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the FHD process the glass particles are generaned by hydrolyzing a
mixture of different gaseous chlorides, mainly SiCl4, using an oxy-hydrogen torch.
25 Both cladding layers may be deposited substantially as silica, while the core-forming

layer is deposited as silica doped with one or more of at least the following: titanium
oxide, tantalum oxide, tin oxide, niobium oxide, zirconium oxide, aluminum oxide,
lanthanum oxide, germanium oxide, or other suitable refractive index-modifying
dopant materials.

30 . Homogeneous deposits on the substrate are achieved by moving a wafer
through the flame by suitg,ble means, After the core-forming layer is deposited, the
core layer is lithographically masked and etched, e.g., by reactive ion etching (RIE),
to define a core pattern. The patterned layer is then superimposed by the top
cladding layer. After deposition, the substrate is heated in a furnace to consolidate

35 the soot into a clear glass layer. This process operates by viscous sintering, typically

in a helium atmosphere which readily diffuses from pores of the soot layer allowing
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generation of a liquid phase of substantially lower viscosity than that of the

deposited silica by itself. Since viscous sintering is enhanced by the presence of this

liquid, consolidation occurs at lower temperature, e.g. 1000-1100° C, than those used

25 in the prior art, e.g. 1350-1500° C. Much of the B ; O3 remains unreacted with the

silica particles it helps to sinter, acting like a flux to bring about consolidation. This
remaining B, O4 is removed at the conclusion of the consolidation procedure by
steam treatment at temperatures of 900°C - 1100°C. Some boron is incorporated

_ into the silica layer, changing its CTE without substantially increasing its index.

30 Thus, this method improves both structure and processing of planar waveguides by
reducing the processing temperature and producing a glass which does not bow the
substrate and essentially eliminates birefringence resulting in polarization dependent
losses.
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*|-0sses. -3 - Brief Description of the Drawing FIG | is a schematic
representation of a top view of a typical planar. optical waveguide; FIG 2
is a schenmatic representation in cross-seci3on of a side view of S the

pl anar optical waveguide shown in FIG 1; FIG 3 is a schematic
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i nt er secti ng, Qﬁtlb?ﬂﬂbbn‘ﬁmlhﬁuﬁm%d Shown in FIG 2 is a side view
i n cross-section \ﬁ&dl&a evice 10, taken along line 2-2 in FIG 1.
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as is well known in
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one having a nﬁ:lratdchwGS;ﬂ&MBCl;he-i 868ICl4-02B, @}.addi ng | ayer 13 is
typically siligfgaall go efe 13 ey be produced by oxidizing the
surface of substr ‘ ErAg-on the substrate a silica |layer 25

by chenical vapor depoﬁhowunnmmMtopwté\#aﬁnsd)mhaﬂcstepmsém&mwﬂh typical
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also a lower cladding layer, 13, and a substrate, 14.

20 Substrate 14 is, typically, of silicon or silica. However, other materials
are not excluded, as is well known in the art. Also the substrate may be non-
metallized or metallized, that is one having a metallized pattern thereon. Lower
cladding layer 13 is typically silica. Cladding layer 13 may be produced by
oxidizing the surface of substrate 14 or by depositing on the substrate a silica layer

25 by chemical vapor deposition (CVD) or by flame-hydrolysis followed by sintering.
Waveguide ridge 12 is also of silica but doped with dopants which raise the
refractive index of the waveguide ridge above that of both top cladding layer 11 and
lower cladding layer 13. Top cladding layer 11 is also of silica having refractive
index which is lower than that of the waveguiding ridge and, preferably, is equal to

30 . the refractive index of the lower cladding layer. The two cladding layers and the
ridge form a waveguide in which the optical signal, which propagates through the
waveguide ridge, is confined to the waveguide ridge by the top and lower cladding
layers.

