
EP 0 415 341 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention The present invention relates to a method for producing a porous
glass preform for use in the fabrication of an optical fiber (herein after
referred to as "porous preform"). 10  Description of the Related Art Known
methods for producing a preform for use in the fabrication of a quartz base
optical fiber include the inside chemical vapor deposition (CVD) method,
the OVD method and the VAD method. For example, the VAD method is suitable
for economically producing a preform for use In the fabrication is  of an
optical fiber having low transmission loss, an arbitrary refractive Index
profile in the diameter direction and a homogeneous composition in the
peripheral and lengthwise directions. Fig. 1 shows a conventional
embodiment of the VAD method for producing a quartz base preform. The
porous preform 11 is grown from the lower end of a rotating starting member
10 with asootstream 12generated by an oxyhydrogen burner 13. An exhausting
tube 14 removes undeposited soots. 20     For example, a multi-port burner
having a cross section shown In Fig. 2 is used as the oxyhydrogen burner
13, and a glass-forming raw material is supplied from the center port 1,
hydrogen gas [err] is supplied from second and sixth ports 2 and 6, oxygen
gas [err] is supplied from fourth and eighth ports, and argon gas (Ar) is
supplied from third, fifth and seventh ports (namely, in the order of
hydrogen, argon, oxygen, argon, hydro- gen, argon and oxygen) to generate a
double-layer flame. In the oxyhydrogen flame, the glass-forming raw 25
material is  flame hydrolyzed to generate glass soot particles. Then, the
glass soot particles are deposited on the lower end of the rotating
starting member 10 such as a glass rod, and a cylinder-form mass of glass
soot particles, namely the porous preform 11 Is grown in the direction of
the axis of the starting member 10. There- after, the porous preform is
heated and consolidated to obtain a transparent glass preform. By the above
VAD method, it Is easy to produce a large size preform with good
productivity. Therefore, 30  the VAD method is widely used in the optical
fiber industry. In the above VAD method which utilizes the double-layer
flame and produces a porous preform having a desired refractive index
profile at a high production rate, if the glass-forming raw material
contains a compound such as [err] which is added to the porous preform in
the form of [err], a layer containing GeO2 at a high concentration is
formed on the surface of the porous preform, and the surface of the
sintered preform which 35  is obtained by heating and vitrifying the porous
preform tends to be cracked due to difference of coefficients of thermal
expansion between the inside and the surface of the preform. The Table
below shows the relationship between the GeO2 concentration at the surface
of the porous pre- form and cracks of the sintered preform. As seen from
the Table, the GeO2 concentration at the surface of the porous preform
should be not larger than 5.0 % by weight. 40 Table [err]   concentration
Condition of 45                at  the surface of    sintered preform
porous preform 5.0 % by weicht          Good 15.0 %-by weight         A-
few cracks are  formed on the surface The surface layer is 21.0 % by weight
peeled off 55 USA-4801322 discloses a multi-flame burner which includes an
inner central orifice and an outer orifice forsupplying glass raw
materials. Interposed between the orifices area plurality offlameforming
orifices which 2    



EP 0 415 341 B1 form a plurality of flames. Such an arrangement allows
different raw materials to be supplied to different parts of the
burnerflame. In one particular embodiment, the multi-flame burner is used
to produce a preform in which [err] and GeCI4 are supplied to an inner
burner as raw materials for synthesizing the core whereas [err] is 5
supplied to an outer burner for synthesizing the cladding. SUMMARY OF THE
INVENTION An object of the present Invention is to provide an improved VAD
method for producing a porous preform, 10  which does not suffer from the
above drawbacks. According to the present invention, there is provided a
method for producing a porous preform for use in the fabrication of an
optical fiber with at least two burners for synthesizing glass soot
particles at least one of which generates a double-layer flame and at least
one of which is used for forming a core part of the preform; the method
comprising the steps of: 15 supplying [err] and [err] as glass-forming raw
