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MANUFACTURING METHOD FOR ERBIUMFDOPED SILICA

Background of the Invention

field of the Invention

The present invention relates to an erblum-doped silica
whlch is suitable for use in the manufacturing of optical flbers
which are applied to optlcal fiber technologies such as the
direct optical amplification and the-like, and particulanly
relates to a manufacturing method for erbium-aluminum—phospnorus
doped silica which utilizes aluminum, phosphorus, and the like,

as co-dopants in addition to erbium, and which makes possible an.

increase in gain wavelength band.

" Background Art

The direct optical ampl1ficatlon by means -of optical fibers
doped with rare earth metals is an example of an optical fiber
technique which has attracted attentlon of late. Fig. 6 shows
an example of such amplification technlque, in the amplifier
shown in Fig. 6, an pumping light 3 from an pumping light source

(not shown in the drawing) is incidented into an optical fiber 1

(particularly hopeful as this optical fiber 1 are Er-doped

single mode fibers objected for optical amplification in the
1.55 Mm wavelength band), using a WDM type optical coupler 2,
and a signal light 4 is introdnced simultaneously through an
isolator 6a. By means of this, the energy of the erbium ions
excited by pumping light 3 is applied to signal light 4 by means

of induced emission, and the signal light amplified by means of
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Stability,

An erbium—aluminum Co~doped Ooptical fiber having a Core

aluminum ions, which Stabilize the gain wavelength band of'the

erbium ions, has been Proposed. Thig erbium-aluminum Co-doped

A VAD method, for example, is bPreferably employed in the
manufacture of the erbium—alumlnum co-doped optical fibers
described above. 1p this method, first, as shown inp Fig. 8, a
glass seed rod 12 is Placed within a reaction chamberlll. Next,
oxygen and hydrogen gas are Supplied to 3 burner 13 which ig
pProvided on this reaction chamber 11, and a flame is formed;
this flame is directed to the leagq end of the glass seed rod 12,

SiCl4 gas, consisting of vaporized liquid form SiCl,, is
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Soot preform 14. Néxt,_this obtained soot Preform 14 ig dipped
in ah alcohol solution of ErCls and AlCl3, this ig desiccated,
this is heatedq and made transparent in an atmosphere bf He or
the like, and a preform in which erbium ions ang aluminum iong
are co-doped is thereby Produced.

Next, an optical fiber Preform was manufactureqd using the
abové preform as a core preform. For examble, methods were

employed such as: a method in which the above core Preform was

.central portion of a4 separately Produced cladding pPreform, this
was fused to form an integral Structure, and an Optical fiber

pPreform was thus formed; a method in which soot for cladding was

Finally, this optical fiber pPreform was Subjected to fiber
drawing, and an erbium-aluminun Co-doped optical fiber was
manufactured.

However, in the above methods, when the doping
concentration of AlCl3 in the Silica exceeds 3 Wt %, segregation
of the AlCl3 occurs, and a crystal of the AlCl3 is Precipitateq
within the silica, so that a probilen existed in that AlCl3 could

not be doped at high Concentrations,
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and thus applied in soot preform 14, anqg after this,. this wag

impregnated with in an alcohol.solution of ErCliz and AlCl3 by

made transparent.

In the above method, when soot was deposited on_fhe lead
end of glass seed rod 12, a Phosphorus compound having the
effect of Suppressing the Segregation of AlCl3 was dobed within
Soot, and thus formed Soot preform 14, having a phosphdfﬁg
compound doped therein, was heated and made transparent in~;

mixed atmosphere of gasses produced by the Sublimation of ErCls

and AlClj3, thus forming a Preform; an attempt was thus made to

is formed increases'in an undesirable manner, and as a result of
this, there was a problem in that the doping concentration of
the aluminum compound was reduced.

Furthermore, the operation of doping a Phosphorus compound
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~dopants doped in the liquid phase later, was not uniform'between

the central region of the soot preform 14, which had a high
heating temperature, and the peripheral area of the soot preform
14, which had a low heating temperature.

Furthermore, differences in viscosity resulting from
differences in phosphorus concentration were large, so that it
was difficult to heat the soot preform and make it ‘transparent
at the time of sintering, and a problem emisted in that it was
difficult to obtain solid glass, as the shrinkage 'of thé.inner

side of the soot preform progressed even though the outer side

thereof remained in a soot state.’

Summary of the Invention

It is an object of the present invention to Provide e
manufacturing method for erbium doped silica which makes
Possible the doping, homogeneously and at high conoentrations,
of dopants such as erbium compounds, aluminum compounds;
phosphorus compounds, and the like, in silica glass,

The present invention thus provides a manufacturing method

for erbium doped silica, having

rod and forming soot preform in a porous state on the seed rod,
a dopant impregnation Process for impregnating at least an

erbium compound in the soot preform, wherein soot preform



This Shtét Has Been R ﬂ aced

Uil

a preform formation process for heating and making
transparent the soot preform impregnated with the above-
despribed dopant.

In accordance with the manufacturing method for erbium
doped silica of the pPresent invention, in the dopant
impregnation process, the soot preform which is formed in the
soot formation process is diﬁped in a soiution containing an
erbium compound, an aluminum compound, andia phosphorus
compound, this is desiccated, and an operétioh is ‘thus é&ﬁducted
for the production of soot preform impregnated with this erbium
compound, aluminum compound, and phosphorus compound, so that
the dopant concentrations and component ratio distributions of
the érbium compound, aluminum compound, and phosphorus compound
within the soot preform after.impregnation can be controlled in
an extremely accurate and homogeneous manner. Accordingly, the
preform, which is obtained by means of heating énd rendering
transparent this soot preform which has been thus impregnatéd,
is an erbium—aluminum-phosphorus.doped silica material having a
dopant concentration and Component ratio distribution of erbium
ions, aluminum ions, and phosphorus ions which is extremely
accurate and homogeneous in the radial direction and the
longitudinal direction of the preform.

Furthermore; the preform has a dopant concentration and
component ratio distribution of erbium ions, aluminum ions, and
phosphorus ions which is extremely accurate and homogeneous in
the radial and longitudinal directions thereof, so that, in an
optical fiber which is produced using such a preform as a core
thereof, the problems which existed in erbium doped optical

fibers produced by means of conventional methods, that is to
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'say, the low concentration of erbium ions and aluminum ions in
the core region, are solved. Accordingly, an optical amplifier
,constructed using this optical fiber has an excitation
efficiency which is clearly superior to that of a conventional
optical amplifier.

Furthermore, in the manufacturing method for erbium doped
silica of the present invention, the soot preform is impregnated
with an aluminum compound and a phosphorus compound which has
the effect of suppressing the segregation of this: alumlnum
compound, in addition to the erbium compound, so that the
segregation of the aluminum compound is suppressed in the
preform formation process, and by means of this, it is possible
to set the doping concentration of the aluminum ions in the
preform at a high level.

In addition, the preform has a high doping concentration of
aluminum ions, as explained above, so that an optical fiber
using this preform as a core has a wide gain wavelength band in
comparison with conventional erbium doped optical fibers.
Accordingly, it is possible to broaden the band of the gain
wavelength band characteristics of an optical amplifier which is

constructed using such optical fibers.

Brief Description of the‘Drawings

Fig. 1 shows an example of an erbium doped silica
manufacturing apparatus which is appropriate for conducting the
manufacturing method for erbium doped silica in accordance with
the present invention.

Fig. 2 shows a portion of the process carried out during

the manufacturing of an erbium doped optical fiber using as a
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core thereof erbium doped silica manufactured using the

apparatus shown in Fig. 1.
| Fig. 3 is é graph showing the bulk density distribution of
a soot preform 34 manufactured according to a preferred
embodiment.

Fig. 4 is a gtaph showing the concentration distribution
(in the radial direction)'of erbium ions and aluminum ions in a
preform 42 manufactured according to a préferred embodiment .

Fig. 5 is a graph showing the results of the measurement of

——

gain wavelength band in the vicinity of the 1.55 HUm wavelength
band (1.53 pm - 1.56 um), with respect to an optical fiber 45
manufactured in accordance with a preferred embodiment of the
present invention.

Fig. 6 is for the purpose of'explaining an example of the
technique of the direct optical amplification which utilizes an
optical fiber doped with a rare earth metal, which is an example
of the field.of the use of the present invention.

Fig. 7 is a graph showing the gain wavelength band in the
vicinity of the 1.55 pm wavelength band (1.53 pm - 1.56 um) of
an optical fiber doped solely with erbium.

Fig. 8 shows an VAD apparatus which is appropriate for use
in conducting a conventional manufacturing method of erbium-

aluminum co-doped optical fibers.

Detailed Description of the Preferred Embodiﬁents

Hereinbelow, a preferred embodiment of the manufacturing
method for erbium-doped silica of the present invention will be
explained in detail with reference to the figures. Fig. 1 shows

an example of an erbium doped silica manufacturing apparatus
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which is appropriate for conducting the manufacturing method for

erbium doped silica of the present invention; in the figure,
reference numeral 21 indicates a VAD apparatus; reference
numeral 31 indicates a dopant solution vessel; and reference

numeral 41 indicates a heating furnace for a preform.

