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furnace atmosphere at a temperature below the con- solidation temperature.
During the consolidation step, Technical Field
preferential volatilization of fluorine from the porous cylindrical tube
surfaces typically produces a non- This invention relates the methods for
making   5   uniform distribution of fluorine through the thickness doped
glass bodies and, more particularly, to meth-  of the consolidated glass
tube. Such non-uniformities ods for making a depressed refractive index
outer  can cause problems with the efficiency of lightwave claddings for
optical fibers.                      transmission and reproducibility of
the fiber. One approach to this problem is to consolidate Background of the
Invention                   10  glass soot previously doped with fluorine
while flow- ing a fluorine-containing gas over it in the furnace. Optical
fibers have become increasingly impor-  Anotherproposal, described
intheU.S. patentof Ber- tantasamediumfortransmitting large quantities of
in-  key, No. 4,629,485, granted December 16, 1986, is to formation in the
form of lightwaves. Each optical fiber  dope the previously undoped soot
during the consol- comprises a thin solid glass cylinder, known as the   is
idation step by flowing fluorine gas about the heated core of the fiber,
surrounded by a glass sleeve,   soot cylinder before and during
consolidation. We known as the cladding, which has a lower refractive  have
found that it is difficult with either of these ap- index than the core.
There are a number of ways of  proaches to obtain the desired uniformity of
fluorine making optical fiber, one way being, first, to construct  doping
through the thickness of the final tube; also, a glass tube, and then to
vapor-deposit glass that will  20  such processes increase the expense of
production eventually constitute partof the cladding and the core  because
the highly reactive fluorine, at the high tem- on the inner surface of the
glass tube by the method  perature required for consolidation, inevitably
dam- taught, for example, in the U.S. patent of MacChes-  ages various
furnace parts during its use. ney, et al. No. 4,217,027 granted August
12,1980,     Patent abstracts of Japan, Vol. 7, No.232 (C- now generally
known as the modified chemical vapor  25  190)[1377], October14, 1983,
describes a method for deposition (MCVD) technique. When used in such
sintering glass containing volatile dopants which is manner, the glass tube
is known conventionally as a  carried out under specifically pressurized
conditions substrate tube. After deposition, the entire structure  so as to
contain volatile dopants in the glass material. is collapsed to make a
preform rod, and glass drawing  This requires that the raw material be
placed in a ves- techniques are used to form a continuous optical fiber  30
sel of high purity glass and sealed under a reduced from the preform. The
vapor deposited glass of the  pressure of about one Torr. Then the vessel
is put in optical fiber may be doped so as to have a refractive  a
high-pressure sintering furnace and a gas for pres- index that is higher
and/or lower than that of undoped  surization such as argon is introduced
into the fur- glass; in any event, the refractive index of the core  nace.
The vessel is heated under pressure to effect must be higher than that of
the cladding layer for ef-  35  the sintering of the glass material. The
need for evac- ficient transmission of lightwaves in the usual man-  uating
and sealing the glass and for sintering under a ner. One way of obtaining
this difference is to dope  controlled applied pressure complicates the
produc- the cladding layer with fluorine, which depresses the  tion of
optical fibers. refractive index with respect to that of undoped glass
Accordingly, there is a well-recognized need in (silicon dioxide).
40  the industryfor a convenientand inexpensive method For large preforms,
an oversized core is deposit-  for doping a glass tube, destined to be the
cladding ed in the substrate tube and the collapsed preform  layer of an
optical fiber, with a refractive index reduc- rod is inserted into a second
tube, called an overclad  ing, and highly reactive, dopant such as
fluorine, in tube, that is collapsed onto the rod. This is the hybrid  such
manner that the reduced refractive index is sub- or "rod-in-tube" approach
as described, for example,  45  stantially uniform through the thickness of
the tube. in the U.S. patent of J. W. Baumgart et al., No.   There is also
a need for such a method that does little 4,820,322, granted April 11,1989.
One may likewise  or no damage to furnace parts. wish to dope such overclad
tubes with fluorine to de-  According to the present invention there is
pro- press their refractive indices.                    vided a method as
defined in claims 1 or 7. Both substrate and overclad glass tubes may be
so  In accordancewith one embodimentof the inven- made, first, by
depositing glass soot on a mandrel to  tion, glass fiber with a depressed
refractive index out- form a cylindrical porous soot form of glass particu-
er cladding is made by, first, depositing fluorine-dop- late. The deposited
porous soot cylinder is then con-  ed silica soot on a mandrel by directing
silicon-con- solidated into a glass tube by heating the sootcylinder
taining and fluorine-containing gases through a flame in a furnace. Prior
to consolidation, fluorine can be in-  55  toward the mandrel. The porous
soot cylinder is then troduced as a dopant by adding a fluorine containing
consolidated by enclosing it within an encapsulation gas to the reactant
stream of the torch during soot de-  structure which is located in a
conventional furnace. position, or by adding a fluorine containing gas to
the  The soot cylinder is heated sufficiently to consolidate 2    



3                   EP 0 436 299 B1                 4 it into a glass tube,
but during this consolidation the  FIG. 7 is a schematic view of a portion
of the soot encapsulation structure confines the fluorine gas to   cylinder
and a portion of the encapsulation struc- remain largely within the
sootcylinderand thus within  ture of FIG. 2. the final glass tube.
