
EP 0 589 198 B1 Description Background of the Invention This invention is
directed toward the preparation of stabilized, rare earth metal-doped
cadmium halide glasses exhib- iting excellent transmission far into the
infrared region of the electromagnetic radiation spectrum. Glasses
transmitting in the infrared portion of the radiation spectrum have long
been of interest as potential candi- dates for ultra-low loss optical
fibers. More recently it has been recognized that these same materials,
when doped with rare earth metals, can demonstrate properties rendering
them eminently suitable for making efficient lasers, amplifiers, 10  and
upconverters. The peculiar characteristic of a material that imparts the
ability to transmit radiation far into the infrared region is the same one
which makes the material a good host of rare earth metals for the three
above-mentioned applications. That singular property comprises a low
fundamental vibrational frequency (phonon energy) which is typically
associated with the strongest chemical bond of the material matrix. For
example, the more ionic metal fluorine bond in a fluoride material 15  is
weaker than the more covalent metal oxygen bond in an oxide material which,
in turn, results in the fluoride material exhibiting superior infrared
transmission. Moreover, in a given class of materials, bonds are weaker
and, hence; infrared transmission is improved, when the component ions are
heavy and/or have low valence. Thus, within the particular class of halide
glasses, the cadmium-based glasses have more extended transmission of
infrared radiation than the well known glasses based on either [err].
Radiative emission of rare earth metal-doped materials is based upon
electronic transitions between atomic-like 4f levels that are localized on
the rare earth metal ions. From a particular level radiative emissions
compete with non- radiative emissions. Often the dominant non-radiative
process is the emission of one or more phonons. The probability of this
non-radiative process is known to decrease exponentially with the number of
phonons required to bridge the energy gap of the transition. Therefore,
materials with low-phonon energies will require more phonons to bridge that
25  gap and, hence, will have less competitive non-radiative emission
processes and higher radiative efficiencies, thereby enhancing any process
which depends upon fluorescence between rare earth metal levels. Three
basic devices can be made with rare earth metal-doped materials, viz.,
lasers, amplifiers, and upconverters. Lasers demand good radiative
efficiency for the laser transition. Amplifier efficiency is similarly
directly tied to radiative efficiency. In fact, only those transitions
separated by more than twice the phonon energy of the host material can be
30  made to lase or amplify. Consequently, the lower the material phonon
energy, the larger the number of transitions that can be made to lase or
amplify. In an upconversion device light is converted from a longer
wavelength, e.g., in the infrared, to a short wavelength, e.g., in the
visible. Such a process can be used both for detecting long wavelength
light and as a source of short wavelength light. The simplest upconversion
process is generally a two-step process, first involving the absorption of
a long wavelength photon followed by the promotion of an electron to an
intermediate level. 35  From this intermediate level the electron is
further promoted to a higher level through the absorption of a second
photon (so-called excited state absorption) or through the exchange of
energy with another excited rare earth metal ion (so- called energy
transfer upconversion). Clearly, the efficiency of emission from the final
state will be positively correlated withthe radiative efficiency of
thetransitionfrom the upper state. In addition, the efficiencywill
alsobepositivelycorrelated with the lifetime of the electrons in the
intermediate state. The longerthe lifetime (before the electrondecays back
towards 40 the ground state), the longer a given electron will be available
for excited state absorption energy transfer upconversion. and, therefore,
the greater the probability of such a promotion. Accordingly, as the
probability of the non-radiative proc- esses is reduced in a material with
a lower phonon energy, the excited state lifetimes are longer, thereby
rendering the multi-step upconversion process more efficient. Cadmium
halide-containing glasses comprise one class of glasses with very low
phonon energies. The cations 45  present in those glasses are monovalent
and/or divalent. Moreover, the most stable cadmium halide glasses contain a
mixture of light (fluoride) and heavier (chloride) anions. As a result,
these glasses have more extended transmissions in the infrared than do
other halide glasses based upon zirconium, hafnium, uranium, indium, and/or
aluminum fluorides. Nevertheless, unlike heavy metal fluoride glasses, the
