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chlorine that is effective to remove water from the glass soot. In the
Examples there is reference to The present invention relates to an improved
the use of an alumina muffle. method making an optical fiber preform having
Patent  Abstracts  of  Japan,  Kokai-No. at least [err] region formed of a
fluorine-doped    5    55-167149 describes a method of making anhy- glass.
drous quartz type fiber base material wherein a Vapor deposition of doped
silica is the most    silica glass preform is dehydrated using an active
commonly employed technique for forming           species which reacts with
OH groups, such as optical waveguide fibers. Such fibers are usually
fluorine, at a low temperature. The complete doped with [err] or [err] to
form a glass having a    to   specification of this Abstract refers to a
porous refractive index greater than that of silica or with  prefrom  which
is enclosed within a quartz [err] or fluorine to form a glass having a
refractive  chamber in an atmosphere of [err]  and [err] to index less than
that of silica. Because of its low  produce a plasma for three hours and
the preform absorption at long wavelengths, fluorine is pre-  is then
sintered to clear glass at atmosphere in a ferred over [err] for
transmission at wavelengths   15   sintering furnace. beyond approximately
1.2 pm. Fluorine has been      Patent Abstracts of Japan Nippon Denshin
employed as the sole dopant in single-mode        Denwa Kosha 57-170833
describes a method of fibers having a silica core and a fluorine-doped
producing a porous fluoride gas preform  by silica clad. Fluorine has also
been added along   contacting a porous preform of solid oxide glass with
other dopants in the core of a single-mode   20   powder with a fluoride
reagent such as fluorine or fiber to change the zero dispersion wavelength,
hydrogen fluoride in a container heated to and it has been added to other
dopants to obtain  [err] There is no mention of drying. the desired
combination of properties such as       It is therefore an object of the
present invention refractive index and viscosity. For example,     to
provide an improved method of forming a fluorine and [err] can be added to
silica to form a   25   fluorine-containing optical waveguide preform.
diffusion barrier having the same refractive index  Another object is to
reduce or eliminate the as a silica substrate tube. However, the inclusion
formation of seeds in fluorine-containing optical of fluorine as a dopant
in vapor deposited glass  waveguide preforms. Yet another object is to has
caused some disadvantages.                    provide a method of forming
CVD-produced It is also known to use fluorine for drying   30
fluorine-containing optical fiber preforms without purposes,. see for
example EP-A1-82 305. How-     depressing the deposition rate. ever, U.S.
Patent No. 4,335,934 reports that        The present invention relates to a
method of fluorine tends to reduce the rate of deposition of  forming a
glass article, at least a portion of which doped silica glass on the inner
surface of a      is doped with fluorine. There is initially formed a
substrate tube. It has been found that the addition   35   glass preform,
at least a portion of which is of a fluorine-containing compound to the
reactant  porous. The preform is inserted into a consolida- stream emitted
by a flame hydrolysis burner       tion furnace having a muffle formed of a
high tends to decrease the rate of deposition of glass  silica content
glass. soot collected on the mandrel. Also, seeds were     An atmosphere
comprising fluorine is flowed commonly formed in the resultant article when
40   over the surface of the porous portion of the both fluorine and
germania were co-deposited      preform. A portion of the atmosphere
diffuses with silica.                                      inwardly from
the surface through the interstices A further disadvantage was experienced
while    of the porous portion of the preform. In the attempting to form
fluorine doped silica by      furnace the preform is heated to a
temperature supplying [err] to a flame hydrolysis burner. Even   45
within the consolidation temperature for a time though the amount of [err]
was increased, the      sufficient to cause the fluorine to diffuse into
the amount of fluorine in the resultant glass could not  pore-forming
surfaces and to cause the porous be increased to more than 0.6 wt%. It is
thought  portion of the preform to fuse and form a fluorine- that a
fluorine-doped silica particle is not imme-  doped dense glass. diately
formed; rather, the fluorine must diffuse   so  Thus, the invention
provides a method of form- intothesilica particle as it travels fromthe
burner    ing a glass article at least a portion of which is to the soot
preform. Such diffusion must take     doped with fluorine, comprising the
steps of place within a fraction of a second. The partial    forming a
glass preform at least a portion of pressure of fluorine adjacent to the
silica particle  which is porous and contains interstices, is very low
since the fluorine supplied to the flame   55    inserting said preform
into a consolidation fur- diffuses into the ambient atmosphere. Further-
nace having a muffle formed of a high silica more, some of fluorine
adjacent the silica particle  content glass. reacts with hydroxyl ions
present in the flame to  flowing over the surface of said porous portion
form HF; this fluorine is no longer available to  a gas comprising
fluorine, a portion of said gas dope the particle.
60   diffusing inwardly through the interstices of said United States
Patent No. 3933454 describes a    preform, and method of making low loss
optical waveguides        heating said porous preform to a temperature
wherein glass soot is deposited by flame hydroly-  within the consolidation
temperature range for a sis on a starting member and the soot coating is
time sufficient to cause said fluorine to diffuse consolidated in a helium
atmosphere containing   65  into the surfaces of said interstices and to
cause 2    



the porous portion of said preform to fuse and    burner 12 from a source
(not shown) This mix- form a fluorine doped dense glass.               ture
is burned to produce a flame which is emitted The invention also provides a
method of form-   from the burner. A gas-vapor mixture is oxidized ing a
dry, dense, fluorine-containing glass article  within the flame to form a
soot stream 14 which is comprising; forming a glass preform, at least a
5    directed toward mandrel 10. Suitable means for portion  of which is
porous, heating the preform in  delivering the gas-vapor mixture to the
burner are an atmosphere containing chlorine and a fluorine-  well known in
the art; for an illustration of such based compound gas comprising fluorine
and at     means reference is made to U.S. Patents Nos. least one other
element The chlorine is present in  3,826,560, 4,148,621 and 4,173,305. One
or more an amount sufficient to substantially remove   10   auxiliary
burners (not shown) may be employed water from the porous portion of said
preform,    to direct a flame toward one or both ends of the said heating
step being performed at a tempera-   soot preform during deposition to
prevent break- ture sufficiently high to form a dry, fluorine-   age. For
an illustration of suitable burners, ref- containing porous preform portion
and thereafter  erence is made to U.S. Patents Nos. 3,565,345 and the dry,
fluorine-containing preform portion is  15   4,165,223. Soot deposition
means 12 may also completely consolidated to form a dense glass
comprise nozzles such as those disclosed in U.S. article.