[1] Soot Formation Process

In conducting the manufacturing method for erbium doped
silica of the present invention using the above- descrlbed ‘erbium
doped silica manufacturing apparatus, a soot preform is flr;;
formed in VAD apparatus 21. This VAD apparatus .2l is comprising
a reaction chamber 22; a burner 23, which is provided at a
bottom of this reaction qhamber 22 and which has an opening
facing the inside of the reaction chamber 22; a duct 24, which
is connected to reaction chamber 22 and permits to introduce an
used gas from within reaction chamber 22 to exhaust gas
processing apparatus 27; a base material lifting apparatus 25,
which is provided above reactioﬁ chamber 22 and moves a glass
seed rod 33 disposed within reaction chamber 22 in an upwards
and downwards direction; and a gas supply apparatﬁs 26, which is
in communication with the burner 23 and supplies raw material
gas, oxygen gas, and hydrogen gas to the inside of reaction
chamber 22,

In the course of producing this soot preform in VAD
apparatus 21, first, one end of a silica glass seed rod 33 is
connected to base material lifting apparatus 25 provided above
reaction chamber 22, and the other end of this silica glass seed
rod 33 is disposed within reaction chamber 22 so as to be placed

in the vicinity of the opening of burner 23.
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Next, using gas supply apparatus 26, 450-550 éc of SiCl,
per minute, 15 liters of Oz gas per minute, and 10 liters of Hjp
gas per minute were introduced into burner 23, flame hydrolysis
and'a-thermal oxidation reaction were conducted, the SiClys was
subjected to pyrolysis aﬁd soot comprising SiO2 microparticles
was formed, and this soot was deposited on the lead end of
silica glass seed rod 33. Furthermore, duriné this soot
deposition operation, the silica glass seéd rod 33 was moved
upwards by means of base material lifting apparatus 25;"ééot was
deposited in the direction of the lower end of silica glaégmseed

rod 33 at a speed of 55-65 mm per hour, and thereby, a soot

preform 34 having a desired length was obtained.

{2] Dopant Impregnation Process

Next, the soot preform 34 obtained in the soot formation
process is placed in a dopant solution vessel 31, which is
filled with a dopanf solution containing dopants, such as an
erbium compound, an aluminum compound, and a phosphorus
compound, and this soot preform 34 is impregnated with this
erbium compound, aluminum compound; and phosphorus compound.

Among erbium compounds used herein, erbium compounds such
as, for example, ExCl3, ErCl3°%H20, ErCl3ze*6H20, and the like, are
préferable for use, but the present invention is not limited
thereto; any compound may be uéed so long as it can be dissolved
in the solvent which is used. Furthermore, the concentration of
the erbium compound in the dopant solution can be adjusted to a
desired concentration depending upon a necessity. For example,
in_the case in which pure ethanol is used as the solvent,

various concentration conditions are possible, the upper limit
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thereof being 0.54 (wt %), which is the almost highest soluble

concentration of Er¢l3 (anhydride) with respect to ethanol.

Furthermore, among aluminum compounds which are used
herein, aluminum salts, such as, for example, AlCl3, AlCl3*6H20,
and the like, are preferable for use, but the present invention
is not limited thereto; any compound which is soluble in the
solvent which is used may be employed, as in the case of the
erbium compound described above. Furtherﬁore, in- the case in
which pure ethanol is used as the solvent, for example,mtﬁb
concentration of the aluminum compound in the dopant solut;;h
should be below 20 (wt %), in the case of AlCl3z .{(anhydride).
The reason for this is that if the concentration thereof exceeds
. 20 (wt %), AlCl3 would be precipitated.

Furthermore,.amoﬁg phosphorus compounds used herein,
phosphoric esters, éuch as, for example, PO(OCzHs), P (OCH3),
PO (OCH3) 3, PO(OC3Hs)3, and the like, are preferable, but the
present_inventibn is not limited thereto; any compound which is
soluble in the solvent used may be employed. Furthermbre, in
the case in which ethanol is used as the solvent, the
concentration of the phosphorus compound in the dopant solutionl
should preferably be within a range of appréximately 1.0 - 2.0
(wt %), when (CH30)3PO is employed. The reason for this is that
when the concentfation thereof is less than 1.0 (wt %), the
phosphorus doping effect Becomes weak, and furthermore, when
this concentration exceeds 2.0 (wt %), the glass viscosity is
reduced to an undesirable extent.

Furthermore, preferable examples of the solvent in which
the above-described dopants are dissolved include, for example,

alcohols such as ethanol and methanol and the'like, and water;
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however, the present invention is not limited thereto, as it is

possible to employ any solvent which is capable of dissolving
the dopants which are used.

In order to impregnate soot preform 34 with an erbium
compound, an aluminum compound, and a phosphorus compound,
witﬁin dopant solution vessel 31, an ethanol solution containing
0.1 - 0.6 (wt %) of ErCls, 20 (wt %) of AlCls, and 1.0 - 2.0 (wt
%) of PO(0OC2Hsg) is placed within dopant solution vessel 31, and
soot preform 34_i§ dipped in this ethanol solution. By“ﬁéans of
this, an impregnated soot preform 35, consisting_of a soot )

preform 34 impregnated with the dopants described above, is

obtained.

{3] Preform Formation Process

Next, the dopant impregnated soot preform 35, which was
passed through the dopant impregnation process dgscribed above,
is placed within heating furnace 41 for preforms, this soot
preform is heated and renderéd transparent, and a preform 42 is
produced.

In order to produce a preform 42 by heating and making
transparent an impregnated soot preform 35 within a heating
furnace 41 for preforms, first, the impregnated soot preform 35
is desiccated for a pefiod of 24 - 240 hours at a temperature of
60 - 70°C in an atmosphere of nitrogen gas or inart gas. Next,
this desiccated soot preform 35a is heéted and dehydrated for a
period of 2.5 - 3.5 hours at a temperature of 950 - 1050°C in a
atmosphere of a helium gas containing chlorine gas in an amount
of 0.25 - 0.35%. Furthermore, the atmosphere in the inside of

heating furnace 41 is exchanged for an atmosphere consisting
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solely of helium_gas, and in this atmosphere consisting solely

13

of helium, dehydrated soot prefoim 35b is heated and rendered
transparent for a period of 3 - 5 hours at a tempe:ature.of 1400
- 1600°C, and preform 42 is thus produééd.

It is possible to use this preform 42, manufactured by
means of the manufacturing method for erbium doped silica of the
present preferred embodiment, to preduce an optical fiber, by
means of, for example, the method describéd hereinbelow.

Firét, this preform 42 is used as a core preform,"EQ"Shown'
in Fig. 2, and thié core preform;42 is inserted into a-holzwfor
core preform insertion provided in the central portion of a
cladding preform 43 which is separately produced, this is fused
to form an integral structure, and an optical fiber preform 44
is obtained.

Next, this optical fiber preform 44 is placed in a fiber
drawing furnace, ‘the lead end thereof is heated and fiber
drawing is conducted, and an erbium doped optical fiber 45 is
produced.

As explained ébove, in the manufacturing method for erbium
doped silica in accordance with the present preferred
eﬁbodiment, in the dopant impregnation process, a soot preform
34 in a pordus state is dipped in an ethanol solution containing
dopants such as ErCls, AlClz, PO(OCzHs), and the like, this is
desiccated, and an impregnated soot preform 35 impregnated with
dopahts such as the above ErClsz, AlClsg, PO(OCZHSf, and the like,
is produced. Thus, the doping concentration and component ratio
distribution of the erbium compound, aluminum compound, and-
phosphorus compound in the impregnated soot preform 35 can be

controlled in an extremely accurate and homogeneous manner.
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Accordingly, the preform 42 which is obtained by the heating and

rendering transparent -of the impregnated soot preform 35 is used
to produce an erbium-aluminum-phosphorus doped silica ﬁaving a
doping concentration and a component ratio of the erbium ions,
aluminum ions, and phosphorus ions which is extremely accurate
and homogeneous in the radial direction and the longitudinal
direction 6f preform 42.

Furthermore, the preform 42 has a doping concentration and
component ratio of the erbium ions, aluminum ions, and -
phosphorus ions, which is extremely accurate and homdgeneo;;_in
the radial direction and longitudinal direction,. as stated
above, so that in an optical fiber 45 using.this preform 42 as a
core, the problem which is present in the erbium doped optical
fiber produced according to conventional methods, namely, tha;
the concentration of erbiqm ions and aluminum ions in the core
'section is low, is not encountered. Accordingly, an optical
- amplifier which is constructed using such optical fibers 45 has
a gain efficiency which is clearly superior to that of the
conventional article.

Furthermore, in the manufacturing method for erbium doped
silica of the present preferred embodiment, AlClz and PO(OC2Hs),
which has the effect of suppressing the segregation of AlCljz,
are impregnated homogeneoﬁsly in soot preform 34, in addition to
ErClz, so that the segregation of AlClj in the preform formation
process is suppressed, and as a result 6f this, it is possible
to set the doping concentration of the aluminum ions in the
préform 42 at a high level.

Furthermore, the preform 42 has a high'aluminum ion doping

concentration, as explained above; so that in an optical fiber
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45 using such a preform 42 as a core thereof, the gain
wavelength band is stabilized in comparison with a_conventional
erbium doped optical fiber. Accordingly, it is possible to
broaden the band of the gain wavelength band characteristics of

an optical amplifier constructed using such optical fibers 45.

(Experimental Example)

Using an apparatus having a structure which is identical to
that of the manufacturing apparatus for erbium doped siIiéa of
the above preferred embodiment, the manufacturing method f;;—
erbium doped silica of the present invention was carried out.
First, a silica glass seed rod 33 having a diameter of 22 mm was
prepared, one end thereof was connected to base material lifting

apparatus 25, which was provided above reaction chamber 22, and

the other end of this seed rod 33 was disposed within reaction

chamber 22 so as to be positioned in the vicinity of the opening

of burner 23.

Next, oxygen and hydrbgen were supplied to burner 23 and a
flame was formed, 500 cc/min of SiCly gas was introduced into
VAD apparatus 21 using raw material gas supply apparatus 26, and
furthermore, SiClg was subjected to pyrolysis, and a soot
comprising SiO, microparticles was formed, and this soot was
deposited on thé lead end of the seed rod 33. Furthermore,.at
the time of the deposition of this soot, the base material
lifting apparatus 25 was operated and the seed rod 33 was moved
in an upward direction at a rate of 60 mm / hour so as to
deposit the soot. When this operation was continued for a

period of 5 hours, a soot preform 34 having a cylindrical cross
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section, a diameter of 60 mm, and a length of 300 mm, was

obtained in the direction of the lower side of the seed rod 33.

The bulk density distiibuiion of the soot preform 35 having
a diameter of 60 mm and a length of 300 mm, which was obtained
in ﬁhe above described soot formation process, was measured.