cadmium halide glasses become less stable with the addition of trivalent
cations, such as the rare earth metals. For example, the addition of as
little as 0.1 mole percent of praseo- so  dymium halide is sufficient to
convert an otherwise stable and clear cadmium chloride-containing glass
into an opaque, partially devitrified material. This behavior was observed
by Jha and Parker in "Preparation of Infrared Transmitting CdF2 Based Mixed
Halide Glasses", Physics and Chemistry of Glasses. 32. No. 1, February
1991, pages 1-12. Thus, at page 7 the author stated: 



Our results indicate that trivalent fluorides cannot be incorporated into
mixed halide glasses as they can into 55 heavy metal fluoride glasses. LaF3
and YF3 caused crystallization while AIF[err] dissolves to a limited
extent, but at the expense of the infrared cutoff edge (see next section)
and even in this case only 2 mol % could be added without significant
crystallization. Similarly, BiCI[err] cannot be incorporated in these
glasses, which seems to suggest that it is either the chemical nature or
the size of these trivalent halides that decides their solubility. 2    EP
0 589 198 B1 The primary objective of the present invention was to discover
means for producing stable, transparent cadmium halide glasses containing
trivalent rare earth metal cations, which glasses exhibit excellent
transmission far into the infrared portion of the radiation spectrum,
thereby commending their utility in the fabrication of efficient lasers,
amplifiers, and upconverters. Summary of the Invention We have found that
the above objective can be achieved through the addition of small amounts
of halide (X), cus- tomarily a fluoride, chloride, and/or bromide, of
relatively light monovalent and divalent cations, such as [err] 10  [err]
in order to suppress the tendency of cadmium halide (CdX) glass
compositions doped with a trivalent rare earth metal to crystallize and/or
to opalize. Thus, as was observed above, the incorporation of only 0.1 mole
percent of PrCl[err] into a cadmium halide-containing glass caused the
development of extensive devitrification therein, the crystals being
tentatively identified as [err]. The inclusion of 3 mole percent LiF
yielded a clear, homogeneous glass. Laboratory investigations have
indicated that rare earth metal-doped, CdX-containing glasses can be
stabilized 15  to exhibit excellent transparency both in the visible and
infrared regimes of the radiation spectrum through the inclusion of about
1-5 mole percent of a stabilizing halide. Greater amounts of a stabilizing
halide may be included, e.g., up to 10 mole percent, but with no apparent
substantive advantage. Those investigations have led to the appreciation
that, although the effect is not expressly limited thereto, the following
cations demonstrate a superior action and, hence, are preferred: [err] 20
We have found that lead halides in amounts up to 12 mole percent,
preferably up to 10 mole percent, and thallium halides in amounts up to 7%,
preferably up to 5 mole percent, exert a similar, albeit less pronounced,
stabilizing effect on rare earth metal-doped, CdX-containing glasses. The
addition of lead and/or thallium halides to the base glass com- positions
can provide the further advantage of raising the refractive index of the
glass. For example, a cadmium halide- containing glass composition
incorporating about 10 mole percent of a lead halide can exhibit a
refractive index of up 25  to 1.668. In contrast, lead-free glasses of the
same base composition will exhibit a refractive index of about 1.613. The
inclusion of a lithium halide can lower the refractive index of the glass.
Those circumstances strongly recommend the use of the inventive glasses as
transparent glass core portions for optical waveguide structures. Thus, as
is well recognized in the art, an optical waveguide consists of a
transparent glass core portion enveloped within a transparent compatible
glass cladding layer which exhibits a lower refractive index than the core
glass. The term 30  "compatible" indicates the essential absence of any
deleterious reaction taking place at the interface between the core and
cladding glasses. Accordingly, the inventive rare earth metal-doped glasses
can comprise the core glass with a compatible glass demon- strating a lower
refractive index constituting the cladding glass. To assure a high
refractive index, a lead halide and/or a thallium halide will be included
in the composition. In general, the core glass will contain up to 10% total
of 1-10% 35  PbX2 and/or 1-5% TIX. For example, a praeseodymium-doped, lead
and/or thallium-containing glass exhibiting a high refractive index would
be especially desirable as the core composition for a waveguide structure
with an undoped, lead and thallium-free glass serving as the cladding. We
have found that the following base glass compositions, expressed in terms
of mole percent, when stabilized with up to 12 mole percent, preferably 1-5