Patent No. 3,957474 which emit reactant vapors The invention is illustrated
by the accompany-  which are heated by means such as a laser beam ing
drawings wherein:-                           to form a soot stream. This
method can be Figure 1 illustrates the application of a coating   20
employed to produce any type of core index of glass soot to a mandrel.
profile including step index and gradient index. In Figure 2 is a
cross-sectional view of a consoli-  the present example, only the reactant
[err] need dated glass preform.                              be supplied to
burner 12, since a pure silica soot Figure 3 is a schematic diagram
illustrating the  preform 16 is deposited. drawing of a rod from the
preform.          25      The burner is generally operated under con-
Figure 4 illustrates the application of a coating  ditions that will
provide acceptably high laydown of glass cladding soot to an intermediate
fiber.  rates and efficiency while minimizing the buildup Figure 5 is a
schematic representation of a     of soot on the face thereof. Under such
con- consolidation furnace and consolidation atmos-    ditions, the flow
rates of gases and reactants from phere system.
30   the burner orifices and the sizes and locations of Figure 6 is a graph
of %A. plotted as a function  such orifices as well as the axial
orientation of vol. % [err] in the muffle gas.                 thereof are
such that a well focused stream of Figure 7 is a refractive index profile
of an optical  soot flows from the burner toward the mandrel. In fiber
formed by the method of the present inven-  addition, a cylindrical shield
(not shown) which is tion.                                       35
spaced a short distance form the burner face, Figure 8 is a diagram showing
the composi-      protects the soot stream from ambient air cur- tional
structure and the refractive index of an   rents and improves laminar flow.
Preform 16 is optical fiber made in accordance with an embodi-  formed by
traversing mandrel 10 many times with ment of the invention.
respect to burner 12 to cause a build-up of many It is to be noted that the
drawings are illustra-   40   layers of silica soot. The translating motion
could tive and symbolic of the invention, and there is no  also be achieved
by moving the burner back and intention  to indicate scale or relative
proportions  forth along the rotating mandrel or by the com- of the
elements shown therein. Further, it is to be  bined translational motion of
both the burner and noted that the present invention expressly con-  the
mandrel. After the deposition of soot preform templates both single mode
and multimode   45   16, mandrel 10 is pulled therefrom, thereby leav-
waveguides regardless of any specific descrip-   ing a longitudinal
aperture through which drying tion, drawing, or example set out herein.
gas may be flowed during consolidation. In accordance with the present
invention any      The steps of drying and consolidating may be portion of
an optical fiber preform can be doped  performed in accordance with the
teachings of with fluorine by forming that portion as a porous   so   U.S.
Patent No. 4,165,223, which patent is hereby coating or structure which is
thereafter subjected  expressly incorporated by reference. to a
fluorine-containing atmosphere at an ele-      A consolidated preform 20 is
illustrated in vated temperature prior to the completion of the  Figure 2.
During consolidation, the preform may consolidation process which converts
the porous   be suspended by a handle 22 which may be coating or structure
to a solid glass coating or  55   attached to the preform during the
deposition structure. An example of such a method is illus-   operation or
after the mandrel has been removed. trated in Figures 1 through 5.
Such handles have a passage therethrough for A circularly symmetric porous
preform may be    supplying drying gas to the preform aperture. formed in
accordance with the method illustrated    Drying can be facilitated by
inserting a short in Figure 1. The ends of mandrel 10 are mounted   60
section of capillary tubing into that end of the in a lathe where it is
rotated and translated as  porous preform aperture opposite handle 22. The
indicated by the arrows. The mandrel may be       capillary tubing
initially permits some of the provided with a layer of carbon soot to
facilitate  drying gas to flush water from the central region removal of
the soot preform.                      of the preform. As the porous
preform is inserted Fuel gas and oxygen or air are supplied to   65  into
the consolidation furnace, the capillary tub- 3    5              EP
0139348 B1                      6 



ing aperture closes, thereby causing all drying   mediate fiber is
illustrated in Figure 3. Preform 20 gas to thereafter flow through the
preform inter-  is mounted in a conventional draw furnace where stices.
the tip thereof is heated by resistance heater 30. A After consolidation,
the preform aperture will  vacuum connection 28 is attached to handle 22,
[err] at end 24 as shown in Figure 2 due to    5    and the preform
aperture is evacuated. A glass the presence of the aforementioned capillary
rod 32, which is attached to the bottom of preform plug. If no plug is
employed the entire aperture  20, is pulled by motor-driven tractors 34,
36, will remain open. In this event end 24 is closed  thereby causing the
intermediate fiber 38 to be after consolidation by a technique such as
heating  drawn at a suitable rate. A rate of 15 to 23 cm/min and pinching
the same.                      10   has been found to be adequate. As the
inter- For certain soot compositions including pure    mediate fiber is
drawn, the aperture readily closes silica, conventional soot deposition
techniques   since the pressure therein is low relative to result in the
formation of a devitrified layer on the  ambient pressure. The diameter of
an inter- aperture-forming surface of the resultant glass   mediate fiber
that is to be employed as a mandrel preform during the consolidation
process. If such   is   upon which cladding soot is to be deposited is a
devitrified layer exists in the preform, it should  preferably in the range
of 4 to 10 mm. be removed by etching to prevent the formation
Intermediate fiber 38 is mounted in a lathe of seeds in the resultant
fiber. If end 24 of the  where it is rotated and translated with respect to
preform aperture closes during consolidation,     burner 12 as shown in
Figure 4. A coating 42 of that end must be severed to permit an acid which
20   silica soot is thereby built up on the surface was to flow freely
through the aperture in order to  thereof to form a composite preform 46.
effectively remove the devitrified layer. There-    In accordance with the
method of the present after, the aperture is rinsed and dried, and end 24
invention, fluorine is added to porous silica coat- is heated and sealed.
ing 42 during consolidation of that coating. Con- A preferred method of
forming a silica soot   25   solidation furnaces conventionally comprise an
preform, which is disclosed in EP-A1-0100174,     alumina muffle surrounded
by heating elements, published in 8.2.84 and thus falling within the   the
consolidation gases flowing through holes in terms of Article 54(3) EPC,
prevents devitrification  a base member on which the muffle rests. of the
aperture-forming surface during consolida-  Attempts were made to introduce
fluorine into the tion. That method comprises depositing the first   30
porous silica coating 42 by flowing [err] into the plurality of layers of
glass soot on the mandrel at  muffle along with conventional consolidation
a deposition rate that is sufficiently low that no  gases He, [err] and
[err] The fluorine, which formed spiral pattern of deposited soot is
visible. The  at consolidation temperature, reacted with the deposition of
a fine, spiral-free coating on man-  alumina muffle and transported
aluminum and drel 10 can be accomplished by supplying burner   35
possibly other impurities to the composite pre- 12 with a greatly reduced
flow of reactant The    form 46. The resultant consolidated preform con-
absence of a high velocity reactant vapor stream  tained a thick
devitrified surface layer which emanating from the burner tends to generate
a     rendered it useless. Other refractory materials defocused soot stream
14 that is incapable of     such as zirconia would probably suffer from the
deposting a coating of soot having a sufficient   40   same disadvantage.