The three layers (11, 12 and 13) are, preferably, deposited on substrate
35 14 by an FHD process. The FHD process is a relatively fast process permitting
deposition of a typical 20-40 um thick soot layer within minutes instead of day(s)
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hori zont al 18, supplies the hydrogen with additional helmm, whlle inlet 23, joined to innermost

tube 19, carries the reactants in mixture with additional hydrogen. Thus, a ring
shaped flame, 24, results in which the gaseous reactants are converted into oxide

25 particles. A shroud, 25, made from a silica tube slides over the outside of the torch
extending about 30mm past the torch end. It shields the flame to reduce the
influence of external air drafts. The torch points downward at the horizontal
substrate at an angle of approximately 60° from the horizontal and the high flow rate
of the combustion gases causes them to impinge on the substrate. The substrate, in

30 . exemplary experiments, is either a silicon wafer or a silica wafer, 26, which is held
in a recessed circle in an aluminum plate, 27, with the help of a vacuum. In the
exemplary embodiment the plate is moved linearly back and forth, in an x-direction,
at about 20mm per minute, and after each pass the plate is moved approximately one
mm to the side, in a y-direction, until the entire surface of the substrate has been

35 covered. This is achieved with computer controlled XYZ positioning system 16.
The third axis controls the rotary movement of the deposition plate. Aftera
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including the outer colder region of the ﬂame, leads.to the larger porosity of the
agglomerated soot in the cladding layers enabling penetration of the deposit with
gases during sintering,
25 A sintering furnace, 29, shown in FIG. 4, for the reactive atmosphere
sintering is a vertical MoSi, heating element fumace, capable of 2000°C per hour
heat rate. Wafers, 30, to be sintered are held in a boat, 31, which is positioned in a
furnace shroud, 32. The wafers may be held horizontally or, preferably, vertically.
~ Gases used during sintering are injected at the top of shroud 32, pass the substrates
30 .and flow through the gap between the shroud and a furnace muffle, 33, venting at the
top of the furnace muffle cap, 34. The sintering gases include helium and BCl; or
BF ;. Dry N, is flowed between walls, 35, of the furnace and the furnace muffle.
Silica muffie 33 assures complete exclusion of air. Otherwise the BCl; or BF;
would react with moisture or at elevated temperature with O,. The viscosity which
35 controls the sintering rate is reduced due to the addition of BC1; or BF; gases
sufficiently to allow sintering of the soot to a smooth glass consistency at
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(depending on the phosphorous content) as determined from their mode patterns.
This indicates good compositional homogeneity and shows surprisingly low
25 Dbirefringence. Sintering in such a reactive atmosphere operates according to the

following reaction: 38i0, +4BCl4 %1- 38iCl4 +2B, O3, For this reaction to

occur at the particle surface, the BCl3 has to diffuse through the soot layer. To
avoid concentration gradients, the soot has to be as permeable as possibie, so that the
* extent of B, O3 formation is limited by the reaction speed.
30 In Figure 5 is shown a diagram representing equilibrium between one
mole of BCl3 and 1 mole SiO as a function of temperature. Concentration in terms
" of mole fraction shows with rising temperature a decrease in production of B, 05

according to the reaction 4BCl; +3Si0, _ 3SiCl, +2B,03.
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cc/mn; all r sources are kept at 350C The soot deposition conti nues

until a 201%0 mi crorretWIaferhwith&omcbmnﬁdelseoﬁh?a&iepeﬁteﬂmﬂﬂlesﬁmwmte

he. subst r at o EXAmBIe hyatitEh bobibued i ublck 58 RafSinfng, The sSing FBCcHl o

sintering. Thetags withra ﬁgompnrgeiof&efumcesmm tempetature with 300 ecf/mirhef
oo g, SUBMEELTSAROR SR P o Pl e B2 it
two- ur period, gaseousBClgxsaddedat35ccfmmmtothehehum stream. The
20 temperature is then raised over a period of 2 hours to 800°C at which time the flow
of BCl; is stopped, while the flow of helium is being continued. After 15-20
minutes, the temperature is raised over a period of 2 hours from 800°C to 1100°C
and held there for a'period of one hour. Thereafter, the flow of helium is
discontinued and the sintered wafers are subjected to a 6 hour anneal in a steam-
25 and-oxygen atmosphere at 1150°C. The furnace is then allowed to cool to the room
temperature.
Example 3
The core layer is made by depositing soot upon the lower cladding layer,
The reactants are provided by bubbling helium through respective liquid sources
30 .kept at 350°C at a rate of 100 cc/min for SiCly, 50 cc/min for GeCl and 100 cc/min
for POClg .

