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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 
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core thereof erbium doped silica manufactured using the 

apparatus shown in Fig. 1. 

Fig. 3 is a graph showing the bulk density distribution of 

a soot preform 34 manufactured according to a preferred 

embodiment. 

Fig. 4 is a graph showing the concentration distribution 

(in the radial 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. 