density variation to appear as a spiral. After many  The consolidation
furnace (50) was therefore layers are deposted, the fine soot stratum
modified in the manner illustrated in Figure 5. A becomes continuous.
high silica content muffle 52 is separated from After the unfocused soot
stream has been        heating elements 54 by a tubular, high silica
employed for a time sufficient to build up a   45   content liner 56  The
term "high silica content" as continuous layer, the flow of reactants to
the    used herein means pure fused silica or a high burner is increased to
conventional rate, and the  silica content glass such as a borosilicate
glass. remainder of preform 16 is deposited at a normal  Porous silica
coating 42 would conventionally be high deposition rate.
consolidated at [err] The diffusion of 1 wt.% Consolidated preform 20 of
Figure 2, which   50  fluorine into the silica during the consolidation
forms the core of the resultant fiber, is etched to  process enables the
consolidation to be per- formed at [err] Higher concentrations of remove a
thin surface layer. It is then stretched  formed   at [err]   .Higher
concentrations of into an intermediate  large diameter fiber which is
fluorine in the porous glass would enable it to be thereafter provided with
fluorine-doped cladding  consolidated at even lower temperatures. A high in
accordance with the method of the present   55   silica content glass
muffle 52 can be employed invention.
because of this relatively low  consolidation The intermediate fiber can be
formed in a       temperature. Liner 56 surrounded muffle 52 in the
conventional draw furnace wherein the tip of the  vicinity of heating
elements 54 to protect muffle consolidated preform  from  which the inter-
52 from refractory particles emanating from the mediate fiber is being
drawn is heated to a   60   furnace bricks (not shown) which surround the
temperature which is slightly lower than the      heating elements. These
refractory particles temperature to which the preform would be
deposited on the outer surface of liner 56 and subjected to draw optical
fiber therefrom. A      caused some devitrification to occur. Although
temperature of about [err] is suitable for a silica  liner 56 is not a
necessity, it is thought that its use preform. A suitable method for
forming an inter-   65   may prolong the lifetime of muffle 52. 4    



7              EP 0139348    B1                    8 Furnace gases are fed
to the bottom of muffle   became sealed, and the preform was subjected to
52 through a conical section 58 which is affixed  gradient consolidation.
The consolidated silica thereto. Whereas the conventional alumina muf-
preform was etched in HF to remove a thin [err] supported only by its
bottom surface,      surface layer. [err] muffle 52 was supported at its
upper end by    5  A silica rod was fused to the tip of the consoli- a ring
60 to provide additional support for the   dated prefrom which was then
inserted into a middle section thereof which tends to sag at      draw
furnace. The preform aperture was evacu- consolidation temperature. Conical
section 58 is  ated by affixing vacuum connection 28 to the end supported
by ringstand 62.                        of the handle. The preform was
heated to about As taught in U.S. Patent No. 4,165,223, the   10   1900C
and pulled downwardly at a rate of about consolidation atmosphere may
contain helium       15 cm/min. The diameter of the resultant inter- and
oxygen and an amnount of chlorine sufficient  mediate fiber was about 5 mm.
After the inter- to remove hydroxyl ions from the porous pre-      mediate
fiber had been drawn to a length of about form. In accordance with the
method of the        91 cm, it was broken from the preform. present
invention, fluorine is also supplied to the   15  The intermediate fiber
was supported in the bottom of muffle 52. Any suitable compound such
lathe where it functioned -as a mandrel for the as   [err] and [err] may be
employed.    deposition of cladding soot. Oxygen flowed Bytaking suitable
precautions which are known in  through the [err] container at a rate of
1.6 litres the art, fluorine gas [err] can be used.           per minute
measured at standard temperature The following specific example illustrates
the   20   and pressure (slpm), and the burner traversed the manner in
which the method of the present         intermediate fiber at a rate of
about 2 cm/sec. This invention can be employed to produce a single-    was
continued until a layer of [err] having an mode optical waveguide fiber
having a pure silica  outside dameter of 60 mm was deposited to form core
and a fluorine-doped silica cladding. An     a soot clad preform. integral
handle of the type disclosed in U.S.   25  Furnace muffle 52 consisted of a
152 cm long Patent No. 4,289,522 was employed. An alumina     silica
cylinder having an inner diameter of 14.6 cm mandrel was inserted into the
handle, the central  and an outer diameter of 15.2 cm. A 61 cm long region
where soot particles were ultimately       silica liner 56 having an inner
diameter of 18.1 cm deposited being tapered in diameter from about    and
an outer diameter of 18.7 cm separated 5.5 mm to 6.5 mm.
30   muffle 52 from the heating elements. The peak Uquid [err] was
maintained at [err] in a con-     temperature, as measured at the outside
of the tainer. The burner traversed a 49 cm section of   silica liner was
[err] Chlorine, oxygen, helium mandrel in 25 seconds. An acetylene torch
and [err] flowed into the bottom of the muffle at supported on the burner
was first employed to     rates of 1.4, 2.0, 25.0 and 12 litres per minute
deposit carbon particles on the mandrel during   35   measured at standard
temperature and pressure one burner pass. During the next 30 minutes,
(sipm), respectively. oxygen flowed at a rate of 0.05 litres per minute
The soot clad preform was inserted into the measured at standard
temperature and pressure    furnace at a downfeed rate of 0.4 cm/min. The
(sipm) through the [err] container, the resultant  [err] decomposed to form
fluorine which diffused mixture flowing to the burner. The resultant fine
40   uniformly through the interstices of the porous soot stream formed a
layer of silica soot having a  silica coating and into the silica soot
which there- thickness of about 1 mm. During the next [err]       after
consolidated to form a fluorine-doped silica hours, the flow rate of oxygen
to the [err] con-  cladding layer on the silica core. The core-clad tainer
was increased to 1.4 litres per minute    ratio of the consolidated preform
was too large measured at standard temperature and pressure   45   for
forming a single-mode fiber. The preform was (slpm) during which time
silica soot was         therefore etched in HF for 60 minutes, rinsed and
deposited to form a soot preform, the outer       dried. It was then
stretched in a draw furnace in diameter of which was 70 mm.
the manner indicated above to again form an The soot preform was removed
from the lathe,    intermediate fiber having a diameter of about 5 and the
mandrel was removed therefrom, the   50   mm and a length of about 91 cm.