mole percent, of a stabilizing halide and doped with at least 0.005 mole 40
percent, preferably 0.05-0.5 mole percent, of at least one rare earth metal
halide selected from the lanthanide series of rare earth metals (ReX3),
display properties strongly recommending them for use in lasers,
amplifiers, and upconverters. The base glass compositions consist
essentially, expressed in terms of mole percent, of 42-55% [err] 30-40% NaF
and/or NaCI, 2-20% total of BaF2 and/or BaCI2 + KF and/or KCI, consisting
of 0-15% BaF2 and/or [err] and 0-7% KF and/or KCI, wherein up to about 10
mole % total of at least one metal selected from the group consisting 



45  of Cd, Ba, Na, and K can be incorporated as a bromide. In the preferred
compositions at least 2% each of BaF2 and/or BaCI[err] and KF and/or KCI
will be present. Levels of rare earth metal halide dopant in excess of 0.5
mole percent are operable, but with no substantive advantage. The
lanthanide series of rare earth metals includes La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb. Dy. Ho, Er, Tm, Yb, and Lu. We have found that up to 2.5 mole
percent total of non-essential, but useful, metal halides, such as [err] 50
and [err], wherein X is selected from the group of fluoride, chloride, and
bromide, may be included to modify the pro- portions of the base glass,
most generally to adjust the refractive index thereof. Individual additions
will consist of up to 1.5% AIX3, up to 1.5% GaX3, and up to 2% InX[err]. In
the preferred glasses the AIX3 concentration will not exceed 1%, the GaX3
concentration will not exceed 1%, the [err] concentration will not exceed
1.5%, and the total of all such additions will not exceed 2%. Prior Art in
addition to the Jha and Parker journal article briefly discussed above, the
following literature references are of interest: 3    EP 0 589 198 B1 J. L
Mouric et al. in PROGRESS IN CADMIUM HALIDE GLASSES, Materials Science
Forum, Volume 5, pp. 135-144 (1985), describe their laboratory work in
preparing glasses within the following four systems: [err] [err] [err]
[err] There is no discussion of doping those glasses with rare earth metals
such that the authors were unaware of the glass stability problem giving
rise to the present invention. M. Matecki et al. in ALKALI CADMIUM HALIDE
GLASSES, Fourth International Symposium on Halide Glasses, 10  January
26-29, 1987, pages 470-476, reviewed their investigations of glass forming
compositions within the following ternary systems: [err] - KF [err] KCI
[err]- KBr 15       [err] - KI [err] NaF - KF [err] - NaF- KCI [err] - NaF
- KBr [err] - NaF - KI No mention is made of doping those glasses with rare
earth metals. M. Matecki et al. in COMPOSITION ADJUSTMENTS IN CADMIUM
FLUOROCHLORIDE GLASSES, Journal of Non-Crystalline Solids, 140, pages 82-86
(1992) disclose their laboratory work in evaluating the utility of adding
SrF2, InF3, or KF to cadmium fluorochloride glasses containing Na and Ba.
No reference is made of doping cadmium halide- containing glasses with rare
earth metals. 25     U. S. Patent No. 4,647,545 (Lucas et al.) is also of
interest in that it discloses in very general and broad terms the formation
of glasses containing at least one member of the group of cadmium halide,
manganese halide, and zinc halide. Whereas the patentees refer to possible
glass forming composition areas in very broad terms, including the
possibility of incorporating rare earth metals in those compositions, there
is no apparent recognition of the lack of glass stability problem when a
rare earth metal is included in the composition, much less providing a
solution to that problem. That is, 30  the heart of the present invention
resides in the finding of metal chlorides, bromides, and fluorides which,
when incor- porated into the base cadmium halide-containing composition,
will so stabilize the glass that the inclusion of a rare earth metal will
not result in devitrification of the glass. Lucas et al. make no mention of
the problem and do not provide a working example having a composition
coming within the ranges of the present invention such as to constitute an
acci- dental disclosure. 



35 Description of Preferred Embodiments Table I records a group of glass
compositions, expressed in terms of mole percent, illustrative of
theinventive glasses. The glasses were prepared by compounding the batch
ingredients, thoroughly mixing the ingredients together to assist 40  in
achieving a homogeneous melt, and then charging the batch mixtures into
vitreous carbon crucibles. The crucibles were introduced into a dry glove
box under a nitrogen atmosphere. The crucibles were heated to 800[err]C
and, after a period of 30 minutes, the temperature was reduced to 700[err]C
and the crucibles were maintained at that temperaturefor 15 minutes to
assure a minimum water content in the resultant glasses. The melts were
poured into steel molds to form cylindrical rods having a diameter of 4 mm
and a length of 50 mm which were transferred immediately to an annealer 45