5 The atmosphere within the encapsulation struc-  Detailed Description ture
is kept substantially stagnant during the consol- idation step; that is,
during consolidating, there is vir-  It is to be noted that the drawings
are illustrative tually no gas flow within or through the encapsulating
and symbolic of the invention and the scale orrelative structure. However,
the volume enclosed by the en-  10  proportion of the elements shown is not
necessarily capsulation structure communicates with the furnace  accurate.
Further, it is to be noted that the present in- volume by gaps having a
relatively high impedance to  vention explicitly contemplates both single
mode and gas transfer, whereby any dopant diffused into the  multimode
optical fiber lightguides, regardless of any volume contained by the
encapsulation structure is  specific description drawing or example set
forth substantially confined within the encapsulation struc-  15  herein.
ture. In accordance with another embodiment, the       Referring now to
FIG. 1, there is illustrated a volume enclosed by the encapsulation
structure is  known method for forming a soot cylinder 11 on a only
slightly greater than the volume of the soot cy-  mandrel 12 which may be
used in conjunction with the linder. As a consequence of these features,
relatively  invention. Gaseous components are mixed in a burn- little of
the fluorine in the soot cylinder diffuses into  20  er 13 which emits a
flame 14 within which silicon may the volume enclosed by the encapsulating
structure  be reacted to form silicon dioxide (silica soot) that is before
the gaseous concentration within the encap-  deposited on the mandrel to
constitute the soot cylin- sulation structure us sufficient to inhibit
further net  der 11. As is known in the art, a gaseous silicon-con-
volatilization of fluorine from the soot cylinder. We  taining gas from a
source 16, a fluorine-containing have found that, in prior art methods, it
is an escape   25  gas from a source 17, an oxygen-containing gas from from
the soot cylinder of fluorine dopant during con-  a source 18 and gaseous
fuel from a source 19, are solidation that is primarily responsible for
dopant non-  combined in the burner or torch for projection toward
uniformities in the substrate tube. By confining the  the soot cylinder 11.
As described, for example, in the fluorine gas, we limit the escape of
fluorine from the  aforementioned MacChesney et al. patent and in the soot
cylinder. Moreover, as will be explained more  30  paper, "Fabrication of
Optical Wave Guides by the Va- fully below, whatever fluorine does escape
does not  por Deposition Process," by P. C. Schultz, Proceed- lead to
doping level non-unformities because the flu-  ings of the IEEE, Vol. 68,
No. 10, October, 1980, pps. orine gas in the encapsulation structure is
caused to  1187-1190, any of various gases may be used as the be of
substantially equal concentration throughout  silicon-containing,
fluorine-containing, oxygen-con- the volume of the glass soot cylinder.
35  taining and fuel gases. The silicon compound may il- lustratively be
[err], the fluorine compound may be Brief Description of the Drawing
[err], the oxygen may be [err] and the fuel may be hy- drogen. FIG. 1 is a
schematic view of apparatus for mak-   After its formation, the soot
cylinder 11 (also ing a soot cylinder that may be used in conjunc-  40
sometimes known as a soot boule or soot form) is tion with an illustrative
embodiment of the pres-  consolidated within a furnace 21 as shown in FIG.
2. ent invention;                                  The soot cylinder is
supported by a mandrel 20, which FIG. 2 is a schematic sectional view of
apparatus  may be either the same or different from the mandrel in
accordance with an illustrative embodiment of  12 of FIG. 1, and a pedestal
25. The furnace, as iswell the invention for consolidating the soot
cylinder  45  known, comprises heating elements 22 which may be made as
shown in FIG. 1;                       in the form of a conductive coil or
a plurality of con- FIG.3 is a schematic view of apparatus for depos-
ductors. It also typically includes a muffle 23, which iting glass on the
inner surface of a cylindrical  is a cylinder of refractory material used
for maintain- substrate tube made by the apparatus of FIG. 2;  ing the heat
balance within the furnace. Since such FIG. 4 is a graph of ideal
refractive index versis  so  refractory materials are typically reactive to
fluorine, distance along a transverse section of an optical  these furnace
parts are typically damaged by any of fiber,
the prior art met hods t hat use a f low of fluorine before FIG. 5 is a
graph of refractive index versus dis-  or during the glass consolidation.