This inter- integral handle remaining at one end thereof. A   mediate fiber
was provided with a coating of silica short section of capillary tubing was
inserted into  soot and consolidated and doped with fluorine that end of
the preform aperture opposite the     under the same consolidation
conditions as handle. The preform was then simultaneously       described
above. The resultant optical fiber pre- dried and consolidated in
accordance with the   55   form, the diameter of which was about 35 mm,
teachings of U.S. Patent No. 4,125,388. A drying  was inserted into a draw
furnace where the tip gas consisting of 5 volume percent chlorine, the
thereof was subjected to a temperature of about balance being helium, was
flowed through the      [err] The preform was drawn to form a step- handle
and into the preform aperture. A portion of  index, single-mode optical
waveguide fiber this drying gas initially flowed through the   60   having
a core diameter of about 8 [err] capillary plug carrying with it water
vapor along   A measure of the amount of fluorine in the with reaction
products from the drying reaction.  cladding of a silica core-fluorine
doped silica clad As the preform was lowered into the consolida-    fiber
is given by its A% which is defined as tion furnace, through which a helium
flushing gas  [err]  where [err] and n2 are the core and clad was flowing,
the opening in the capillary tube   65   refractive indices, respectively.
When the amount 5    
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gas was 27 vol.%, a 0.35%[err]  and a short section of capillary tubing was
was achieved. As the [err] was increased to 35     inserted into one end of
the preform aperture. The vol.% and 54.5 vol.%, the %[err] increased to
0.42    preform end containing the capillary tubing was [err] .64,
respectively. The linear relationship  inserted into a consolidation
furnace and an between  vol.% [err] and %[err] within the specified    5
atmosphere comprising 3.0 vol.% Cl2 3.7 vol.% range is illustrated in
Figure 6. A %[err] of only 0.24  [err] and the balance He was flowed into
the was obtained when the muffle gas contained        aperture so that it
flowed outwardly through the about 25 vol.% [err]
interstices. The presence of fluorine in the gas A single-mode fiber having
a germania-doped     flowing into the aperture leached almost all of the
silica core was formed as follows. Figure 7 shows    10   germania from the
entire preform core portion, the refractive index profile of the resultant
fiber  wherefore the resultant consolidated preform which includes inner
core region 66, index        was unsuitable for further processing.
depression 68, outer core region 70 and cladding    An identical soot
preform having a germania- 72.
doped core portion was consolidated in the fur- The burner was supplied
with [err] as   15   nace of Figure 5. The capillary tubing in lower end
described above. A sufficient amount of [err]     of the preform aperture
prevented the flow of was simultaneously supplied to the burner to
fluorine directly into the aperture and also caused form soot having a
composition of 10 wt.% GeO2    the bottom end of the aperture to close
during 90 wt.% SiO2. The resultant soot preform, which   consolidation.
This preform suffered very little was consolidated and stretched as
illustrated in   20   loss of germania during the consolidation pro-
Figures 2 and 3, had a refractive index [err] as     cess, and there was
not even any evidence of shown in Figure 7. A layer of [err] soot was then
burnout or severe loss of germania at the aper- deposited on the [err]  rod
as illus-    ture forming surface. Since there is no contem- trated in
Figure 4. The resultant composite struc-  plated embodiment of the present
invention in ture was consolidated in the apparatus of Figure   25   which
it would be advantageous to flow the 5. The muffle gas was as described in
the pre-    fluorine-containing gas into the aperture of a vious example
except that the flow rate of [err]   porous preform, this invention is
limited to that was such that the muffle gas contained about 33
embodiment wherein the fluorine-containing vol.% [err] The consolidated
layer, referred to as  atmosphere is flowed over the outer surface of the
depressed index region, had a composition of   30   the porous portion of
the preform and diffuses about 1.2 wL% fluorine and 98.8 wt.% SiO2. Its
inwardly. This technique is to be employed refractive index is shown as
being [err] in Figure 7.  regardless of the shape of the porous preform.
Another layer of soot was deposited over the    That is, a porous cylinder
having an aperture resultant consolidated preform. The composition
therethrough, a solid rod completely surrounded was again  silica doped
with 10 wt.%  GeO2    35   by a soot coating or a planar substrate having a
whereby the refractive index is represented by    soot coating on one or
more surfaces thereof, for line 70 of Figure 7. This soot was consolidated
in  example, would all be treated by flowing the the furnace of Figure 5,
but no fluorine-containing  fluorine-containing gas over the outer surface
of gas was employed. The resultant core preform      the porous layer. was
overcoated with silica soot which was also   40  An optical fiber having a
graded index core can consolidated in a chlorine-containing atmosphere  be
formed as follows . The central core portion of that contained, no
fluorine. This pure silica clad-  the preform is formed by any suitable
technique ding layer is represented by line 72 of Figure 7. Its  which
results in a solid rod having a silica surface refractive index n2 is about
equal to [err].The  and an axial composition comprising silica and a
resultant optical fiber preform was drawn into a   45   dopant such as
[err] which increases the refrac- single-mode fiber having an overall core
diameter  tive index. For example, the method illustrated in 2a of [err]
The attenuation of this fiber at 1300  Figures 1, 2 and 3 could be
employed. By nm was 0.65 dB/km and at 1600 nm was 0.18 dB/     supplying
the burner with [err] and [err] a layer kin. Its water content was
determined to be about  of GeO2-doped SiO2 is deposited on the mandrel 550
parts per [err]                           so   during a first pass of
burner 12. After each pass of For certain reasons including modification of
the burner, the flow rate of GeCI4 is reduced so the softening point
temeprature of the core glass  that the final burner pass deposits pure
[err] The or modification of the zero dispersion wavelength  resultant soot
preform is consolidated to form the of a single-mode fiber, it may be
desirable to add  article illustrated in Figure 2. The consolidated
fluorine to a core glass which also contains a    55   preform is heated as
illustrated in Figure 3 to dopant such as germania for increasing the
close the central aperture and to stretch it into a refractive index
thereof. A soot preform was      rod having a diameter suitable for the
further formed on a mandrel as described above, [err]     deposition of
soot. The resultant rod has a ger- being fed to the burner along with [err]
during   mania content illustrated by that portion of curve the formation
of a core portion. The [err] flow    60   76 of Figure 8 which is situated
within the central was stopped, and a sufficient amount of silica    core
region. A suitable length of the germania- soot was deposited to provide a
core-clad ratio of  doped central core rod is inserted in a lathe and 0.4.
The formation of such a preform is disclosed  coated with pure silica soot
as illustrated in Figure in    my    aforementioned    application
4. The resultant composite preform is inserted EP-A1-0100176. The mandrel
was removed   65  into a consolidation furnace through which there 6    
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flushing gases which contain no      a gas comprising fluorine, a portion
of said gas fluorine. The preform  is initially heated to a      diffusing
inwardly through the interstices of said temperature that is insufficient
to cause consoli-   preform, and dation. A fluorine-containing gas is then
added to     heating said porous preform (46) to a tempera- ,the flushing
gas and the temperature of the    5    ture within the consolidation
temperature range [err] is increased to a level sufficiently high to  for a
time sufficient to cause said fluorine to cause consolidation to occur
uniformly through-      diffuse into the surfaces of said interstices and
to out the preform. By controlling the concentration    cause the porous
portion of said preform to fuse of fluorine flowing through the
consolidation        and form a fluorine-doped dense glass. furnace, the
maximum consolidation temperature   10    2. A method in accordance with
claim 1 wherein and the rate of increase of temperature to the       the
step of inserting comprises inserting said maximum  temperature, the
consolidated soot          preform (46) into a consolidation furnace (50)
coating can be caused to contain a fluorine          formed of a silica
muffle (52), a heat source (54) gradient which increases from 0% fluorine
at the     surrounding said muffle, and a high silica content interface to
a maximum  concentration at the    15   liner (56) situated between said
muffle (52) and outer surface of the outer core. This fluorine       said
heat source (54). gradient is represented by the gradient portion of     3.
