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.~ {5 Abstract

| A three-dimensional waveguide has path regions which share a2 common confining region, preferably of uniform ret ractive
| index. The path regions are located at two or more levels. The structure is implemented in silica with distributed dopants to distin-
gulshpath regions from the confining region. The structure is made using flame hydrolysis to deposit layers. Melting point de- |
SRR | p“r*eSSént's'-*are iﬁéorporatéd, so that later deposited layers can be melted without meltmg the whole .structure..S;o.me layers of pure |
" silica can be deposited by chemical vapour deposition. These layers are never melted and they provide a stabilising skeleton when
2o | complicated structures are melted. = '
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SILICA WAVEGUIDE STRUCTURE

This invention relates to waveguides in which a substrate
provides the mechanical support for the Ifunctional structure.
As is conventional, the functional structure comprises path
regions having a =ignhner refractive 3Index enclosed 1n a

confining region, having a lower refractive i1ndex.

In many implementations of waveguides ©of the type described
above, the character.stic functional pattern of the path
regions can be fully described 1in two dimensions. In one
configuration, the waveguide takes the form of ribs oif path
material which project from a substrate having a planar
surface and this configuration 1is sometimes called a "rib
waveguide". Air is capable of acting as the confining region
for silica (or doped silica) ribs and, therefore, functional
structures are achieved 1if the xibs are left exposed.
However, it is more usual to cover these ribs with & material
of lower reriract:ve 1ndex, because covering reduces
transmission 10ss and 1T also protects the ripbs, e.dg. against

mechanical damage anc against contamination. Where the path

region is covered the structure 1s often known as & "channel

waveguide'.

Waveguides as described above are used TO provide a variety
of functions, e.g. couplers, splitters, ring resonators and

as other optical signal processing elements.

It has been proposed that channel waveguides be implemented
in silica, and silica is also used to make waveguides 1n the
form of fibre. In fibre technology dopants such as Ge0O,, TiO.
and B.0, are used to increase the refractive 1ndex of the core
(which constitutes the path region of a fibre). It 1s also
known to use dopants such as boron and fluorine to decrease
the refractive index of the cladding (which constitutes the

confining region c¢i a <fibre). These dopants provide the
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optical function of the fibre waveguide, but it is also known
to use dopants such as boron, phosphorous and fluorine to
reduce the melting point of silica, in order to facilitate
processing. The dopants used to reduce the melting point may

5 atfect the refractive index and this must be taken into
account when selecting the concentration of the dopant used
to adjust refractive index. Boron tends to reduce the
refractive index whereas phosphorous increases the refractive
index of the silica, but they both reduce the melting point.

10 Therefore a balanced mixture provides a melting point
depressant which has little or no effect upon the refractive
i1ndex. Dopants are also used to support lasing, e.g. rare
earths such as Nd and Er.

This invention relates to waveqguide structures which

15 make possible more complicated configurations of path regions
and more complicated devices than are available 1in
conventional planar waveguldes implemented in silica. It
also facilitates the production of high packing densities of
independent devices.

20 The 1nvention 1s defined in the claims.

According to one aspect of this invention, a waveguide
has a three-dimensional structure, wherein a plurality of
path regions are located at two or more different levels,
said path regions sharing a common confining region, which

25 has a lower refractive 1index than the path regions.
Preferably the confining region has a uniform refractive
index and, preferably, all the path regions have the same
refractive index. The three-dimensional waveguide structure
1s 1mplemented 1n silica or doped silica, wherein the

30 distribution of the dopants causes the difference 1in
refractive index.

The three-dimensional structures may be regarded as a
plurality of wavequide units, juxtaposed as in a stack (non-
waveguide units may also be 1included. ) If desired, path

35 regions 1n one unit can be functionally coupled to path
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regions in an adjacent unit, e.c¢c. to form couprlers Or
splitters

The confiining reglicn may contain dopanis, 2.49. 3 anc’/cx

reduce The refractive 1ndex. Preferably, The path rzgions
[

N

contalin dopants, e.c. GelO.,, T10.