Example 4

The soot layer deposited in Example 3 is then consolidated by sintering
in the furace. The sintering procedures starts at room temperature with a 2 hour

35 purge of the furnace with 300 cc/min of helium. Toward the end of purge GeCl, is
added by bubbling 200 cc/min of helium through its liquid source and gaseous BCl3



‘two-hour period, gaseous [err] is added at 3.5 cc/mn into the helium
stream The 20 tenperature is then raised over a period of 2 hours to
800[err]C at which tine the flow of [err] _igs stopped, while the flow of
heliumis being conti nued After 15-20 minutes, the tenperature is raised
over a period,of from8 err]Cto 1100[err]C and held there for a
period of one ‘ﬁb‘!ﬂze Qﬁmp h@ lipn sfream. e furmace tegperatpre; i Aised4ad t he
sintered waf erlsoev@amme%beﬁ ePisirfterB@ i am Bipsn hefeSover a periodBfi 20Xy gen
owea

to cogl tQ the room

at nosphere at 1150[ The fu nace | s then all

t enper at ur e. t%‘?e“’l‘ﬁ'?%g aaf'?’é? Péﬂg thentersd £ore,

| ower cl addi nglzisﬂayeruﬂih standardaptioto 3 apl Immvmhu?bdzlnggaad‘?wdhéough
respective ui source t at rate o cg/mn for
[err], 50 cém @ﬁ’&gm m Wef'é‘ pattegg 1fihe Sore laysst | ayer
deposi ted in Bm'maaemngsoﬁthenomcglmlh amﬁtnémmmgloﬁthblchrdmmunﬂce

The sintering C ratur 2 hou urge
of the furnacﬁ%@%@é%%ﬂ%h%% @‘ﬂ&'a[afatﬂﬁ {féﬁfng i's
added by bubbllayeg 200 cc/mn of heliumthrough its liquid source and
gaseous [err] iples | S added at 0.5 cc/mn to the heliumstream The
furnace tenpe raised to 1300[err]C and the soot |ayer is sintered

in an oxygth at nosphermOmer&lqumgdmmsmaﬁgbyslepmimsqqhusommmmgd a

chrom um mask cy@Sw \fé?m cfad‘ﬂix%sl

standard photal it hog %?ghromﬁﬁggmg?a iyér['ﬂ%,é{)%ﬂ‘!aeact I ve
i on et ching (AeseA “&EE%@P let; Thereactants apyprovided by threughyer .
After pattern mpeaivet ifdid Soitedl & ATateBF 50 wﬁih'%oﬁsma faﬁd aeow?dm ¢r the

chrom um mask L ul t ant §ore gl ass pattern is ready to be overclad
Ag i‘ﬁ‘?f

with a top cl 3 & fipoweg at 30 cc/min. Thes00 ﬁ?ﬂ?ﬁl £QBUREES| ayer

i s made bYIsjeﬂﬁﬁli2M0$ﬂ@fodek€soBﬁhWi§Qﬂp6§feﬁ wavegui de and on exposed
portions of t | o cl addi ng | ayer, prepared as described in Exanple 4.
The react ant s%w ded by bubbling heliumthrough respective liquid

sources at a rate of I1Afterthésilivohoxideisodt laper is @Bpeositedimadcordanee with théi | e
gaseous [err] ol ehird 8 Exinpit's, tfié Walkrs 18 posfbned SR MR thindle Fof UnkddE> The
sintering procedure starts with a 2 hour purge of the furnace at room temperature
20 with 300 cc/min of helium. Towards the end of the purge period, gaseous BCl; is
added at 5 cc/min to the helivm stream. The BCl; flow continues for about 2.5
hours while the furnace temperature is raised to 800°C, at which time the flow of
BCl; is discontinued while the flow of helium is maintained. After 15-20 minutes,
the furnace temperature is raised over a period of 2 hours to 1100°C where it is held
25 for one hour. Thereafter, the flow of helium is discontinued and the wafers are
subjected to an anneal in a steam-oxygen atmosphere at 1000°C for a period of 6
hours. The furnace is then allowed to cool to the room temperature.
Example 7
, The sintering of either one of the cladding layers may be conducted
30 .using BF3, instead of BCl 3, in the sintering atmosphere. For this purpose, the
cladding soot layer is deposited by providing the reactants by bubbling helium
through respectivé liquid sources at 150 cc/min for SiCl4 and 125 cc/min for POCl 3,
while gaseous BCl; is flowed at 30 cc/min. The sintering of the cladding soot layer
begins with a 2 hour purge of the furnace at room temperature with helium flowing
35 at 300 cc/min. Toward the end of the purge period, gaseous BF; is flowed at 15
cc/min into the helium stream. The BF; is less reactive than BCl3 and a higher flow



