
GB 2003 131 B SPECIFICATION A method of and apparatus for manufacturing a
glass optical transmission fiber preform This invention relatesto a method
of and apparatus for manufacturing a glass rod preform from which an - 5
optical communication fiber can be drawn.
5 A glass optical communication fiber comprises a central core glass
section and a surrounding cladding glass section having a lower refractive
index than that of the core glass section. Such light transmitting glass
fibers are broadly classified as either a step index type in which the
radial refractive index distribution varies in a stepwise manner across the
fiber, or a graded index type in which the distribution is parabolic. 10  A
glass rod which can be drawn into a thin glass fiber is called a "preform",
and also comprises the core   10 glass and cladding glass sections. One
method of manufacturing such a preform is disclosed in U.S. Patent No.
3,823,995, in which a circular cylindrical start member of circular
cross-section is first prepared, and then glass "soot" particles made from
raw glass gaseous materials by flame hydrolysis are laminated on the 



surface of the start member as it is being rotated. In this operation
various dopants in addition to quartz glass 15 are added to the laminated
glass to vary its refractive index. The amounts of dopants are controlled
for every  15 layer of glass so that the resulting preform has a
predetermined refractive index distribution. Thus, if the glass particles
are first laminated with a constant dopant concentration, and the latter is
then changed to abruptly decrease the refractive index, the resulting
preform is of the step index type; whereas if the dopant concentration is
gradually changed so that the refractive index is gradually decreased for
each laminated 20 layer, then a graded index type of preform is obtained.
The soot-like glass lamina thus obtained is then  20 placed in a high
temperature furnace which renders ittransparent, and start member is
thereafter removed. Onlythe cylindrical glass part is heated, and the
hollow part is collapsed to form the preform. Another conventional method
is disclosed in U.S. Patent No. 3,737,293, in which gaseous raw glass
materials are successively coated on the inner wall of a quartz tube while
it is being rotated and heated. In 25 this method the dopant concentration
is also controlled for each layer so that the final preform has a  25
predetermined refractive index distribution. It is thereafter heated at a
high temperature and the hollow part 



is collapsed to obtain the preform.. The above-described conventional
methods are disadvantageous, however, in the following respects. In the
method of U.S. Patent 3,823,995, since the thermal expansion coefficient of
the start member is 30 different from that of the laminated glass, the
laminated glass is liable to crack as a result of slight tempera-  30 ture
variations or impacts during the forming process. In the method of U.S.
Patent 3,737,293, the length, diameter and wall thickness of the quartz
start tube are limited, and therefore it is impossible to obtain a large
preform. Allowed U.S. Patent Application Serial No.805,893 filed by
Fujiwara et al discloses a preform manufactur- 35 ing method which is
completely different from the above described methods. In the Fujiwara et
al method a  35 plurality of nozzles or burners jet gaseous raw glass
materials towards a rotating start substrate or toward one end face of a
rotating start member. The nozzles and burners are disposed parallel with
the start member rotation axis or form an angle therewith so that the raw
glass materials are oxidized or hydrolyzed in a high temperature atmosphere
to synthesize glass particles. The glass particles are deposited on the
start 



40 substrate or on the tip end of the rod-shaped start member, and are
laminated in the direction of the rotation 40 axis to thereby obtain the
preform. In this method the dopant compositions in the gaseous raw glass
material jetted by the plurality of nozzles or burners are controlled such
that the refractive index of the central glass laminates close to the
rotational axis of the rod is higher than those of the laminates more
remote from the rotational axis. This method is not affected by the start
member and is suitable for manufac- 45 turing large preforms.
45 Two important characteristics are required with respect to the
transmitting surface of a light communica- tion fiber. One is that the
optical transmission loss be low. The other is that the transmitted light
pulse waveform deformation and pulse width variations be minimal during
transmission. The latter characteristic means that the transmission band
width of a base band frequently with a low loss is wide. As the refractive
50 index distribution of the fiber approaches a parabola the transmission
band width of the base band fre-  50 quency is increased. In general, there
are three factors which increase the optical transmission loss. The first
is the scattering of light which is caused by refractive index variations
in the axial direction. The second is 



