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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 optical ·fiber technologies such as the 
direct optical amplification and the like, and particuiariy 
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 example of an optical fiber 
technique which has attracted attention of late. Fig. 6.shows 
an example of such amplification 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 hopeful as this optical fiber 1 are Er-doped 
single mode fibers objected for optical amplification in the 
1.55 µm wavelength band), using a WDM type optical coupler 2, 
and a signal light 4 is introduced 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 indu.ced emission, and the signal light amplified by means of 
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this passes through ari isolator 6b and is transmitted to fiber channel s~ 

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 µm wavelength band (1.53 µm - 1.56 µm), as shown by line 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 constituting the above optical amplifier, 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 proposed. 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 µm wavelength band, in comparison with the erbium~singly-doped optical fiber, as. shown by line Bin the graph of Fig. 7. 
A VAD method, for exa~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, SiCl4 gas, consisting of vaporized liquid form SiCl4, is supplied through the burner 13, this is subjected to pyrolysis, Si02 microparticles (soot) are formed, and this soot is 



in an alcohol solution of ErCl3 and A1Cl3, 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 above 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 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 preform; and like methods. 

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

However, in the above methods, when the doping concentration of AlCl3 in the silica exceeds 3 wt %, ~egregation of the AlCl3 occurs, and a crystal of the AlCl3 is precipitated within the silica, so that a problem existed in that AlCl3 could not be doped at high concentrations. 
A method is known for the prevention of this AlCl3 segregation phenomenon in which a phosphorus compound (for example, POCl3) having the effect of suppressing the segregation of AlCl3 was emitted through the burner 13 together with SiC14 
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and thus applied in soot preform 14, and after this,. this was impregnated with in an alcohol .solution of ErCl3 and AlCl3 by means of a VAD dipping method identical to that descri~ed 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 suppressing the segregation of AlCl3 was doped within soot, 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 ErCl3 and AlCl3, thus forming a preform; an at~empt was thus made to realize a high doping concentration of aluminum ions in the silica preform by means of preventing the crystallization of AlCl3. 

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 phosphorus compound doped therein is reduced, and as a result 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 aluminum compound was reduced. 
Furthermore, the operation of doping a phosphorus compound within soot while continuously depositing soot on the lead end of glass 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 phosphorus 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 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 existed in that it was difficult to obtain solid glass, as the shrinkage·of the 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 a 
manufacturing method for erbium doped silica which makes 
possible the doping, homogeneously and at high concentrations, of dopants such as erbium compounds, aluminum compounds, 
phosphorus compounds, and the like, in silica glass. 

The present invention thus provides a man~facturing 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 dopant impregnation process for impregnating at least an erbium compound in the soot preform, wherein soot preform 

obtained in the soot formation process is dipped in a solution containing an erbium compound, 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 dipped in a solution containing an 
erbium compound, an aluminum compound, and a phosphorus 
compound, this is desiccated, an~ 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 distributions of 
the erbium 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, ~hich is obtained by means of heating and rendering 
transparent this soot preform which has been thus impregnated, 
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·aluminum 

compound, in addition to the erbium compound, ~o 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 erb.ium 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 



.· ... 

8 

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 direction) of erbium ions and aluminum ions in a 

preform 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 µm wavelength 

band (1.53 µm - 1.56 µm), 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 utili_zes 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 µm wavelength band (1.53 µm - 1.56 µm) 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 Embodiments· 

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-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 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 material lifting apparatus 25, 

which is provided above reaction chamber 22 and moves a glass 

seed rod 33 disposed within reaction chamber 22 in an upwards 

and downwards direction; and a gas supply appar_atus 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 cc of SiCl4 

per minute, 15 liters of 02 gas per minute, and 10 liters of H2 

gas per minute were introduced into burner 23, flame hydrolysis 

and a·thermal oxidation reaction were conducted, the SiCl4 was 

subjected to pyrolysis and soot comprising Si02 microparticles 

wa·s formed, and this soot was deposited on the lead erid of 

silica glass 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 

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 Proce~s 

Next, the soot preform 34 obtained in the soot formation 

process is placed in a dopant solution vessel 31, which is 

filled with a dopant 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 
1 

as, for example, ErCl3, ErCl3•'21120, ErCl3•6H20, and the like, are 

preferable for use, but the present invention is not limited 

thereto; any compound may be used 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 ErCl3 (anhydride) with respect to ethanol. 

