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Inventor’s Name: Sanghera et al.

METAL-COATED IR-TRANSMITTING CHALCOGENIDE GLASS FIBERS

Background of the Invention
1. Field of the Invention
The present invention relates generally to chalcogenide glass
fibers, and more specifically, to the protection of chalcogenide

glass fibers from the environment.

2. Background of the Invention

Currently there is great interest in IR transmitting glass
fibers based on the chalcogen elements S, Se and Te. This is
because, depending upon composition, these fibers transmit in the
so-called "fingerprint" region between 2-12 um where practically
all molecular species possess characteristic IR vibrational bands.
Therefore, these fibers can be used in fiber optic chemical sensor
systems using evanescent, absorption or diffuse reflectance types
of probes for DOD facility clean up. In addition, these fibers are
required for laser threat warning systems, IRCM and high energy IR
(especially the 2-5 um region) laser power delivery systems to
enhance aircraft survivability. In addition, these low-phonon
energy chalcogenide glasses are excellent host materials for rare-
earth doping. Fluorescence ahd laser transitions‘beyond 2 um are
possible in these materials which might not be seen in other high
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energy phonon host materials such as silica and fluoride glass
fibers due to multiphonon absorption. In addition, radiative
emission at shorter wavelengths is enhanced. Doped chalcogenide
glasses can be used in IR scene projection fcr IRCM systems as we.l
as 1.3 um fiber amplifiers for telecommunications and fiber optic
chemical sensor systems. In addition, numerous other applications
exist for the systems.

For many practical applications, long-term mechanical strength
is critical. While the chalcogenide glass fibers possess usable as-
produced strengths, the long term durability and survivability of
these fibers is problematic. Although chalcogenide glasses are
chemically durable and do not exhibit a reaction with water, to
some extent all fibers (including silica) undergo zero-stress aging
and stress corrosion due to the presence of moisture. The water
molecules attack the strained chemical bonds at the crack tips
present on the fiber surface, causing a reduction in the fiber
strength.

In addition, chalcogenide glasses are small band gap
materials. It has been demonstrated that thin films of chalcogenide
glass such as As,S; and As,Se; undergc both reversible and
irreversible photo-structural changes in the presence of near band
gap light, e.g., UV light and visible light. In the presence of air
and moisture, the fiber surface becomes ncticeably aegraded with
the subsequent catastrophic effect on the fiber mechanical
strength. While UV light is above the band gap of these materials
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and therefore leads to enhanced degradation, researchers have
observed similar degradation over a period of several months after
exposing the fibers to ambient light in a laboratory. Therefore,
there is a need to protect the chalcogenide Zibers from UV, visible
light, and moisture to prevent surface degradatiocn ana subsequent

degradation of fiber strength.
Summary of the Invention

Accordingly, it is an object of this invention to improve the
long term durability of chalcogenide glass fibers.

It is another object of the present invention to protect
chalcogenide glass fibers from exposure to moisture.

It is a further object of the present invention to protect

chalcogenide glass fibers from exposure to UV light.

These and other objects are accomplisked by providing a metal

coating on the surface of a chalcogenide glass fiber.
Brief Description of the Drawings

A more complete appreciation of the invention will be readily
obtained by reference to the following Description of the Preferred
Embodiments and the accompanying drawings in which like numerals in
different figures represent the same structures or elements,
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wherein:
Fig. 1 schematically illustrates an apparatus for coating a

chalcogenide fiber with metal according to the present invention.

Fig. 2 séhematically illustrates a metal-coated chalcogenide

fiber according to the present invention.
Description of the Preferred Embodiments

As those skilled in the art know, chalcogenide glasses
comprise at least one of the chalcogenide elements S, Se and Te and
typically further include at least one of Ge, As, Sb, Tl, Pb, Si,
P, Ga, In Cl, Br and I. Such glasses can also contain one or more
rare earth elements. Chalcogenide glass éypically contains at
least about 25 mole % and more generally at least 50 mole % of one
or more of the three chalcogenide elements. Typical chalcogenide
glass compositions (atomic %) include:

As,;Seo

As,,Se,

Ge,,As,,5e;

Ge;oAs,,Se;pTes

Ge,;,As,,Se,Te, I1,,; and

30Ga,S,»70La,S,

The chalcogenide glass may be coated with metal by any method.

For example, a glass fiber may be coated by drawing it through a
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melt or by sputtering. Typically, to prevent difficulties
presented by differential thermal expansion and softening
temperature mismatch between the metal coating, the drawn fiber,
rather than the preform, is coated with metal. 1If the coating is
applied to the fiber as a melt, the metal coating preferably has a
softening temperature below the softening temperature of thé glass
fiber to be coated. Typical chalcogenide fibers (such as As,S,)
have melting temperatures of about 200°C to about 600°C. When the
metal coating is applied to the fiber as a melt, the rate of
cooling is not critical. Typically, cooling occurs quickly after
the fiber has been coated with the melt.

