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(57) ABSTRACT 

A method that provides a neW Way to embed rare earth 
?uorides into silicate (or germania-doped silica) glasses by 
means of solution chemistry. Embedding rare earth ?uorides 
into a silicate (or germania-doped silica) glass comprises the 
following steps. First, form a porous silicate core preform. 
Second, submerge the preform into an aqueous solution of 
rare earth ions. Third, remove the preform from the solution 
and Wash the outside surfaces of the preform. Fourth, 
submerge the preform into an aqueous solution of a ?uori 
nating agent to precipitate rare earth tri?uorides from the 
solution and deposit in the pores or on the Wall of the 
preform. This is folloWed by drying. 
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METHOD FOR MAKING GLASSES CONTAINING 
RARE EARTH FLUORIDES 

RELATED APPLICATION 

[0001] This Application is a division of co-pending, 
allowed US. application Ser. No. 09/268,768, entitled 
“GLASSES CONTAINING RARE EARTH FLUORIDES,” 
?led in the name of Huai-liang Wei, on Mar. 15, 1999, the 
contents of Which is incorporated herein by reference, and 
this Application claims priority thereto. 

TECHNICAL FIELD 

[0002] The invention relates to a neW process for embed 
ding rare earth ?uorides into silica glasses. The neW embed 
ded glasses are useful as optical ampli?ers for telecommu 
nications. 

BACKGROUND ART 

[0003] In recent years there has been an explosive deploy 
ment of optical ampli?ers, particularly erbium doped ?ber 
ampli?ers, in optical telecommunication systems. This phe 
nomenon is due in part to the Well-recognized advantages 
that these types of devices have over repeater type ampli 
?cation schemes. For example, the erbium doped ?ber 
ampli?er (EDFA), Which conveniently operates in the pre 
ferred 1550 nm, or so-called third telecommunication spec 
tral WindoW, has high polariZation-non-sensitive gain, loW 
cross talk betWeen signals at different Wavelengths, good 
saturation output poWer, and a noise ?gure close to the 
fundamental quantum limit. The excellent noise character 
istics potentially alloW hundreds of ampli?ers to be incor 
porated along the length of a optical ?ber link, Which could 
span thousands of kilometers. Optical ampli?ers, particu 
larly EDFAs, in contrast to electronic repeaters, are also 
transparent to data rate, signal format and Wavelength over 
a limited range, making them especially useful for Wave 
length multiplexed communication systems that simulta 
neously transmit a large number of signals using different 
Wavelength bands for each signal. 

[0004] Currently, germania-doped silica and heavy metal 
?uoride (such as ZBLAN) glasses are used as hosts for rare 
earth ions, such as erbium and praseodymium, to make ?ber 
ampli?ers. Silica base glasses are chemically and mechani 
cally stable. They are both relatively easy to fabricate and 
fuse With germania-doped silicate ?bers. Existing silicate 
glasses, hoWever, are inefficient for infrared upconversion 
because of their large phonon energy. On the other hand, 
?uoride glasses have loW phonon energy, but are very 
dif?cult to ?beriZe. Fluoride glasses are also dif?cult to fuse 
With silicate ?bers. 

[0005] Transparent oxy?uoride glass-ceramics, Which are 
comprised of ?uoride microcrystals in a glassy matrix, offer 
unique properties of high chemical durability and a loW 
phonon energy environment for rare earth ions dopants. 
These glass-ceramics are made by melting oxides and ?uo 
rides of cation components to form an oxy?uoride glass. 
Typically, the glass-ceramic is made in a tWo-step ceram 
ming process. A?rst heat treatment forms nuclei in the glass, 
from Where in a second heat treatment the ?uoride micro 
crystals groW. Because these transparent oxy?uoride glass 
ceramics generally have loWer melting temperatures, higher 
refractive indexes and higher thermal expansion coefficients 
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than silicate glasses, they may pose a challenge to making 
?ber ampli?ers that are covered With a pure silica overclad 
ding. 
[0006] Accordingly, there continues to be a need for a 
glass-ceramic material that is CTE-matched for use in 
optical ampli?ers and methods for making such products. In 
particular, there is a need for neW Ways for embedding rare 
earth ?uorides into glasses suitable for making optical 
ampli?ers. 

SUMMARY OF THE INVENTION 

[0007] Brie?y, the present invention relates to a silica 
based glass containing rare earth-?uoride crystals. In 
another aspect, the invention relates to a method for embed 
ding rare earth ?uorides into silica-based (or germania 
doped silicate) glasses by means of solution chemistry. The 
term “silica-based glass” or “silicate glass” as used herein 
refers to any glass having silica and/or germania-doped 
silica as the predominant component of greater than or equal 
to about 70% by Weight. 