Furthermore, among aluminum compounds which are used 

herein, aluminum· salts, such as, for example, A1Cl3, 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. Furthermore, in· the case in 

which pure ethanol is used as the solvent, for example,--·the 

concentration of the aluminum compound in the dopant solution 

should be below 20 (wt %) , in the case of AlCl3 .. (anhydride) .. 

The reason for this is that if the concentration thereof exceeds 

20 (wt%), AlCl3 would be precipitated. 

Furthermore, among phosphorus compounds used herein, 

phosphoric esters, such as, for example, PO(OC2H5), P(OCH3), 

PO(OCH3)3, PO(OC3H5)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 

(wt %), when (CH30)3PO is employed. The reason for this is that 

when the concentration thereof is ·1ess 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, 

within dopant solution vessel 31, an ethanol solution containing 

0.1 - 0.6 (wt %) of ErCl3, 20 (wt %) of AlCl3, and 1.0 - 2.0 (wt 
. 

%) of PO(OC2H5) 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, 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 described above, 

is placed within heating furnace 41 for preforms, this soot 

preform is heated and rendered 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 perioa 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 c~ntaining 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 prod~ced. 

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 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 such as ErCl3, AlCl3, PO(OC2H5), and the like, this is 

desiccated, and.an impregnated soot preform 35 impregnated with 

dopants such as the above ErCl3, 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 the erbium ions, aluminum ions,· and ··· ·· 

phosphorus ions,· which is extremely accurate and homogeneous in 

the radial direction and longitudinal direction, .. as stated 

above, so that in an optical fiber 45 us~ng,this preform 42 ~s 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 ~uch 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, AlCl3 and PO(OC2H5), 

which has the effect of suppressing the segregation of AlCl3, 

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 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 siii:ca of 

the above preferred embodiment, the manufacturing method for 

erbium doped sili~a of the present invention wa~ 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 hydrogen were supplied to burner 23 and a 

flame was formed, 500 cc/min of SiCl4 gas was introduced into 

VAD apparatus 21 using raw material gas supply apparatus 26, and 

furthermore, SiCl4 was subjected to pyrolysis, and a soot 

comprising Si02 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 operated and the seed rod 33 was moved 

in an upward ~irection at a rate of 60 nun I 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 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 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 direction thereof, and 

the bulk density is within a range of approxiinate1y 0.32 9· I cm3 

- 0.31 g /cm3. 

Next, the soot preform 34 which was produced in the soot 

formation process was dipped in an ethanql solution containing 

0.1· (wt %) of ErCl3, 25 (wt.%) of AlCl3, and 1.5 (wt %) of 

PO(OC2H5), at room temperatur~, and this soot preform 34 was 

thus impregnated with these dopants. 

Next, the soot preform 35, which had completed th~ 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 heating furnace 41 for preforms, the 

atmosphere of the inside of which comprised a helium atmosphere 

with Cl2 gas present in 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 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 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 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 µm wavelength band (1.53 µm - 1.56 µm), and 

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

vicinity of the 1.55 µm wavelength band was stable. 
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What 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 impregnating at least an 

erbium compound in said soot preform, wherein. said soot .. preform 

obtained in said soot.formation process is dipped in a solution 

.containing an erbium compound, an 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 µm - 1.56 µm. 

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 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 a soot preform in a porous 

state on the seed rod, 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 aluminum compound, and a phosphorus compound;· this 

is then desiccated, and soot preform which is impregnated 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 optical 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 u.tilizes 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 example of an optical fiber 

technique which has attracted attention of late. Fig. 6.shows 

an example of such amplification 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 hopeful as this optical fiber 1 are· Er-doped 

single mode fibers objected for optical amplification in the 

1.55 µm wavelength band}, using a WDM type optical coupler 2, 

and a signal light 4 is introduced simultaneously through an 

iso1ator 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 

channel 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 µm wavelength band 

(1.53 µm - 1.56 µm), as shown by line 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 constituting the above optical amplifier, 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 ~ons, which stabilize the gain wavelength band of the 

erbium ions, has been proposed. 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 µm wavelength band, in 

comparison with the erbium~singly-doped optical fiber, as. shown 

by line Bin the graph of Fig. 7. 