A method in accordance with claim 1 wherein curve 74 of Figure 8.
the step of heating comprises gradually inserting The resultant
consolidated preform  is again       said porous preform (46) into said
muffle (52) so stretched and severed into suitable lengths which    20
that the leading end thereof initially consolidates, are overclad with pure
silica soot. This final soot  the remaining portion of said porous preform
clad preform can be subjected to the gradient        consolidating in a
gradient fashion as it is consolidation process described in conjunction
gradually inserted into said muffle. with Figure 5. By decreasing the
concentration of      4. A method in accordance with claim 1 wherein
fluorine flowing through the consolidation muffle   25   the step of
heating said porous preform com- but subjecting the porous silica soot
coating to     prises subjecting the entire porous portion of said
fluorine-containing gas for a sufficient period of   preform (46) to a
temperature within the consoli- time, the consolidated cladding portion of
the       dation temperature range whereby consolidation preform can be
provided with a fluorine concen-      occurs simultaneously along the
entire range of tration which is equal to that of the highest   30   said
preform. fluorine concentration of the outer core portion of    5. A method
in accordance with claim 1 wherein the preform. An optical fiber drawn from
the         the step of heating comprises heating said porous resultant
preform would have a refractive index      preform (46) to a temperature
which is lower than profile of the type illustrated by curve 78 of Figure
that which would conventionally be used to con- 8.
35   solidate the porous portion of said preform in the It is well known
that porous soot preforms         absence of fluorine. produced by the
flame hydrolysis process contain       6. A method in accordance with claim
1 wherein hydroxyl ions which must be removed prior to the     the step of
forming comprises forming a glass time that the soot consolidates in order
to avoid    preform  (46) the porous portion of which is excessive losses
in the resultant optical fiber. The    40   deposited by the flame
hydraolysis process. preferred technique for removing hydroxyl ions
7. A method in accordance with claim 1 wherein has been to consolidate the
porous preform in a      the step of forming comprises forming an entirely
chlorine-containing atmosphere. In the specific      porous glass preform
comprising a core region of example described above chlorine is employed to
a first composition surrounded by a cladding assist in the drying of the
soot preform even    45   region having a refractive index lower than that
of though some of the fluorine employed for doping      said core region,
said fluorine diffusing into and the preform would react with the hydroxyl
ions to    lowering the refractive indices of both said core form HF which
would be swept away with the           and cladding regions. flushing, gas
since it is volatile at consolidation    8. A method in accordance with
claim 7 wherein temperature. If no chlorine is added to the con-   50   the
step of forming comprises forming an entirely solidation  atmosphere, the
fluorine present        porous glass preform comprising a core region of
therein will simultaneously dry and dope the soot    SiO2 and a dopant
which increases the refractive preform during consolidation.
index of said core region, said core region being surrounded by a cladding
region of [err] Claims                                         55      9. A
method in accordance with claim 1 wherein the step of forming comprises
forming an entirely 1. A method of forming a glass article at least a
porous glass preform comprising first and second portion of which is doped
with fluorine, compris-    regions which are located radially adjacent one
ing the steps of:                                    another, said regions
having different composi- forming a glass preform (46) at least a portion
60   tions and different refractive indices, said fluorine of which is
porous and contains interstices,         diffusing into and lowering the
refractive indices inserting said preform into a consolidation fur-   of
both said first and second regions. nace (50) having a muffle (52) formed
of a high        10. A method in accordance with claim  9 silica content
glass,                                wherein the step of forming comprises
forming flowing over the surface of said porous portion    65   an entirely
porous glass preform comprising first 7    
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flushing gases which contain no     a gas comprising fluorine, a portion of
said gas fluorine. The preform  is initially heated to a     diffusing
inwardly through the interstices of said temperature that is insufficient
to cause consoli-  preform, and dation. A fluorine-containing gas is then
added to    heating said porous preform (46) to a tempera- the flushing gas
and the temperature of the    5    ture within the consolidation
temperature range [err] is increased to a level sufficiently high to  for a
time sufficient to cause said fluorine to cause consolidation to occur
uniformly through-     diffuse into the surfaces of said interstices and to
out the preform. By controlling the concentration   cause the porous
portion of said preform to fuse of fluorine flowing through the
consolidation       and form a fluorine-doped dense glass. furnace, the
maximum consolidation temperature   to   2. A method in accordance with
claim 1 wherein and the rate of increase of temperature to the      the
step of inserting comprises inserting said maximum  temperature, the
consolidated soot         preform  (46) into a consolidation furnace (50)
coating can be caused to contain a fluorine         formed of a silica
muffle (52) a heat source (54) gradient which increases from 0% fluorine at
the    surrounding said muffle, and a high silica content interface to a
maximum concentration at the    15  liner (56) situated between said muffle
(52) and outer surface of the outer core. This fluorine      said heat
source (54). gradient is represented by the gradient portion of    3. A
method in accordance with claim 1 wherein curve 74 of Figure 8.
the step of heating comprises gradually inserting The resultant
consolidated preform is again       said porous preform (46) into said
muffle (52) so stretched and severed into suitable lengths which   20
that the leading end thereof initially consolidates, are overclad with pure
silica soot. This final soot  the remaining portion of said porous preform
clad preform can be subjected to the gradient       consolidating in a
gradient fashion as it is consolidation process described in conjunction
gradually inserted into said muffle. with Figure 5. By decreasing the
concentration of     4. A method in accordance with claim 1 wherein
fluorine flowing through the consolidation muffle   25   the step of
heating said porous preform com- but subjecting the porous silica soot
coating to    prises subjecting the entire porous portion of said
fluorine-containing gas for a sufficient period of  preform (46) to a
temperature within the consoli- time, the consolidated cladding portion of
the      dation temperature range whereby consolidation preform can be
provided with a fluorine concen-     occurs simultaneously along the entire
range of tration which is equal to that of the highest   30   said preform.
fluorine concentration of the outer core portion of   5. A method in
accordance with claim 1 wherein the preform. An optical fiber drawn from
the        the step of heating comprises heating said porous resultant
preform would have a refractive index     preform (46) to a temperature
which is lower than profile of the type illustrated by curve 78 of Figure
that which would conventionally be used to con- 8.