Prior to consolida- tance along a transverse section of a glass sub-  tion,
the soot cylinder is purged by flowing past it and strate tube made in
accordance with the prior art;  55  through it helium from a source 27.
This flow is shut FIG. 6 is a graph of refractive index versus dis-  off
during consolidation, illustratively by a valve 28. tance along a
transverse section of a glass sub-   In accordance with the invention,
during consol- strate tube made in accordance with the inven-  idation, the
soot cylinder 11 is encased by a gas-im- tion;
permeable encapsulation structure 29 which may be 3    
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similar material that is unlikely to con-  placed in a furnace which heats
and softens one end taminate the porous soot cylinder 11. The volume en-
of it such that it may be grasped by a tool and drawn closed by the
encapsulation structure 29 is only   in the form of a partially-molten
fiber. As is known in slightly larger than the volume enclosed by the soot
5   the art, the preform is progressively fed into the fur- cylinder 11;
preferably, the ratio of the volume en-  nace as the fiber is drawn from
the partially-molten closed by encapsulation structure 29 to the volume
end of the preform. A furnace for drawing an optical enclosed by the soot
cylinder 11 is 1.4:1 or less (for  fiber from a preform is described, for
example, in the purposes of this calculation, the mandrel volume is  U.S.
patent of Andrejco, No. 4,450,333 granted May considered to be part of the
soot cylinder volume).  10  22,1984, which, for reasons of brevity, is not
shown The purpose of the encapsulation structure 29 is to  and described
herein. While the preform may have a confine fluorine gases within the soot
cylinder and to  diameter of 19 millimeters, the optical fiber is drawn
cause the atmosphere surrounding the soot cylinder  to have a total
diameter of typically only about 125 mi- to be substantially saturated with
fluorine during con-  crons. The glass composition of the core of the fiber
solidation, thereby to make a more uniform refractive   15  corresponds to
that of the deposited soot 35 of FIG. index profile across the width of the
consolidated  3 while the cladding level of the fiber ordinarily cor- glass
tube.                                        responds partly to the
deposited particles 35 and also In accordance with one embodiment of the
inven-  to the composition of substrate tube 30 (and thus of tion, after
the soot cylinder 11 has been consolidated  soot cylinder 11). to form a
solid glass tube, the mandrel 20 is removed   20   Referring to FIG. 4,
which isa graphical represen- and the tube is used as a substrate; that is,
core ma-  tation of an ideal refractive index versus distance terial is
deposited within the tube by the process  along the width of an optical
fiber having a central shown schematically in FIG. 3. Although the tube may
axis at location 36, it is important for proper lightwave directly be used
as a substrate tube, preferably the  transmission that the refractive index
37 of the core tube is drawn by conventional glass drawing techni-  25  of
the fiber be higher than the refractive index 38 of ques to increase its
length and reduce its diameter pri-  the outer cladding of the fiber. This
is because an in- or to its use as a substrate tube. Substrate tube 30 is,
terface having a good reflectivity must be formed be- of course,
fluorine-doped glass made by the process  tween the cladding and the core
of the fiber for light of FIG. 2. As described in more detail in the
aforemen-  to be reflected appropriately during its transmission tioned
MacChesney et al. patent, a silicon-containing   30  through the optical
fiber. If the refractive index of the gas, together with an
oxygen-containing gas, are in-  cladding level is non-uniform, or if the
difference of re- troduced into the left end of the tube as shown by ar-
fractive indices at the surface between the core and row 31. Aflame 32 is
moved axially along the tube as  the cladding is not sufficiently great or
is non-uniform shown by arrow 33. The heat causes silicon to react  in the
axial direction, the optical fiber may not be ca- with oxygen or
oxygen-containing gas to form silicon   35  pable of transmitting
lightwaves as intended. dioxide particles which depositon the innerwall of
the  FIG. 5 is a graphical representation of refractive substrate tube
downstream from the flame. The high  index through the wall of a substrate
tube of the prior temperature flame traverses the area of deposited sil-
art in a direction perpendicular to its axis. Assuming ica causing
consolidation of the particles into a thin  that the substrate tube is
doped with fluorine, the re- glass layer. Several layers are deposited in
this man-  40  fractive index profile 39 varies inversely with doping. ner
until the desired composition profile and glass  A reference profile 40
showing the refractive index of thickness are obtained. The deposited
silicon dioxide  an ideal, uniformly-doped glass is included for refer- (or
silica) particles 35 may be undoped or may alter-  ence purposes. Distance
42 is the outer surface of natively be doped (as known in the art) so as to
have  the tube, while distance 43 is the inner surface (the a different
refractive index than that of undoped   45  central axis of the tube would
be to the right of dis- glass.