light adsorption due to the presence of impurities and the third is the
scattering of light which is caused by structural imperfections due to core
diameter variations in the longitudinal direction. 55  With respectto the
two above-described transmission characteristics, the method of Serial
No.805,893  55 has certain disadvantages. For example, with a plurality of
nozzles or burners, even if the start substrate or rod-shaped start member
is rotated during the glass lamination process, the laminated dopant
distribution is not completely uniform in the circumferential direction.
Consider the case where the axis of a burner for synthesizing the core
glass is positioned in coincidence with the rotational axis of the start
member. In 60 general, the volume of amount of glass laminated is 20-50
g/hour. If the lamination is carried out at a rate of 60 36 g/hour, or 0.01
g/sec., and this is converted into a fiber 150 [err]m in diameter, then the
amount of glass laminated corresponds to a fiber produced at a rate of 25
cm/sec. If the substrate or start member is rotated during the laminating
process at one revolution per second, then any variation in the refractive
index of the fiber will have a period of 25 cm/sec., since the dopant
jetted by the burner for the cladding glass is spirally 65 distributed with
a period of 25 cm/sec. The same result is obtained even if another cladding
glass burner is  65 
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2 symmetrically disposed with respect to the rotational axis, and the
problem cannot be solved by merely arranging a plurality of nozzles. The
resulting non-uniformity of the refractive index in the axial direction
increases the transmission loss. The fact that the refractive index
distribution varies spirally and periodically means that such distribution
5 on any given section of the fiber does not have circular symmetry. That
is, none of the refractive index  5 distributions are identical or constant
on straight lines parallel to the central axis of the preform, which -
reduces the transmission bandwidth of a graded index type of fiber. Another
disadvantage accompanying the use of a plurality of nozzles or burners is
that the number of gases to be controlled is increased, and therefore the
apparatus is necessarily bulky and intricate and it is difficult to
manufacture preforms with high 



10 reproducibility or consistency.
10 Accordingly, an object of this invention is to eliminate or reduce the
above-mentioned problems experienced in the prior art. In one aspect, the
invention resides in a method of manufacturing a cylindrical glass preform
of circular cross-section from which an optical communication fiber may be
drawn, comprising the steps of: 15a) supplying at least first and second
gaseous raw glass materials having first and second different  15 dopant
concentrations respectively through at least first and second concentric
nozzles of a multiple tip burner having concentric nozzle means comprising
a plurality of conceritric nozzles including said first and second nozzles,
b) supplying an inflammable gas including hydrogen and oxygen through said
concentric nozzle means 20 of said burner, whereby soot-like glass
particles are synthesized proximate said burner tip through flame  20
hydrolysis by burning said inflammable gas, c) depositing said soot-like
glass particles on a rotating start member disposed in axial alignment with



said burner, d) withdrawing said start memberfrom said burnertipto maintain
a substantiallyconstantspacing 25 therebetween, whereby a soot-like glass
rod of circular cross-section is grown on said start member having a 25
predetermined radial dopant concentration distribution and e) heating said
soot-like glass rod to produce a transparent glass preform having a
predetermined radial refractive index distribution. In a further aspect,
the invention resides in apparatus for performing the method described in
the 30 preceding paragraph comprising:
30 a) a multiple tip burner having a central tubular nozzle and a plurality
of surrounding concentric nozzles, b) a start member rod disposed in axial
alignmentwith said burner, c) means for rotating said rod, and d) means for
axially mocing said rod away from said burner. 35  In the accompanying
drawings:                                                                35



Figure 1 is a schematic perspective, partly cutaway, view of apparatus for
performing a method according to one example of the present invention,
Figure 2 is a top perspective view of the tip of the burner shown in Figure
1. Figure3 gives refractive index curves for a preform produced in
accordance with said one example of the 40 present invention,
40 Figure 4 is a reractive index distribution curve for the preform, Figure
5 shows a plot of transmission loss against wavelength for a fiber drawn
from the preform, and Figure 6 is a graph of base band attenuation per Km
against frequency for the fiber. Referring to the drawings, in the method
of said one example a first raw glass material for increasing the 45
refractive indexforthe required preform is jetted out of a central nozzle
11 of a quartz glass burner 1,with    45 argon as the carrier .gas. This
gaseous raw glass material is a SiC14, together with GeCl4 and POC3 as
dopant gases to increase the refractive index. The POCl3 dopant not only
increases the refractive index, but also controls the thermal expansion
coefficient and the vitrification temperature of the glass. 