50 55 4    EP 0 589 198 B1 operating at about 125[err]C. TABLE I 1       2
3        4        5        6       7 CdF2       16.5    16.5    17.0
17.0    17.0    17.0   16.0 to              CdC12      30.1    30.1    33.0
33.0    33.0    33.0   33.5 BaF2        5.8      5.8    10.0    10.0
10.0    10.0    2.5 NaF        32.0    32.0    34.0    34.0    34.0    34.0
29.0 KF          2.9      2.9     3.0      3.0      3.0      3.0    6.0 15
LiF         --               3.0               --       -- [err]       2.9
--       -- ZnC[err]       --      2.9      --       3.0      3.0      3.0
3.0 PbF[err]        3.9      3.9     --                --       --      7.0
PbC[err]      3.9      3.9 PbBr[err]       1.9      1.9     --       --
--               3.0 PrCI[err]       0.05    0.05    0.05    0.05    0.1
0.15   0.05 25 8       9       10       11      12       13       14 30
[err]       45.5    17.0    17.0    17.0   50.0    17.0    45.5 [err]
4.3    33.0    28.0    33.0    --         33.0      4.5 35
[err]        7.0    12.0    13.0    10.0    --         10.0 [err]       --
--      --       --    10.0       --      10.0 NaF        33.8    34.0
34.0    34.0    --         34.0      -- NaCl        --       -
-    34.0       --      34.0 KF          2.4      3.0     3.0      3.0
--        3.0      -- KC1         --       --      --       --      3.0
--       3.0 BeF[err]                0.5      5.0 [err]        --       0.5
--                        --       -- 45 ZnC12       3.0      --      --
--      3.0      3.0    .3.0 [err]       --       --      --       3.0
--        --       -- [err]       0.05    0.1      0.1      0.1    0.05
--         -- 50              [err]        --       --
0.05    -- [err]                        --                       --
0.10 



[err]       4.0      --      --      --       --      --        -- 55    EP
0589 198 B1 TABLE I (Continued) 15  16     17         18       19        20
[err]         45.5      45.5      48.5      48.5      48.5     17.0 [err]
4.5       4.5       1.5       1.5       1.5     33.0 [err]         9.6
8.5      11.0      11.0      13.0       -- [err]         --        --
--        --        --      34.0 NaC1         34.0      34.0      34.0
34.0      35.0       -- KF            --             --             --
--        3.0 KC1           3.0       3.0       --        --        --
[err]         3.0       3.0       2.0       2.0       2.0       -- LiF
--        --        --        --        --       3.0 [err]          --
--        3.0       --        --        -- 25               [err]         -
--       --        --        3.0      --       10.0 PrC1[err]         0.05
0.05      0.05      0.05      0.05     0.10 InF[err]          0.4       1.5
--       --        --       -- 30 It has proven to be possible to optically
evaluate the inventive glasses for their suitability as hosts for rare
earth metal dopants. To illustrate, in the case of the inventive glasses
doped with praeseodymium, which glasses are of par- ticular interest for
use as single mode optical fiber amplifiers operating at 1.3 [err], the
glasses have been characterized 35  by measuring the decay of the 1.3 [err]
fluorescence. Results of those measurements are recorded below in Table II
in terms of microseconds. Table II indicates that the inventive glasses can
have fluorescence lifetimes that are as long as about 300 [err] and,
consequently, represent a significant improvement over the lifetimes of the
current benchmark, viz., ZBLAN glasses exhibiting lifetimes of about 110
[err]sec. 40                                             TABLE II 1    2
3    4    5    6    8 [err]sec  246  276  200  268  240  212  230 10   15
16   17   18   19 45 [err]sec  262  270  262  264  272  290 In the case of
erbium-doped glasses, illustrated in Example 14, the glasses exhibited a
strong emission of green 50  light, peaking at about 523 nm, 542 nm, and
551 nm, when pumped with 800 nm light, indicating their potential utility
as an upconversion source. The more preferred inventive compositions
consist essentially, in mole percent, of 44-52% CdF2 and/or CdC[err], 4-
11% BaF2 and/or BaCI2, 30-35% NaF and/or NaCI, and 2-6% KF and/or KCI,
wherein up to 7% total of at least one metal selected from the group of Cd,
Ba, Na, and K can be incorporated as a bromide, along with 1-5% total of at
least 55  one stabilizing metal halide selected from the group consisting
of LiX, [err], wherein X is at least one halide selected from the group
consisting of fluoride, chloride, and bromide, optionally up to 10% of a
lead halide selected from the group of [err]optionally up to 5% TIF, TICI,
and TIBr, and 0.025-0.25% ReX3, wherein Re is at least one rare earth metal
selected from the lanthanide series of rare earth metals and X is a 6    EP
0 589 198 B1 halide selected from the group consisting of fluoride,
chloride, and bromide. No more than a total of 1.5% of non-essential metal
halides will be included. 