-

O 0., TO 1ncrease the
refractive 1ndex. Path regions may also
supporz lasing, e.g. rare earths such as Er anc Nc. AS
menT.cnec above, ~nese aad O

purposes in silica fibre waveguides.

10 This :nvention 1ncludes a method for manufacturing channel
waveguides from (doped) silica, and the method s also
appLicable to the manuiacture of three-dimensionadi

structures, €e.g. Sstacks.

-

f “he nvention, as applied to a single wavegulde
at

% regions of higher refractive inde:x and a

' .
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-
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confining region ¢I _ower refractive Lndex, COmprrses:

'a. rproducing Zv Iflame nvarclysis a thlck porcous .ayer
>f silica cr dopea si.ica;
‘" meltinc the porous laver procuced 11 (a) TC TIroauce
20 a thinrner consolidated layer, the temperaturs pelnd
selected so =That the surface 1s at least partztiallvy

~nl1form

(1)

controllea by surface tension whereby
surface 1s produced;

(c' selectively removing unwanted consolidated material

25 to leave behind the desired path regions;

(@1 depositing a laver of silica or doped silica having
a lower <refractive 1index, salc materia. Dbeing
deposited in the form of a thick porous laver by
flame- hvcarol . sis; and

melting the perous laver produced in (d) tc Troduce

()
-
q)

C
a thinner consolidated laver, the temperature being

selected so that the surface is at least partially

S A I LA C DR TR VI [ TP S - S 1 e @ %3¢ o w [ECFCIERTY 2 vl a ARt
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controlled by surface tension, whereby a uniform

surface 1s produced.

A three-dimensional structure comprising a plurality
of waveguide units is produced by repeating steps (a) - (e)
once for each unit whereby a stack of units is built up one
by one.

This method includes a problem in that, during steps
(b) and (e) a previously deposited region, e. g. a path
region, produced 1in step (c), could melt and hence the
configuration could be unacceptably degraded. This danger
becomes worse as more and more units are juxtaposed to form
a stack.

This invention includes two alternative techniques for
reducing this danger.

According to the first technique, melting point
depressants are included in at least some of the lavers
deposited by flame-hydrolysis such that later deposited
layers contain higher concentrations of the melting point
depressants than earlier deposited layers. This means that
the later depcsited layers have lower melting points than the
earlier deposited layers and, in consequence, the earlier
deposited layers remain in the solid phase during the
consolidation of the later layers, It will be apparent that
this technique can be used to preserve the structure of path
regions but it becomes impractical if a large numbers of
units e.g. more than two units, need to be deposited.

According to the second alternative, thin layers of
silica are deposited by methods which do not require melting
for consolidation. Chemical vapour deposition, which may be
plasma-enhanced, is an example of such a technigque. Because
the thin layers do not need to be melted they are composed of
the highest mnelting point material, e.g. silica, in the

structure. They therefore remain rigid when subsequent

oo’
‘m’m_‘mm___*“ — ) - Qiﬁ U e B
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lavers nwnroduced bpv Ilame-nvdrolysis are consolidatea Dbv
melting. The rigid lavers, distributed throughouzt <thne
structure, acT rather liXe &a skeleton tToO ©preserwvs +Lhe
structure. The high meliting lavers are preferablyv depcsitec
5 Dbetween steps (¢} and (d) as specified above. By Tnis
technigue the path regions are protected. Extra protection
can be achilieved by also cdepositing a 21gh melting point laver
rmmediately before step (a). Thus a patn region may Dpe

enclosed in hich melting material.

i0 It is necw appropriate to comment upon the technical

significance of these methods.