35   solidate the porous portion of said preform in the It is well known
that porous soot preforms        absence of fluorine. produced by the flame
hydrolysis process contain      6. A method in accordance with claim 1
wherein hydroxyl ions which must be removed prior to the    the step of
forming comprises forming a glass time that the soot consolidates in order
to avoid   preform  (46) the porous portion of which is excessive losses in
the resultant optical fiber. The   40   deposited by the flame hydraolysis
process. preferred technique for removing hydroxyl ions        7. A method
in accordance with claim 1 wherein has been to consolidate the porous
preform in a     the step of forming comprises forming an entirely
chlorine-containing atmosphere. In the specific     porous glass preform
comprising a core region of example described above chlorine is employed to
a first composition surrounded by a cladding assist in the drying of the
soot preform even   45   region having a refractive index lower than that
of though some of the fluorine employed for doping     said core region,
said fluorine diffusing into and the preform would react with the hydroxyl
ions to   lowering the refractive indices of both said core form HF which
would be swept away with the          and cladding regions. flushing gas
since it is volatile at consolidation    8. A method in accordance with
claim 7 wherein temperature. If no chlorine is added to the con-   50   the
step of forming comprises forming an entirely solidation  atmosphere, the
fluorine present        porous glass preform comprising a core region of
therein will simultaneously dry and dope the soot   SiO2 and a dopant which
increases the refractive preform during consolidation.
index of said core region, said core region being surrounded by a cladding
region of [err] Claims                                        55      9. A
method in accordance with claim 1 wherein the step of forming comprises
forming an entirely 1. A method of forming a glass article at least a
porous glass preform comprising first and second portion of which is doped
with fluorine, compris-   regions which are located radially adjacent one
ing the steps of                                    another, said regions
having different composi- forming a glass preform (46) at least a portion
60   tions and different refractive indices, said fluorine of which is
porous and contains interstices,        diffusing into and lowering the
refractive indices inserting said preform into a consolidation fur-  of
both said first and second regions. nace (50) having a muffle (52) formed
of a high       10. A method in accordance with claim 9 silica content
glass,                               wherein the step of forming comprises
forming flowing over the surface of said porous portion   65   an entirely
porous glass preform comprising first 7    
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which are located radially       Bilden sines Glasrohlings (46), von dem
wenig- adjacent one another, said first region being     stens  ein  Teil
por6s  ist  und  kMaine formed of [err] and said second region compris-
Zwischenraume aufweist, ing [err] and a dopant which increases the refrac-
Einsetzen des Rohlings in einen Konsolidie- [err] of said second. region.
5    rungsofen (50) mit einer Muffel (52) die aus 11. A method in
accordance with claim 1 fur-    einem Glas mit einem hohen
Kieselsiuregehalt ther comprising the step of drawing said dense
gebildet ist, glass article to form an optical fiber.
Str6menlassen von Gas, des Fluor enthilt, 12. A method in accordance with
claim 1         Ober die Oberfliche des porosen Abschnitts, wherein, prior
to the step of flowing, a fluorine-   1o   wobei sin Teil des Gases nach
innen durch die free gas is flowed over the surface of said porous
Zwischenriume des Rohlings diffundiert, und portion and said preform (46)
is heated to a        Erhitzen den por6sen Rohlings (46) auf eine
temperature that is insufficient to cause consoli-  Temperatur innerhalb
des Konsolidierungstem- dation to occur, the step of flowing thereafter
peraturbereichs wahrend einer Zeit, die aus- being initiated and said
entire preform being   15  reicht, des Hineindiffundieren von Fluor in die
subjected to a temperature sufficiently high to   Oberflichen der
Zwischenriume zu veranlassen cause consolidation thereof to a dense glass.
und den porosen Teil der Vorform zum Schmel- 13. A method in accordance
with claim  1        zen und zur Bildung eines Fluor dotierten dichten
wherein the step of flowing is carried out such   Glases zu bringen. that
said fluorine diffuses uniformly through the   20  2. Verfahren  nach
Anspruch  1, dadurch interstices of said preform  (46) prior to the
gekennzeichnet, dag zu dem Einsetzschritt das formation of a dense glass
whereby the concen-    Einsetzen des Rohlings (46) in einen Konsolidie-
tration of fluorine is constant throughout said  rungsofen (50) gehort, der
aus einer Kieselsau- fluorine-doped dense glass.
reenmuffel (52) gebildet ist, wobei sine Warme- 14. A method in accordance
with claim  1   25   quelle (54) die Muffel umgibt und wobei sine wherein
the step of flowing comprises flowing a   Zwischenlage (56) mit einem hohen
Kieselsiure- gas including a sufficient amount of chlorine to  gehalt
zwischen der Muffel (52) und der Warme- dry said preform (46).
quelle (54) angeordnet ist. 15. A method of forming a dry, dense, fluorine-
3. Verfahren nach Anspruch 1 dadurch gekenn- containing glass article
comprising the steps of    30   zeichnet, daB zu dem Schritt des Erhitzens
des forming a glass preform (46), at least a portion  allmahliche Einsetzen
des por6sen Rohlings (46) of which is porous,
in die Muffel (52) in der Weise geh6rt, dag heating said preform (46) in an
atmosphere      dessen vorderes Ends anfangs konsolidiert, containing
chlorine and a fluorine-based com-    wobei der restliche Abschnitt des
por6sen Roh- pound gas comprising fluorine and at least one   3s   lings in
siner Gradientenform konsolidiert, wenn other element, said chlorine being
present in an  er allmihlich in die Muffel abgesenkt wird. amount
sufficient to substantially remove water     4. Verfahren  nach  Anspruch
1, dadurch from the porous portion of said preform, said
gekennzeichnet, daB zu dim Schritt des Erhit- heating step being performed
at a temperature     zens des por6sen Rohlings geh6rt, daB der sufficiently
high to form a dry, fluorine-contain-   40   gesamte por6se Abschnitt des
Rohlings einer ing porous preform portion  and thereafter        Temperatur
innerhalb des Konsolidierungstem- completely consolidating said dry,
fluorine-    peraturbereichs ausgesetzt wird, wodurch die containing
preform portion to form a dense glass  Konsolidlerung gleichzeitig langs
des gesamten article.                                          Bereichs des
Rohlings auftritt. 16. A method in accordance with claim 15   45     5.