Example 2 is the most preferred composition. Claims 1. A transparent glass
exhibiting excellent transmission far into the infrared region of the
electromagnetic radiation spectrum consisting essentially, expressed in
terms of mole percent, of 42-55% CdF2 and/or [err], 30-40% NaF and/or NaCI,
2-20% total of BaF2 and/or BaC[err] + KF and/or KCI, consisting of 0-15%
BaF2 and/or BaC[err] and 0-7% 10     KF and/or KCI, 1 -12%total of at least
onestabilizing metal halide in the indicated proportion selected from the
group consisting of 0-10% LiX, 0-10% BeX2, 0-10% MgX[err] 0-10% MnX2, 0-12%
[err], 0-10% [err], 0-7% TIX, and 0-10% ZnX2, wherein X is at least one
halide selected from the group consisting of fluoride, chloride, and
bromide, and 0.005-0.5% ReX3, wherein Re is at least one rare earth metal
selected from the lanthanide series of rare earth metals and X is at least
one halide selected from the group consisting of fluoride, chloride, and
bromide, and wherein 15     up to 10% total of at least one metal selected
from the group consisting of Cd, Ba, Na, and K can be incorporated as a
bromide. 2. A transparent glass according to claim 1 also containing up to
2% each of[err] and/or BaC[err] and KF and/or KCI. 20  3. A transparent
glass according to claim 1 also containing up to 2.5% total of at least one
metal halide in the indicated proportion selected from the group consisting
of 0-1.5% AIX3, 0-1.5% GaX3, and 0-2% [err], wherein X is at least one
halide selected from the group consisting of fluoride, chloride, and
bromide. 4. A transparent glass according to claim 1 consisting essentially
of 44-52% CdF2 and/or [err], 4-11% BaF2 and/or 25     BaC[err], 30-35% NaF
and/or NaCI, 2-6% KF and/or KCI, 1-5% total of at least one stabilizing
metal halide selected from the group consisting of LiX, BeX2, MgX2, [err]
wherein X is at least one halide selected from the group consisting of
fluoride, chloride, and bromide, up to 10% total of a lead halide selected
from the group consisting of [err] up to 5% total of a thallium halide
selected from the group consisting of TIF, TICI, and TIBr, and wherein up
to 7% total of at least one metal selected from the group consisting of Ca,
Ba, Na, 30     and K can be incorporated as a bromide. 5. A transparent
glass according to claim 4 also containing up to 2% total of at least one
metal halide in the indicated proportions selected from the group
consisting of 0-1% AIX3, 0-1% GaX3, and 0-1.5% [err], wherein X is selected
from the group consisting of fluoride, chloride, and bromide. 35 6. An
optical amplifier with an amplification medium fabricated from a
transparent glass according to claims 1, 2, 3, 4 or 5. 7. An optical
amplifier according to claim 6 which amplifies light at about 1 .31[err]
with an amplification medium con- 40     sisting of a single mode optical
fiber fabricated from a transparent glass wherein ReX3 consists of
0.01-0.5% PrX3. 8. A laser with a gain medium fabricated from a transparent
glass according to claims 1, 2, 3, 4, or 5. 9. An upconversion source or
laser with an upconversion medium fabricated from a transparent glass
according to 45     claims 1, 2, 3, 4, or 5. 10. An optical waveguide
consisting of a transparent glass core portion enveloped within a
transparent compatible glass cladding layer which exhibits a lower
refractive index than said core glass, said core and/or said cladding
consisting of a glass according to claims 1, 2, 3, 4, or 5. 50 11. An
optical waveguide according to claim 10 wherein said core glass contains up
to 10% total of at least one metal halide in the indicated proportion of
1-10% PbX2 and 1-5% TIX. Patentansprfiche 55 1. Transparentes Glas mit
einer ausgezeichneten Transmission bis weit in den Infrarotbereich des
elektromagnetischen Strahlungsspektrums, bestehend im wesentlichen,
ausgedrOckt in Mol-%, aus 42 - 55 % CdF2 und/oder CdC12, 30 - 40 % NaF
und/oder NaCl, insgesamt 2 - 20 % BaF2 undloder BaCI2 + KF und/oder KCI,
bestehend aus 0 - 15 % BaF2 und/oder BaC12 und 0-7 % KF und/oder KCI,
insgesamt 1 - 12 % wenigstens eines stabilisierenden Metallha- 7    EP 0
589 198 B1 halide selected from the group consisting of fluoride, chloride,
and bromide. No more than a total of 1.5% of non-essential 



metal halides will be included. Example 2 is the most preferred
composition. Claims 1. A transparent glass exhibiting excellent
transmission far into the infrared region of the electromagnetic radiation
spectrum consisting essentially, expressed in terms of mole percent, of
42-55% CdF2 andfor CdCI2, 30-40% NaF and/or NaCI, 2-20% total of BaF2