A second raw glass material which has a lower refractive index than the
first raw glass material is jetted 50 out of a second burner nozzle 12,
again with an argon carrier. This raw material gas is also SiCl[err]
4together    50 with a dopant gas BBr3 to decrease the refractive index.
The SiCl[err], GeCl[err], POCl[err] and BBr[err] are maintained in a liquid
state in glass containers 31 through 35 asshown in Figure 1 and the argon
carrier gas is bubbled through the liquids. The glass containers 31 through
35 are disposed in thermally controlled enclosures 41 through 45,
respectively, and the amounts of raw glass 55 material gases supplied are
appropriately regulated by controlling the temperatures of the enclosures
and    55 the flow rates of the carrier gas. Heating means 46 are wound on
the pipes connected between the outlets of the containers and the burner.
The pipes are maintained attemperatures higherthan thetemperatures of the
enclosures so that the gases passing through the pipes are not cooled and
liquified. Hydrogen and oxygen are jetted out of a fourth nozzle and fifth
nozzles 14,15 respectively of the burner 1 60 and argon is supplied through
a third burner nozzle 13 to prevent the deposition of the synthesized glass
60 particles on the nozzles. 



When the hydrogen gas is burned water is produced which reacts with the raw
glass material gases, and glass soot particles4 of SiO[err], GeO[err],
PO[err] and BO[err] are thus synthesized by hydrolysis. The glass particles
are sprayed into the bottom of a rotary refractory start member 3, such as
a quartz glass rod, to form soot-like 65 glass deposits thereon. If the raw
glass materials are continuously supplied the particles frow in an axial
65    3                                                                 GB
2003 131 B                      3 direction, as a result of which a
soot-like glass rod 2 is formed. In depositing the glass particles, the
start member3 is continuously raised in accordance with the growth rate of
the rod such that the distance between the glass deposition surface 5 of
the rod and the tip of the burner is maintained constant. This maintains
the outside diameter of the rod 2 substantially constant. Part of the first
raw material jetted from 5 nozzle 11 is mixed with part of thesecond raw
material jetted from nozzle 12, wherebythe dopantconcentra-   5 



tion is gradually changed in a radial direction to produce a graded index
type of preform. If the degree of mixing is suitably controlled it is
possible to obtain a substantially parabolic refractive index distribution,
as developed below. If it is assumed that the general concentration
distribution of SiCl4 is maintained substantially uniform by 10 the gases
from the nozzles 1 1 and 12, and the diffusion of the dopantfrom nozzle 12
is effected through a  10 supply from two parallel planes, then the dopant
concentration distributions due to the gases supplied from nozzles 11 and
12 can be expressed by the following equations: [err] (the dopant
concentration distribution due to the gas supplied from nozzle 11), and (a
+H + b-r)       r-(a + h) [err] 20
20 (the dopant concentration distribution due to the gas supplied from
nozzle 12), 



wherein: r is the distance from the center axis of the burner, a is the
radius of the nozzle, 25 b is the width of the nozzle 12, 25 h is the
thickness of the partition between the nozzles 11 and 12, and Di, ti, Cio
(i = 1 or 2) are the diffusion coefficients, the diffusion times, and the
initial concentrations of the dopants of nozzles 11 and 12, respectively.
In practice, the dopant concentrations is substantially proportional to the
refractive index variation. 30 Accordingly, the contributions of the supply
gases of nozzles 11 and 12 are indicated by the solid lines in  30 Figure 3
and the general refractive index distribution is as indicated by the broken
line in Figure 3. Thus, if the burner's dimensions, the raw material
composition, and the supply rates are suitably selected, it is possible to
achieve a substantially parabolic refractive index distribution. In the
above example argon is used as the carrier gas although it may be another
inert gas, such as helium. 