materials to the burner which is arranged to form the core part to flame
hydrolyze the supplied compounds to synthesize glass soot particles;
supplying [err] as the only glass-forming raw material to the burnerwhich
is arranged to form the non- core part of the preform to flame hydrolyze
the supplied compound to synthesize glass soot particles; in any event
supplying [err] to the outer flame of the double-layer flame as the only
glass raw material; 20  and depositing the generated glass soot particles
on the lowerend of a rotating starting memberand growing the porous preform
in a direction of an axis of the starting member to produce the porous
preform comprising a core part containing at least partly GeO2. As result
of extensive study for improving the conventional VAD method, it has been
found that a surface 25  layer having a high [err] concentration is formed
because of the phenomenon that undeposited [err] particles and GeO2
particles contained in a stream along the surface of the already formed
porous preform react each other in the inner flame of the double-layer
flame generated by the multi-port burner, and GeO2 is contained in SiO2 in
the solid solution form. Then, a measure for preventing diffusion of the
stream of undeposited particles in the inner flame, namely 30   a measure
for forming a turbulent flow has been sought, and it has been found that it
is effective to supply the glass-forming material to the outer flame in
addition to the inner flame. BRIEF DESCRIPTION OF THE DRAWINGS 35 Fig. 1
schematically shows a conventional VAD method, Fig. 2 is a cross sectional
view of a multi-port Fig. 3 schematically shows. a preferred embodiment of
the method of the present Invention, Fig. 4 shows the refractive index
profile of an optical fiber fabricated from a preform which is produced by
40      Example 1. DETAILED DESCRIPTION OF THE DRAWINGS The present
invention will be explained in detail by making reference to the
accompanying drawings. 45.    Fig. 3 schematically shows one embodiment of
the method of the present invention. The same numerals stand for the same
elements as in Fig. 1. Numeral 9 stands for an outer flame forming a soot
stream, 12 stands. for an inner flame forming a soot stream, and 15 stands
for a multi-port burner for supplying glass-forming raw materials. Although
the outer flame forming a soot stream reaches the surface of an already
deposited area of the 50  porous preform, 70 % of said stream does not
contribute to the deposition of the glass soot particles but acts to
generate the turbulent flow. As the glass-forming raw material, [err] are
exemplified, although other compounds which are raw materials for known
additives such as [err] may be added to the glass-forming raw material. 5
In Fig.3, the first burner 18 for synthesizing the glass soot particles is
used to form the center (core) part of the porous preform 11, while the
second burner 15 is used for forming the peripheral part of the porous
preform 11. One or both of the burners can be multi-port burners. For
example, when the first burner 18 is a usual burner for generating a single
flame and the second burner 15 is a multi-port burner for generating a
double-layer flame, preferably, to the first burner 18, [err] are supplied
as the glass-forming raw 



3    EP 0 415 341 B1 materials, and to the inner flame of the burner 15,
[err] are supplied and to the outer flame of the burner 15, only [err] is
supplied, or to the burner 18, [err] are supplied, and both to the outer
and inner flames of the burner 15, only [err]is supplied. 5      In place
of the cylindrical multi-port burner as shown in Fig. 2, a multi-port
burner having other cross sec- tion such as a square or an ellipse may be
used. The supply rates of the glass forming materials can be easily
determined by the person skilled in the art depending on the content of
[err] in the porous preform. Typical supply rates are explained in the
following Examples. 10      The porous preform can be dehydrated and
vitrified by conventional methods to give a transparent glass preform from
which an optical fiber is drawn. Preferred Embodiments of the Invention 15
The following Examples illustrate the method of the present invention.
Example 1 By using the apparatus as shown in Fig.3, and a four-port burner
as the burner 18 for forming the core 20  portion and an eight-port burner
as the burner 15 for forming a cladding portion, a porous preform was pro-
duced. To the first port 1 of the burner 18, [err]and argon gas as a
carrier at rates of 120 cc/min., 15 cc/min. and 180 cc/min., respectively.