It 1s cdesired to produce a stack wherein each unitT, when

complete, has & flat surface. However, tThe earlier vart ol
the process as described 1n steps (a) - (c) above, produces
15 path regions in the form of ribs which project Irom the pre-

existing iflat surrace. Thus, the production of the path
reglions necessarilly produces an l1rregqular surface 1n that 1t
mustT ccemprise xibs which project from a flat surface. The
iater part cI the rrocess, describeda 1n steps {(d} anc (e},
20 xremoves “hese L rreqularzties and flame-hydrolysis 18
particularly well adapted Ior thils purpose because, JUring
consolidation, the wporous material 1s melted and suriface
rension plays &n important part in controlling the shape ot
the suxrxiace. The suriace tension tends ToO produce a rflatc
25 surface and, therefore, the consolidated layer will nave =z
flat surface even when 1t i1s deposited over ribs. Thus
flame-hydrolysis produces the desired result  but, as
mentioned above, <there 1is the difficulty that previously

deposited regions may melt during consolidation and thereby

30 degrade the structure.

Other processes, e.g. chemical vapour deposition and plLasma-
enhanced chemical vapour deposition, deposit a consolidated
layer at low temperature. Thus the workpiece i1s not heated

to its melting point during said deposition wherepy <tThe
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ssec whi-h avoid melting nave difficulty in maklnd

——

rhe des.red flat surxiaces. The invention includes The use

'

a

of flame-hvdrolysis after low Temperature deposition. The

flame-hvdrolysis Drovides Inhe uniform surface as described
ahove SuT some of Tne structure must De melted. However the
layers produced by the low tTemperature deposlition processes
remain solid and =orovide a rrgid sXxeleton which heips TO

~etain the siructure when the DOrous material 1s melted 1n

order o consolidate 1t.

It 4is also possible ana desirable TO combine the TWwWO
es. Thus :ncreasing the concentration of melting
int depressants - the lavers produced by flame-hydrolysis

®
~an he.t =Toc Xxeer some ©I The sSTructure in the solic phase
n

S

& =hat the lavers produced Low

“—emperaTure are never melTed ang, therefore, o 1S
e

¢ 1lncorporate melting

-y

The invention will now be described bv way of example, with

~eference =0 —he accompanving drawincgs in which: -

Ficure 1 s a ciragrammatl vertical cross-section through
2 three-dimensional wavegulde structure, prepared by the
first modification;

igure 2 1s & similar verwical cross-section through a
three-dimensional wavequlce structure preparea DYy the
secona moalfication;

Figure < -llustIrates & configuration offering maximum
protection TO tnae path regions CQuUrXing processing;

Figure < 1s & plan view of a single waveguide unit

adapted tc split one 1nput into eight outputs; and
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Figure 5 illustrates two separate units whicn co-operate

nc-i=~n as a douple rin
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Figure . illustrates & +hree-dimensional wavegulide sTructure

wnich -s mecranica..y supported on a s§1.11COn sSuDSTIate 10,

= +he surface of which was oxidised to provide a thon si1lica
buffer ilaver .1l. The waveguide structure comprises 2 path

region 2.1 which -s supported directly on the puffer layer
11 and s surrounded by a silica confining region 1l:. .. The

path region 12. 1 anc the confining region 13.1 constitute Tne

-
-

first layver of the three-dimensional structure. '

The second laver of the structure 1s constituted =v path
region 12.2 wnhich XS supported on coniining region -:. - and
surrounded bv confining region 1J3. 2. Although Figure I onlv

iilustra=es <—wo lavers it will be apprecliated That the

15 structure could be ccntinued into further layers

As wil. be exvlained 1n greater detail Dbelow, The

@ - Ficure 1 was made 1in the following seguence.
STarTling TOLNT wWas a sudstrate consisting only Of si1licon
10 and buffer laver 11l. The various layers were deposited
"0 onto the substrate in the followlng segquence, namel:: path

region .-2.1, coniining Iregiomn *3. 1, path region lz.2 anad

)

confining region .3. 2. Fach region contained & 2aigher
concentration of =2 melting point daepressanc Than 1tTs

—

predecessor. Thus, when each region 1s meltea for

(5

~onsolidation, the existing lavers remain solid, anc hence

o

the confiiguration is preserved.