and/or BaC12 + KF and/or KCI, consisting of 0-15% BaF2 and/or BaCI2 and
0-7% 10     KF and/or KCI, 1-12% total of at least one stabilizing metal
halide in the indicated proportion selected from the group consisting of
0-10% LiX, 0-10% BeX2, 0-10% MgX2. 0-10% MnX2, 0-12% PbX2, 0-10% CoX2, 0-7%
TIX. and 0-10% ZnX2, wherein X is at least one halide selected from the
group consisting of fluoride, chloride, and bromide, and 0.005-0.5% ReX3,
wherein Re is at least one rare earth metal selected from the lanthanide
series of rare earth metals and X is at least one halide selected from the
group consisting of fluoride, chloride, and bromide, and wherein 15     up
to 10% total of at least one metal selected from the group consisting of
Cd, Ba, Na, and K can be incorporated as a bromide. 2. A transparent glass
according to claim 1 also containing up to 2% each of 8aF2 and/or BaCI2and
KF and/or KCI. p  3. A transparent glass according to claim 1 also
containing up to 2.5% total of at least one metal halide in the indicated
proportion selected from the group consisting of 0-1.5% AIX3, 0-1.5% GaX3,
and 0-2% inX3. wherein X is at least one halide selected from the group
consisting of fluoride, chloride, and bromide. 4. A transparent glass
according to claim 1 consisting essentially of 44-52% CdF2 and/or CdCI2,
4-11% BaF2 and/or 25     BaCl2, 30-35% NaF andlor NaCI, 2-6% KF and/or KCI,
1-5% total of at least one stabilizing metal halide selected from the group
consisting of UX, BeX2, MgX2, MnX2. COX2 and ZnX2, wherein X is at least
one halide selected from the group consisting of fluoride, chloride, and
bromide, up to 10% total of a lead halide selected from the group
consisting of PbF2, PbC12, and PbBr2, up to 5% total of a thallium halide
selected from the group consisting of TIF, TICI, and TIBr, and wherein up
to 7%h total of at least one metal selected from the group consisting of
Ca. Ba. Na, 30     and K can be incorporated as a bromide. 5. A transparent
glass according to claim 4 also containing up to 2% total of at least one
metal halide in the indicated proportions selected from the group
consisting of 0-1% AIX3, 0-1% GaX3, and 0-1.5% InX3, wherein X is selected
from the group consisting of fluoride, chloride, and bromide. 35 6. An
optical amplifier with an amplification medium fabricated from a
transparent glass according to claims 1. 2, 3, 4 or5. 7. An optical
amplifier according to claim 6 which amplifies light at about 1.311Am with
an amplification medium con- 40     sisting of a single mode optical fiber
fabricated from a transparent glass wherein ReX3 consists of 0.01-0.5%
PrX3. 8. A laser with a gain medium fabricated from a transparent glass
according to claims 1, 2, 3, 4, or 5. 9. An upconversion source or laser
with an upconversion medium fabricated from a transparent glass according
to 45     claims 1, 2, 3, 4, or 5. 10. An optical waveguide consisting of a
transparent glass core portion enveloped within a transparent compatible
glass cladding layer which exhibits a lower refractive index than said core
glass, said core and/or said cladding consisting of a glass according to
claims 1, 2, 3, 4, or 5. 50 11. An optical waveguide according to claim 10
wherein said core glass contains up to 10% total of at least one metal
halide in the indicated proportion of 1-10% PbX2 and 1-5% MIX.
Patentanspruche 55 1. TransparentesGlas mit einerausgezeichneten
Transmissionbisweitinden Infrarotbereich des elektromagnetischen
Strahlungsspektrums, bestehend im wesentlichen, ausgedruckt in Mol-%, aus
42 - 55 % CdF2 undloder CdC12, 30 - 40 % NaF und/oder NaCI, insgesamt 2 -
20 % BaF2 und/oder BaCI2 + KF und/oder KCI, bestehend aus 0 - 15 % BaF2
und/oder BaCI2 und 0-7 % KF und/oder KCI, insgesamt. 1 - 12 % wenigstens
eines stabilisierenden Metallha- 7           I 1llIlli 111111 liii 11111 II
IN C   L   M   S *    



EP 0 589 198 BI logenids im angegebenen Anteil, ausgewahit aus der Gruppe,
bestehend aus 0 - 10 % UX, 0 - 10 % BeX2, 0 - 10 % MgX2, 0 - 10 % MnX2, 0 -
12 % PbX2, 0 - 10 % CoX2, 0 - 7 % TIX und 0 - 10 % ZnX2, wobei X wenigstens
ein Halogenid ist, ausgew&hlt aus der Gruppe, bestehend aus Fluorid,
Chlorid und Bromid, darstellt, und 0,005 - 0,5 % ReX3, wobei Re wenigstens
ein Seltenerdmetall ist, ausgewahit aus der Lanthanidenreihe der
Seltenerdmetalle und X wenigstens ein Halogenid ist, ausgewahit aus der
Gruppe, bestehend aus Fluorid, Chlorid und Bromid, und wobei bis zu
insgesamt 10 % wenigstens eines Metalls, ausgew&hlt aus der Gruppe,
bestehend aus Cd, Ba, Na und K als Bromid eingebaut werden konnen. 2.