To the second port 2 of the burner 18, hydrogen gas was supplied at a rate
of 3.0 liter/min. 25      To the third port 3 of the burner 18, argon gas
as a sealing gas was supplied at a rate of 2.0 liter/min. To the fourth
port 4 of the burner 18, oxygen gas was supplied at a rate of 5.0
liter/min. To the first port 1 of the burner 15, [err] and argon gas as a
carrier gas were supplied at rates of 800 cc/min., 20 cc/min. and 800
cc/min., respectively. To the second and sixth ports 2 and 6 of the burner
15, hydrogen gas was supplied at rates of 3.5 liter/min. 30  and 40
liter/min., respectively. To the fourth and eighth ports 4 and 8 of the
burner 15, oxygen gas was supplied at rates of 17 liter/min. and 27
literlmin., respectively. To the third, fifth and seventh ports 3, 5 and 7
of the burner 15, argon gas as a sealing gas was supplied at rates of 3
liter/min., 4 liter/min. and 4 liter/min., respectively. 35      Further,
as the raw material for the outer flame, [err] and argon carrier gas were
supplied to the sixth port 6 of the burner 15 at rates of 120 cc/min. and
100 cc/min., respectively. Under the above conditions, the porous preform
having a length of 500 mm was grown. The porous pre- form was heated and
dehydrated in a carbon resistance furnace at [err] in an atmosphere of a
[err]/helim mixture in a molar ratio of 0.01/1 and then vitrified at [err]
in a helium atmosphere to give a transparent 40  glass preform. Observation
of the surface of transparent glass preform revealed that no crack was
formed on its surface. Thereafter, the glass preform was drawn to a
diameter of 5 mm and inserted in a pure SiO2 tube made by the VAD method
and having an outer diameter of 51 mm. From the outside of the tube, the
composite was heated with a carbon resistance furnace to integrated them to
give a preform for a 1.55 [err] band dispersion 45  shifted optical fiber.
Then, the preform was drawn in a drawing furnace to fabricate an optical
fiber. Its trans- mission loss was as low as 0.21 dB/km at a wavelength of
1.55 [err]. A refractive index profile of the optical fiber is shown in
Fig. 4. Comparative Example 1 50 In the same manneras in Example 1 but
supplying no [err] to the sixth port of the burner 15,the porous preform
having a length of 500 mm was grown and vitrified. The surface layer of the
transparent glass form was peeled off and no good preform was produced. 55 



Claims 1   A method for producing a porous preform (11) for use in the
fabrication of an optical fiber with at east two burners (15,18) for
synthesizing glass soot particles at least one (15) of which generates a
double- 4    EP 0 415 341 B1                          * materials, and to
the inner flame of the burner 15, [err] are supplied and to the outer flame
of the burner 15, only [err] is supplied, or to the burner 18, [err] and
[err] are supplied, and both to the outer and inner flames of the burner
15, only [err] is supplied. 5       In place of the cylindrical multi-port
burner as shown in Fig. 2, a multi-port burner having other cross sec- tion
such as a square or an ellipse may be used. The supply rates of the glass
forming materials can be easily determined by the person skilled in the art
depending on the content of GeO2 in the porous preform. Typical supply
rates are explained in the following Examples. 10      The porous preform
can be dehydrated and vitrified by conventional methods to give a
transparent glass preform from which an optical fiber is drawn. Preferred
Embodiments of the Invention 15      The following Examples illustrate the
method of the present invention. Example 1 By using the apparatus as shown
In Fig.3, and a four-port burner as the burner 18 for forming the core 20
portion and an eight-port burner as the burner 15 for forming a cladding
portion, a porous preform was pro- duced. To the first port 1 of the burner
18, [err] and argon gas as a carrier gas were supplied at rates of 120
cc/min., 15 cc/min. and 180 cc/min., respectively. To the second port 2 of
the burner 18, hydrogen gas was supplied at a rate of 3.0 liter/min. 25
To the third port 3 of the burner 18, argon gas as a sealing gas was
supplied at a rate of 2.0 liter/min. To the fourth port 4 of the burner 18,
oxygen gas was supplied at a rate of 5.0 liter/min. To the first port 1 of
the burner 15, [err] and argon gas as a carrier gas were supplied at rates
of 800 cc/min., 20 cc/min. and 800 cc/min., respectively. To the second and
sixth ports 2 and 6 of the burner 15, hydrogen gas was supplied at rates of
3.5 liter/min. 30  and 40 liter/min., respectively. To the fourth and
eighth ports 4 and 8 of the burner 15, oxygen gas was supplied at rates of
17 liter/min. and 27 liter/min., respectively. To the third, fifth and
seventh ports 3, 5 and 7 of the burner 15, argon gas as a sealing gas was
supplied at rates of 3 liter/min., 4 literlmin. and 4 liter/min.,
respectively. 35      Further, as the raw material for the outer flame,
[err] and argon carrier gas were supplied to the sixth port 6 of the burner
15 at rates of 120 cc/min. and 100 cc/min., respectively. Under the above
conditions, the porous preform having a length of 500 mm was grown. The
porous pre- form was heated and dehydrated in a carbon resistance furnace
at [err] in an atmosphere of a [err]/helim mixture in a molar ratio of
0.01/1 and then vitrified at 1600C in a helium atmosphere to give a
transparent 40  glass preform. Observation of the surface of transparent
glass preform revealed that no crack was formed on its surface. Thereafter,
the glass preform was drawn to a diameter of 5 mm and inserted in a pure
[err] tube made by the VAD method and having an outer diameter of 51 mm.