*n an alternative configuration, noc illustratea -0 any
drawing, an extra layer oIl confining material is .ocated
rnetween puffer laver 11 and path region 12. 1. This extra
30 iaver ©of coniining material s deposited first v tflame

hydrolvsis. Conveniently, no melting point depressant 1s

used in this layer.

Vedteta . " > 0 . ’ . . .
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FFlgure 2 1llustrates a modification of Figure 1 in which each

of the confining regions 13.1 and 13.2 1s divided into first

confining regions 14.1 and 14.2 and second confining regions
15.1 and 15.2. F'irst regions 14.1 and 14.2 are formed of

pure silica because pure silica has a higher melting point

than the other regions (which contain melting point
depressants) . First region 14.1 1s adjacent to path regilon

12.1 and first region 14.2 1s adjacent to path region 12.2.

Second confining reglons 15.1 and 15.2 are as described 1n

Figure 1 in relation to regions 13.1 and 13.2.

The regions 1llustrated 1n Figure 2 were deposited 1n the

sequence, namely: -

Path region 12.1, primary confining region 14.1, secondary

confining region 15.1, path region 12.2, primary confining

region 14.2 and secondary confining region 15.2. The primary

confining regions 14.1 and 14.2 were deposited by chemical
vapour deposition, preferably by plasma-enhanced chemical
vapour deposition. They contain no melting polnt depressants
so they are the highest melting regions 1n the whole structure.

All the other regions were deposited by flame hydrolysis

followed by melting for consolidation. In this respect the

other regions are the same as 1n Figure 1.

Primary confining regions 14.1 and 14.2 were deposited by

chemical vapour depositilion and this process not only deposits

consolidated silica, but 1t does so at low temperature. Thus
primary confining regions 14.1 and 14.2 are not melted as
part of their production, and they are never melted durilng

b

the preparation of the whole device. The structure

illustrated 1n Filgure 2 permits melting of previously
deposited path regions and confining regions because the

primary confining regions remaln as a solid skeleton to

preserve the structure. It 1s still necessary to use melting

point depressants in the layers deposited by flame hydrolysis

in order to provide lower melting polints than the pure

AN O M e TR, SRR Y RS TAE IR AT R LR 1D T MR R A0 e 036 e Yy PR 4 Y ORI M 0K T I E VRS NG ok o SRR AN s Pour) 4 e v e ' Tt TS AR i SN SR A A L, . S s A FROPINLT o
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silica. The <1se o0f Dpure silica .avers facililitates the
buildinc up o0f structures with a -arge number oI layers,

-

pecause The use of melting point derxressants, as The oOonLv
technigue, becomes c¢ifficult when 1t 5 necessary <0 provide
a large number of regions, each having a different melting

point.

Figure 3 illustrates a configuraticn which conserves the
shape of a path region 53 and reduces ciffusion 1nto adjacent
reglions. The configuration 1s sometimes desirable 1n
complicated structures where repeated re-melting gives rise

to a substantial risk that the cornZiguration will Dbecome

degraded.
Pigure 3 illustrates a low melting coniIining region °., Wnich
was procduced bv flame hydrolysis. This region is covered

L)

with a thin laver £2 of pure silicz which was produced 2y

chemical vapour deposition. This i1implies that layer 5Z was

-

r1na

3

not melted durrng its production, anc 1s never melted <

}.J.

S

n

cticn of the whole device. The path region

.n layer 52. Durxing the course oI 1itTs

j—
O

()

L

r’.

®

8F

>
H

(D

)

1

} 3

b

O

e

(1

Y

}_..J

production, path region 53 was deposited by flame hvadrolysis
as a uniform _aver which was consolicated by melting. During
the melting stage thin laver 52 remained solid so reducing
+he possibilitv of diffusion oI pat: region material 1nto

confining region S..