Transparentes Glas nach Anspruch 1, das weiterhin bis zu je 2 % BaF2
und/oder BaCI 2 und KF und/oder KCI enthalt. 10 3. Transparentes Glas nach
Anspruch 1, das weiterhin bis zu insgesamt 2,5 % wenigstens eines
Metalihalogenids im angegebenen Anteil, ausgewdhft aus der Gruppe,
bestehend aus 0 - 1,5 % AIX3, 0 - 1,5 % GaX3 und 0 - 2 % InX3 enthalt,
wobei X wenigstens ein Halogenid ist, ausgewAhlt aus der Gruppe, bestehend
aus Fluorid, Chlorid und Bromid. 1S 4. Transparentes Glas nach Anspruch 1,
bestehend im wesentlichen aus 44 - 52 % CdF2 undloder CdCI2, 4 - 11 % BaF2
und/oder BaCI2, 30 - 35 % NaF und/oder NaCI, 2 - 6 % KF und/oder KCI,
insgesamt 1 - 5 % wenigstens eines stabilisierenden Metalihalogenids,
ausgewahit aus der Gruppe, bestehend aus LiX, BeX2, MgX2, MnX2, CoX2 und
ZnX2, wobei X wenigstens ein Halogenid ist, ausgewahit aus der Gruppe,
bestehend aus Fluorid, Chlorid und Bro- mid, bis zu insgesamt 10 % eines
Bleihalogenids, ausgewghit aus der Gruppe bestehend aus PbF2, PbCi2 und
PbBr2, bis zu insgesamt 5 % eines Thalliumhalogenids, ausgewahit aus der
Gruppe, bestehend ausnF niCI und Tl1r, und wobei bis zu insgesamt 7 %
wenigstens eines Metalls, ausgewahit aus der Gruppe, bestehend aus Ca. Ba,
Na und K als ein Bromid eingebaut werden k6nnen. 25  5. Transparentes Glas
nach Anspruch 4, das weiterhin bis zu insgesamt 2 % wenigstens eines
Metallhalogenids in den angegebenen Anteilen enthalt, ausgewAhIt aus der
Gruppe, bestehend aus 0 - 1 % AKX3. 0 - 1 % GaX3 und 0 - 1.5 % InX3, wobei
X aus der Gruppe, bestehend aus Fluorid, Chlorid und Bromid ausgewahit ist.
6. Optischer Verstarker mit einem Verstarkungsmedium, hergestellt aus einem
transparenten Glas nach einem der 30     Ansprache 1, 2, 3, 4 oder 5. 7.
Optischer VerstArker nach Anspruch 6, der Licht bei etwa 1,31 lrm mit einem
Verstarkungsmedium, bestehend aus einer optischen Monomode-Faser,
hergestelit aus einem transparenten Glas, wobei ReX3 aus 0,01 - 0,5 % PrX3
besteht, verstarkt. 35 8. Laser mit einem Verstarkungsmedium, hergestellt
aus einem transparenten Glas nach einem der Anspr0che 1. 2, 3, 4 oder 5. 9.
Eine Hochwandlerquelle oder ein Laser mit einem Hochwandlungsmedium,
hergestellt aus einem transparenten k-.4     Glas nach einem der Anspruche
1. 2, 3, 4 oder 5. 10. Optischer Wellenleiter, bestehend aus einem
transparenten Kernanteil aus Glas, umhullt mit einer transparenten.