From the outside of the tube, the composite was heated with a carbon
resistance furnace to integrated them to give a preform for a 1.55 [err]
band dispersion 45  shifted optical fiber. Then, the preform was drawn in a
drawing furnace to fabricate an optical fiber. its trans- mission loss was
as low as 0.21 dB/km at a wavelength of 1.55 [err]. A refractive index
profile of the optical fiber is shown in Fig. 4. Comparative Example 1 50
In the same manner as in Example 1 but supplying no [err] to the sixth port
of the burner 15, the porous 



preform having a length of 500 mm was grown and vitrified. The surface
layer of the transparent glass form was peeled off and no good preform was
produced. 55 Claims 1. A method for producing a porous preform (11) for use
in the fabrication of an optical fiber with at least two burners (15,18)
for synthesizing glass soot particles at least one (15) of which generates
a double- 4    EP 0 415 341 B1 layerflame and atleastone (18) of which is
used forforming a core part of the preform; the method com- prising the
steps of: supplying [err] as glass-forming raw materials to the burner (18)
which is arranged to 5       form the core part to flame hydrolyze the
supplied compounds to synthesize glass soot particles; supplying [err] as
the only glass-forming raw material to the burner (15) which is arranged to
form the peripheral part of the preform to flame hydrolyze the supplied
compound to synthesize glass soot particles; in any event supplying [err]
to the outerflame (9) of the double-layer flame as the only glass raw 10
material; and depositing the generated glass soot particles on the lower
end of a rotating starting member (10) and growing the porous preform (11)
in a direction of an axis of the starting memberto produce the porous
preform comprising a core part containing at least partly [err]. 15  2. A
method according to claim 1, wherein said burner (18) for forming said core
part of said preform (11) is a burner which generates a single flame and
said burner for generating the double-layer flame (15) is a multi-port
burner producing inner (12) and outer (9) flames. 3. A method according to
claim 2, wherein [err] are supplied as glass-forming raw materials to 20
both said single flame burner (18) and the inner flame (12) of said
multi-port burner (15), and [err] is supplied as the only glass-forming raw
material to the outer flame (9) of said multi-port burner (15). 4. A method
according to claim 2, wherein [err] are supplied as glass-forming raw
materials to said single flame burner (18), and [err] is supplied as the
only glass-forming raw material to both the inner (12) and outer (9) flame
of said multi-port burner (15). 25 Patentanspr iche 30  1.  Ein Verfahren
zur Herstellung einer porosen Vorform (11) zur Verwendung be! der
Produktion einer op- tischen Faser mit mindestens zwei Brennern (15,18) fMr
die Synthese von Glasrulpartikeln, von denen mindestens elner (15) eine
zweischichtige Flamme erzeugt und zurnindest einer (18) zur Bildung des
Kernteils der Vorform verwendet wird, wobei das Verfahren folgende Schritte
umfagt. ZufGhrung von SiC14 und GeC4 als glasbildende Rohmaterialien zu dem
Brenner (18), der so an- geordnet ist, daI>, um den Kernteil zu bilden, die
zugefihrten Verbindungen einer Flamrnhydrolyse unter- worfen werden, um
Glasrullpartikel zu synthetisieren; Zufuhrung von SiCI4 als einziges
glasbildendes Rohmaterial zu dern Brenner (15), der so angeord- net ist,
daBl, um den peripheren Teil derVorform zu bilden, die zugefihrte
Verbindung einerFlammhydro- lyse unterworfen wird, um GlasruBpartikel zu
synthetisieren; U   40       f~fr jeden Fall Zufuhrung von SiC14 zu der
aueeren Flamme (9) der zweischichtigen Flamme als ein- ziges
Glasrohmaterial; und Niederschlagung der erzeugten Glasrufipartikel an dem
unteren Ende eines rotierenden Aus- gangsstabs (10) und Wachsen der porosen
Vorform (11) In der Richtung der Achse des Ausgangsstabs, um die por6se
Vorform mit einem Kernteil, der zumindest teilweise GeO2 enthilt,
herzustellen. 45  2.  Ein Verfahren gemaBAnspruch 1, worin dergenannte
Brenner (18) zur Bildung des Kernteils dergenann- ten Vorform (11) ein
Brenner ist, der eine einzige Flamme erzeugt, und der genannte Brenner zur
Erzeu- gung einerzweischichtigen Flamme (15) ein Mehrfachbrenner ist, der
innere (12) und auaere (9) Flammen erzeugt. 