After shaping, path region 53 was covered by a thin layer >S4
of pure silica which was also produced Dby chemical vapour
deposition. Thin laver 54 resembles thin layer 52 in that
neither laver is ever melted. However, thin layer £S2 does
not produce the uniform surface whic: 1s desirable, and this
is achieved bv depositing a further _ayer 55 whnilich CONsi1sts
of low melting silica produced by Zlame hydrolysis. When
layer 55 was melted Zfor consolidat:ion, path region 53 and
confining region 51 also melted. However, thin layers 52 and

54 remained in the solid phase. Thus the cross-section ¢I

1 A 1ty ] St sl RS G KAl el S0 L BN, TR d L me@en el ads o e . s Agle de L dw atIh s a1 e : . T e Cload amet e thd Bue cn 2wt e F A AR o AR P o p MK YA L s o '
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path region 352 was preserved because the path region was

vrthermore, the risk oI

e
molten lavers 351, 53X c¢cr 22 diffusing into one anotzer was

T+ will be apparent that the structure illustrated in Figure

{ 4)

provides thorough protection when complicated structures
are TO Dbe procucec. However, 1n most circumstances, 1t 1s
possible to simplifyv the production schedule by omitting thin

laver 52 without sericus Xl1sk 0OI damade.

Figure 4 is a plan wview oI a connector whicn would Dbe
sur~table for a szngle unit o0of a multi-unit sTructure
according TO tThe 1nvention. The connector has exght output
ports 21 - 28 which provide connection to eight diZZerent
external fibres. As can be seen in Figure 4, the eignt port
2 - 28 are connected xn pairs to four primary nodes 2% - 3

5
Tr +turn, the four primary nodes are connected to secondary
lso linked to a final node :=5
onnected TO & single 1nput port 36. The vDattern
iilustrated in Figure 4 is suiltable Zor use as a splitter.

nected ¢ port 36 would be eguivalent

'IJ
O
t3
®
oot
v
-
"J
}__J
(D
(1
|
{u
3
(D
H
()
O
»

-0 eignT lasers located at ports 21 - 28.

"+ will be appreciated that the coniiguration illustrated 1n

Figure ¢ could be provided as 2a single unit of &z device
wherein the other units have different structures. It 1s

emphasised that structures of the 1individual units are

independent of one another.

Figure 5 illustrates a double ring resonator which involves
the interaction of signals in two different layers of <the

rhree-dimensional device. Figure 5 comprises tTwO separate

Figures, identified as "A" and "B" to 1illustrate the two

parts which interact. The complete functional unit comprises
circular path regions 40A and 40B which interact when they

are superimposed in the complete structure. Clrcular region
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40A 1s assoclatea wWlth a r path region 41A wnereas
circular path regcon 40B 1s simiiarly assocliratea witnh 2

linear path region =1B.

ﬁ-}

The structures &accorcading t¢o the 1nvention, e, C. the
ead in Figures . - 2, are conveniently
a

structures lllustrac

prepared Dby deposiTing sequence oOI units each o©0I which

comprises a plurality, e.g. two Or IThree layers. Some or al_
of the layers are depositea DpRv Ilame hydrolysis. Some
lavers, e. g. Tatn reglons, are shaped, e. o, ol

pnotolithography anc etcalng Dpeliore subseguent .Layvers are
depositec. Structures having severa. units and many _-ayers
can bpbe bullt wup, Dbut 1T 1s 1mportant that prewviousa.w
deposited layers are not damaged <curing the deposition oI

subsequent lavyers.