The results. are shown in the graph in Fig. 3. As is clear from
the graph of Fig; 3, the bulk density distribution of the soot
preform 35 is homogeneous in the radial diiection thereof, and
the bulk density is within a range of approximately 0.3f.§'/ cm3
- 0.31 g /cm3. ]

Next, the soot preform 34 which was produced in the soot
formation process was dipped in an ethanol s6lution containing
0.1 (wt %) of ErClz, 25 (wt %) of AlClz, and 1.5 (wt %) of
PO(OC2Hs) , at room temperature, and this soot preform 34 was
thus impreénated with these dopants.

Next, the soot preform 35, which had completed the dopant
impregnation process and was thus impregnated with dopants, was
heated to a temperature of 70°C in an atmosphere of nitrogen gas
and thus desiccated. Furthermore, this desiccated soot preform
35a was placed in a heatlng furnace 41 for preforms, the
atmosphere of the inside of whlch comprised a helium atmosphere
with Cls gas present in an amount of 0.3%, thermal dehydration
was conducted for a period of 3 houré at a temperature of
1000°C, and a dehydrated soot preform 35b was obtained. Next,
the atmosphere in the inside of heating furnacel41 for preforms
was altered so as to contain solely helium, and the dehydrated
soot preform 35b was heated for 4 hours at a temperature of
1500°C and rendered transparent, and prefdrm 42 waé thus

manufactured.
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The doping concentrations of erbium ions and aluminum ions
in this preform 42, which was manufactured in the preform
formation process, were measured, and these dopant
concentrations were found to be 1 X 103 ppm in the case of
erbium ions and 6 X 104 ppm in the case of aluminum ions.

Furthermore, the concentration distribution of the erbium
ions and the aluminum ions was measured in the radial dixection
of preform 42, and as shown in the graph Af Fig. 4, the
concentration distribution of erbium ions and aluminum'iuus in.
the radial direction of prgform 42 was essentially homogeneous.

Next, this preform 42 was inserted into the hole for core
preform insertion of a cladding preform 43 made of fluorine
doped silica which had been produced in advance; this was fused
to form an integral structurg; and an optical fiber preform 44
was thus manufactured. In addition, this optical fiber preform
44 was placed in a fiber drawing furnace, the lead énd thereof
was heated and fiber drawing was conducted, and an erbium doped
optical fiber 45 was thus obtained. The gain wavelength band of
the optical fiber 45 which was thus obtained was measured in the

vicinity of the 1.55 um wavelength band (1.53 pm - 1.56 Mm), and

as shown in the graph of Fig. 5, the gain wavelength band in the

vicinity of the 1.55 pm wavelength band was stable.
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Whet is claimed is: -

1. A manufacturing method for erbium doped silica, said method
comprising the steps of:

a soot formation process, wherein a silica glass soot is
deposited on a seed rod for forming a soot preform, which is
formed in a porous state on said seed rod,

‘'a dopant impregnation process for 1mpregnat1ng at least an
erbium compound in said soot preform, wherein said soot preform
obtained in said soot formation process is dipped in a solqtion
_containing an erbium compound, aﬁ aluﬁinum compound, and a
phosphorus compound; said soot preform is desiccated, and soot
preform impregnated with said erbium compound, said aluminum
compound, and said phosphorus .compound is produced, and

a preform formation process for heating and rendering

transparent said soot preform impregnated with a dopant.

2. A manufacturing method for erbium doped silica according to
Claim 1, wherein said erbium doped silica glass is comprising

silica glass forming a core of an optical fiber.

3. A manufacturing method for erbium doped silica according to
Claim 2, wherein said optical fiber is comprising an optical

fiber for transmitting a signal light having a wavelength of

1.53 pm - 1.56 um.

4. A manufacturing method for erbium doped silica according to

Claim 1, wherein said erbium compound is an erbium chloride.
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5. A manufacturlng method for erbium doped silica according to

Claim 1, wherein said aluminum compound is an aluminum chloride.

6. A manufacturing method for erbium doped silica according to

Claim 1, wherein said phoéphorus compound is a phosphoric ester.

7. A manufacturing method for erbium doped silica according to
Claim 1, wherein said solution containing an erbium compound, an
aluminum compound, and a phosphorus compound is comprising at

———

least one of an alcohol solution and an aqueous solution. .
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ABSTRACT OF THE DISCLOSURE

A manufacturing method for erbium doped silica, having a
- soot formation process, in which a silica glass soot is
deposited on a seed rod for forming ; soot preform in a porous
state on the seed rod, a dopaﬁt impregnation process, wherein
the soot preform-is impregnated with at least an erbium
compound, and a preform formation process, whereln this soot
preform impregnated with a dopant is heated and rendered |
transparent. The dopant impregnation process is provided ;Irh
an operation in which the soot preform obtained .in the soot
formation process is dipped in a solution containing an erbium
compound, an aluminum'compound, and a bhosphorus compound; this
is then desiccated, and soot preform which is impréegnated with

the erbium compound, the aluminum compound, and the phosphorus

compound is obtained.
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MANUFACTURING METHOD FOR ERBIUM-DOPED SILICA
Background of -the Invention

Field of the Invention

The present invention‘relates to an erbium-doped silica
which is suitable for use in the manufacturing of optical fibers
which are applied to optiéal fiber technologies such as the
direct optical amplification and the like, and particularly
relates to a manufacturing method for erbium-aluminum-phosphorus
doped silica which utilizes aluminum, phosphorus, and the like,
as co-dopants in addition to erbium, and_ which makes possible'an

increase in gain wavelength band.

Background Art

The direct optical amplification by means of optical.fibers
doped with rare earth metals is an ex;mple of an optical fiber
technique which ﬁas attracted attention of late. Fig. 6 shows
an example of such amplification technique; in the amplifier
éhown in Fig. 6, an pumping light 3 from an pumping light source
(not shown in the drawing) is incidented into an optical fiber 1
(particularly hopeful as this optical fiber 1 are Er-doped
single mode fibers objected for optical amplification in the
1.55 ym wavelength band), using a WDM type optical coupler 2,
and a signal light 4 is:introduced simuitaneously through an
isolator 6a. By means of this, the energy of the erbium ions
excited by pumping light 3 is applied to signal light 4 by means

of induced emission, and the signal light amplified by means of
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this passes through an isolator 6b and is transmitted to fiber
channél 5.

However, simple erbium-singly-doped optical fibers having a
core doped solely with erbium ions have a gain wavelength band
which is unstable in the vicinity of the 1.55 pm wavelength band -
(1.53 pm - 1.56 pum), as shown by liné A in the graph of Fig. 7,
when a small.signal is used; because of this, such fibers are
not suitable for use as materials for the manufacture of an
optical fiber 1 constitutihg the above optical ampiifier, which
requires signal light having .superior gain wavelength band
stability. |

An erbium-aluminum éo—doped optical fiber having a core -
which has been subjected to the co-doping of erbium ions and
aluminum ions, which stabilize the gain wavelength band of the
erbium ions, has been proposed. This érbium—aluminum co-doped
optical fiber is known to-have a small wavelength dependency of
the gain in the vicinity of the 1.55 Um wavelength band, in
comparison with the érbiumééingiy—doﬁed optical fiber, as. shown °
by line B in the graph of Fig. 7.

A VAD method, for example, is preferably employed in the
manufacture of the erbium—aluminum co-doped optical fibers
described abgvé. In this method, first, as shown in Fig. 8, a
glass seed rod 12 is placed within a reaction chamber 11. Next,
oxygen and hydrogen gas are Supplied to a burner 13 which is
provided on this reaction chamber 11, and a flame is formed;
this flame is directed tb'the lead end of the glass seed rod 12,
SiCly gas, consisting of vaporized liquid form SiCly, is
supplied through the burner 13, this is subjected to pyrolysis,

Si0O, microparticles (soot) are formed, and this soot is
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deposited on the lead end of glass seed rod 12 for forming a

soot preform 142 Next, this obtained soot preform 14 is dipped
in an alcohol solution of ErCls and AlClsz, this is desiccated,
this is heated and made 'transparent in an atmosphere of He or
the like, and a preform in which erbium ions and aluminum ions
are co-doped is thereby produced.

- Next, an optical fiber preform was manufactured using the
abové preform as a core preform. For example, methods were
employed such as: a method in which the above core preform was
inserted into a hole for core preform insertion provided in the
central portion of a separately produced cladding preform, this
was fused to form an integral structure, .and an optical fiber
preform was thus formed; a method in which soot for cladding was
deposited on the outer circumference of the absve core preforn,
thus obtained soot.preform for cladding was heated so as to
become transparent, and cladding thus formed, thus forming an
optical fiber pfeform; and like methods.

Finally, this optical fiber preform was subjected to fiber
drawing, énd an erbium-aluminum co-doped optical fiber was
manufactured. |

However, in the above methods, when the doping
_concentration of AlCls in the silica exceeds 3 wt %, segregation
of the AlCl3'bccurs, and a crystal of the AlClj3 is precipitated
within the silica, so that a problem existed in that AlClg coﬁld
not be doped at high concentrations.

A method is known for the preQention of this AlClj3
segregation phenomenon in which a ghosphorus compound (for
example, POCli3) having the effect of suppressing the segregation

of AlCl; was emitted through the burner 13 together with SiCl4
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and thus applied in soot preform 14, and after this,. this was

impregnated with in an alcohol solution of ExClj and AlCl3 by
means of a VAD dipping method identical to that described above,
this was then desiccated, and soot preform 14 was heated and
made transparent.

In the above method, when soot was deposited on the lead
end of glass seed rod 12, a phosphorus compound having the
effect of suppreésing the sggregation of AlCl3 was doped within
soot, and thus formed soot preform 14, haviné a phosphorus
compound doped therein, was heated and hade transparent in a
mixed atmosphere of gasses produced by the sublimation of ErClj
and A1C13{ thus forming a preform; an attempt was thus made to
realize a high doping concentration of aluminum ions in the
silica preform by means of.preventing'the crystallization of
AlCl3. B

However, as explained aboﬁe, when a phosphorus compound is
doped in soot at the time of the deposition of soot, the
viscosity'df the each soot having a phosphorus compound doped
therein is reduced, and as a result of this reduction in
Qiscosity of soot, the bulk.density of the soot preform 14 which

is formed increases in an undesirable manner, and as a result of

~ this, there was a probleﬁ in that the doping concentration of

the aluminumzcompound was reduced.