A VAD method, for exa~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 

prov~ded on this reaction chamber 11, and a flame is formed; 

this flame is directed to ·the lead end of the glass seed rod 12, 

SiCl4 gas, consisting of vaporized liquid form SiCl4, is 

supplied through the burner 13, this is subjected to pyrolysis, 

Si02 microparticles (soot) are formed, and this soot is 



--------

REPLACEMENT SHEET 

Date :.0 .. 3 OCT l9!i 
······················ 

deposited on the lead end of glass seed rod 12 for forming a 

soot preform 14. Next, this obtained soot p:z::eform 14 is dipped 

in an alcohol solution of ErCl3 and AlCl3, 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 

above 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 ci~cumference of the above core preform, 

thus obtain~d soot preform for cladding was heated so· as to 

become transparent, and cladding thus formed, thus forming an 

optical fiber preform; and like methods. 

Finally'· this optical fiber preform was subjected to. fiber 

drawing, and an erbium-aluminum co-doped optical fiber was 

manufactured. 

However, in the above methods, when the doping 

_concentration of AlCl3 in the silica exceeds 3 wt %, ~egregation 

of the AlCl3 occurs, and a crystal of the AlCl3 is precipitated 

within the silica, so that a problem existed in that AlCl3 could 

not be doped at high concen~rations. 

A method is known for the prevention of this AlCl3 

segregation phenomenon in which a phosphorus compound (for 

example, POCl3) having the effect of suppressing the segregation 

of AlCl3 was emitted through the burner 13 together with Sic14 
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and thus applied in soot preform 14, and after this,. this was 

impregnated with in an alcohol solution of ErCl3 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 transpa~ent. 

In the above method, when soot was deposited on the lead 

end of glass seed rod 12, a phosphorus compound having the 
. 

effect of suppressing the segregation of AlCl3 was doped within 

soot, 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 sublima~ion of ErCl3 

and AlCl3, thus forming a preform; an at~empt was thus made to 

realize a high doping concentration"of aluminum ions in the 

silica preform.~y means of _preventing the crystallization ·of 

. However, as eXplained above, when a phosphorus compound is 

doped in soot at the time of t~e deposition of soot, the 

viscosity of the each soot having a phosphorus compound doped 

therein is reduced, and as a .result 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 aluminum· compound was reduced .. 

Furthermore, the operation of doping a phosphorus compound 

within soot while continuous~y depositing soot on the lead end 

of glass 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 phosphorus 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 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 existed in that it was 

difficult to obtain solid glass, as the shrinkage of the inner 

side of the soot preform progressed even though the outer side 

thereof remained in a soot state.· 

Summary of the ~nvention 

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 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 

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 dopant impregnation process for impregnating at least an 

erbium compound in the soot preform, wherein soot preform 

obtained in the soot formation process is dipped in a solution 

containing an erbium compound, 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 

soo~ formation process is dipped in a solution containing an 

erbium compound, an aluminum compound, and a phosphorus 

compound, this is desiccated, an9 an operation is ·thus conducted 

for the production of soot preform impregnated with this erbium. 

compound, aluminum co~pound, and phosphorus compound, so that 

the dopant concentrations and component ratio distributions of 

the erbium 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., ~hich ~s obtained by means of heating and rendering 

transparent this soot preform which has been thus impregnated, 

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 i's ext,remely 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 regio~, are solved. Accordingly, an optical amplifier 

constructed using this opt~cal 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 

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

segregation of ,the aluminum compound is suppressed in the 

preform £ormation 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 th~t an optical fiber 

using this preform as a core has a wide gain wavelength band in 

comparison with conventional erb~um doped optical.fibers. 

According~y, it is possible .to broaden the band of the gain 

wavelength ba~d 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 fo+ 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 



···-··· "' ..... -

This Sheet Has B IS SHEET HAS BEEN '] 

1811illil~ ~D · /, 

~ ........ -----·· 
.:-~C~~;NT SHEE'f 

oate :.O .. J. .. OCT..& .... 

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 direction) of erbium ions and aluminum ions in a 

preform 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 µm wavelength 

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

manufactured in accordance with a pref erred embodiment of the 

present invention. 