kompatiblen Mantelschicht aus Glas, die einen niedrigeren Brechungsindex
aufweist als das Kernglas, wobei der Kern und/oder der Mantel aus einern
Glas nach einem der Ansproche 1, 2, 3, 4 oder 5 bestehen. 45 11. Optischer
Wellenleiter nach Anspruch 10, wobei das Kernglas bis zu insgesamt 10 %
wenigstens eines Metaliha- logenids im angegebenen Anteil von 1 - 10 % PbX2
und 1 - 5 % TIX enthalt. Revendications so 1. Verre transparent presentant
une excellente transmission jusque dans le domaine infrarouge du spectre de
rayon- nement electromagnetique, constitue essentiellement, exprime en
termes de pourcentage mdlaire, de 42 A 55% de CdF2 ettou de CdCI2, de 30 a
40% de NaF et/ou de NaCI, de 2 A 20% au total de BaF2 et/ou de BaCI2 + KF
et/ou de KCI, constitue de 0 A 15% de BaF2 etlou de BaCI2 et de 0 A 7% de
KF etou de KCI. 1 A 12% au total d'au ss     moins un halogenure de metal
stabilisant, dans la proportion indiqu~e, choisi dans le groupe constitu6
par 0 A 10% de LiX, 0 A 10% de BeX2, 0 a 10% de MgX2, 0 A 10% de MnX2, 0 A
12% de PbX2, 0 A 10% de CoXz 0 a 7% de -nX et 0 a 10% de ZnX2, dans lequel
X est au mains un halogenure choisi dans le groupe constitue par le
fluorure, le chlorure et le bromure, et de 0,005 A 0,5% de ReX3, dans
lequel Re est au moins un metal terreux rare choisi 



parmi les lanthanides de metaux terreux rares et X est au mains un
halogenure choisi dans le groupe constitue par 8      11111111111\1111111
11 111111    EP 0 589 198 B1 le fluorure, le chlorure et le bromure, et
dans lequel jusqu'A 10% au total d'au moins un metal choisi dans le groupe
constitue par Cd, Ba, Na et K peut Wtre incorpore en tant que bromure. 2.
Verre transparent selon la revendication 1, contenant egalement jusqu'A 2%
de chacun des corps suivants BaF2 S      et/ou BaCI2 et KF et/ou KCI. 3.
Verre transparent selon la revendication 1, contenant egalement jusqu'A
2,5% au total d'au moins un halogAnure de metal. dans la proportion
indiqude, choisi dans le groupe constitue par 0 A 1,5% de AIX3, 0 A 1.5% de
GaX3 et 0 A 2% de MnX3, dans lequel X est au moins un halogenure choisi
dans le groupe constitue par le fluorure, le chlorure 10     et le bromure.
4. Verre transparent selon la revendication 1, constitue essentiellement de
44 A 52% de CdF2 el/ou de CdC2, de 4 A 11% de BaF2 elou BaCI2, de 30 A 35%
de NaF el/ou de NaClde 2 a 6% de KF et/ou de KCI, de 1 A 5% au total d'au
moins un halogenure de metal stabilisant choisi dans le groupe constitue
par LiX, BeX2, MgX2, MnX2, CoX2 15     et ZnX2 dans lequel X est au moins
un halogenure choisi dans le groupe constitue par le fluorure, le chlorure
et le bromure, de jusqu'a 10% au total d'un halogenure de plomb choisi dans
le groupe constitue par PbF2, PbCI2 et PbBr2, de jusqu'a 5% au total d'un
halogenure de thallium choisi dans le groupe constitue par TIF TICI et TlBr
et dans loquel jusqu'& 7% au total d'au moins un metal choisi dans le
groupe constitue par Ca, Ba, Na et K peut etre incorpore en tant que
bromure. 20 5. Verre transparent selon la revendication 4, contenant
egalement jusqu'a 2% au total d'au moins un halogenure de metal, dans les
proportions indiqubes, choisi dans le groupe constitue par 0 A 1% de AIX3,
0 A 1% de GaX3 et 0 A 1,5% de lnX3, dans lequel X est choisi dans le groupe
constitue par le fluorure, le chlorure et le bromure. 25  6. Amplificateur
optique comportant un milieu d'amplification fabrique & partir deun verre
transparent selon l'une quel- conque des revendications 1 a 5. 7.
Amplificateur optique selon la revendication 6 qui amplifie de la lumiere
d'environ 1,31 IFm et qui comporte un milieu d'amplification constitue
d'une fibre optique monomode fabriquee A partir d'un verre transparent dans
lequel ReX3. 30     est constitue de 0,01 A 0,5% de PrX3. 8. Laser
comportant un milieu de gain fabrique A partir d'un verre transparent selon
l'une quelconque des revendica- tions 1 a 5. 35  9. Source ou laser de
transposition de frequence comportant un milieu de transposition de
frequence fabrique a partir d'un verre transparent selon l'une quelconque
des revendications 1 A 5. 10. Guide d'onde optique constitue par une partie
de noyau en verre transparent enfermee a l'interieur d'une couche de
revatement en verre transparent compatible qui presente un indice de
refraction plus faible que celui du verre 40     du noyau, ledit noyau elou
ledit revetement etant constitue d'un verre selon l'une quelconque des
revendications 1 A5. 11. Guide cronde optique selon la revendication 10,
dans lequel leditverre du noyau contient jusquA 10% au total d-au moins un
halogenure de metal, dans la proportion indiqude, de 1 a 10% de PbX2 et de
1 A 5% de TIX. 45 50 55 9       I i*IIIICiI II III I II  II    