Furtherhore, the ope;ation of doping a phosphorus compound
within soot while continuously depositing soot on the lead end
of glass seed rod 12 is cbnducted using burner 13, so that there
was a problem in that, asia result of the irregﬁlarities of the
heating temperature of this burner 13, the doping concentration

of the phosphorﬁs compound, and the concentration of the other
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dopants doped in the liquid phase later, was' not uniform between

the central region of the soot preform 14, which had a high
heating temberature, and the peripheral area of the soot preform
14, which had a low heating temperafure.

Furthermore, differences in viscosity resulting from
differences in phosphorus concentration were large, so that it
was difficult to heat the soot preform-and make it transparent
at the time of sinteriné, and a problem existed in that it was
difficult to obtain solid glass, as tﬁe shrinkage of the inner
side of the soot preform progressed even thdugh the outer side

thereof remained in a soot state.’

Summary of the Invention

It is an object of the present invention to provide a
manufacturing method for erbium doped silica which makes
possib1g the doping, homogeneously and at high concentrations,
of dopants such as erbium compounds, aluminum compounds;
phosphorus compounds, and the iike; in silica glass;

The present invention thus provides a manufacturing method
for erbium doped_silica, having

a soot formation process for depositing a soot on a seed

‘_rod and forming soot preform in a porous state on the seed rod,

a dopanﬁ'impregnation process for impregnating at least an
erbium Eompound in the sqot preform, wherein soot preform -
obtained in the soot formation process is dipped in a solution
containing an erbium cémpound, an aluminum compound, and a
phosphorus compound, the soot preform is desiccated, and the
soot preform impregnated with the erbium compound, the aluminum

compound, and the phosphorus compound is produced, and
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a preform formation process for heating and making
transparent the soot preform impregnated with the above-
described dopant.

In accordance with the manufacturing method for erbium
doped silica of the present invention, in the dopant
impregnation process, the soot preform which is formed in the
soot formation process is dibped in a soiution containing an
efbium compound, an aluminum compound, and a phosphorus
compound, this is desiccated, and an operation is ‘thus conducted
for the production of soot preform impregnated with this erbium.
compound, aluminum compound, and phosphorus compound, SO that
the dopant concentrations and component ratio dlstrlbutlons of
the erblum compound, aluminum compound, and phosphorus compound
within the soot preform after.impregnation can be controlled in
an extremely accurate and homogeneous manner. Accordingly, the
preform, which is obtainéd by means of heating énd rendering
transparent this soot prefdrm which has been thus impregnated,
is an erbium-aluminum-phosphorus .doped silica material having a
dopant concentration and combonent ratio distribution of erbium
ions,.aluminum ions, and phosphorus ions which is extremely
accurate and homogeneous in the radial direction and the
longitudinal direction of the preform.

Furtherﬁoré, the preform has a dopant concentration and
component ratio distribution of erbium ions, aluminum ions, and
phosphorus ions which is extremely accuréte and homogeneous in
the radial and longitudinal directions thereof, so that, in an
optical fiber-which is produced using such a preform as a core
thereof, the problems which existed in erbium doped optical

fibers produced by means of conventional methods, that is to
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say, the low concentration of erbium ions and aluminum ions in

the core region, are solved. Accordingly, an optical amplifier
conétructed using this optical fiber has an excitation
efficiency which is clearly superior to that of a conventional
optical amplifier.

Furthermore, in the manufacturing method for erbium doped
silica of the preSent invention, the soot preform is impregnated
with an aluminum compoﬁnd and a phosphorus compound which has
the effect of suppressing the segregation of this aluminum
compound, in addition to the erbium compound, so that the
segregation of the aluminum compound is suppressed in the
preform formation process, and by means of this, it is possible
to set the doping concentration of the aluminum ions in the
preform at a high levél. |

In addition, the preform has a high doping concentration of
aluminum ions, as explained above,. so that an optical fiber |
using this preform as a core has a wide gain wavelength band in
comparison with conventional erbium doped optical.fibers.
Accordingiy, it is possible .to broaden the band of the gain
wavelength baﬁd characteristics of an optical amplifier which is

constructed using such 6ptical fibers.

Brief Description of theiDrawings

Fig. 1 shows an example of an erbium doped silica
manufacturing apparatus which is appropriate for conducting the
manufacturing method for erbium doped silica in accordance with
the presenﬁ invention.

Fig. 2 shows a.portion of the process carried out during

the manufacturing of an erbium doped optical fiber using as a
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core thereof erbium doped silica manufactured using the

apparatus shown in Fig. 1.

Fig. 3 is a graph showing the'bulk.density distribution of
a soot preform 34 manufactured according to a preferred
embodiment.

Fig. 4 is a graph showing the concentration distribution
{in the radial diréction).of erbium ions and aluminum ions in a
pfeform 42 manufactured according to a preferred embodiment.

Fig. 5 is a graph showing the results of the measurement of

gain wavelength band in‘the vicinity of the 1.55 um wavelength

band (1.53 pm - 1.56 pm), with respect to an optical fiber 45

manufactured in accordance with a preferred embodiment of the
present invention.

Fig. 6 is for the purpose of'explaining an example of the
technique of the diréct optical amplification which utilizes an
optical fiber doped with a rare earth metal, which is an example
‘of the field.of the use of the present invention.

Fig. 7 is a gréph'showing the gain wavelength band in the
vicinity of the 1.55 um wavelength band (1.53 Mm - 1.56 pm) of
an optical fiber doped solely with erbium.

Fig. 8 §hows an VAD apparatus which is appropriate for use
in conducting a conventioqal manufacturing method of erbium-

aluminum co-doped optical-fibers.

Detailed Description of the Preferred Embodihents

Hereinbelow, a preferred embodiment of the manufacturing
method for erbium-doped silica of the present invention will Be
explained in detail with reference to the figures. Fig. 1 shows

an example of an erbium doped silica manufacturing apparatus
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which is appropriate for conducting the manufacturing method for
erbium doped silica of the present invention; in the figure,
reference numeral 21 indicates a VAD apparatus; reference
numeral 31 indicates a dopant solution vessel; and reference

numeral 41 indicates a heating furnace for a preform.

[1] Soot Formation Process

In conducting the manufacturing method for erbium doped
silica of the present-ihvention using the above-described erbium
doped silica manufacturing apparatus, a soot preform is first
formed in VAD apparatus 21. This VAD apparatus 21 is comprising
a reaction chamber 22; a burner 23, which is provided at a
bottom of this reaction qhamber 22 and which has an opening
facing the inside of.thé'reaction chamber 22; a duct 24, which
is connected to reaction chamber 22 and permits'to introduce an
 used gas from within reaction chamber 22 to exhaust gas
' processing apparatus 27; a base material lifting apparatus 25,
which is provided above reactioﬁ chamber 22 and moves a glass
seed rod 33 disposed within reaction chamber 22 in an upwards
and downwards direction; and a gas supply apparatﬁs 26, which is
in communication with the burner 23 and supplies raw material
gas, oxygen gas, and hydrogen gas to the inside of reaction
chamber 22.

In the course of producing this soét p;eform in VAD
apparatus 21, first, one ehd-qf a silica glass seed rod 33 is
connected to base material lifting apparatus 25 provided above
reaction chamber 22, and the other end of this silica glass seed
rod 33 is disposed within réaction chamber 22 so as to be placed.

"in the vicinity of the opening of burner 23.
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Mext, using gas supply apparatus 26, 450-550 cc of SiCl,

per minute, 15 liters of O gas per minute, and 10 liters of H,
gas pe¥ minute were introduced into burner 23, flame hydrolysis
and a thermal oxidation reaction were conducted, the SiCl4.was
subjecked to pyrolysis and soot comprising SiO3 microparticles
was formed, and this soot was deposited on the lead end of
silica 9lass seed rod 33. Furthermore, during this soot
deposition operation, the silica glass seed rod 33 was moved
upwards by means of base material lifting apparatus 25, soot was
deposiked in the direction of the lower end of silica glass seed
rod 33 at a speed of 55-65 mm per hour, and thereby, a soot

preform 34 having a desired length was obtained.

(2] Dopant Impregnation Process

Next, the soot preform 34 obtained:ih the soot formation
procesg is placed in a dopant solution vessel 31, which is
filled with a dopanf solution containing dopants, such as an
erbiun éompound, an aluminum compound, and a phosphorus
compoufd, and this soot preform 34 is impregnated with this
erbium compound, aluminum compound; and phosphorus compound.

Anong erbium compounds used herein, erbium compounds such
as, fos exgmple, ExCljs, ErCl3-%H20, ErCl3+6H20, and the like, are
prefergbie for use, but the present invention is not limited
theret®; any compound may be used so long as it can be dissolved
in the solvent which'is used. Furthermore, the concentration of
the errium compound in the dopant solution can be adjuéted to a
desired concentration depending upon a necessity. For example,
in the case in which pure ethanol is used as the solvent,

various concentration conditions are possible, the upper limit

———-



My == (oo,

thereof being 0.54 (wt %), which is the almost highest soluble
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concentration of Er¢13 (anhydride) with respect to ethanol.

Furthermore, among aluminum compounds which are used
herein, aluminum salts, such as, for example, AlCl3, AlCl3+6H20,
and the like, are preferable for use, but the present invention
is not limited thereto; any compound which is soluble in the -
solvent which is used may be employed, as in thg case of the
erbium compound described above. Furthermore, in-the case in
which pure ethanol is used as the solvent,'fdf example, the
concentration of the aluminum compound in the dopant solution
should be below 20 (wt %), in the case of AlClj (anhydride)..
The reason for this is that if the concentration thereof exceeds
20 (wt %), AlCls would be precipitated.