Fig. 6 is for the purpose of explaining an e~ample of the 

tech~ique ·of the direct optical amplification which utili.zes 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 g~in wavelength band in the 

vicinity of the 1.55 µm wavelength band (1.53 µm - 1.56 µm) 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 Embodiments 

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-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, whicn 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, wliich 

is connected to reaction chamber 22 and permits.~o 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 reaction chamber 22 and moves a glass 

seed rod 33 disposed within reaction chamber 22 in an upwards 

and downwards direction; and a gas supply appar_atus 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 cc of SiC1 4 

per minute, 15 liters of 02 gas per minute, and 10 liters of a2 

gas per. minute were introduced into burner 23, flame hydrolysis 

and a ~hermal oxidation reaction were conducted, the SiCl4 was 

subjecr.;ed to pyrolysis and soot comprising Si02 microparticles 

was fo~med, and this soot was deposited on the lead end of 

silica glass seed rod 33. Furthermore, during this soot 

deposi~ion operation, the silica glass seed rod 33 was moved 

upward§ by means of base material lifting apparat~s 25, soot was 

deposil;ed 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 09tained. 

[2] Dopant Impregnation Proce~s 

N~xt, the soot_ preform 34 obtained"in the soot formation 

proces§ is placed in a dopant solution vessel 31, which is 

filled with a dopant 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 
1 as, fof example, ErCl3, ErCl3•2H20, ErCl3•6H20, and the like, are 

preferable 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 er~ium compound in the dopant solution can be adjusted to a 

desire~ concentration depending upon a necessity. For example, 

in the case in which pure ethanol is used as the solvent, 

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

concentration of ErCl3 (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. Furthermore, in· the case in 

which pure ethanol is used as the solvent, for example, the 

concentration of the aluminum compound in the dopant solution 

should be below 20 (wt %) , in the case of AlCl3 (anhydride) .. 

The reason for this is that if the concentration thereof exceeds 

20 (wt%), AlCl3 would be precipitated. 

Furthermore, among phosphorus compounds used herein, 

phosphoric esters, such as, for example, PO(OC2H5), P(OCH3), 

PO (OCH3) 3, PO (OC3H5) 3, and the· like, are preferable, but the 

present inventi'on 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 

(wt %), when (CH30)3PO 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 furthermore, when 

this concentration exceeds 2.o (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; 



12 

REPLACEMENT SHEET j 

Date :.Q..l .. OCJ..~.... I-

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 ErCl3, 20 (wt %) of AlCl3, and 1.0 - 2.0 (wt 
. 

%) of PO(OC2H5) 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, 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 descr~bed above, 

is placed within heating furnace 41 for preforms, this soot 

preform is heated and rendered 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 perioa of 24 - 240 hours at a temperature of 

60 - 70°C in an atmosphere of nitrogen gas or inart gas. Next, 

this desiccated soot pref or~ 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 c9ntaining 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 prod¥ced. 

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 pr0duce 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 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 si1ica 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 such as ErCl3, AlCl3, PO(OC2H5), and the like, this is 

desiccated, and.an impregnated soot preform 35 impregnated with 

dopants such as the above ErCl3, AlCl3, PO (OC2Hs), ·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 the erbium ions, aluminum ions, and 
phosphorus ions,· which is extremely accurate and homogeneous in 
the radial direction and longitudinal direction, .. as stated 
above, so that in an optical fiber 45 us~ng,this preform 42 ~s a 
core, the problem which is pr~sent in the erbium doped optical 
fiber produced according to conventional methods, namely, that 
the concentration of erbium ions and aluminum ion"s in the core 
·section is low, ·is not encountered. Accordingly, an optical 

·amplifier which is· constructed using ~uch 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, AlCl3 and PO(OC2H5), 
which has the effect of suppressing the segregation of AlCl3, 

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 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 ap1;>aratus for erbium doped siTica of 

the above p~eferred embodiment, the manufacturing method for 

erbium doped sili9a of the present in~ention wa~ carr~ed 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 hydrogen were supplied to burner 2~ and a 

flame was formed, 500 cc/min of SiCl4 gas was introduced into 

VAD apparatus 21 using raw material gas supply apparatus 26, and 

furthermore, SiCl4 was subjected to pyrolysis, and a soot 

comprising Si02 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 ope.rated and the seed rod 33 was moved 

in an upward direction at a rate of 60 mm I 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 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 formation process, was measured. 

The results are shown in the graph in ·F·ig. 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 approxiinate~y 0.32 g. I cm3 

0.31 g /cm3. 

Next, the soot preform 34 which was produced in the soot 

formation process was dipped in an ethanql solution containing 

0 .1· (wt %) of ErCl3, 25 (wt. %) of AlCl3, and 1. 5 (wt %) of 

PO(OC2H5), at room temperatur~, and this soot preform 34 was 

thus impregnated with these dopants. 