tance 43). A problem with fluorine-doped substrates After complete
deposition of glass on the interior  of the prior art is that, during
consolidation, the fluor- of the substrate tube 30, the substrate tube 30
is col-  ine doping tends to escape from the soot cylinder pre- lapsed into
a solid cylindrical preform structure. The  dominantly at is surfaces;
thus, at the surfaces 42 outer portion of the preform structure conforms in
50  and 43 of the substrate tube, the refractive index is composition to
the substrate tube 30, while the inner  less depressed than at a region 44
removed from the portion corresponds in composition to the deposited
surfaces. glass 35. Alternatively, according to the known "rod-  With the
present invention, the encapsulation in-tube" process, the cylindrical
preform structure  structure 29 limits the amount of fluorine dopant that
can be fitted into a larger overclad tube that is then   55   escapes and
insures that the dopant is uniformly dis- collapsed to make a larger
preform. Such overclad  tributed within the soot cylinder. Referring to
FIG. 6, tube can be made by the process illustrated in FIG.  this results
in a profile of 45 that differs only slightly 2.
from the ideal shown by curve 40. Moreover, note that After fabrication of
the preform, the preform is  the profile 45 is substantially uniform with
respect to 4    



7                    EP0436299B1                      8 distance rather
than being non-uniform as is profile  ideally be hermetically sealed from
the volume within 39 of FIG. 5.
furnace 23. We have found that, as a practical matter, FIG. 7 shows an
enlarged section of part of the   design and operation of the structure is
greatly sim- encapsulation structure 29 and soot cylinder 11 of   5
plified by allowing a gap 52 around its periphery to FIG. 2. During the
heating of the soot cylinder, fluor-  communicate between the furnace
volume and the ine molecules 48 from both the interior and surface
encapsulation structure volume. We have found that regions of the
sootcylinderdiffuse into the gap 49 be-  with gap 52 of about 0.2
centimeters, and in the ab- tween the encapsulation structure 29 and the
soot cy-  sence of forced flow, there is a sufficient impedance linder. The
atmosphere in gap 49 is stagnant and so   10  to the transfer of gases from
the encapsulation struc- it quickly saturates with fluorine. During the
remain-  ture to the furnace volume thatthe atmosphere within ing portion
of the consolidation cycle, the number of  the encapsulation structure
remains substantially fluorine molecules leaving the soot cylinder 11 is
sub-  stagnant during consolidation. On the other hand, stantially
compensated by the number offluorine mol-  this small gap is sufficient to
permit helium purging ecules returning to it from the enclosure atmosphere.
15  under pressure prior to consolidation as was descri- Since there is no
sink for fluorine molecules, the gas  bed before, and also to allow for
differences in ther- phase concentration tends toward uniformity along
mal expansion and contraction during operation. A the entire width of the
soot cylinder. The concentra-  gap 51 of 0.2 centimeters also surrounds the
mandrel tion gradient, or concentration difference, between   20. fluorine
in the soot cylinder and that in the gas phase   20  In experimental
versions that we have made, the is significantly reduced which
significantly reduces  encapsulation structure 29 had a length of fifty
cen- further volatilization of fluorine from the cylinder.  timeters and an
inner diameter of 14.4 centimeters. Preferential volatilization at the
surfaces is substan-  The supporting mandrel 20 had an outer diameter of
tially eliminated so that when the soot is collapsed  1.9 centimeters. The
soot cylinder had an outer diam- into solid glass, the fluorine doping is
uniform with re-   25   eter of fourteen centimeters and axial length of
forty spect to distance, as shown by profile 45 of FIG. 6.  centimeters,
and it rested on a pedestal 25 having an Moreover, we theorize that a
uniform distribution of  outer diameter of 14.2 centimeters. Consolidation
ex- substantially stagnant gas-phase fluorine during con-  periments
resulted in refractive index profiles sub- solidation tends to smooth out
differences in dopant  stantially as shown in FIG. 6. concentration in the
original soot cylinder by making   30  While the invention has been
discussed in the generally uniform any gradient between solid-phase
context of optical fiberfabrication, otheroptical devic- and gas-phase
fluorine along the volume of the cylin-  es require carefully controlled
refractive indices, and der. Given sufficient time the gas-phase fluorine
will  for such purpose, the invention may offer advantag- come into
equilibrium with that in the soot cylinder,  es. In particular, the
invention may be used to make thus eliminating the driving force for
further fluorine   35  fluorine-doped overclad tubes foruse in the
rod-in-tu- volatilization from the soot cylinder.                be process
as was alluded to above. It can be appre- Referring to FIG. 6, the
difference in refractive in-  ciated from the forgoing that, because the
invention dex between the actual profile 45 and the ideal profile  does not
involve any external flow of fluorine gases, 40 is a function of the volume