15 until a 20-40 mcronmeter thick soot |layer is deposited. Exanple 6 After
the silicon oxide soot |ayer is deposited in accordance with the procedure
of Exanple 5, the wafers are positioned inghe furnace for sintering. The
sintering procedure starts with a 2 hour purge of the furnace at room

t enperature 20 wi th 300 cc/mn of helium Towards the end of the purge

period, gaseou®tg ek BF; ixnerded durng the-geatment g the,furnace; Jhedemperaturg pbtheer r |
fl ow cont i nuesriceabsiied’over etiod Bh2houiss 900°C12 WGBS Buiiow of B 5o

T ow of el  unfisconbgned bf1ba Sos oL elosisopfihunct At S ) miides, s fcvaeeur o

is raised overtemfpnmmdstdise’ddmamedbm%ﬁfsmb@lwﬂﬂﬁdhemmdi@m igdor

one hour.

subj ected t ﬁgxyr ﬁ'ﬁelga&reg}ﬁ% Wn%ﬂﬁ@? tql} rs ar e

period of 6 hosubjecte‘dm dnlanneaidn asteas and bkypen ! dmhcsphefd fdrn;apelhecdigﬁﬁrholurs

t emper at ure. t er  on e cladding | ayers
may be conduc@@%gﬁ% [ag@&?atﬁgg@ég 1peﬁﬁqehe sintering

at mosphere. oExample $ur pose, the cl addi ng soot Iayer i s deposited by
provi di ng the react ant M}EF} ¢

sources at 150 cc/mn ?“m?err %o%h%%&%%h‘ﬁ%&o&%&gﬁgy

[err] is fll8wegrowingn15-2armicrometer thick siliconpoxide layer in £ appasatus fyigh

{1 owi ng 35 at %‘@%’?nn st s RtyRatie ol ol BUAE Skt ool Wil

is flowed at 1thegladding layere @omlaymaﬂogaqdonmssmdmlaméyrfm:t i ve
than BC13 and gepbiifiig 'ast mtﬂem&ﬁi& @&eﬂﬂh B3, "he Agstlag

tr eat nent |nthe rn,ace eratu he urnace S ralse ov
we?@o

t
period of 2 ho 1N g5 m%

]gl sconti nug§ tfchnémmidwﬁédshﬁmwm ef uSig s&hﬁﬂl’d At S’rhet he
urnace tenperature is raised ove er e

hel d there for%£° M SREVeS 3% M@?%Q@Wﬁr@ik&é&? rLISL?**

di sconti nued aAfiertpactenstifig oﬁthercmﬁ ¥ RIExdndthe eethoval of the chrommm

2 Fi%ﬁ”?féﬁ%?&&fh?ﬁ%ﬁﬁ%sﬁf%% k8 wa o i yeal g thdrogA0ge gisd #rf”ow

cl addi ng | ayerExamplesSamd 610r 3. si | i con waf er- by 10 growi ng a 15- 25

m crometer ghhi ck sili Cepfl dleasufbbine fdftate™fdol HRRPeAiY, 2hl16es were
measured to be comparable to layers fabricated with standard methods.

Additional benefits result from the higher doped glass produced by this
reactive atmosphere sintering. The most commonly used substrate material is
silicon, which has a substantially high thermal expansion coefficient (35x10~%/K)

25 than silica (5x10~5/K). The resulting mismatch between the substrate and the
deposited layers results in stress related problems and the inherent advantage of glass
as a waveguide material, namely the absence of birefringence because of its
amorphous nature, is lost. Strain birefringence leads to undesired effect as additional

~ loss and polarization sensitivity. In the case of FHD, the material is typically only

30 . deposited on one side of the substrate. The resultant strain can warp the substrate to
a degree to make photolithograph impossible. However, with increasing dopant
content the thermal expansion of silica increases. Glass layers up to 20-25um thick
could be formed without appreciable warping of the substrate. Indeed wafers are
little bowed with radius of curvature as high as 60 meters. This leads to a reduction

35 in the birefringence.