35 Oxygen or nitrogen can also be used asthe carrier gas. Furtherthe gasfed
from nozzle 13to prevent the  35 deposition of glass particles on the
burner may be nitrogen or helium instead of argon. The dopant gas fed from
nozzle 11 is also not limited to GeCl[err] or POCI[err], and may instead be
at least one halogen compound or hydrogen compound of germanium,
phosphorus, titanium and gallium. In addition, the dopant gas fed from
nozzle 12 is not limited to BBr[err], and may instead be a gas containing
boron or fluorine, for.instance at least 40 one of BCl[err], SiF[err],
CF[err] and CCIF[err]. In the above description SiCI4 is employed as the
raw glass material to synthesize SiO2; however, it may be replaced by a
monosilane gas (SH4) or a silane halogenide gas such as SiHCI3. inflammable
gases containing hydrogen such as CH4 and C2H6 may also be used instead of
hydrogen gas for combustion. In principle it is unnecessary to rotate the
start member; in practice, however, it is recommended that the start member
be 45 turned to eliminate any circumferential non-uniformity of the lamina
which may be caused by the  45 eccentricity of the burner nozzlesor by
flickering flames. In the above example the burner has two raw glass
material jetting nozzles; however, it may be replaced 



by a burner having three or more such nozzles or pipes. All that is
necessary is to arrange the concentration of dopants such that the
refractive index is gradually 50 decreased from the central' nozzle to the
outermost nozzle. If it is required to produce a preform of the step'   50
index type, it is necessary to prevent any mixture between the first and
second raw glass material gases. This may be achieved by feeding the second
gas through the third nozzle 13 and by supplying the inert gas through the
second nozzle 12 in order to separate the two gases. The soot-like glass
rod thus formed is heated in a furnace to render it transparent. The
heating temperature 55 is preferably 1400 - 1 600[err]. The reason for the
use of the two steps of forming the scoot-like glass rod and 55 of
sintering the latterto render it transparent, instead of forming a
transparent glass rod directly from the raw gas, is that when, in
laminating the fine glass particles, the temperature is raised to the
extent that the glass becomes transparent, the dopant will be volatilized.
This fact is also disclosed in U.S. Patent Application Serial No. 321,109.
In the above example the glass is synthesized by flame hydrolysis because
60 the glass yield of this method is better than that of other oxidation
methods.                    60 



Concrete examples and their results in accordance with the present
invention are described below, using the apparatus shown in Figures 1 and
2. The SiCl[err], GeCl[err] and POCl[err] gases were fed from nozzle 11
while the SiCI4 and BBr3 gases were fed from nozzle 12, using an argon
carrier, and argon was also supplied from the nozzle 13. The flow rates of
the gases 65 and the temperatures of the enclosures41 through 45 were
indicated in Tables 1 and 2 respectively.  65    4       GB2003 131 B
4 Table 1 - Gas Flow Rate Nozzle         Nozzle 11                   Nozzle
12  Nozzle 5
5 13       14        15 



Gas           SiCl GeCl POCl[err]            SiCl[err]     BBr[err]      Ar
H[err]        0[err] 10 Flowrate      120      60        40        30
30        1         4         5          10 cc/min   cc/min   cc/min
cc/min   cc/min  l/min    l/min    l/min Table 2 - Temperature of Enclosure
15
15 Enclosure     41  42  43  44  45 Temperature   35  40  50  35  50 20
([err])
20 Under the conditions described a soot-like glass rod 2 was grown at a
rate of about 70 mm/hour, and after three hours a rod 50 mm in diameter and
200 mm in length was obtained. A transparent glass rod 25 mm in diameter
and 100 mm in length was then obtained by sintering the soot-like glass rod
at a temperature of 25 about 1450[err]. The actual measured values of the
refractive index of this rod in a radial direction are plotted   25 in FIG.
4, wherein the curve is seen to approximate a parabola. This preform was
drawn into a fiber 2 Km in 