Preferably, the metal-coating is non-reactive, or essentially
non-reactive, with the environment to which the fiber will be
exposed. In most cases, this preference for non-reactivity
translates into a preference for refractory metals, i.e., metals
that are strongly resistant to destructive oxidation. Typically,
most metals and alloys undergo surface oxidation, that is, these
materials undergo structural as well as chemical changes as a
result of exposture to an oxidizing environment. The rate of this
change is highly dependent on the reactivity of the metal to the
surrounding atmosphere and to the temperature. It is implied here
that even metals which undergo self-limited surface oxidation of a
monolayer (sometimes described as the growth of a protective oxide
layer) or so can be used as fiber protective coatings, provided
that these metals do not-exhibit continuous degradation (i.e.,
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destructive oxidation such as occurs with iron). Thus, in the
specification and the claims that follow, the term "oxidation
resistant metal" includes noble metals (e.g., gold, silver,
platinum), as well as metals such as 2Zn, which display self-
limiting growth of a protective oxide layer. Typical metals useful
in the present invention include, but are not limited to In, Sn,
Bi, Pb, T1l, C4, 2Z2n, and C (C must be applied to the glass fiber by
other than a melt-coating process), and alloys thereof. In
addition, gall.ium can be readily alloyed with the aforement:ioned
metals and cther higher melting metals such as Zn to form a low
melting alloy suitable for fiber coating application.

Fig. 1 schematically illustrates a typical apparatus 10 useful
for forming metal-coated chalcogenide glass fibers according to the
present invention. Uncoated chalcogenide fiber 12 passes through
crucible 14 containing molten metal for coating chalcogenide fiber
12. The bottom of container 14 includes an exit hole 16 slichtly
larger than the diameter of the coating. The amount by which the
diameter of exit hole 16 exceeds the diameter of fiber 12
determines, for the most part, the diameter of the metal coating 18
formed on metal-coated fiber 20 that exits container 14. Fig. 2
shows, in greater detail, metal-coated fiber 20, with chalcogenide
glass interior 22 surrounded by metal coating 18.

The metal coating may be applied at any thickness. Tyrical
metal coating thickness, however, are from about 1 um to about 50
pm. The preferred coating thickness is about 1 um to about 10 um.
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The most preferred coating thickness is about 1 toabout 5 um.

Having described the invention, the following examples are
given to illustrate specific applications of the invention
including the best mode now known to perform the invention. These
specific examples are not intended to limit the scope of the

invention described in this application.

EXAMPLES

Example 1

An As,,S.;Se, glass rod was used with a length of approximately
10 cm and a diameter of 6 mm. Fiber was subsequently drawn from the
rod on a draw tower located in a class 100 clean room. The fiber
was drawn at around 310°C and at a rate of approximately 4 m/min.
The fiber travelled through a container of indium metal at above
its melting point, in this case 170°C. As the fiber left the bottom
of the indium melt it possessed a thin, smooth coating of indium
metal. The fiber diameters ranged in size from about 100-240 um and
the indium coating ranged in thickness from a few microns to 50 um.
The coating thickness can be increased or decreased by controlling
the fiber draw speed and the indium melt temperature and pressure.

Preliminary strength results indicate that chalcogenide glass
fibers with a 50 um 'thick indium coating exhibited bending
strengths of 240 to 386 kpsi (1.66 to 2.66 Gpa) in air under

7




10
11
12

13

14

15

16
17
18

19

21

22

23

Docket No.: N.C. 77,806 PATENT APPLICATION
Inventor’s Name: Sanghera et al.

ambient conditions. The results are listed in Table 1 and compared
with results for Teflon FEP coated fibers. The fibers coated with
a Teflon FEP clad exhibited strengths in the range of 63-95 kpsi in
air and 107-179 kpsi in liquid nitrogen. Measurement in liquid
nitrogen inhibits stress corrosion and therefore results in higher
strength than in air. Remarkably, the indium metal coated fiber
exhibited strengths approximately two-fold higher than the Teflon

FEP coated fiber strength measured in liquid nitrogen.

Table 1 The strength of In metal-cocated and Teflon-coated
chalcogenide fibers.

Fiber Type of Strength in Strength in liquid
Coating air nitrogen (kpsi)
(kpsi)
Chalcogenide | Teflon 63-95 107-179
Chalcogenide Indium 240-386 | @ -------

Obviously, many modifications and variations of the present
invention are possible in light of the above teachings. It is
therefore to be understood that

the invention may be practiced otherwise than as

specifically described.
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ABSTRACT
Chalcogenide glass fibers are coated with metals. The
products have improved bending strength and resistance to UV,
visible light, and moiéture. The metal coating may be applied by
any method, such as dip coating or sputtering. Typical metals

include In, Sn, Bi, Pb, Tl1l, 2n, C4d and C.
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