propertiss. In particular it is important to
adjust the refractive index difference betwéen the path
region and the confining region to a predetermined value,
This difference ig usually called An.

It is possible to adjust the ratio of B,0;: Ge0; so that the
decrease in refractive index caused by the B,0; is balanced
(approximately or exactly) by the increase caused by the
Ge0,. Thus the ternary compositions with B,0, kn excess of
the amount needed to balance the Ge0, will have refractive



5 . still 67%which is considerably better than gy

t hough grating X is | onger. The i ndex nodul ati ons of
and B are simlar (10 X 10[err] as conpared with 7
Grating X has a nuch | ower nodulation (0. 34 x 10 (g E/n
clear indication that the boron, containifg 10 L h 3I
photo sensitive. Grating X has a slightly }hi :
agai nst 0.004) so the RIC val ues enphasi se tfhe superiority of{the
gratings according to the I nventi-on
13
. Oxygen 2.0 litres/nin
BC1, 0.03 litres/min
- 8icCl, 0.! litres/min
5 GeCl, 0.2 litres/min

—— o ansun.
— Ser— r——

In the case of 8§iCl, 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 temperaturs was only 1450% but this
consolidated the core layers.

15 After the preparation described above, the tube was
collapsed into a solid xod 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 %-Siop 25 mole % B,0, and

18 mole % GeD, giving an RI of 1,462.  The cladding,

essentially $10,, had an RI of 1.458 s0 that:An = 0,004,

The composition of the glass. in the core was gubgtantially

unifbrm, ie. the mole ratio B:8i 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 cors, 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 accoiding to the

35 invention.



1. - An" optical device conprirsthg—a—portion—for ned-ef—a gl ass
whi ch contains at |east one of §@(§ﬁf i BEEW ler r 1| FEPUACERIENT SHESTPHrtion
i ncl udi ng~a region T which t hétefx AYED | nded i s spatially
nodul at edyy; duce a pattern of N : fr | V& | ndex
vari ati on?hl%heet@ésm%&epﬁge?n that said 13 patternzp;‘?glpgﬁded tb a

gl ass whi c)‘”ﬂﬂﬁﬂlﬂﬁﬂﬂﬁmls Blerr]O[err] and Lhat-sai.d patiefn is
i ndependent content of 10 t he glijass. 2

An optical device according to claim 1, wherein the pat-ter n
constitutes a reflection grating mhicgugﬁigi t he f or m of
alternate regions of higher and | ower “rerractive 15 I ndex whereby

said nodul atién is Pad&ptégalféevige gemprising a portidn formed of a
glass which contains at least one of §i0, Bnd GeO, said

5 portion including a region in which the refractive index if
spacially modulated so as to produce a pattern of
refractive index variation, characterised In that said
pattern is applied to a glass which also contains B,0; and
that said pattern is independent of the borén content of

10 the gféss. ‘

2, An optical device according to claim, 1, wherein the
pattern coﬁstitutes a reflection grating whizh takes the
form of alternate regions of higher and lower refractive

15 index wherxeby said modulation is adapted for use as a
reflection grating. '

3. An optical device according to claim 2, wherein thel

period of sald refractive index pattern is within the range
20 0.'25 to 0.6 pm whexeby said modulation selectively reflects

radiation within the wavelength band 800 ~ 1450 nm.

4, An optical device according to eithey claim 2 or
claim 3, wherein said pattern is located in the confining
25 region of a wavegquide.

5. An optical device according to claim 4, wherein the

confining region is formed of a silica glass ddped with B,Q,

and the path region is formed of a silica glass doped with
30 GeO,.

6. An optical Qevice according to either claim 2 or
claim 3, wherein said pattern is located in the path region
of a waveguides.

35
7. An optical device according to ¢laim 6, whexein the

confining region is formed of a silica glass and the path

I



reflection grating. 3. An optical device according to claim

2, wherein the period of said refractive i Tm:;\ pdt "gul S‘%%E'W t hi n
t he range 20 0. 25 to O. 5%%;510{1{%@%&& W sai d MBRT Snkk!
selectively reflects #LQ& Wit the Wayel ength band BOO -
1650 nm 4. Ar—eptt+cat ucVi ee—accor di rg 30 JI8 Heoy Llpim
2 or claim 3, wherein said pattern is |ocdtedd |nthe confj nj ng
25 regi on of a wavegui de. 5. An joptteat—deviTe
according to claim 4, wherein the 14 confinijng region is forned
of a silica glass doped with Blerr]O[err] and the path region is
formed of a sil,jica glass doped with 30 Ge(err].

region is formed of a silica glass doped with B 20y and GeO,.

8. An optical device according to any one of claims
4-7, wherein the waveguide is in the form of a fibre.

]
' 9. 'An optical device according to c¢laim 8, wherein the
fibre is single mods at the signal wavelength.
10. A method of producing an optical device according
10 td any of the preceding claims, which method comprises

spacially modulating the refractive index of a portion
formed of 2 glass which contains B,0, and at least one of
810, and GeQ, so as to produce a pattern of refractive index
variations, wherein said modulation is carried out by
15 exposing said porxtion to a modulated intensity of radiation
which accesses the absorption band having a peak close to
240nm whereby the intensity pattern of the radiation is
reproduced as the refractive index pattern in said portion.

20 11, A method according to c¢laim 10, wherein the
wavelength of said xadiation is within the band 225 -~
275nm,
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6. An optical device .according to either clai me—2—6f - Clai m
3, wherein said pattern is located in the path regi dnREPLACEMENT SHEET 4
wavegui de. 35 7. An optical device accdrdimg to clalimB§,
wherein the confining region is forned of ja sihbc&ughqﬁy ang t he
pat h . : .