Furthermore, amoﬂg phosphorus compounds used herein,
phosphoric esters, sqch as, for example, PO(OCyHsg), P (OCH3),
PO(OCH3)3, PO(OC3Hs)3, and the like, are preferable, but the
present invention is not limited thereto; any compound which is
soluble in the solvent used may be employed. Furthermore, in
the case in which ethanol is used as the solvent, the
concentration of the phosphorus compound in the dopant solution
should preferably be within a range of approximately 1.0 - 2.0
(vt %), when (CH30)3PO is employed. The reason for this is that
when tﬁe coﬁcentration thereof is less than 1.0 (wt %), the
phosphorus doping effect 5ecomes weak, and furthermo;e, when
this concentration exceeds 2.0 (wt %), the glass viscosity is
reduced to an undesirable extent.

Furthermore, preferable examples of the solvent in which
the above-described dopants are dissolved inciude, for example,

alcohols such as ethanol and methanol and the like, and water;
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however, the present invention is not limited thereto, as it is

possible to employ any solvent which is capable of dissolving
the dopants which are used.

In order to impregnate soot preform 34 with an erbium
compound, an aluminum compound, and a phosphorus compound,
within dopant sqlution vessel 31, an ethanol solution containing
0.1 - 0.6 (wt %) of EfCl3, 20 (wﬁ %) of AlCl3, and 1.0 - 2.0 (wt
%) of PO(OCzHg) is placed within dopant soiution vessel 31, and
soot preform 34_15 dipped in this ethanol solution. By means of
this, an impregnated soot preform 35, consisting of a soot
preform 34 impreénated with the dopants described above, is

obtained.

(3] Preform Formation Process

Next, the dopant impregnated scot preform 35, which was
passed through the dopant impregnation process dgscribed above,
is placed withinlheatiﬁg furnace 41 for preforms, this soot
preform is heated and rendered transparent, and a preform 42 is
produced. |

In order to prodﬁce a preform 42 by heating and making
transparent an impregnated soot preform 35 ﬁithin a heating
furnace 41 for preforms, first, the impregnated soot preform 35
is desiccated for a period of 24 - 240 hours at a temperature of
60 - 70°C in an atmosphere of nitrogen gas or inart gas. Next,
this desiccated soot preform 35a is heated and dehydrated for a
period of 2.5 - 3.5 hours at a temperature of 950 - 1050°C in a
atmosphere of a helium gas containing chlorine gas in an amount
of 0.25 - 0.35%. Furthermore, the atmosphere in the inside of

heating furnace 41 is exchanged for an atmosphere consisting
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solely of helium gas, and in this atmosphere consisting solely

of helium, dehydrated soot preform 35b is heated and rendered
transparent for a period of 3 - 5 hours at a temperature of 1400
- 1600°C, and preform 42 is thus produced.

It is possible to use this preform 42, manufactured by
means of the manufacturing method for erbium doped silica of the
present preferred embodiment, to produce an optical fiber, by
means of, for exémple, the method described hereinbelow.

Firéﬁ, this pfeform 42 is used as a core preform, as shown
in Fig. 2, and this core éreform 42 is inserted into a hole for
core preform insertion providéd in the central portion of a
cladding preform 43 which is separately produced, this is fused
to form an integral structure, and an optical fiber preform 44
is obtained. |

Next, this ‘optical fibef preform 44 is placed in a fiber
.drawing furnace, ‘the lead end thereof is heated and fiber
drawing is conduc¢ted, and an erbium doped optical fiber 45 is
produced. |

As explained above, in.the manufacturing method for erbium
doped silica in accordance with the present preferred
eﬁbodiment, in the'dopant impregnation process, a soot preform
34 in a poréus state is dipped in an ethanol solution containing
dopants such as ErCls, AlCli, PO(OCzHs), and the like, this is
desiccated, and.an impregnated soot préform 35 impregnated with
dopahts such as the above_Epc;3, AlCl3, PO(OC2H5),'and the like,

is produced. Thus, the doping concentration and component ratio
distribution of the erbium compound, aluminum compound, and
phosphorus compound in the impregnated soot preform 35 can be

controlled in an extremely accurate and homogeneous manner,
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Accordingly, the preform 42 which is obtained by the heating and
rendering transparent of the impregnated soot preform 35 is used
to produce an erbium—aluminum-phosphorus doped silica having a
doping concentration and a component ratio of the erbium ions,
aluminum ions, and phosphorus ions which is extremely accurate
and homogeneous in the radial direction and the longitudinal
direction of preform 42.

Furthermore, the preform 42 has a doping concentration and
component ratio-of thg erbium ions, aluminum ions, and
phosphorus ions, which is extremely accurate and homégeneous in
the radial direction and longitudinal direction,. as stated
above, so that in an optical fiber 45 using .this preform 42 as a
core, the problem which is present in the erbium doped optical
fiber produced according to conventional methods, namely, that

the concentration of erbium ions and aluminum ions in the core

‘'section is low, is not encountered. Accordingly, an optical

-amplifier which is-constructed using such optical fibers 45 has

a gain efficiency which is clearly superior to that of the
conventional article.

Furthermore, in the manufacturing method for erbium doped
silica of the present preferred embodiment, AlCls; and PO (OC2Hs) ,
which has the effect of suppressing the segregation of AlCls,
are impregnated homogeneously in soot preform 34, in addition to
ErCl3, so that the segregation of AlCl3 in the preform formation
process is suppressed, and as a result of this, it is possible
to set the doping concentration of the aluminum ions in the
preform 42 at a high level.

Furthermore, the preform 42 has a high aluminum ion doping

concentration, as explained above, so that in an optical fiber
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45 using such a preform 42 as a core thereof, the gain
wavelength band is stabilized in comparison with a.conventional
erbium doped optical fiber. Accordingly, it is possible to
broaden the band of the gain wavelength band characterisﬁics of

an optical amplifier constructed using such opticél fibers 45.

(Experimental Example)

Using an apparatus having a structure which is identical to
that of the manufacturing apparatus for erbium doped silica of
the above preferred embodiment, the manufacturing method for
erbium doped silica of the present invention was carried out.
First, a silica glass seed rod 33 having a diametef of 22 mm was
prepared, one end thereof was connected to base material lifting
apparatus 25, which was provided above reaction chamber 22, and
the other end of this seed rod 33 was disposed within feaction
chamber 22 so as to be positioned.in the vicinity of the opening.
of burner 23. | |

Next, oxygen and hydrogen were supplied to burner 23 and a
flame was formed, S00 cc/min of SiCly4 gas was introduced into
VAD apparatus 21 using raw material gas supply apparatus 26, and
furthermore, SiCly was subjected to pyrolysis, and a soot
comprising Sioz microparticles was formed, and this soot was
deposited on the lead end of the seed rod 33. Furthermore, at
the time of the deposition of this soot, the base material
lifting apparatus 25 was opeigted and the seed rod.33 was moved
in an upward direction at a rate of 60 mm / hour so as to
deposit the soot. When this operation was continued for a

period of 5 hours, a soot preform 34 having a cylindrical cross
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section, a diameter of 60 mm, and a length of 300 mm, was
obtained in the direction of the lower side of the seed rod 33.

The bulk density distributibn of the soot preform 35 having
a diameter of 60 mm and é length of 300 mm, which was obtained
in the above described soot formation process, was measured.

The results are shown in the graph in‘Fi&j 3. As is clear from
the graph of Fig; 3, ‘the bulk density distribution of the soot
preform 35 is homogeneous in the radial di}ection thereof, and
the bulk density is within a range of approximately 0.32 g / cmd
- 0.31 g /cm3.

Nekt, the soot preform 34 which was produced in the soot
formation process was dipped in an ethanol solution containin§
0.1 (wt %) of ErCls, 25 (wt. %) of AlCl3, and 1.5 (wt %) of
PO (0QC3Hs), at room temperature, ana this soot preform 34 was
thus impregnated with these dopants.

Next, the soot prefofm 35, which had completed the dopant
impregnation process and was thus impregnated with dopants, was
heated to a temperature of 70°C in an atmosphere of nitrogen gas
and thus desiccated. Furthermore; this desiccated soot preform
35a was placed in é heating furnace 41 for preforms, the
atmosphere of the inside of whicﬁ comprised a helium atmosphere
wifh Cl; gas present in an amount of 0.3%, thermal dehydration
was conducted.for a period éf 3 hours at a temperature of
1000°C, and a dehydrated soot preform 35b was obtained. Next,
the atmosphere in the inside of heating furnace 41 for preforms
was altered so as to contain solely helium, and the dehydrated"
soot preform 35b was heated for 4 hours at a temperature of
1500°C and rendered transparent, and preform 42 was thus

manufactured.
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The doping concentrations of erbium ions and aluminum ions

in this preform 42, which was manufactured in the preform
formation process, were measured, and thene dopant
concentrations were found to be 1 X 103 ppm in the case of
erbium ions and 6 X 164 ppm in the case of aluminum ions.
Furthermore, tne;concentration distribution of the erbium
ions and the aluminum ions was measured in the radial direction
of pfeform 42, and as shown in the graph éf Fig. 4, the
concentration distribution of erbium ions and aluminum ions in
the radial direction of prgform 42 was essentially homogeneous.
Next, this prefofm 42 was inserted into the hole for core
preform insertion of a cladding preform 43 made of fluorine
doped silica which had been produced in advance; this was fused
to form an integral structure;,and an optical fiber préform 44'
was thus manufactured. In addition, this optical fiber preform
44 was placed in a fiber drawing furnace, the lead énd thereof
was heated and fiber drawing was conducted, and an erbium doped
optical fiber 45 was thus obtained. The gain wavelength band of
the optical fiber 45 which was thus obtained was measured in the

vicinity of the 1.55 pm wavelength band (1.53 pm - 1.56 um), and

as shown in the graph of Fig. 5, the gain wavelength band in the

vicinity of the 1.55 um wavelength band was stable.
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1. A manufacturing method for erbium doped silica, said method

comprising the steps of:

a soot formation process, wherein a silica glass soot is
deposited on a seed rod for forming a soot preform, which is
formed in a porous state on said seed rdd,

"'a dopant impregnation process for impregnating ét least an
erbium compound in said soot preform, wherein said soot preform
obtained in said soot formation process is dipped in a solqtion
.containing an erbium compound, aﬁ aluminum compound, and a
phosphorus compound; said soot preform is desiccated, and soot
preform impregnated with said erbium compound, said aluminum
compound, ' and said phosphorus .compound is produced, and

a preform formation process for heating and rendering

transparent said soot preform impregnated with a dopant.