Verfahren  nach Anspruch  1, dadurch wherein the step of heating comprises
heating     gekennzeichnet, dal der por8se Rohling (46) auf said preform
(46) in an atmosphere containing     ein Temperatur erhitzt wird, die
niedriger als an amount of chlorine sufficient to remove        diejenige
liegt, die Oblicherweise fur das Konsoli- hydroxyl ions from the porous
portion of said     dieren des por6sen Abschnitts des Rohlings bei preform.
so   Abwesenheit von Fluor angewandt wird. 17. A method in accordance with
claim 16          6. Verfahren  nach  Anspruch  1, dadurch wherein the step
of heating comprises heating     gekennzeichnet, daB zu dem Schritt des
Bildens said preform (46) in :an atmosphere containing    gehort, daB sin
Glasrohling (46) gebildet wird, an amount of fluorine sufficient to dope
said     dessen por6ser Abschnitt mittels des Flammen- glass preform, the
presence of said chlorine in   ss   hydrolyseverfahrens niedergeschlagen
worden said atmosphere freeing for doping purposes at    ist. least a
portion of the fluorine in said atmosphere  7. Verfahren  nach  Anspruch
1, dadurch which would otherwise react with hydroxyl ions.
gekennzeichnet, daB zu dem Schritt des Bildens geh6rt, daB ein vollstandig
por6ser Glasrohling PatentansprOche                              60
gebildet wird, der einen Kernbereich aus einer ersten Zusammensetzung
besitzt, der von einem 1. Verfahren zur Herstellung sines Glasgegen-
Mantelbereich umgeben ist, welcher sinen nied- stands, von dem wenigstens
sin Teil mit Fluor     rigeren Brechungsindex als der des Kembereichs
dotiert ist, bestehend aus den Verfahrensschrit-  besitzt, wobei des Fluor
hineindiffundiert und die ten                                         s5
Brechungsindices des Kern- und des Mantelbe- 8 C   L111   Sll 1111111!   
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lichen Wasser aus dem porosen Abschnitt des 8. Verfahren nach Anspruch 7,
dadurch gekenn-    Rohlings zu entfernen, wobei der Erhitzungs- zeichnet,
daB zu dem Schritt des Bildens geh6rt,  schritt bei einer ausreichend hohen
Temperatur daB sin vollstfandig poroser Glasrohling gebildet  zur Bildung
eines trockenen, fluorhaltigen, poro- ,, wird, der einen Kernbereich aus
SiO2 und ein    5    sen Rohlingsabschnitts durchgefuhrt wird und '-
Dotiermittel aufweist, das den Brechungsindex     danach der trockene,
fluorhaltige Rohlingsab- des Kernbereichs erhoht, wobei der Kernbereich
schnitt zur Bildung sines dichten Glasgegen- von einem Mantelbereich aus
SiO2 umgeben ist.     stands vollstindig konsolidiert wird. 9. Verfahren
nach Anspruch 1, dadurch gekenn-      16. Verfahren nach Anspruch 15,
dadurch zeichnet, daB zu dem Schritt des Bildens geh6rt,  to
gekennzeichnet, daB zu dem Verfahrensschritt daB ein vollstindig poroser
Glasrohling gebildet   des Erhitzens gehort, daB der Rohling (46) in einer
wird, der erste und zweite Bereiche besitzt, die in  Atmosphare erhitzt
wird, die eine ausreichende radialer Richtung  aneinandergrenzend  ange-
Chlormenge enthilt, um Hydroxylionen von dem ordnet sind, wobei die
Bereiche unterschiedliche   por6sen AbschniKt des Rohlings zu entfernen.
Zusammensetzungen und unterschiedliche Bre-   t5    17. Verfahren nach
Anspruch 16, dadurch chungsindices besitzen, wobei das Fluor in den
gekennzeichnet; daB zu dem Schritt des Erhitzens ersten und den zweiten
Bereich hineindiffundiert  gehort, daB der Rohling (46) in einer Atmosphdre
und deren Brechungsindices herabsetzt.            erhitzt wird, die sine
ausreichende Fluormenge 10. Verfahren nach Anspruch 9, dadurch
fOr des Dotieren des Glasrohlings enthilt, wobei gekennzeichnet, daB zu dem
Schritt des Bildens   20   die Gegenwart des Chlors in der Atmosphare zu
gehort, daB ein vollstindig poroser Glasrohling    Dotierzwecken wenigstens
einen Teil des Fluors gebildet wird, der einen ersten und einen zweiten  in
der Atmosphire freisetzt, der sonst mit Hydro- Bereich besitzt, die in
radialer Richtung aneinan-  xylionen reagieren wOrde. dergrenzend
angeordnet sind, wobei der erste Bereich aus SiO2 gebildet ist und der
zweite   25   Revendkations Bereich SiO2 und ein Dotiermittel aufweist,
welches  den  Brechungsindex  des zweiten           1. Proc6d6 pour former
un article de verre dont Bereichs erhoht.
au moins une partie esat dop6e par du fluor, 11. Verfahren nach Anspruch 1,
weiterhin         comprenant lea 6tapes de: gekennzeichnet durch den
Verfahrensschritt, daB    30    formation d'une pr6forme de verre (46) dont
au der dichte Glasgegenstand zur Bildung einer opti-  moins une partie est
poreuse et contient des schen Faser ausgezogen wird.
interstices, 12. Verfahren nach Anspruch 1, dadurch
introduction de ladite preforme dans un four de gekennzeichnet, daB var dem
Verfahrensschritt      consolidation (50) muni d'un moufle (52) consti- des
Str6menlassens Sin fluorfreies Gas Ober die   35   tu6 d'un verre a haute
teneur en silice, Oberfliche des porosen Abschnitts stromen
6coulement d'un gaz contenant du fluor sur la gelassen wird und der Rohling
(46) auf sine        surface de ladite partie poreuse, une partie dudit
Temperatur erhitzt wird, die nicht ausreicht, um   gaz so diffusant vers
l'interieur 3 travers lea das Auftreten einer Konsolidierung zu veranlas-
interstices de ladite preforme, et son, wobei der Verfahrensschritt des
Str6menlas-   40  chauffage de ladite preforme poreuse (46) A une sons
danach eingeleitet wird und wobei der        temperature situ6e dans
l'intervalle des temp6ra- gesamte Rohling einer Temperatur ausgesetzt
tures de consolidation pendant un temps suffi- wird, die ausreichend hoch
it, um seine Konsoli-  sant pour faire diffuser ledit fluor dans les sur-
dierung zu einem dichten Glas zu veranlassen.     faces desdits interstices
et pour amener la partie 13. Verfahren nach Anspruch 1, dadurch   45
poreuse de ladite pr6forme 3 fondre et 3 former gekennzeichnot, daB der
VerfahrensschriKt des      un verre dense dop6 au fluor. Stromenlassens
derart ausgefuhrt wird, daB das      2. Un proc6d6 selon la revendication
1, dans Fluor gleichformig durch die Zwischenriume des     Iequel l'6tape
d'introduction consiste A introduite Rohlings (46) var der Bildung eines
dichten Gla-  ladite pr6forme (46) dans un four de consolidation sea
diffundiert, wobei die Konzentration von Fluor   50   (50) constitu6 d'un
moufle en silice (52), d'une Ober das fluordotierte dichte Glas konstant
ist.  source de chaleur (54) entourant ledit moufle et 14. Verfahren nach
Anspruch 1, dadurch           d'un fourreau (56) A forte teneur en silice
situ6 gekennzeichnet, daB zu dem VerfahrensschriKt       entre ledit moufle
(52) et ladite source de chaleur das Str6menlassens geh6rt, daB sin Glas
str6men    (54). gelassen wird, das Sine ausreichende Menge an   ss  3. Un
proc6d6 selon la revendication 1, dans Chlor zum Trocknen des Rohlings (46)
enthilt      lequel l'6tape de chauffage consiste A introduire 15.