50  3.  Ein Verfahren germail Anspruch 2, worin SiCI4 und GeCI4 als
glasbildende Rohmaterialien sowohl dem genannten Brenner (18) mit einer
einzigen Flamme als auch der der inneren Flamme (12) des genannten
Mehrfachbrenners (15) zugefuhrt werden, und SiCI4 als einziges
glasbildendes Rohmaterial der guSeren Flamme (9) des genannten
Mehrfachbrenners (15) zugefuhrt wird. 55   4.  Ein Verfahren gernaB
Anspruch 2, worin SiCI4 und GeCI4 als glasbildende Rohmaterialien dem
genannten Brenner (18) mit einer einzigen Flamme zugeffihrt werden und
SiCI4 als einziges glasbildendes Rohma- terial sowohl der inneren (12) als
auch der AuSeren (9) Flame des genannten Mehrfachbrenners (15) zugefuhrt
wird. 5    EP 0 415 341 B1 Revendlcations 1.  Procede de fabrication d'une
preforme poreuse (11) destinee A une utilisation lors de la fabrication
d'une 5       fibre optique a l'aide d'au moins deux brOleurs (15, 18) pour
synthbtiser des particules de suie de verre, dont au moins un (15) genere
une flamme double flux et dont au moins un (18) est utilisb pour former une
partie d'ame de la preforme, le procbd6 comprenant les etapes de:
application de SiCI4 et de GeC14 en tant que materiaux de base de formation
de verre au brOleur (18) qui est agence pour former la partie d'Ame af in
d'hydrolyser a la flamme les composes appliqubs 10      afin de synthetiser
des particules de suie de verre; application de SiCI4 en tant quo seule
materiau de base de formation de verre au broleur (1 5) qui est agence pour
former la partle peripherique de la preforme afin d'hydrolyser a la flamme
le composb appliqu6 afin de synthetiser des particules de suie de verre;
quel quo solt le cas, application de SiCI4 dans la flamme externe (9) de la
flamme double flux en 15      tent que soul materiau de base de formation
de verre ; et d6p6t des particules de suie de verre generees sur
l'extremitb inferieure d'un elbment de dbmarra- ge tournant (10) et
croissance de la preforme poreuse (11) suivant la direction d'un axe de
l'blement de dbmarrage afin de produire la preforme poreuse comprenant une
partie d'Ame contenant au moins par- tiellement du GeO2. i20 2.  ProcbdA
selon la revendication 1, dans lequel ledit brOleur(1 8) pour former ladite
partie d'ame de ladite prbforme (11) estun brOleurquighnbre une unique
flamme etledit brOleur pour genhrer la flamme double flux (15) est un
brOleur multi-orifices qui produit des flammes interne (12) et externe (9).
25  3.  ProcbdA selon la revendication 2, dans lequel du SiC14 et du GeCI4
sont appliques en tant que materiaux de base de formation de verre A la
fois audit braleur a flamme unique (18) et dans la flamme interne (12)
dudit brOleur multi-orifices (15) et du SiC14 est applique en tant que soul
materiau de base de formation de verre dens Ia flamme externe (9) dudit
brOleur multi-orifices (15). 4.  Procbde selon la revendication 2, dans
lequel du SiCI4 et du GeCo4 sont appliques en tant quo matbriaux de base de
formation de verre audit brOleur A flamme unique (18) et du SiC14 est
applique en tant quo soul mat6riau de base de formation de verre A la fois
dons la flamme interne (12) et dans la flamme ex- terne (9) dudit brOleur
multi-orifices (15). 35 40 45 50 55    