[0008] The rare-earth-ion-doped glass preforms, accord 
ing to the present invention, have a fundamental composi 
tion, on an oxide-basis in terms of Weight percent, compris 
ing (or consisting essentially of): 

Oxide Weight Percent 

SiO2 and GeO2 85-990 
A1203 and Ga2O3 O—14.9 
REXFy 0.01—2.0 
RXFy 0.1-2.0 

[0009] Wherein X and Y are integers not equal to 0. The 
amounts of SiO2 +GeO2 are fully interchangeable. Each 
component—SiO2 or GeO2—could range from 0% to about 
99%, as long as the total sum of SiO2+GeO2 is betWeen 
about 85% and 99%. The sums of A1203 and Ga2O3 also are 
interchangeable. R is an alkali or alkaline-earth ion such as 
Na, K, Li, Ca, or Mg. RE is a rare-earth ion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] As contemplated, the method for embedding rare 
earth ?uorides into a silicate (or germania-doped silica) 
glass comprises the folloWing steps. First, one provides a 
porous silicate preform. Preferably the preform is formed as 
a porous silica core by an oxide vapor deposition (OVD) 
process. Preferably, the preform has a pore siZe of about 500 
nm or smaller, more preferably, in the range of about 200 nm 
to about 300 nm or 400 nm. Second, one submerges the 
preform into an aqueous solution containing rare earth ions. 
Preferably the solution is a nitrate solution such as Er(N03)3, 
Pr(N03)3, Nd(NO3)3, Dy(N03)3, or a combination of these 
nitrates. At this stage, the pores in the preform ?ll With the 
aqueous solution of rare earth ions. Third, the preform is 
removed from the nitrate solution and Washed out using 
deioniZed Water to remove any extra amounts of nitrate on 

the outside surfaces of the preform. Fourth, one submerges 
the preform into an aqueous solution of a ?uorinating agent, 
such as ammonium bi?uoride, ammonium ?uoride, HF or 
KF. Fluoride ions diffuse into the pores and the folloWing 
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reaction occurs, RE3++3F1_QREF3, wherein rare earth tri 
?uorides precipitate out from solution and deposit in the 
pores or on the Wall. 

[0011] A?fth step entails drying the preform at about 300° 
C. in a vacuum to remove any remaining Water inside the 
pores. Generally after the drying step, the preform is still 
porous. Hence, in a siXth step, one heats the preform again 
in a chlorine or ?uorine environment to remove any residual 
Water and ?nally consolidates the preform into a non-porous 
glass body, Which may serve as a preform for useful articles 
and devices such as ?bers for optical ampli?ers. 

[0012] The melting points of rare earth ?uorides range 
from 1143° C. (HoF3) to 1515° C. (ScF3), Which are loWer 
than the melting point of silica (1710° C.) and close to the 
sintering temperature of germania-doped silica. Therefore, 
in the siXth step, normal consolidation procedure for OVD 
core preforms can be used to consolidate the ?uoride-silica 
preforms. 
[0013] In an alternate embodiment, the fourth step may be 
carried out by ?oWing/diffusing ?uorine or ?uorine-contain 
ing gases, such as HF, into the pores of the preform. 

[0014] The refractive indexes of the embedded ?uorides 
can be adjusted by miXing the rare earth ?uorides With alkali 
or alkaline earth ?uorides, such as LiF (nD=1.395), CaF2 
(nD—1.434), SrF (nD=1.442) and MgF2, Which have loWer 
refractive indexes and are not as soluble in Water. The siZe 
of ?uoride microcrystals can be adjusted by controlling the 
concentration of solutions and pore surface treatments. 

[0015] Doping the glasses With a rare earth metal is 
desirable for enhancing the emission and absorption spectra, 
as discussed above. Therefore, the silica preforms of the 
present invention include a rare earth element, such as Y, La, 
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb or Lu. 
Preferably, the rare earth element is Er, Pr, Eu or Dy. Even 
more preferably, the rare earth element is Er (e.g., ErF3). The 
glasses also may contain various other components. For 
instance, the glasses may further include up to 5 Wt % of 
other oXides, such as Y2 O3, La2O3, CdO, B2 03, SnO, ZrO2, 
P205, Sb2O5, As2C5 or Bi2O3. 
[0016] The rare earth ?uoride-containing, silica-based 
glass of the invention is suitable for both making and using 
in optoelectronic devices such as optical ?bers or optical 
ampli?ers, Which offer the unique properties of transparent 
oXy?uoride glass-ceramics discussed above. In addition, the 
inventive silica-based optical ampli?ers, When used With 
silica overcladding, provide the added bene?t of matched 
CTE and refractive indeX betWeen the ?ber and the cladding. 