Next,_the soot preform 35, which had completed th~ 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 heating furnace 41 for preforms, the 

atmosphere of the inside of which comprised a helium atmosphere 

with Cl2 gas present in 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 dehydrated 

soot preform 35b was heated for 4 hours at a temperature of 

1500°C and rendered transparent, and preform 42 was thus 

manufactured. 

·:.:J 
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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 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 sil.ica 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 µm wavelength band (1.53 µm - 1.56 µm), and 

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

vicinity of the 1.55 µm wavelength band was stable. 
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What 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 f9r impregnating at least an 

erbium compound in said soot preform, wherein s~id soot preform 

obtained in said soot formation process is dipped in a solution 

.containing an erbium compound, an 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 form~tion 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 µm ~ 1.56 µm. 

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 aqueous solution. 

------

This Sheet Has B 

11111101r 
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MANUFACTURING METHOD FOR ERBIUM DOPED SILICA 

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 po~ous 

state on the seed rod, 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.~n the soot 

formation process is dipped in a solutio~ containing an erbium 

compound, an aluminum compound, and a phosphorus 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 possible an increase in 

gain wavelength band. 
The direct optical amplification by means of optieal 

fibers doped with rare earth metals is ari example of an 

optical fiber technique which has attracted attention of 

late. Fig. 6 shows an example of such amplification 

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 

mod~ fiber intended for optical amplification in the 1.55 

· µm wavelength band), using a WDM {wavelength divi­

sion multiplexer) type optical coupler 2, and a signal 

light 4 is introduced simultaneously through an isolator 

Sa. 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 ampli­

fied by means of this passes through an isolator Sb 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 
1.55 µm wavelength band (1.53 µm - 1.56 µm), 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 amplifier, 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 aJuminum ions, which stabilize the gain 
wavelength band of the erbium ions, ~as 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 µm wavelength band, in 
comparison with the erbium-singly-doped optical fiber, 
as shown by line Bin the graph of Fig. 7. 

A VAD (vapor axial deposition) method, for exam­
.· pie, is preferably employed in the manufacture of the 

erbium-aluminum co-doped optical fibers described 
above. fn 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, SiCl4 gas, consisting of vapor- · 
ized liquid for~ SiCl4, is supplied through the burner 13, 
this is subjected to pyrolysis, Si02 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 ErCl3 and AICl3, 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 
usin.g the above preform as a core preform. For exam­
ple, 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 claddir:ig 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 
co·ncentration of AICl3 in the silica exceeds 3 wt %, seg­
regation of the AICl3 occurs, and a crystal of the AICl3 is 
precipitated within the silica, so that a problem existed in 
that AICl3 could not be doped at high concentrations. 
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A method is lmown for the prevention of this AICl3 
segregation phenomenon in which a phosphorus com .. 
pound (for example, POCl3) having the effect of sup .. 
pressing the segregation of AICl3 was emitted through 
the burner 13 together with SiCl4 and thus applied in 
soot preform 14, and after this, this was impregnated 
with in an alcohol solution of ErCl3 and AICl3 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 AICl3 was doped within soot, 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 
ErCl3 and AICl3, 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 AICl3. 

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 result 
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 glass 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 concentrati_on 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 sinteri~g. and a probf em 
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-character_is­
ing part of claim 1 of the present invention. In "Journal 
of Lightwave Technology, vol. 9, 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 manufadur­
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 
comp~und, 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 long~tudinal 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 I evel. 
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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 possible 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 µm wavelength band (1.53 µm • 1.56 µm), 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 µ.m wavelength band (1.53 µm 

- 1.56 µm) 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. 

Detail~ Description of the Prefer~ec:I 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 chamb~r 22 and moves a glass seed rod 33 
disposed within reaction chamber 22 in an upwards and 
downwards direction; and a gas ~upply apparatus 26, 
which is in communication with the burner 23 and sup­
plies 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 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 0 2 gas per minute, and 10 
liters of H2 gas per minute were introduced into burner 
23, flame hydrolysis and a thermal oxidation reaction 
were conducted, the SiCl4 was subjected to pyrolysis 
and soot comprising Si02 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 ·;s 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 prefotm 34 is 
impregnated with this erbium compound, aluminum 
compound, and phosphorus compound. 