2. A manufacturing method for erbium doped silica according to
Claim 1, wherein said erbium doped silica glass is comprising

silica glass forming a core of an optical fiber.

3. A manufacturing method for erbium doped silica according to
Claim 2, wherein said optical fiber is comprising an optical
fiber for transmitting a signal light having a wavelength of

1.53 Um - 1.56 Hm.

4. A manufacturing method for erbium doped silica according to

Claim 1, wherein said erbium compound is an erbium chloride,
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5. A manufacturing method for erbium doped silica according to

Claim 1, wherein said aluminum compound is an aluminum chloride.

6. A manufacturing method for erbium doped silica according to

Claim 1, wherein said phosphorus compound is a phosphoric ester.

7. A manufacturing method for erbium doped silica according to
Claim 1, wherein said solution containing an erbium compound, an
aluminum compound, and a phosphorus compound is comprising at

least one of an alcohol solution and an agqueous solution.

———
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MANUFACTURING METHOD FOR ERBIUM DOPED SILICA

ABSTRACT OF THE DISCLOSURE

A manufacturing method for erbium doped silica, having é
soot formation process, in which a silica glass soot is
deposited on a seed rod for forming a soot preform in a porous
staté on the seed réd, a dopant impregnation process, wherein
the soot preform.is impregnated with at least an erbium
compound, and'a-preform formation process, wherein this soot
preform impregnated with a dopant is heated and rendered'
transparent. The dopant impregnation process is provided with
an operation in which the soot preform obtained.in the soot |
formation process is dipped in a solution containing an erbium
compound, an aluminhm.compound, and a bhosphorus compound; this
is then desiccated, and soot preform which is impregnated with
.the erbium compound, the aluminum compound, and the phosphorus

compound is obtained.

FIGURE 1
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Manufacturing method for erbium-doped silica glass optical
fibre preforms

Description

The present invention relates to an erbium-doped
silica which is suitable for use in the manufacturing of
optical fibers which are applied to optical fiber technolo-
gies including the direct optical amplification, and partic-
ularly relates to a manufacturing method for erbium-
aluminum-phosphorus doped silica which utilizes alumi-
num, phosphorus, and the like, as co-dopants in addi-
tion to erbium, and which makes possuble anincreasein
gain wavelength band.

The direct optical amplification by means of optical

" fibers doped with rare earth metals is an example of an
optical fiber technique which has attracted attention of
late. Fig. 6 shows an example of such ampilification
technique; in the amplifier shown in Fig. 6, an pumping
light 3 from an pumping light source (not shown in the
drawing) is incidented into an optical fiber 1 (particularly
optimistic as this optical fiber 1 is an Er-doped single
mode fiber intended for optical ampilification in the 1.55

~ um wavelength band), using a WDM (wavelength divi-

" sion multiplexer) type optical coupler 2, and a signal
light 4 is introduced simuitaneously through an isolator
6a. By means of this, the energy of the erbium ions
excited by pumping light 3 is applied to signal light 4 by
means of induced emission, and the signal light ampili-
fied by means of this passes through an isolator 6b and
is transmitted to fiber channel 5.
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However, simple erbium-singly-doped optical fibers
having a core doped solely with erbium ions have a gain
wavelength band which is unstable in the vicinity of the
1.35 um wavelength band (1.53 um - 1.56 um), as
shown by line A in the graph of Fig. 7, when a small sig-
nal is used; because of this, such fibers are not suitable
for use as materials for the manufacture of an optical
fiber 1 constituting the above optical ampilifier, which
requires signal light having superior gain wavelength
band stability.

An erbium-aluminum co-doped optical fiber having
a core which has been subjected to the co-doping of

- erbium ions and aluminum ions, which stabilize the gain
. wavelength band of the erbium ions, has been pro-
posed. This erbium-aluminum co-doped optical fiber is
known to have a small wavelength dependency of the
~ gain in the vicinity of the 1.55 um wavelength band, in
comparison with the erbium-singly-doped optical fiber,
as shown by line B in the graph of Fig. 7.
A VAD (vapor axial deposition) method, for exam-
" ple, is preferably employed in the manufacture of the
erbium-aluminum co-doped optical fibers described
above. In this method, first, as shown in Fig. 8, a glass®
-seed rod 12 is placed within a reaction chamber 11.
Next, oxygen and hydrogen gas are supplied to a burner
13 which is provided on this reaction chamber 11,and a
flame is formed; this flame is directed to the lead end of
the glass seed rod 12, SiCl, gas, consisting of vapor- -
ized liquid form SiCl,, is supplied through the burner 13,
this is subjected to pyrolysis, SiO, microparticles (soot)
' are formed, and this soot is deposited on the lead end of
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glass seed rod 12 for forming a soot preform 14. Next,
this obtained soot preform 14 is dipped in an alcohol
solution of ErCly and AlCl;, this is desiccated, this is
heated and made transparent in an atmosphere of He
or the like, and a preform in which erbium ions and alu-
minum ions are co-doped is thereby produced.

Next, an optical fiber preform was manufactured
using the above preform as a core preform. For exam-
ple, methods were employed such as: a methed in
which the above core preform was inserted into a hole
for core preform insertion provided in the central portion
of a separately produced cladding preform, this was
fused to form an integral structure, and an optical fiber
preform was thus formed; a method in which soot for
cladding was deposited on the outer circumference of
the above core preform, thus obtained soot preform for
cladding was heated so as to become transparent, and
cladding thus formed, thus forming an optical fiber pre- -
form; and like methods.

Finally, this optical fiber preform was subjected to
fiber drawing, and an erbium-aluminum co-doped opti-
cal fiber was manufactured.

However, in the above methods, when the doping
concentration of AlCl; in the silica exceeds 3 wt %, seg-
regation of the AICl; occurs, and a crystal of the AICl; is
precipitated within the silica, so that a problem existed in

that AICl; could not be doped at high concentrations.
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| A method is known for the prevention of this AlCl;

segregation phenomenon in which a phosphorus com-
pound (for example, POCIz) having the effect of sup-
pressing the segregation of AICl; was emitted through
the burner 13 together with SiCl, and thus applied in
soot preform 14, and after this, this was impregnated
with in an alcohol solution of ErCl; and AlCl; by means
of a VAD dipping method identical to that described

above, this was then desiccated, and soot preform 14

was heated and made transparent.

In the above method, when soot was deposited on
the lead end of glass seed rod 12, a phosphorus com-
pound having the effect of suppressing the segregation
of AICI; was doped within soat, and thus formed soot
. preform 14, having a phosphorus compound doped:
therein, was heated and made transparent in a mixed
atmosphere of gasses produced by the sublimation of
ErCl; and AlCl,, thus forming a preform; an attempt was
thus made to realize a high doping concentration of alu-
minum ions in the silica preform by means of preventing
~ the crystallization of AICl;.

' However, as explained above, when a phosphorus
compound is doped in soot at the time of the deposition
of soot, the viscosity of the each soot having a phospho-

-rus compound doped therein is reduced, and as a resuit
of this reduction in viscosity of soot, the bulk density of
the soot preform 14 which is formed increases in an
undesirable manner, and as a result of this, there was a
problem in that the doping concentration of the alumi-

" num compound was reduced.

Furthermore, the operation of doping a phosphorus
compound within soot while continuously depositing
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. soot on the lead end of giass seed rod 12 is conducted
using burner 13, so that there was a problem in that, as
a result of the irregularities of the heating temperature of
this burner 13, the doping concentration of the phospho-
rus compound, and the concentration of the other
dopants doped in the liquid phase later, was not uniform
between the central region of the soot preform 14,
which had a high heating temperature, and the periph-
- eral area of the soot preform 14, which had a low heat-
ing temperature.

, Furthermore, differences in viscosity resulting from
differences in phosphorus concentration were large, so
that it was difficult to heat the soot perform and make it
transparent at the time of sintering, and a probiem
- existed in that it was difficult to obtain solid glass, as the
shrinkage of the inner side of the soot perform pro-
gressed even through the outer side thereof remained in
a soot state. -
EP-A-0466932 discloses a quartz glass doped with
rare earth elements (Er or Nd) and aluminum and
optionally either germanium or phosphorus, made by
doping a porous silica soot preform with germanium or
phosphorus from the vapor phase and subsequently co-
doping with aluminum and either Er or Nd from solution.
Hence, this prior art document describes a process
comprising the features defined in the pre-characteris-
ing part of claim 1 of the present invention. in "Journal
of Lightwave Technology, vol. 8, No. 2, Feb. 1991, pp.
220-227, there is provided a review of the fabrication -
and properties of erbium doped fibers for optical ampli-
fiers. JP-A-03252320 discloses a method of producing
a quartz glass doped with erbium and aluminum. None
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of such references teach or suggest the use of dopants
consisting of erbium, aluminum, and phosphorus ions
which are impregnated together from solution in a core
of an optical fiber.

It is an object of the present invention to provide a
manufacturing method for erbium doped silica which
makes possible the doping, homogeneously and at high
concentrations, of dopants including erbium com-
pounds, aluminum compounds, phosphorus com-
pounds in silica glass.

The present invention thus provides a manufactur-
ing method for erbium doped silica, according to claim
1.