‘t-enperature, high pressure). This procedure does not require subsegue
sintering of the cladding |ayer. The core |ayer was forned !uwwnﬂh‘"wﬁmﬁ
| ayer by first depositing a soot |ayer infghe manner descr

Exanpl e 3. The soot |ayer was then sintered at 1300[err]Cin air. After
this sinteringe .a chromummask was IS fornmed on top of the sintered core

glass layer u St andard photolithography. The chrom um serves as a nask
in the reactive ion el.cThemetidd)ofohardufsctaingplghassptcalywavegdides,rwiiieht er ni ng
of the core gLassslayer by RIE and the removal of the chrom um nmask, the

resul tant core grass pattern was overclad using the procedure descrlbed I n
Exanpl es 5 and 6 or 7.foaning upon a substrafix(14)stlected fromeagrdup donsisting of sjitioch

i Un st ancy (RESHERE R TaR Rl Cokn RTRACE fint f orftided O e °

gl ass producetef@gtiemi s reacti ve atnosphere sintering. The npst comonly

xpans on Eié? f .mé‘f cat %ﬁ%ﬁ’?ﬁ*é@@%@*@%@ﬁ@%ﬂ%@?ﬂ ™

resul ti ng m sHE8% 3 having a:secondiindex tiorewhichyis higheethant s
In stress relﬁ@ﬁr@mm he i nherent advant age of glass as a
wavegui de terial, n t he a sence of birefringence because of its
anor phous lﬁZt ure, is (FBERIDZSEN eastong Wavsguide idged1 2bam1rm0§@d ef f ect

as addi It i onal regivms oﬁmtlplweﬁgygagh eﬁ?@'ah'ﬂﬁpbi/cla%dlnélm 3 §c Pﬁgﬁg t?ﬁ
material is t n e t on .0one .si.de of “the sy r at e
resul tant st réﬁ‘aﬁﬂ{ \h/? E&S’?Qf geifaction whichis ?‘ﬂﬂrﬁﬁ%sﬂé é@‘iﬂnﬂt hogr aph
i npossi bl e. Hndavefx:eﬁncﬁdm isaidruppet ¢ iefrmed By [depo: Gggmfeﬂsf 03

e fornme

AT s MRy T

bowed thﬂSraﬂmmnmgaunospmemeglasqﬂayer, 60 meters. This Ieads to a
reduction 35 in the bw | ngence. -10- Cainms 1. The nethod of
manuf acturing planar optical wavegui des, which conprises form ng upon a

substrate (14) sel ect wdmgcowmmmmmwhyenm Sheliunsilica a
rofracti on, (am ey oftisie Contlipfi} WidsSonkyalisye SB1e 4 60 T b plifithg Ur
wavegui di ng BF; at temperatures of 900°C or less, sintering the heated soot layer at a
20 temperature ranging form 1000 to 1100°C in absence of said gaseous additive,
annealing the sintered structure in a steam-and-oxygen atmosphere at a temperature
or from 1000 to 1150°C, and allowing the annealed layer to cool to room
temperature. '

2. The method of claim 1, in which

25 said sintering is conducted in a furnace (29) which is purged at a low

temperature with a stream of helium,

said gaseous additive is added into the helium stream toward the end of
the helium purge and the furnace temperature is raised over a period of from 1.5 to
2.5 hours to the heating temperature of from 800 to 900°C,

30 15-20 minutes after reaching said heating temperature, addition of the
gaseous additive is discontinued and the furnace temperature is raised over a period
of from 1.5 to 2.5 hours to a sintering temperature of from 1000 to 1100°C, and
maintained at said sintering temperature for a period of about one hour,
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- ridge (i2) conprising silica having a second index of refr mn ﬂ
hi gher than said first index of refraction, 10 amlmm "ﬂ ulﬁ]",
at | east one wavegui de ridge (12) and on ﬁx_posed regi ons of *thé& | bwet 3

cl addi ng I ayer (13) an upper cladding |ayer (11) conprising particles of
silica having an index of refraction which is |ower than said second index

of refraction, said ulhgsintered stneryre is jhen annejled in a steamqand;oxXNg68si t i ng a

| ayer of sootanﬂ@si)hefelaamﬁarahﬁtBﬂﬁﬁiﬂ100’@tar1dse°@f&rwawdhsfmﬁﬂt5tearrtIcles
in a helium 15 confaining atnosphere into a glassy layer, wherein said
sintering i s%® ed by heating the soot |ayer in a helium atnosphere
contai ning a gaseous wddirteréd seradtrR!is dllowedtd Esdl 36 SexodbM@mpetangeof [err]
and [err] at tenperatures of from800 to 900[err]C, sintering the heated
soot layer 20 at a tenperature ranging from 1000 to 1100[err]C in absence
of said gaseous addi3J The nietfwbof okgni hdn wihitlesaid heatingctemperatureds 800°C.