length, and the transmission characteristics thereof were measured. The
transmission loss as a function of wavelength is plotted in FIG. 5. The
attenuation value at a wavelength of 0.85 x m was very low - 3.2 dB/Km. The
base band frequency attenuation per Km is plotted in Figure 6. The
frequency at which the transmission 30 loss is reduced by 6 dB is 1,100
MHz, and the fiber therefore has a very wide frequency band.  30 The
inventors also prepared a soot-like glass rod and drew into a fiber using
two burners in accordance with U.S. Patent Application Serial No. 805,893.
In this case the transmission band was of the order of 100 MHz/kM, which is
less than one tenth the transmission band width according to this
invention. Since the number of kinds of gases to be fed can be reduced in
this invention the apparatus can be readily 35 controlled, and therefore a
fiber having excellent characteristics can be provided with high
reproducibility.   35 The method according to this invention forms the
light propagating region of an optical fiber. A surround- ing structural or
protective sheath where light propagation is not effected may be formed by
using an additional burner, or by inserting the fiber in a circular
cylinder or tube. 40 CLAIMS
40 



1. A method of manufacturing a cylindrical glass preform of circular cross
section from which an optical communication fiber may be drawn, comprising
the steps of: a) supplying at least first and second gaseous raw glass
materials having first and second different 45 dopant concentrations
respectively, through at least first and second concentric nozzles of a
multiple tip  45 burner having concentric nozzle means comprising a
plurality of concentric nozzles including said first and second nozzles, b)
supplying an inflammable gas including hydrogen and oxygen through said
concentric nozzle means of said burner, whereby soot-like glass particles
are synthesized proximate said burner tip through flame 50 hydrolysis by
burning said inflammable gas,
50 c) depositing said soot-like glass particles on a rotating start member
disposed in axial alignment with said burner, d) withdrawing said start
member from said burner tip to maintain a substantially constant spacing
therebetween, whereby a soot-like glass rod of circular cross section is
grown on said start member having a 



55 predetermined radial dopant concentration distribution, and
55 e) heating said soot-like glass rod to produce a transparent glass
preform having a predetermined radial refractive index distribution. 2. A
method as claimed in Claim 1, wherein the first and second nozzles are a
central tubular nozzle and a surrounding annular nozzle, the first dopant
increases the index of refraction of the glass, the second dopant 60
decreases the index of refraction of the glass, and the predetermined
radial refractive index distribution is   60 parabolic. 3. A method as
claimed in Claim 2, further comprising supplying an inert gas through a
third concentric nozzle of said burner disposed between the second nozzle
and the outer nozzle means, whereby said inert gas forms an annular shield
to prevent the deposition of glass particles on the burner. 65  4. A method
as claimed in any one of Claims 1 to 3, wherein the first and second
gaseous raw glass  65   
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4 Table 1 - Gas Flow Rate Nozzle        Nozzle 11
Nozzle 12  Nozzle 5
5 13       14        15 Gas           SiC1 GeCl POCl[err]
SiCl[err]     BBr[err]     Ar        H[err]        O[err] 10 Flowrate
120       60        40       30        30        1         4        5
10 cc/min   cc/min   cc/min   cc/min   cc/min  /m            l/min    l/min
Table 2 -Temperature of Enclosure 15
15 Enclosure     41  42  43  44  45 



Temperature   35  40   50  35   50 20 ([err])
20 Under the conditions described a soot-like glass rod 2 was grown at a
rate of about 70 mm/hour, and after three hours a rod 50 mm in diameter and
200 mm in length was obtained. A transparent glass rod 25 mm in diameter
and 100 mm in length was then obtained by sintering the soot-like glass rod
at a temperature of 25 about 1450[err]. The actual measured values of the
refractive index of this rod in a radial direction are plotted   25 in FIG.
4, wherein the curve is seen to approximate a parabola. This preform was
drawn into a fiber 2 Km in length, and the transmission characteristics
thereof were measured. The transmission loss as a function of wavelength is
plotted in FIG. 5. The attenuation value at a wavelength of 0.85 x m was
very low - 3.2 dB/Km. The base band frequency attenuation per Km is plotted
in Figure 6. The frequency at which the transmission 30 loss is reduced by
6 dB is 1,100 MHz, and the fiber therefore has a very wide frequency band.
30 The inventors also prepared a soot-like glass rod and drew into a fiber
using two burners in accordance with U.S. Patent Application Serial No.
805,893. In this case the transmission band was of the order of 100 