of encapsulation struc-  there is little damage to various furnace elements
and ture 29 with respect to the volume of a soot cylinder   40   gas
transmission apparatus. Escaped fluorine gas 11. If the ratio of those
volumes is very small, a rela-  does corrode encapsulation structure 29,
but since tively small proportion of the fluorine escapes from  such gas is
substantially stagnant, the corrosion is the soot cylinder before
equilibrium is reached. Also,  minimal and we have found that the structure
29 may only a small time is required before a uniform fluorine  be reused
many times. One advantage of doping with distribution is achieved. We have
found that, as a   45  fluorine during the soot-forming process illustrated
in practical matter, encapsulation structure 29 can easi-  FIG. 1 is that
the fluorine is confined to the delivery ly be made so that it encloses a
volume which is only  lines of burner 13 and to an exhaust and scrubbing
about 1.4 times the volume enclosed by soot cylinder  system used in
conjunction with the process of FIG. 11. Other ratios could be used,
however, depending    1, both of which are more corrosion resistant than
the on the extent to which one wishes to tolerate a longer   so  furnace
elements used during consolidation. How- time to reach a uniform fluorine
distribution ora larger  ever the doping is performed, consolidation in
accor- gap between the actual profile 45 and the ideal profile  dance with
the invention may be of benefit. In princi- 40 of FIG. 6. Notice in FIG. 2
that a significant portion  ple, the invention may be beneficial for
reducing loss of the volume within the encapsulation structure is   of any
gaseous dopant during consolidation of glass consumed by mandrel 20 which
is relatively unreac-  55   used for any purpose. tive with fluorine.
Referring again to FIG. 2, since it is desired that the atmosphere within
the encapsulation structure 29 be stagnant, the volume within structure 29
should 5    
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5. The method of claim 4 further characterized in that: 1. Amethod
formaking optical fibers comprising the            the ratioof the volume
enclosed bythe en- steps of: forming a cylinder of first silica soot;   5
capsulation structure to the volume of the soot consolidating the cylinder
to form a substrate       cylinder is less than about 1.4:1, whereby only a
tube; collapsing the substrate tube to form a pre-   relatively small
amount of the dopant escapes form; including in the preform a second glass
into the volume enclosed by the encapsulation body surrounded by the glass
tube and having a      structure before reaching equilibrium.
higherrefractive indexthan thatofthe glass tube;  10 and drawing optical
fiber from the preform, the  6. The method of claim 7 further comprising
the optical fiber having a cladding layer, surrounding   steps of: a
central core region, which has a lower refractive       forming a second
soot cylinder by the index than that of the core region, wherein:
same method as that described in claim 1 for the step of forming the first
silica soot cy-  15  forming the first soot cylinder; linder includes the
step of including in the sootcy-      consolidating the second soot
cylinder to linderafluorine dopantthat depresses the refrac-    form a
glass cylinder by the same method as that tive index of the silica soot to
be lower than the   described in claim 1 for consolidating the first
refractive index of undoped silica; and             soot cylinder; the step
of consolidating the soot cylinder  20     fitting the glass cylinder over
the preform; comprises the step of enclosing the soot cylinder         and
collapsing the glass cylinder on the in an encapsulation structure, and
thereafter      preform to enlarge the size of the preform. heating the
soot cylinder to a sufficient tempera- ture to consolidate the soot
cylinder, the heating  7. A method for making fluorine-doped glass com-
being the absence of a forced gas flow into the   25  prising the steps of
directing a fluorine-containing encapsulation structure resulting in a
substantial-  gas and a silicon-containing gas through a flame ly stagnant
atmosphere within the encapsulation      toward a body such that
fluorine-doped silica structure;
soot collects on the body; wherein the encapsulation structure is
placing the soot within an encapsulation contained within a furnace volume
and the vol-  30  structure; ume enclosed by the encapsulation structure
placing the encapsulation structure within communicates with the furnace
volume by gaps        a furnace; and having a relatively high impedance to
gas trans-          heating the silica soot in a substantially fer, whereby
any dopant diffused into the volume     stagnant atmosphere within the
encapsulation contained by the encapsulation structure is sub-   35
structure to a sufficient temperature to consoli- stantially confined
within the encapsulation       date, into solid glass, the fluorine-doped
silica structure.                                          soot; wherein
the encapsulation structure is 2. The method of claim 1 further
characterized in       contained within a furnace volume and the vol- that
40      ume enclosed by the encapsulation structure the dopant is fluorine.