2

appropriate for reflection gratings. In the case of
information storage, the pattern of radiation relates to
the data to be stored.

Silica/germania glasses are widely wused in optical
telecommunications and it has been noticed that thess
glasses have an optical absorption band extending
approximately over the wavelength range 225 ~ 275 nm and
exposure to radiation within this band increases the
refractive index of the silica/gerxmania composition. The

. peak of the band occurs at a wavelangth which is close to
240 nn. It has, therefore, been proposed to produce
refractive index modulation, e. g. to make reflection
gratings, by exposing silica/germania glass compositions to
radiation within the wavelength band 225 - 275 nm
Radiation close to 240 nm is particularly suitable. High
powers of radiation, e. g. above lmW continuous, are needed
to produce adequate changes in the refractive index ard
writing times of a few minutes to a few hours are
appvropriate.

W086/01303 describes the writing of phase gratings in
optical fibres or waveguides by the application of intense
beams of ultraviolet light, It is stated that the grating
is produced in the core of a wave guide and that the.core
is presferably a germanium-doped silica or glass filament,

In accordance with a first aspect of the present
invention, there is provided

an optical device comprising a portion formed of a
glass which contains at least one of §i0, and Ge0O, said
portion including a region in which the refractive index is
spatially modulated so as to produce a pattern of
refractive index variation, characterised iLn that said
pattern is applied to a glass which also contains B,0, and
that said pattern is independent of the borén content of
the glass.



14 region is fornmed of a silica glass doped W|th B[err]O[err]

and Ga(Jerr]. 8. An optical devicem ne
of clains 4-7, wherein the waveguide is in ﬁﬁ@”f%ﬂ%’%fs}iﬁzl br e.
5 9. An optlcal devi ce according to cljaijm 8, wherein {hg
fifbre is single node at the signal wavel ength. 17 A@b'} 9 A
nmet hod of producing an optical device according 10 %% of the
preceding clainms, which nethod conprises S aL1arry'uuuur"t ng
the refractive index of a portion formed gf a gl ass which

contains Blerr]O[err] and at |east one of

2a

In accordance with a second aspect of the present
invention, there is provided

a method of producing an optical device according
to any of the preceding claims, which method comprises
spatially modulating the refractive index of a portion
formed of a glass which contains B,0, and at least one of
8i0, and GeOQ, so as to produce a pattexn of refractive index
variations, wherein said modulation is carried out by
exposing said porxtion to a2 modulated intensity of radiation
which accesses the absorption band having a peak close to
240nm whereby the intensity pattern of the radiation is
reproduced as the refractive index pattern in said portion.

The sensitivity of the glass is important, and this
invention is based upon the unexpected discovery that
glasses which contain B,0, are particularly sensitive to
radlation, e. g. radiation close to 240nm, and that these
glasses are well adapted to carry the necessaky refractive
index wmodulation. Preferably the glass contains at least
one of S§i0, and GeQ, as wall as the B,0,.

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

Compositions consisting essentially of §&i0, and B8,0,,
preferably containing at least 2 mole % of each component,



Sigerr] and GeJerr] so as to produce a pattern of refractive index

variations, wherein said nodulation is carried out by ¥5 xRS
said portion to a nodul ated intensity of radiation RH%ACE%ﬁﬂthfET
accesses the absorption band having a peak,close to 240nm
whereby the intensity pattern of the radi&fion is 17 /AU8 qggced Jas
the refractive index pattern in said portion. 20 11.
met hod according to claim 10, wherein the T wavetengtth—of
said radiation is within the band 225 275
CLAINS
1. An optical device comprising a portion formed of a

20

25

30

glass which contains at least one of §i0, and GeO, said
portion including a region in which the refractive index is
spatially modulated so as to produce & pattern of
refractive index variation, characterised in that said
pattexn is applied to a glass which also contains B,0, and
that said pattern is independent of the bordn content of
the glass,

2, An optical device according to claim. 1, wherein the
pattern constitutes a reflection grating which takes the
form of alternate regions of higher and lower refractive
index whexeby said modulation is adapted for use as a
reflection grating.

3. An optical device according to claim 2, wherein the
period of said refractive index pattern is within the range
0.25 to 0.6 pm whereby said modulation selectively reflects
radiation within the wavelength band 800 - 1§50 nx.

4. An optical device according to either claim 2 or
claim 3, wherein said pattern is located in the confining
reglion of a waveguide.

5. An optical device according to c¢laim 4, wherein the
confining region is formed of a silica glass doped with B,0,
and the path region is formed of a silica dglass doped with

GeO,.

6. An optical device according to either cleim 2 or
claim 3, wherein said pattern is located in the path region

of a waveguide.

7. An optical device according to claim 6, wherein the
confining region is formed of a silica glass and the path

TR
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14
region is formed of a silica glass doped with B,0, and GeO,.

8. An optical device according to any one of claims
4-7, wherein the waveguide is in the foxm of a fibre.

9. An optical device according to claim 8, wherein the
fibre is single mode at the signal wavelength.

10. A method of producing an optical device according
to any of the preceding claims, which method comprises
spatially modulating the refractive index of a portion
formed of a glass which contains B,0, and at least one of
§i0, and GeQ, so as to produce a pattern of refractive index
variations, wherein said modulation s carried out by
exposing said portion to a modulated intensity of radiation
which accesses the absorption band having a peak close to
240nm whereby the intensity pattern of the ‘radiation is
reproduced as the refractive index pattern in said portion.

11. A method according to claim 10, wherein the
wavelength of said radiation is within the band 225 -

275nm.
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