MHz/kM, which is less than one tenth the transmission band width according
to this invention. Since the number of kinds of gases to be fed can be
reduced in this invention the apparatus can be readily 35 controlled, and
therefore a fiber having excellent characteristics can be provided with
high reproducibility.   35 The method according to this invention forms the
light propagating region of an optical fiber. A surround- ing structural or
protective sheath where light propagation is not effected may be formed by
using an additional burner, or by inserting the fiber in a circular
cylinder or tube. 40 CLAIMS
40 1. A method of manufacturing a cylindrical glass preform of circular
cross section from which an optical communication fiber may be drawn,
comprising the steps of: a) supplying at least first and second gaseous raw
glass materials having first and second different 45 dopant concentrations
respectively, through at least first and second concentric nozzles of a
multiple tip  45 burner having concentric nozzle means comprising a
plurality of concentric nozzles including said first and second nozzles, 



b) supplying an inflammable gas including hydrogen and oxygen through said
concentric nozzle means of said burner, whereby soot-like glass particles
are synthesized proximate said burner tip through flame 50 hydrolysis by
burning said inflammable gas,
50 c) depositing said soot-like glass particles on a rotating start member
disposed in axial alignmentwith said burner, d) withdrawing said start
member from said burner tip to maintain a substantially constant spacing
therebetween, whereby a soot-like glass rod of circular cross section is
grown on said start member having a 55 predetermined radial dopant
concentration distribution, and                                   55 e)
heating said soot-like glass rod to produce a transparent glass preform
having a predetermined radial refractive index distribution. 2. A method as
claimed in Claim 1, wherein the first and second nozzles are a central
tubular nozzle and a surrounding annular nozzle, the first dopant increases
the index of refraction of the glass, the second dopant 60 decreases the
index of refraction of the glass, and the predetermined radial refractive
index distribution is    60 



parabolic. 3. A method as claimed in Claim 2, further comprising supplying
an inert gas through a third concentric nozzle of said burner disposed
between the second nozzle and the outer nozzle means, whereby said inert
gas forms an annular shield to prevent the deposition of glass particles on
the burner. 65  4. A method as claimed in any one of Claims 1 to 3, wherein
the first and second gaseous raw glass  65    5
GB 2 003131 B        5 materials are carried by argon, helium, oxygen or
nitrogen. 5. A method as claimed in any one of Claims 1 to 4, wherein the
outer nozzle means comprises fourth and fifth concentric nozzles through
which hydrogen and oxygen are supplied respectively. 6. A method as claimed
in any one of Claims 1 to 5, further comprising the step of forming a
soot-like 



glass sheath on said soot-like glass rod by using an additional burner.
5 7. A method as claimed in any one of Claims 1 to 6, wherein the soot-like
glass rod is heated at a temperature between 1400 and 1 600C to render it
transparent. 8. A method of manufacturing a cylindrical glass preform from
which an optical communication fiber may be drawn, substantially as
hereinbefore described with reference to Figures 1 and 2 of the 10
accompanying drawings.
10 9. A cylindrical glass preform manufactured by a method as claimed in
any preceding Claim. 10. A method of manufacturing an optical communication
fiber from a preform as claimed in Claim 9 comprising the step of drawing
the molten preform into a continuous, elongated fiber. 11. A method as
claimed in Claim 10, wherein said preform is inserted into a glass tube and
the preform 15 and the tube are drawn into said continuous, elongated
fiber.                                        15 12. Apparatus for
performing the method of Claim 1, comprising: a) a multiple tip burner
having a central tubular nozzle and a plurality of surrounding concentric
nozzles, 



b) a start member rod disposed in axial alignment with said burner, c)
means for rotating said rod, and 20   d) meansforaxially moving said rod
awayfrom said burner.                                           20 13.
Apparatusfor performing the method of Claim 1, comprising the combination
and arrangement of parts substantially as hereinbefore described with
reference to, and as shown in, Figures 1 and 2 of the accompanying
drawings. Printed for Her Majesty's Stationery Office. by Croydon Printing
Company Limited, Croydon, Surrey, 1982. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