communicates with the furnace volume by gaps having a sufficiently high
impedance to gas trans- 3. The method of claim 2 further characterized in
fer to cause any fluorine dispersed into the vol- that            -
ume contained by the encapsulation structure to the step of forming the
soot cylinder com-  45  be substantially confined within the encapsula-
prises the steps of directing a gaseous silicon-    tion structure.
containing material and a gaseous fluorine-con- taining material through a
flame toward a body   8. The method of claim 7 wherein: such that silica
soot impregnated with fluorine is        the volume enclosed by the
encapsulation deposited on the body.                      so      structure
is sufficiently small that, during the con- solidation of the soot
cylinder, the fluorine re- 4. The method of claim 3 further characterized
in       leased by the soot cylinder substantially satur- that
ates the atmosphere contained by the encapsu- the volume enclosed by the
encapsulation       lation structure. structure is sufficiently small that,
during the con-  55 solidation of the soot cylinder, the fluorine re-  9.
The method of claim 7 wherein: leased by the soot cylinder substantially
satur-          the ratioof thevolume enclosed bythe en- ates the
atmosphere contained by the encapsu-       capsulation structure to the
volume of the silica lation structure.
soot is less than about 1.4:1, whereby only a rel- 6    



11                  EP 0 436 299 B1                 12 atively small amount
of the dopant is released  3. Verfahren nach Anspruch 2, into the volume
enclosed by the encapsulation       dadurch gekennzeichnet, structure
before reaching an equilibrium condi-     dall der Schritt der Bildung des
Flockenzylinders tion between fluorine volatilizing from the soot   5  die
Schritte enthalt, da, ein gasf8rmiges, Silici- and fluorine entering the
soot.                     um enthaltendes Material und ein gasfdrmiges,
Fluor enthaltendes Material durch eine Flamme 10. The method of claim 7
wherein:                     zu einem Korper gerichtet wird, so daP Silica-
the fluorine-containing gas is [err].          Flocken imprigniert mit
Fluor sich auf dem K8r- 10      per niederschlagen. Patentanspruche
4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, 1. Verfahren zur
Herstellung von optischen Fasern      daP, das von der
Einkapselungsstruktur um- mit folgenden Schritten:                   15
schlossene Volumen genugend klein ist, daB Bildung eines Zylinders aus
ersten Silica-Flok-    wihrend der Konsolidierung des Flockenzylin- ken;
ders das von dem Flockenzylinderfreikommende Konsolidierung des Zylinders
zur Bildung eines     Fluor im wesentlichen die durch die Einkapse-
Substratrohres;   Kollabieren  lassen   des        lungsstruktur
umschlossene Atmosphare sattigt. Substratrohres zur Bildung einer Vorform;
Ein-  20 schlielBen in der Vorform eines zweiten Glask8r-  5. Verfahren
nach Anspruch 4, pers umgeben von dem Glasrohr und mit einem        dadurch
gekennzeichnet, hoheren Brechungsindex als das des Glasrohres;      daB das
Verhaltnis des von der Einkapselungs- und Zehen optischer Fasern von der
Vorform,        struktur urnschlossenen Volumens zu dem Volu- wobei die
.optische Faser eine Mantelschicht auf-  25  men des Flockenzylinders
kWeiner als ungefihr weist, die eine zentrale Kernregion umgibt und ei-
1,4: 1 ist, wobel nur ein relativ kleiner Betrag des nen niedrigeren
Brechungsindex als den der          Dotierungsmittels in das von der
Einkapselungs- Kernregion aufweist,                               struktur
umschlossene Volumen vor Erreichen wobei der Schritt der Bildung des
Zylinders aus     des Gleichgewichtes entweicht. ersten Silica-Flocken den
Schritt des Einschlie-  30 Bens eines Fluordotierungsmittels in dem
6. Verfahren nach Anspruch 7, Flockenzylinder umfa~t, welches
Dotierungsmit-     gekennzeichnet durch folgende Schritte: tel den
Brechungsinfdex der Silica-Flocken unter    Bilden eines zweiten
Flockenzylinders durch das den Brechungsindex des undotierten Silica her-
gleiche Verfahren, wie in Anspruch I zur Bildung abdruckt und
35      des ersten Flockenzylinders beschrieben; ' wobei der Schritt der
Konsolidierung des           Konsolidieren des zweiten Flockenzylinders zur
Flockenzylinders den Schritt des Einschlielens      Bildung eines
Glaszylinders durch das gleiche des Flockenzylinders in eine Einkapselungs-
Verfahren wie in Anspruch fOr die Konsolidierung struktur umfaut, wonach
der Flockenzylinder auf     des ersten Flockenzylinders beschrieben; eine
genugende Temperatur erhitzt wird, um den   40  Schieben des Glaszylinders