*lame-nydrolysis 15 used TO deposit at least some oI the
Layers. “lame-nydrclysis is carried out at high TtTemperature
in a oxvgen/hvydrogen flame, which provides the water Zor the
hydrolysis part <¢I =Zhe Xeactlon. Reagents are introducea
nto the flame in crder TC progauce Tne desired lavers. Thus

1s introducec ¢ the flame, to produce S10. whicz 1s an
ortant constitusnt 2 all the lavers. Iin oraer tTO
increase the refractive _ndex c¢I tne 510, 1T 1s necessary TO
‘ntroduce ancillaryv reagents wntc the flame, anc tThree
GeO.,

)

1mporTant ancillaxry reagents are GeCl, which proauce
TiCi, which produces TiC. ard PCl, or 20Cl, which are ccnaverted

to P,O.. All c¢f these ancillary reagents 1i1ncrease tThe

refractive index of the silica to produce path regions.

In addition to the reagents usec =<0 vary the rezfractive
index, the inventicn ut_lises other reagents to recauce the
melting point o0 the deposited layer. For example,
introducing BCl, and/cr 2Cl, into the flame dopes tne Si0.
(and any additiaves used to adjust the refractive i1index) witn

B,0, and/or P.0., careful selection of the correct ratio will

v [EE LT T T T PR P RS 1P P . . o .
" . ~ SN b B QYL L N A T A cdh o e M owd: rh o 2eAul aveedin CeamsTyt e P epe. v s RS & o O ARSI 1012 e, 71 R s 4 o o . . . oy A A6
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avoid nnwanted modifications o©of the refractive 1 ndex.

Reagents TO introduce 1asing additive may also be used.

The reactions whicn occur in the Zlame-hydrolysis DIrocess

produce, in the Irst 1nstance, a product which is in <tThe

L

form of very small particles, and for this reason the product
is often known as "sootU'. It is emphasised that flame-
hyvdrolysis produces a very thick laver of material having a
low bullk density and this material must be consolidated Dby

melting 17T.

10 After <+he deposition of a path region, €e.g. a region
containing Ge(,, the consolidated reagion is etched to give &
desired configurat:ion, e.g. configurations as illustrated 1n
Figures 23 and 4. This etching is achieved by conventicnal
photolithography ZIollowea DV etching, e.g. reactive 10n

15 etching.
Flame-nvdrolysis s & nighly desirable technigue IO0Or

a
producing multi-laver sTructures because the deposition ol

thick ilavers followed oy melting 1S capable of giving uniform
or flat surfaces. 2Part of —he explanation 1s that the molten
>0 material is controiled v surface tTension, and surtace
rension produces a Ilat surrace,. Prom Figures 1 anc 2 1T

will be apparent that, wnen the confining reglion 1s deposited
the surface i1s uneven pecause the path regions 12.1 or li.c¢
project from the surrace as ribs. Flame hydrolysis 1S

25 adapted *to produce a Ilat uniform surface over a ribbed

substrate.

A brief description of the preferred method of making the
primary confining regions will now be given. These are shown
as 14.1 and 14.2 -2 Figure 2 and as 52 and 54 1in Figure 3.
30 The method comprises reacting SiH, with NO at a pressure opi
2 torr. The gas phase, which is cool, 1mpinges on a
substrate heated to about 400°C and a high-frequency field,

e.g. 650 kHz, s appliecd across substrate. The field
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produces a plasma which causes the NO to dissociate int
atomic oxvgen which, on the surface 0I the substrate, reacts
with SiH, to »rodauce Si0, as a consolidated solid. The

technigue is not as gooc as Iflame avdreolysis to produce &

hn

flat surface over a shaped substrate, but 1t has the
advantage of giving consolidated §8§i1i0. at low temperature

ﬁ
!

without melting the other layers. Simlliar processes are also

avallable which do nct use the plasma. For example SiH, mavy

be reactea witnh oxvgen.