Verfahren zum Bilden sines trockenen, dich-  progressivement ladite
pr6forme poreuse (46) ten, fluorhaltigen Glasgegenstand, bestehend aus
dans ledit moufle (52) de telel manuire quo son den Verfahrensschritten
Bilden sines Glasroh-      extremit6 avant et consolide initialement, la
partie lings (46), von dem wenigstens ein Teil poros ist.  so   restante de
ladite preforme poreuse se consoli- Erhitzen des Rohlings (46) in siner
Atmosphire,  dant selon un gradient A mesure qu'elle est die Chlor und sine
Gasverbidung auf Fluorbasis     progressivement introduite dans ledit
moufle. enthilt, welche Fluor und wenigstens ein weiteres   4. Un proc6dd
selon la revendication 1, dans Element aufweist, wobei das Chlor in einer
ausrei-  lequel l'6tape de chauffage de ladite preforme chenden Menge
vorhanden ist, um im wesent-   65   poreuse consists A soumettre toute la
partie 9 I   IIII   II1111111111 S~  
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preforme (46) a une temp6ra-      12. Un proced6 selon la revendication 1,
dans ture situee dans l'intervalle des temperatures de  lequel, ayant
l'etape d'6coulement, un gaz consolidation si bien quo la consolidation
s'effec-  exempt de fluor est amen6 a s'ecouler sur la tue sO'ultan6ment
sur touto l'etendue de ladite   surface de ladite partle poreuse et ladite
pr6forme prA.Aie.                                     5    (46) est
chauffee a une temperature qui nest pas 5. Un proc6d6 selon la
revendication 1, dans    suffisante pour quo la consolidation se produiso,
lequel l'Ntape de chauffage consiste 3 chauffer  l'6tape d'ecoulement 6tant
ensuite engagqe et la ladite pr6forme poreuse (46) a une temperature
totalit6 de ladite pr6forme etant soumise a une qui est inferieure a cello
qui serait classiquement  temperature suffisante pour provoquer sa conso-
employ6e pour consolider la partie porouse de   to  lidation en un verre
dense. ladite preforme en l'absence de fluor.              13. Un proc6de
solon Is revendication 1, dans 6. Un proc6de solon la revendication 1, dans
lequel l'6tape d'ecoulement est ex6cut6e de telle lequel I'6tape de
formation consiste a former une  maniere quo ledit fluor se diffuse
uniform6ment A pr6forme de verre (46) dont Ia partie porouse est  travers
les interstices de ladite preforme (46) d6posee par le proced6 d'hydrolyse
dans la   15   avant la formation d'un verre dense, si bien quo la flamme.
concentration de fluor est constante A travers tout 7. Un proc6d6 solon la
revendication 1, dans    le verre dense dop6 au fluor. lequel lteape de
formation consiste A former une   14. Un proc6d6 solon la revendication 1,
dans preforme de verre integralement porouse com-      loquel l'6tape
d'ecoulement comprend l'ecoule- prenant une r6gion de coeur d'une promibre
20   ment d'un gaz contenant une quantit6 suffisante composition, entour6o
par une r6gion de gains     de chlore pour secher ladite pr6forme (46).
dont l'indice de refraction est inf6rieur A celui de  15. Un proc6d6 de
formation d'un article de ladite r6gion de coeur, ledit fluor en diffusant
verre, dense sec, contenant du fluor, comprenant dans les deux dites
r6gions de coeur et de gaine  les 6tapes de at abaissant leurs indices de
refraction.   25    formation d'une pr6forme de verre (461 dont au 8. Un
proced6 solon la revendication 7, dans    moins une partie est porouse,
lequell'tape de formation consiste A former une     chauffage de ladite
pr6forme (46) dans une preforme de verre Int6gralement poreuse com-
atmosphere contenant du chlore et un gaz de prenant une rigion de coeur
constituee de SiO2 et  compose A base de fluor comprenant du fluor et d'un
dopant qui augmente l'indice de r6fraction   30   au moins un autre
6lement, ledit chlore 6tant de ladite rigion de coeur, ladite region de
coeur  present en une quantite suffisante pour eliminer 6tant entoure par
une r6gion de gaine constitute  substantiellement l'eau de la partie
poreuse de de SiO2.                                          ladite
pr6forme, ladite 6tape de chauffage 6tant 9. Un procede selon la
revendication 1, dans    execut6e A une temperature suffisamment 6levee
Iequol 1'6tope de formation consists A former une   35   pour produire une
partie de pr6forme porouse, pr6forme de verre int6gralement poreuse com-
seche et contenant du fluor, puis prenant dos premiere et seconde rigions
qui sont    consolidation compl6te de ladite partie de pre- radialement
adjacentes l'une A I'autre, lesdites  forme seche et contenant du fluor
pour former un r6gions ayant des compositions diff6rentes et des  article
de verre dense. indices de rnfraction differents, ledit fluor se   40  16.
Un proc6d6 solon la revendication 15, dans diffusant dans les deux dites
premiere et seconde  lequel l'6tape de chauffage consists a chauffer
rngions at abaissant tours indices de refraction.  ladite pr6forme (46)
dans une atmosphere conte- 1. Un proc6d6 solon Ia revendication 9, dons
nant une quantit6 de chlore suffisante pour elimi- lequel lMitape de
formation consiste A former une  nor les ions hydroxyle de la partie
poreuse de preforme do verre int6gralement porouse com-   45   ladite
pr6forme. prenant des premiere et seconde r6gions qui sont    17. Un
proc6de salon la revendication 16, dans radialement adjacentes l'une A
l'autre, ladite pro-  lequel l'etape de chauffage consiste a chauffer minre
rdgion 6tant constituee de SiO2 et ladite  ladite pr6forme (46) dans une
atmosphere conte- seconde rigion compronant du SiO2 et un dopant    nant
une quantit6 de fluor suffisante pour doper qui augmente l'indice de
refraction de ladite   50   ladite pr6forme de verre, la pr6sence dudit
chlore seconds r6gion.:                                  dans ladite
atmosphrer lib6rant dans ladite II. Un procde solon la revendication 1, qui
atmosphere, aux fins de dopage, au moins une comprend de plus l'itape
d'etirage audit article de  partie du fluor qui, sinon, r6agirait avec des
ions verre dense pour former une fibre optique.        hydroxyle. 55 60 I
IIl 1111111  IiI111111111111 I1111I *C   L  M   S* 65 10    