Ober die Vorform; Fiockenzylinder zu konsolidieren, und die Erhit-    und
zung in der Abwesenheit eines erzwungenen-          Kollabieren lassen des
Glaszylinders aufderVor- Gasstor'mes in die Einkapselungsstruktur vor
form zur Vergr6Berung der Abmessung der Vor- sich geht, was zu einer im
wesentichen stagnie-    form. renden Atmosphare innerhalb der Einkapse-  45
- lungsstruktur fuhrt;                          7. 'Verfahren zur
Herstellung von mit Fluordotiertem -  ' '   wobei die Einkapselungsstruktur
innerhalb eines    Glas mit folgenden Schritten: Ofenvolumens enthalten ist
und das von der Ein-     Lenken eines Fluor enthaltenden Gases und ei-
kapselungsstruktur umschlossene Volumen mit         nes Silicium
enthaltenden Gases durch eine dem 0fenvolumen Ober Spalte mit relativ hohem
50  Flamme zu einem Korper, so daS mit Fluor dotier- Widerstand gegenulber
GasObertragung in Ver-       te Silica-Flocken sich auf dem KOrper sammeln;
bindung steht. wobei Dofierungsmittel, welches     Verbringen der Flocken
innerhalb einer Einkap- -        in das von der Einkapselungsstruktur
enthaltene     selungsstruktur; Volumen eindiffundiert, im wesentichen auf
die      Plazieren der Einkapselungsstruktur innerhalb
EinkapselungsstrUktur begrenzt bleibt.     55      eines Ofens; und
Erhitzen der Silica-Flocken in einer im wesentli- 2. Verfahren nach
Anspruch 1,                          chen stagnierenden AtmosphAre
innerhalb der dadurch gekennzeichnet,
Einkapselungsstruktur auf eine genugende Tem- dal das Dotierungsmittel
Fluor ist.                 peratur zur Konsolidierung der mit Fluor
dotierten 7 I I 1||1||1 ~111111 III 11 1111111111    



13                  EP043629981                     14 Silica-Flocken in
solides Glas;                    non dopee, et wobei die
Einkapselungsstruktur innerhalb sines         1'6taps de consolidation du
cylindre de Ofenvolumens enthalten ist und das von der Ein-    suie
comprend l'etape d'insertion du cylindre de kapselungsstruktur umschlossene
Volumen mit   5    suie dans une structure d'encapsulation et, en- dem
Ofenvolumen Oiber Spalte In Verbindung         suite, de chauffage du
cylindre de suie A une tern- steht, die einen genigend hohen Widerstand ge-
perature suffisante pourconsoliderle cylindre de genflber Gasfabertragung
aufweisen, so daB das     suie, le chauffage en l'absence d'un flux de gaz
in das Volumen der Einkapselungsstruktur di-       force dons la structure
d'encapsulation cr6ant spergierte Fluor im wesentlichen auf die Einkap-  10
une atmosphere essentiellement stagnante a I'in- selungsstruktur begrenzt
bleibt.                   terieur de la structure d'encapsulation; proc6de
dans lequel la structure d'encap- 8. Verfahren nach Anspruch 7,
sulation est contenue A l'interieurd'un volume de dadurch gekennzeichnet,
four et le volume contenu par la structure d'en- dal das von der
Einkapselungsstruktur um-   1S     capsulation communique qvec le volume de
four schlossene Volumen genuigend klein ist, so daM     par des orifices
presentant une impedance rela- wahrend der Konsolidierung des Flockenzylin-
tivement elevee a I'egard du transfert de gaz, tout ders das von dem
Flockenzylinderfreikommende       dopant diffuse dans le volume contenu par
la Fluor im wesentlichen die durch die Einkapse-      structure
d'encapsulation etant essentiellement lungsstruktur umschlossene Atmosphare
sattigt.  20  confine dans la structure d'encapsulation. 9. Verfahren nach
Anspruch 7,                      2. Procede selon la revendication 1,
caracterise en dadurch gekennzeichnet,                            outre en
ce que: daB dos Verhiltnis des von der Einkapselungs-            le dopant
est le fluor. struktur umschlossenen Volumens zu dem Volu-  25 men der
Silica-Flocken kleiner als ungefahr 1,4:  3. Procede selon la revendication
2, caracterise en I ist, wobei nur sin kleiner Betrag des Dotierungs-
outre en ce quo: mittels in das von der Einkapselungsstruktur um-
I'etape de formation du cylindre de suie schlossene Volumen freigelassen
wird, bevor sin    comprend les etapes consistant A diriger une ma-
Gleichgswichtszustand zwischen dem aus den   30    tiere gazeuse contenant
du silicium et une matie- Flocken flOchtigen Fluor und dem in die Flocken
re gazeuse contenant du fluor a travers une flam- eintretenden Fluor
erreicht wird.                  me vers un corps, de sorte quo de la suie
de silice impregnes de fluor se depose sur le corps. 10. Verfahren nach
Anspruch 7, dadurch gekennzoichnet,                    3s  4. Procede selon
la revendication 3, caracterise en daB das Fluor enthaltendo Gas SiF4 ist.