[0017] Although the present invention has been disclosed 
in these embodiments, persons skilled in the art can see that 
numerous modi?cations and changes may be made Without 
departing from the intended spirit and scope of the inven 
tion. 

I claim: 
1. A method for embedding rare earth ?uorides into a 

silicate glass, the method comprises the steps of: 

providing a porous silicate preform; 

submerging the preform into an aqueous solution of rare 
earth ions; 
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removing the preform from the aqueous solution of rare 
earth ions; 

Washing the preform; 

submerging the Washed preform into an aqueous solution 
of a ?uorinating agent, to precipitate rare earth tri?uo 
rides in and on the preform; and 

drying the preform. 
2. The method according to claim 1, further comprising 

drying the dried preform again in a chlorine or ?uorine 
environment. 

3. The method according to claim 1, Wherein the porous 
silicate preform is made by oXide vapor deposition. 

4. The method according to claim 1, Wherein the porous 
silicate preform has a pore siZe of about 500 nm or smaller. 

5. The method according to claim 1, Wherein the porous 
silicate preform has a pore siZe in the range of about 200 nm 
to about 400 nm. 

6. The method according to claim 1, Wherein the aqueous 
solution of rare earth ions is a nitrite solution of Er(NO3)3, 
Pr(NO3)3, Nd(NO3)3, Dy(NO3)3 and combinations thereof. 

7. The method according to claim 1, Wherein the preform 
removed from the aqueous solution of rare earth ions is 
Washed using deioniZed Water. 

8. The method according to claim 1, Wherein the ?uori 
nating agent is selected from the group consisting of: 
ammonium ?uoride, ammonium bi?uoride, HF or KF. 

9. The method according to claim 1, Wherein the aqueous 
solution of rare earth ions ?lls the pores of the porous silicate 
preform. 

10. The method according to claim 1, Wherein the ?uori 
nating agent diffuses into the pores of the porous silicate 
preform to react With the rare earth ions. 

11. The method according to claim 10, Wherein the 
reaction produces rare earth tri?uorides. 

12. The method according to claim 1, Wherein the preform 
is dried at about 300° C. in a vacuum. 

13. The method according to claim 1, Wherein the silicate 
glass is a germania-doped silicate. 

14. The method according to claim 1, further comprising 
the step of consolidating the preform to form a non-porous 
structure. 

15. A porous silicate preform embedded With rare earth 
?uorides according to a method comprising the steps of: 

providing a porous silicate preform; 

submerging the preform into an aqueous solution of rare 
earth ions; 

removing the preform from the aqueous solution of rare 
earth ions; 

Washing the preform; 

submerging the Washed preform into an aqueous solution 
of a ?uorinating agent, to precipitate rare earth tri?uo 
rides in and on the preform; and 

drying the preform. 
16. The preform according to claim 15, Wherein the 

preform has a pore siZe of about 500 nm or smaller embed 
ded With rare earth ?uorides. 

17. The preform according to claim 15, Wherein the 
silicate is germania-doped silica. 

18. The preform according to claim 15, Wherein the rare 
earth ?uorides are rare earth tri?uorides. 



US 2002/0017115 A1 

19. The preform according to claim 15, wherein the rare 
earth ions are selected from the group consisting of Y, La, 

Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb or Lu. 

20. The preform according to claim 15, Wherein the rare 
earth ions are selected from the group consisting of Er, Pr or 
Ty. 

21. The preform according to claim 15, Wherein the 
preform has a composition, on an oxide-basis in Weight 
percent, consisting essentially of: 

Oxide Weight Percent 

SiO2 and GeO2 85-99 
A1203 and Ga2O3 O—14.9 

Feb. 14, 2002 

-continued 

Oxide Weight Percent 

REXFy 0.01—2.0 
RXFy 0.1-2.0 

Wherein X and Y are integers#0, R is an alkali or alkaline 
earth ion, and RE is a rare earth ion. 

22. The preform according to claim 21, Wherein RE is 
selected from the group consisting of Er, Pr, Nd, Eu or Dy. 

23. The preform according to claim 21, Wherein REXFy is 
ErF3. 

24. The preform according to claim 21, Wherein the 
composition further includes 0-5 Wt % of Y2O3, La2O3, 
CdO, B203, SnO, ZrO2, P205, Sb2O5, As2C5 or Bi2O3. 

* * * * * 