In accordance with the manufacturing method for
erbium doped silica of the present invention, in the
dopant impregnation process, the soot preform which is
“formed in the soot formation process is dipped in a solu-
tion containing an erbium compound, an aluminum
compound, and a phosphorus compound, this is desic*
cated, and an operation is thus conducted for the pro-
- duction of soot preform impregnated with this erbium
compound, aluminum compound, and phosphorus
compound, so that the dopant concentrations and com-
ponent ratio distributions of the erbium compound, alu- .
minum compound, and phosphorus compound within
the soot preform after impregnation can be controlled in
~an extremely accurate and homogeneous manner.
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Accordingly, the preform, which is obtained by means of
heating and rendering transparent this soot preform
which has been thus impregnated, is an erbium-alumi-
num-phosphorus doped silica material having a dopant
concentration and component ratio distribution of
erbium ions, aluminum ions, and phosphorus ions
~ which is extremely accurate and homogeneous in the
radial direction and the longitudinal direction of the pre-
. form.

Furthermore, the preform has a dopant concentra-
tion and component ratio distribution of erbium ions,
aluminum ions, and phosphorus ions which is extremely
- accurate and homogeneous in the radial and longitudi-
nal directions thereof, so that, in an optical fiber which is
produced Using such a preform as a core thereof, the
problems which existed in erbium doped optical fibers
produced by means of conventional methods, that is to
say, the low concentration of erbium ions and aluminum
ions in the core region, are solved. Accordingly, an opti-
cal amplifier constructed using this optical fiber has an
excitation efficiency which is clearly superior to that of a
conventional optical amplifier. |

Furthermore, in the manufacturing method for
erbium doped silica of the present invention, the soot
preform is impregnated with an aluminum compound
and a phosphorus compound which has the effect of
suppressing the segregation of this aluminum com-

pound, in addition to the erbium compound, so that the -

- segregation of the aluminum compound is suppressed
in the preform formation process, and by means of this,
it is possible to set the doping concentration of the alu-
minum ions in the preform at a high level.
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In addition, the preform has a high doping concen-
_ tration of aluminum ions, as explained above, so that an
optical fiber using this preform as a core has a wide gain
wavelength band in comparison with conventional
erbium doped optical fibers. Accordingly, it is possibie to
broaden the band of the gain wavelength band charac-
teristics of an optical amplifier which is constructed
using such optical fibers.

_Brief.Description of the Drawings

Fig. 1 shows an example of an erbium doped silica
manufacturing apparatus which is appropriate for con-
ducting the manufacturing method for erbium doped sil-
ica in accordance with the present invention.

"."Fig. 2 shows a portion of the process carried out
during the manufacturing of an erbium doped optical
fiber using as a core thereof erbium doped silica manu-
factured using the apparatus shown in Fig. 1.

Fig. 3 is a graph showing the bulk density distribu-
tion of a soot preform 34 manufactured according to a
preferred embodiment.

Fig. 4 is a graph showing the concentration distribu-
tion (in the radial direction) of erbium ions and aluminum
ions in a preform 42 manufactured according to a pre-
ferred embodiment.
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Fig. 5 is a graph showing the results of the meas-
urement of gain wavelength band in the vicinity of the
1.55 um wavelength band (1.53 pm - 1.56 um), with
respect to an optical fiber 45 manufactured in accord-
ance with a preferred embodiment of the present inven-
tion.

Fig. 6 is for the purpose of explaining an example of
the technique of the direct optical amplification which
utilizes an optical fiber doped with a rare earth metal,
which is an example of the field of the use of the present
invention.

Fig. 7 is a graph showing the gain wavelength band
in the vicinity of the 1.55 um wavelength band (1.53 um
- 1.56 um) of an optical fiber doped solely with erbium.

Fig. 8 shows an VAD apparatus which is appropri-
‘ate for use in conducting a conventional manufacturing
method of erbium-aluminum co-doped optical fibers.

Detailed Description of the Preferred Embodiments

Hereinbelow, a preferred embodiment of the manu-
~ facturing method for erbium-doped silica of the present
invention will be explained in detail with reference to the
figures. Fig. 1 shows an example of an erbium doped
silica manufacturing apparatus which is appropriate for
conducting the manufacturing method for erbium doped
silica of the present invention; in the figure, reference
numeral 21 indicates a VAD apparatus; reference
numeral 31 indicates a dopant solution vessel; and ref-
erence numeral 41 indicates a heating furnace for a pre-
form. '
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[1] Soot Formation Process

In conducting the manufacturing method for erbium
doped silica of the present invention using the above-
described erbium doped silica manufacturing appara-
tus, a soot preform is first formed in VAD apparatus 21.

This VAD apparatus 21 is comprising a reaction cham-

ber 22; a burner 23, which is provided at a bottom of this
reaction chamber 22 and which has an opening facing
the inside of the reaction chamber 22; a duct 24, which
is connected to reaction chamber 22 and permits to
introduce an used gas from within reaction chamber 22
to exhaust gas processing apparatus 27; a base mate-
rial lifting apparatus 25, which is provided above reac-

tion chamber 22 and moves a glass seed rod 33 |

disposed within reaction chamber 22 in an upwards and
downwards direction; and a gas supply apparatus 26,
which is in communication with the burner 23 and sup-

plies raw material gas, oxygen gas, and hydrogen gasto . |

the inside of reaction chamber 22.

' In the course of producing this soot preform in VAD
apparatus 21, first, one end of a silica glass seed rod 33
is connected to base material lifting apparatus 25 pro-
vided above reaction chamber 22, and the other end of
this silica glass seed rod 33 is disposed within reaction
chamber 22 so as to be placed in the vicinity of the
opening of burner 23.
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Next, using gas supply apparatus 26, 450-550 cc of
SiCl4 per minute, 15 liters of O, gas per minute, and 10
liters of Hy gas per minute were introduced into burner
23, flame hydrolysis and a thermal oxidation reaction
were conducted, the SiCl, was subjected to pyrolysis
and soot comprising SiO, microparticles was formed,
and this soot was deposited on the lead end of silica
glass seed rod 33. Furthermore, during this soot depo-
sition operation, the silica glass seed rod 33 was moved
upwards by means of base material lifting apparatus 25,
soot was deposited in the direction of the lower end of
silica glass seed rod 33 at a speed of 55-65 mm per
hour, and thereby, a soot preform 34 having a desired
length was obtained.

[2] Dopant Impregnation Process

Next, the soot preform 34 obtained in the soot for-
mation process is placed in a dopant solution vessel 31,
which is filled with a dopant solution containing dopants,
an erbium compound, an aluminum compound, and a
phosphorus compound, and this soot preform 34 is
impregnated with this erbium compound, aluminum
compound, and phosphorus compound.

Among erbium compounds used herein, erbium
compounds such as, for example, ErCla, ErCly « 14H,0,
ErCl3 - 6H,0, and the like, are preferable for use, but the
present invention is not limited thereto; any Er, Aland P
- compound may be used so long as it can be dissolved
in the solvent which is used. Furthermore, the concen-
tration of the erbium compound in the dopant solution
can be adjusted to a desired concentration depending
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upon requirements. For example, in the case in which'
pure ethanol is used as the solvent, various concentra-
tion conditions are possible, the upper limit thereof
being 0.54 (wt %), which is the aimost highest soluble
concentration of ErCl (anhydride) with respect to etha-
nol.

Furthermore, among aluminum compounds which
are used herein, aluminum salts, such as, for example,
AICl,, AICI; - 6H50, and the like, are preferable for use,
. but the present invention is not limited thereto; any Er, Al
and P compound which is soluble in the solvent which is
used may be employed, as in the case of the erbium
compound described above. Furthermore, in the case
in which pure ethanol is used as the solvent, for exam-
ple, the concentration of the aluminum compound in the
dopant solution should be below 20 (wt %), in the case
- of AICI; (anhydride). The reason for this is that if the
~concentration thereof exceeds 20 (wt %), AICly would

'be precipitated. -
Furthermore, among phosphorus compounds used
- herein, phosphoric esters, such as, for example,
PO(OC5Hs), P(OCH3), PO(OCH3)5, PO(OC3Hs)3, and
the like, are preferable, but the present invention is not
limited thereto; any Er, Al and P compound which is sol-
uble in the solvent used may be employed. Further-
more, in the case in which ethanol is used as the
solvent, the concentration of the phosphorus compound
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in the dopant solution should preferably be within a
range of approximately 1.0 - 2.0 (wt %), when
(CH30)3P0 is employed. The reason for. this is that
when the concentration thereof is less than 1.0 (wt %),
the phosphorus doping effect becomes weak, and fur-
thermore, when this concentration exceeds 2.0 (Wt %), *
the glass viscosity is reduced to an undesirable extent.

Furthermore, preferable examples of the solvent in
which the above-described dopants are dissoived
include, for example, alcohols such as ethanol and
‘methanol and the like, and water; however, the present
. invention is not limited thereto, as it is possible to
employ any solvent which is capable of dissolving the
~ dopants which are used.
in order to impregnate soot preform 34 with an
~ erbium compound, an aluminum compound, and a
phosphorus compound, within dopant solution vessel
31, an ethanol solution containing 0.1 - 0.6 (wt %) of
- ErCls, 20.(wt %) of AICl3, and 1.0 - 2.0 (wt %) of
PO(OC5Hs) is placed within dopant solution vessel 31, -
 and soot preform 34 is dipped in this ethanol solution.
By means of this, an impregnated soot preform 35, con-
sisting of a soot preform 34 impregnated with the
. dopants described above, is obtained.

[3] Preform Formation Process

Next, the dopant impregnated soot preform 35,
which was passed through the dopant impregnation
- process described above, is placed within heating fur-
‘nace 41 for preforms, this soot preform is heated and
rendered transparent, and a preform 42 is produced.
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In order to produce a preform 42 by heating and
making transparent an impregnated soot preform 35
within a heating furnace 41 for preforms, first, the
impregnated soot preform 35 is desiccated for a period
of 24 - 240 hours at a temperature of 60 - 70°C in an
atmosphere of nitrogen gas or inart gas. Next, this des-
iccated soot preform 35a is heated and dehydrated for a
period of 2.5 - 3.5 hours at a temperature of 950 -
'~ 1050°C in a atmosphere of a helium gas containing
chlorine gas in an amount of 0.25 - 0.35 Vol %. Further-
more, the atmosphere in the inside of heating furnace
41 is exchanged for an atmosphere consisting solely of
helium gas, and in this atmosphere consisting solely of
helium, dehydrated soot preform 35b is heated and ren-
dered transparent for a period of 3 - S hours at a temper-
ature of 1400 - 1600°C, and preform 42 is thus
produced. '

It is possible to use this preform 42, manufactured
by means of the manufacturing method for erbium
 doped silica of the present preferred embodiment, to
produce an optical fiber, by means of, for example, the
method described hereinbelow.