outre en ce quo: le volume contenu par la structure d'en- capsulation est
suffisamment petit pour que, pen- Revendications
dant la consolidation du cylindre de suie, le fluor 40      degags par le
cylindre de sule sature sensible- 1. Procbdb de fabrication de fibres
optiques           ment l'atmosphbre contenue par la structure comprenant
les stapes suivantes: formation d'un    d'encapsulation. premier cylindre
de suie de silice; consolidation du cylindre pourformerun tube de substrat;
cra-  5. ProcbdA selon la revendication 4, caracterise en sement du tube de
substrat pour former uno prA-  45  outre en ce quo: forme; insertion dans
la preforme d'un deuxibme          le rapport du volume contenu par la
struc- corps en verre entours par le tube en verre et pre-  ture
d'encapsulabton au volume du cylindre de sentant un indice de rbfraction
superieur a celui  suie est inferieur A environ 1,4:1, seule une quan- du
tube en verre; et strage de la fibre optique A  tite relativement faible de
dopant s'echappant partir de la preforme, Ia fibre optique prbsentant  so
dans le volume contenu par la structure d'encap- une couche de gainage qui
entoure une region       sulation avant d'atteindre l'equilibre. centrals
appelee coeur et prbsente un indice de refraction infbrieur A celui de la
region du coeur,  6. Procedb selon la revendication 7. caractbrisb en dans
lequel:                                       outre par les btapes
suivantes: I'btape de formation du premier cylindre de  55    la formation
d'un deuxieme cylindre de suib de silice comprend l'etape d'insertion dans
suie par le meme procede quo celui decrit dans le cylindre de suie d'un
dopant au fluor qui ambne  la revendication 1 pour former le premier
cylindre l'indice de refraction de la suie de silice A une va-  de suie;
leur infbrieure A l'indice de refraction de la silice    la consolidation
du deuxieme cylindre de 8 I   lll ll 1111111111111    



15                  EP 0 436 299 B1                  16 suie pourformerun
cylindre de verre parle meme proced6 que celul decrit dans la revendication
I pour consolider le premier cylindre de suie; l'ajustage du cylindre de
verre sur la pr6-   5 forms; et l'ecrasement du cylindre de verre sur la
preforme pour augmenter les dimensions de Is preforme. .10 7. Proc6de de
fabrication de verre dop6 au fluor comprenant les etapes suivantes: diriger
un gaz contenant du fluor et un gaz contenant du silicium A travers une
flamme vers un corps, de sorte que de la suie de silice dopee  15 au fluor
se depose sur le corps; placer la suie A l'interieur d'une structure
d'encapsulation; placer la structure d'encapsulation a l'intM- rieur d'un
four, et                         20 chauffer Ia suie de silice dans une
atmos- phbre essentiellement stagnantb A l'interieur de la structure
d'encapsulation A une temperature suffisante pour consolider, dans le verre
solide, la suie de silice dop6e au fluor;           25 dans lequel la
structure d'encapsulation est contenue A l'interieur d'un volume de four et
Is volume contenu par la structure d'encapsula- tion communique avec le
volume de four par des orifices ayant une imp6dance suffisamment deo-  30
vee au transfert de gaz pour amener tout le fluor dispers6 dans le volume
contenu par la structure d'encapsulation a Atre essentiellement confine A
l'interieur de la structure d'encapsulation. 35 8. Procede selon la
revendication 7, dans lequel: le volume contenu par la structure d'en-
capsulation est suffisamment petit pour que, pen- dant la consolidation du
cylindre de suie, le fluor degag6 par le cylindre de suie sature
essentielle-  40 ment C'atrosphre contenue par la structure
d'encapsulation. 9. Procede solon la revendication 7. dans lequel: le
rapport du volume contenu par la struc-  45 ture dencapsulation au volume
de la suie de sili- ce est infbrieura environ 1.4:1. seule une quantite
relativement faible du dopant etant liberee dans le volume contenu par la
structure d'encapsula- tion avant d'atteindre un equilibre entre le fluor
50 s'evaporant de la suie et le fluor penetrant dans la suie. 10. Procede
selon la revendication 7. dans lequel: le gaz contenant le fluor est du
SiFg.  55    