st eam and- oxygen at nosphere at a tenperature of from 1000 to 1150[err]C,
and allowi ng the anneal ed | ayer to cool to roomtenperature. 2. The nethod
of claim1, in whi cMZEhememodofdaimhiidvﬂﬁcﬁsaiﬂhgaﬁ!fgtempdnturedstaised
furnace (29) g@(},l fkrl at a low tenperature with a streamof helium
sai d gaseous LR RS d into the heliumstreamtoward the end of the
hel i um purge and the furnace terrperature is raised over a period of from
1.5 to 2.5 hours to & ] C, 30
15-20 m nutes after Z..(h:%l ng sal S{ﬁ“ﬁﬁgﬁ%&%ﬁ]ﬁ’g lggltlo% the
gaseous addi fumace; @9 mtﬁﬂmde%:; gc/miB. f ur nace tenperature is raised over
a period of from1.5 to 2.5 hours to a sintering terrperature of from 1000
to 1100[err] C, and pmintained at_ said smterlng erature for gperiod
of about ¥he hour, t®eThe methodpfslaimeh in which the,Bow of BClis s maintained a

st eam and- ox&gm,gttggw at a tenperature of from 1000 to 1150[err]C for
a period of from5 to 7 hours, and the sintered structure is allowed to
cool to the room tenperature. the sintered structure is then annealed in
a steam and- oxygen aZ.nThehrtidif chimeiinewhich the fifrndceaempératore s raise@fter r] C

for a periodgof. fromg to mréoéjvhs-apenodofzhours

8. The method of claim 1 in which the flow of BF; is maintained at 15
15 cc/min.

9. The method of claim 8, in which the heating temperature is 300°C.

10. The method of producing a silica cladding layer (11,13) on a
structure comprising a substrate (14) selected from the group consisting of silicon

and silica, which comprises
20 forming on said substrate (14) a silica soot layer by flame hydrolysis
~ deposition,

placing the structure into a furnace (29),
purging the furnace (29) with helium at a low temperature,
adding an additive selected from the group consisting of BCl3; and BF;
25 into the helium stream,
raising the temperature over a period of 1.5 to 2.5 hours to a heating
temperature of 900°C or less,



"the sintered structure is allowed to cool to the roomtenperature. 5

3. The nmethod of claim 11, in which said heating tenperatur

4. The method of claim1, in which said hgating terrperatur@l'ﬂdjwnﬁl kﬁﬂl’
a period of 2 hours. S The nethod of claim1 in which sai

t hrough the furnace (29) i s maintained at 300 cc/ mn. 6. The

method of claim | in WARNAG the heptsd soot layarin ab%emphmdswoas addidve BYy5 to 5
cc/in. 7. Theraighigthd térhpérafindYrbnd 10000 ﬂg&ﬁ, (ﬁrrfp‘%ﬁ t i sed
to the sinter| te g?tlre or\llneﬂr e?rlgbb%%){'%y ur 51%%.53&?
claim1 in \M‘ﬂn@%n &!&‘%ﬁlﬂ%ﬂa&'@n PYRE @ Reriodof 1‘90‘8@“91119‘11"9 The

met hod of claim8, inanfiatingithesiieeéd atuchRORes sletinCandSod/2e ert i a

met hod of Rr SI|IC cl 1 a

conpri si nggaw &Q @@e‘ﬂ%%?ﬂé‘%”&@ﬁ&ﬂ%ﬁ ﬁ’@“@f’a’é‘il i con
and silica, which con'pllowmgtheannealedslmcmrémmdlgom%mﬁmdem hirat e (14) a
silica soot layer by flanme hydrolysis deposition, placing the structure
into a furnace (29), purging the furnace (29) with heliumat a | ow
terrperfature addi ng ad. Jheiméthed efpreducidg arsilivatchaidinglaperqd b A8y of clginel10] er r ]
and [err] gh Welf e helium stream raising the tenperature over a period
of 1.5 to 2.5 hours to a heating tenperature of 900[err]C or |ess, - 12-
sintering the heated w@mlslcmd%mmaﬁumgmamgahebmpu{gwua/bmy