R T T R T e T R DI R R S BT TR TP T PP SR LIEV AP I PO TR TR SNY & S e v CRPE S Tt g N cuabad IR R vk AT e 1IN Gy s b bRl - - a4
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CLAIMS

A method of making a waveguide unit including at least one path region having
a first refractive index, said path region being associated with a confining region having
a second refractive index, said first refractive index being higher than said second
refractive index, wherein satd waveguide unit is produced by: --
(a) depositing by flame hydrolysis a thick porous layer having the first refractive
index, said layer being formed of silica or doped silica;
(b) melting the porous layer produced in (a) to produce a thinner consolidated layer,
the temperature being selected so that the surface is at least partially controlled by surface
tension, whereby a uniform surface is produced;
(c) selectively removing unwanted consolidated material to leave behind the desired
path region or regions;
(d) depositing a layer of silica or doped silica having the second refractive index, at
least some of said material being deposited in the form of a thick porous layer by flame
hydrolysis; and
(e) melting the porous layer produced in (d) to produce a thinner consolidated layer,
the temperature being selected so that the surface of the thinner consolidated layer is at
least partially controlled by surface tension;

wherein at least one later deposited region 1s melted without melting an earlier
deposited region said melted region having a greater concentration of melting point

depressant than said other region.

A method according to Claim 1, wherein step (d) comprises depositing a first region of
cladding material adjacent to the path regions produced in steps (a) - (¢) said first region
being produced by a process which produces a consolidated layer without melting it, and
thereafter depositing a second layer of cladding material by flame hydrolysis wherein
second region of cladding material has a lower melting point than the material of the first
region of cladding material and said first region of cladding material is not melted during

the performance of step ().
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A method according to Claim 2, wherein the process which produces a consolidated layer

without melting it 1s chemical vapour deposition.

A method according to Claim 3, wherein the chemical vapour deposition 1s plasma

enhanced.

A method according to Claim 2, wherein the first region of cladding matenal 1s

substantially pure silica.

A method of making a waveguiding structure comprising a stack of waveguiding units,
wherein each of said units comprises at least one path region having a first refractive
index and a confining region having a second refractive index, wherein the first refractive
index is higher than the second refractive index, which method comprises depositing a
sequence of layers wherein each layer contains a higher concentration of melting point
depressant than the previously deposited layer, whereby the most recently deposited layer
contains the highest concentration of melting point depressants and said most recently

deposited layer 1s melted without melting the other layers of the structure.

A method according to Claim 6, wherein each of said waveguide units 1s produced by:
(a) depositing by flame hydrolysis a thick porous layer having the first refractive
index, said layer being formed of silica or doped silica;

(b) melting the porous laver produced in (a) to produce a thinner consolidated layer,
the temperature being selected so that the surface s at least partially controlled by surface
tension, whereby a uniform surface is produced;

(c) selectively removing unwanted consolidated material to leave behind the desired
path region or regions;

(d) depositing a layer of silica or doped silica having the second refractive index, at
least some of said material being deposited in the form of a thick porous layer by flame

hydrolysis; and
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(e) melting the porous layer produced in (d) to produce a thinner consolidated layer, the

temperature being selected so that the surface of the thinner consolidated layer is at least partially
controlled by surface tension:

whereln, 1n the stack as a whole, each deposited region contains a greater

concentration of melting point depressant than the earlier deposited regions and the last

deposited region 1s melted with the temperature controlled so that the previously

deposited structure 1s not melted.

8. A waveguide which comprises:-
(a) a substrate;
(b) a silica confining region; and
(C) at least one path region;
wherein the or each path region 1s formed of silica doped to have a higher

refractive index than the confining region,

characterized in that the confining region comprises:-
(bl) a first region which surrounds a path region; and
(b2) asecond region which 1s doped with a melting point depressant whereby

the second region has a lower melting point than the first region.

9. A waveguide according to Claim 8, wherein the first region 1s formed of undoped silica.

10. A waveguide according to either Claim 8 or Claim 9, wherein each waveguide is

surrounded by a first region.

11. A waveguide according to any one of Claims & to 10, wherein the substrate 1s made of

stlicon.
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