First, this preform 42 is used as a core preform, as
shown in Fig. 2, and this core preform 42 is inserted into
a hole for core preform insertion provided in the central
portion of a cladding preform 43 which is separately
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produced, this is fused to form an integral structure, and
an optical fiber preform 44 is obtained.

Next, this optical fiber preform 44 is placed in a fiber
drawing furnace, the lead end thereof is heated and
fiber drawing is conducted, and an erbium doped optical
. fiber 45 is produced.

As explained above, in the manufacturing method
for erbium doped silica in accordance with the present
preferred embodiment, in the dopant impregnation
process, a soot preform 34 in a porous state is dipped in
an ethanol solution containing dopants of ErCls, AlCls
and PO(OC,Hs), this is desiccated, and an impregnated
soot preform 35 impregnated with dopants of ErCls,
AICl; and PO(OC,Hs), and the like, is produced. Thus,
the doping concentration and component ratio distribu-
~ tion of the erbium compound, aluminum compound, and
phosphorus compound in the impregnated soot preform
35 can be controiled in an extremely accurate and
homogeneous manner. Accordingly, the preform 42
which is obtained by the heating and rendering trans-
parent of the impregnated soot preform 35 is used to
produce an erbium-aluminum-phosphorus doped silica
having a doping concentration and a component ratio of
the erbium ions, aluminum ions, and phosphorus ions
which is extremely accurate and homogeneous in the
. radial direction and the longitudinal direction of preform
42.
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Furthermore, the preform 42 has a doping concen-
tration and component ratio of the erbium ions, alumi-
num ions, and phosphorus ions, which is extremely
accurate and homogeneous in the radial direction and
longitudinal direction, as stated above, so that in an opti-
cal fiber 45 using this preform 42 as a core, the problem
which is present in the erbium doped optical fiber pro-
duced according to conventional methods, namely, that
the concentration of erbium ions and aluminum ions in
the core section is low, is not encountered. Accordingly,

an optical amplifier which is constructed using such

~ optical fibers 45 has a gain efficiency which is clearly
superior to that of the conventional article.

Furthermore, in the manufacturing method for
erbium doped silica of the present preferred embodi-
. ment, AlCl3 and PO(OC,Hs), which has the effect of

suppressing the segregation of AICl;, are impregnated
homogeneously in soot preform 34, in addition to ErCls,
so that the segregation of AICl; in the preform formation
process is suppressed, and as a result of this, it is pos-
sible to set the doping concentration of the aluminum
ions in the preform 42 at a high level.

Furthermore, the preform 42 has a high aluminum
ion doping concentration, as explained above, so that in
an optical fiber 45 using such a preform 42 as a core
thereof, the gain wavelength band is stabilized in com-
~ parison with a conventional erbium doped optical fiber.
Accordingly, it is possible to broaden the band of the
- gain wavelength band characteristics of an optical
amplifier constructed using such optical fibers 45.
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(Experimental Example)

Using an apparatus having a structure which is
‘identical to that of the manufacturing apparatus for
erbium doped silica of the above preferred embodiment,
the manufacturing method for erbium doped silica of the
present invention was carried out. First, a silica glass
seed rod 33 having a diameter of 22 mm was prepared,
one end thereof was connected to base material lifting
apparatus 25, which was provided above reaction
‘chamber 22, and the other end of this seed rod 33 was
disposed within reaction chamber 22 so as to be posi-
tioned in the vicinity of the opening of burner 23.. |
- Next, oxygen and hydrogen were supplied to burner
+ 23 and a flame was formed, 500 cc/min of SiCl, gas
was introduced into VAD apparatus 21 using raw mate-
rial gas supply apparatus 26, and furthermore, SiCl,
was subjected to pyrolysis, and a soot comprising SiO,
microparticles was formed, and this soot was deposited
" on the lead end of the seed rod 33. Furthermore, at the
time of the deposition of this soot, the base material lift-
ing apparatus 25 was operated and the seed rod 33 was
moved in an upward direction at a rate of 60 mm / hour
so as to deposit the soot. When this operation was con-
- tinued for a period of 5 hours, a soot preform 34 having
a cylindrical cross section, a diameter of 60 mm, and a
length of 300 mm, was obtained in the direction of the
lower side of the seed rod 33. -
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_ The bulk density distribution of the soot preform 35
having a diameter of 60 mm and a length of 300 mm,
which was obtained in the above described soot forma-
tion process, was measured. The resuits are shown in
the graph in Fig. 3. As is clear from the graph of Fig. 3,
the bulk density distribution of the soot preform 35 is
homogeneous in the radial direction thereof, and the
bulk density is within a range of approximately 0.32 g /.
~ em®-0.31 g/em.

Next, the soot preform 34 which was produced in
the soot formation process was dipped in an ethanol
solution containing 0.1 (wt %) of ErCls, 25 (wt %) of
- AlCl3, and 1.5 (wt %) of PO(OC,Hs), at room tempera-
fure, and this soot preform 34 was thus lmpregnated
with these dopants. |

Next, the soot preform 35 which had completed the
dopant impregnation process and was thus impreg-
nated with dopants, was heated to a temperature of
70°C in an atmosphere of nitrogen gas and thus desic-
" cated. Furthermore, this desiccated soot preform 35a -
was placed in a heating furnace 41 for preforms, the
atmosphere of the inside of which comprised a helium
atmosphere with Cl, gas presentin an amount of 0.3%,
thermal dehydration was conducted for a period of 3
hours at a temperature of 1000°C, and a dehydrated
- soot preform 35b was obtained. Next, the atmosphere in
the inside of heating furnace 41 for preforms was
altered so as to contain solely helium, and the dehy-
drated soot preform 35b was heated for 4 hours at a
temperature of 1500°C and rendered transparent, and
preform 42 was thus manufactured.
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The doping concentrations of erbium ions and alu-
minum ions in this preform 42, which was manufactured
in the preform formation process, were measured, and
these dopant concentrations were found to be 1 X 103
ppm in the case of erbium ions and 6 X 10* ppm in the

- case of aluminum ions.

Furthermore, the concentration distribution of the
erbium ions and the aluminum ions was measured in
the radial direction of preform 42, and as shown in the
graph of Fig. 4, the concentration distribution of erbium
ions and aluminum ions in the radial direction of preform

42 was essentially homogeneous.

' Next, this preform 42 was inserted into the hole for
core preform insertion of a cladding preform 43 made of
fluorine doped silica which had been produced in
" advance; this was fused to form an integral structure,
and an optical fiber preform 44 was thus manufactured.
In addition, this optical fiber preform 44 was placed in a
fiber drawing furnace, the lead end thereof was heated
and fiber drawing was conducted, and an erbium doped
optical fiber 45 was thus obtained. The gain wavelength
band of the optical fiber 45 which was thus obtained
was measured in the vicinity of the 1.55 um wavelength
~band (1.53 pm - 1.56 um), and as shown in the graph of
Fig. 5, the gain wavelength band in the vicinity of the
1.55um wavelength band was stable.
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Claims

1. A method of manufacturing an optical fiber preform,
whose core-forming part comprises erbium doped
silica, comprising the steps of:

(a) depositing a porous silica glass soot on a
seed rod to produce a porous silica glass soot
preform;
(b) impregnating the porous glass soot preform
from step (a) with dopants by dipping the said
soot preform in a solution containing at least an
erbium compound and an aluminum com-
pound;
(c) desiccating the preform impregnated wuth
-dopants from step (b);
(d) heating the preform from step (c) to render
it transparent;

characterized in that, in step (b), for
impregnating the preform with dopants by dip-
ping, the said solution further contains a phos-
phorus compound, whereby an optical fiber
preform having a core-forming part of silica
glass doped with erbium, aluminum and phos-
phorus is formed.

2. A method of manufacturing an optical fiber accord-
ing to Claim 1, further comprising the step of:
' drawing said optical fiber preform having a
core-forming part of silica glass doped with erbium,
aluminum and phosphorus.

|
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A method of manufacturing an optical fiber preform
according to claim 1 or 2, wherein said erbium com-
pound is an erbium chloride.

A method of manufacturing an optical fiber preform
according to claim 1 or 2, wherein said aluminum
compound is an aluminum chloride.

A method of manufacturing an optical fiber preform
according to claim 1 or 2, wherein said phosphorus
compound is a phosphorus ester.

A method of manufacturing an optical fiber preform
according fo claim 1 or 2, wherein said solution con-
taining an erbium compound, an aluminum com-
pound and a phosphorus compound comprises at
least one of an alcohol solution and aqueous solu-
tion. ‘
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Manufacturing method for erbium-doped silica glass optical
fibre preforms

ABSTRACT OF THE DISCLOSURE

A manufacturing method for erbium doped silica, having a
soot formation process, in which a silica glass soot is
deposited on a seed rod for forming a soot preform in a porous
state on the seed rod, a dopant impregnation process, ﬁherein
the soot preforﬁ.is impregnated with at least an erbium
compound, and a preform formation process, wherein this soot
preform impregnated with a dopant is heated and rendered
transparent. The dopant impregnation process is pﬁovided with
an operation in which the soot preform obtained .in the soot
formation process is dipped in a solution containing an erbium
compound, an aluminum éompound, and a éhosphorus compound; this
is then desiccated, and soot preform which is impregnated with
the erbium compound, the aluminum compound, and the phosphorus

compound is obtained.

Figure 1.