raising tig t Wath'd MlOO[err]C over a period of from1.5

to 2.5 hours and maintaining t sintérin tenperature over a period of
about one hour, anneaWﬁM@sgd@@&m inte thechalivnystasniowand thexengeaf

;? froms t%@féf‘““;ﬁ?ﬁﬁ%‘ﬁ“’zﬁﬁ&ﬂw Bl Bree SRR of gl Froh T O
oom t enpera Lssilica claddi ng | ayer
(11,13) of claim 10, 15-20ufiflutes after reaching said heating temperature, addition of the
1S gaseous additive is discontinued and the furnace temperature is raised over a period
of from 1.5 to 2.5 hours to a sintering temperature of from 1000 to 1100°C, and
maintained at said sintering temperature for a period of about one hour,
the sintered structure is then annealed in a stream-and-oxygen
atmosphere at a temperature of from 1000 to 1150°C for a period of from 5 to 7
20 hours, and

the sinteged structure is allowed to cool to the room temperature.

12. The method of producing a silica cladding layer (11,13) of claim 10,
in which said heating temperature is 800°C.

13. The method of producing a silica cladding layer (11,13) of claim 10,
25 in which said heating temperature is raised over a period of 2 hours.

14. The method of producing a silica cladding layer (11,13) of claim 10,
in which said flow of helium through the furnace is maintained at 300 cc/min.

15. The method of producing a silica cladding layer (11,13) of claim 10,
in which the flow of BCl ; is maintained at from 3.5 to 5 cc/min.

30 16. The method of producing a silica cladding layer (11,13) of claim 10,



- sai'd sinter]i ng is conducted in a furnace (29) which is pur alow10
tenperature with a stream of helium said gaseous additiv Hmmnmmm
the heliumstreamtoward the end of the hdgBi-um purge and t

tenperature is raised over a period of from1.5 to 2.5 hours to Sai 8
tenperature of fr 30 er 15 ut.es fter reachl

heati ng. t enpaPatHiEh e fyepte Jemngaluris rited 16 tho SERitR ReEA U L B AT e

and the furnamfétherature is raised over a period of from 1.5 to 2.5
hours to a sintering tenperature of from 1000 to 1100[err]C, and nui ntained

at said sinering tenperature for a period of about one hour, the sintered
structure is then andﬁalmmﬁhadsfpmﬁﬂmgdts:hm&tknghyphéﬂelﬁmfalmm 10,

tenperature Fxﬂ?ﬂx@@%r 1 ﬁﬁ“; Qﬂnﬁf from5 to 7 20 hours,
and the sint gﬁle‘; struc I‘EE)PI si:? g? oweg %@‘%’S%F the room tenperature. 12.

The met hod of producing a silica cladding layer (11,13) of claim10, in

whi ch sai dgheating t t ?Rﬁ%ﬁ% ] a%ﬁﬁ Eﬁép HNg a
silica cl agdl .ng | aye:l ?}ﬁllﬂgtﬁo?af alm ga%lé |% saﬁg'@é’?f’%ﬁ%’
tenperat ure (B Whichthe °‘;-Izrours 14. The method of producing
a silica cladding Iayer (11 13) of cIa|n110, in which said flow of helium

t hrough the furnace is nmaintained at 300 cc/mn. 15. The net hod of
producing a silica cladding layer (11,13) of claim 10, in which the flow of
BC3 is maiintained at from3.5 to 5 cc/mn. 30 16. The net hod of
producing a silica cladding layer (11, 13) of claim 10, - 13 - in which
the furnace tenperature is raised to the sintering tenperature over a
period of 2 hours. 17. The nethod of producing a silica cladding |ayer
(11,13) of claim10, in which the flow of BF3 is maintained at 15 cc/mn. 5
18 The nethod of producing a silica cladding |ayer (11,13) of claim17, in
whi ch the heating tenperature is 900C