Among erbium compounds used herein, erbium 
compounds such as, for example, ErCl3, ErCl3 • 1hH20, 
ErCl3 • 6H20, and the like, are preferable for use, but the 
present invention is not limited thereto: any Er, AJ and f. 
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 °lo), which is the almost highest soluble 
concentration of ErCl3 (anhydride) with respect to etha-

~ 

nol. 
Furthermore, among aluminum compounds which 

are used herein, aluminum salts, such as, for example. 
AIC13, AICl3 • 6H20, 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 AJCl3 (anhydride). The reason for this is that if the 
concentration thereof exceeds 20 (wt%), AICl3 would· 

·be precipitated . 
. Furthermore, among phosphorus compounds used 

herein, phosphoric esters, such as, for example, 
PO(OC2H5), P(OCH3), PO(OCH3)3 , PO(OC3H5)3. and 
the like~ are preferable, but the present invention is not 
limited thereto; any Er, Al and f. 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)3PO is employed. The reason for this is that 
when the concentration thereof is less than 1.0 (wt%), 
the phosphorus doping effeci 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 dissolved 
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 di"ssolving ·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 
ErCl3, 20. -{wt %) of AJCl3, and 1.0 - 2.0 {wt %) of 
PO(O~Hs) 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 desaibed 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 -

· 1 OS0°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 - 5 hours at a temper­

ature of 1400 - 1 soo°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 fib~r. by means of, for example, the 

method described hereinbelow. 
First, this preform 42 is used as a core preform, as 

shC>Wn 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 cont~ning dopants of ErCl3 , AIC13 

and PO{OC2H5). this is desiccated, and an impregnated 

soot preform 35 impregnated with dopants of ErCl3 , 

AICl3 and PO(O~H5), 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 controlled 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 directi~n of preform 

42. 
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Furthermore. the preform 42 has ~ 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 eoncentration 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. AICl3 and PO(O~Hs), which has the effect of 
suppressing the segregation of AICl3, are impregnated 
homogeneously in soot preform 34, in addition to ErCl3 • 
so that the segregation of AICl3 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. 



REPLACEMENT SHEET 

Date :.2...1 .. .JUN-·97···· 
-17-

(Experimental Example) 

Using an apparatus having a structure which is 
. identical to that of the manufacturing apparatµs 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 $0 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 SiCl4 gas 
was introduced into VAD apparatus 21 using raw mate­
rial gas supply apparatus· 26, and furthermore, SiCl4 
was subjected to pyrolysis, and a soot comprising Si02 
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 I hour 
so as to deposit the soot. When this operation Was .con-

. tinued for a period of 5 hours, a soot pr_eform 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 des~ribed soot forma-
tion process, was measured. The results are shown in 
_the gr~ph in Fig. 3. As is clear from the graph of Fig. 3, 
the bulk density distribution of the soof preform 35 is 
homogeneous in the radial direction thereof, and the 
bulk density is within a range of approximately 0.32 g /. 
cm3 - 0.31 g /cm3. 

Next. the soot preform 34 which was produced in 
the soot formation process was dipped in an ethanol 
solution containing 0.1 {wt %) of ErCl3 , 25 {wt %) of 
AICl3 ~ and 1.5 (wt o/o) of PO(OC2H5), at room tempera­
ture, and this soot preform 34 was thus impregnated 
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 Cl2 gas present in an amount of 0.3%,• 
thermal dehydration was conduded 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 1 soo0 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 1 o3 

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 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. 
Jn addition, this optical fiber preform 44 was placed in a 
fiber drawing furnace, the lead end thereof was ~eated 
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 µm wavelength 

. band (1.53 µ.m - 1.56 µ.m), and as shown in the graph of 
Fig. 5, the gain wavelength band in th~ vicinity of the 
1.55 µm 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 with 
·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 ~iber 
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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3. A method of manufacturing an optical fiber preform 
according to claim 1 or 2, wherein said erbium com­
pound is an erbium chloride. 

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

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

6. A method of manufacturing an optical fiber preform 
according to 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, 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.~n the soot 

formation process is dipped in a solution containing an erbium 

compound, an aluminum compound, and a phosphorus compound;· this 

is then desiccated, and soot preform which is impregnated.with 

tne erbium compound, the aluminum compound, and the phosphorus 

compound is obtained. 

Figure 1. 


