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Several chalcogenide glass compositions have been devel

CHALCOGENIDE GLASS COMPOSITION

oped for use as infrared optical components fabricated via hot
CROSS REFERENCE TO RELATED
APPLICATIONS

pressing processes; hoWever, several signi?cant de?ciencies

This application is based upon and claims priority under 35
USC § ll9(e) from US. Provisional Application No.
60/924,069 ?led Apr. 30, 2007, entitled Moldable IR Chal
cogenide Glass, the contents of Which are hereby incorpo
rated in its entirety by reference thereto.

nium. Compositions have a relatively high glass softening
temperature requiring processing at elevated temperatures,

are inherent to such compositions. Most compositions are
composed of one or more costly elements, including germa

typically 320 to 500 degrees Celsius, Which further increases
manufacturing costs and di?iculty. Compositions have a ther
mal expansion coe?icient Which differs from molds used in
hot pressing processes, thus causing mismatch betWeen lens
surface and mold during cool doWn resulting in an improperly
shaped lens. Compositions have a thermal coe?icient of

FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT

refractive index on the order of l0_5/o C., Which is indicative

of temperature sensitive performance.

None.

Another problem Within the related arts includes the lim

ited design options afforded by germanium-free composi

FIELD OF THE INVENTION

The present invention generally relates to chalcogenide
glass compositions Which are infrared transparent and form
able via hot pressing methods. Speci?cally, compositions are
composed of arsenic (As), selenium (Se), sulfur (S), and
antimony (Sb) in Weight proportions Which ensure a thermal
expansion coef?cient Which minimiZes mismatch betWeen an
optical element and a mold therefore during manufacture, a
temperature coe?icient of refractive index Which minimiZes

tions. For example, Hilton, in US. Pat. No. 7,157,390,
describes and claims a composition composed of arsenic and
20

25

refractive index values.

Presently, the problems related to the mismatch betWeen
the coef?cients of thermal expansion for knoWn chalcogenide
glass compositions and hot pressing molds are extremely

thermal defocusing effects, and glass transition and softening
temperatures compatible With hot pressing methods under
stood in the art.

selenium With a 4% range of variation on a Weight basis for

each of the tWo constituents. Optical designs in general Would
bene?t from the development of a variety of infrared glasses
With different refractive indexes While maintaining desired
thermal expansion coef?cient and thermal coef?cient of

30

BACKGROUND OF THE INVENTION

dif?cult and costly to solve. The shrinkage of a lens Within a
mold is a very complicated process With no practical theory to
estimate the effect. As such, an iterative process is applied

including the steps of fabricating a mold, manufacturing a
lens With the mold, measuring the resultant lens to determine

The high cost of optical elements applicable to the infrared
band remains an ongoing challenge. The cost of optical ele
ments is determined in part by the price of constituents com

its deviation With the required design, and redesigning the
35

posing such elements, processing methods required to form
the constituents into ingots, and fabrication processes

required to properly manufacture precision optical elements
from ingots. For example, infrared lenses are typically fabri
cated from single-crystal germanium, a costly elemental
material. Single-crystal forms of germanium are produced

glass composition and mold are comparable and avoided
40

manium is shaped to form optical lenses via cumbersome and

ments.
45

ishing, and edging, the latter ensuring both optical and
mechanical axes are properly aligned. Complex lens designs
require even more expensive manufacturing methods, one

Accordingly, What is required is a loW-cost, germanium
free chalcogenide glass composition having a thermal expan
sion coe?icient compatible With molds commonly used With
hot pressing processes, a temperature coe?icient of refractive
index Which varies little With temperature and otherWise

example being the single-point-diamond method.
Chalcogenide glass compositions are broadly described as

When they are identical.
It may be appreciated, therefore, that there remains a need

for further advancements and improvements thus enabling
the manufacture of thermally-stable, infrared optical ele

via costly groWth processes. Furthermore, single-crystal ger

costly mechanical methods, including cutting, grinding, pol

mold to compensate for observed deviations. Typically, the
process requires numerous iterations before a mold yields the
desired lens. Accordingly, the problems described above are
minimiZed When the coe?icient of thermal expansion for both

50

referred to herein as near Zero, a loW glass transition tempera

ments, examples including sulfur (S), selenium (Se), and

ture, and a loW glass softening temperature.
What is also required are chalcogenide glass compositions

tellurium (Te), and one or more group III, IV, and/or V ele

Which provide a broader range of design options so as to

amorphous systems composed of one or more group VI ele

ments, examples including arsenic (As), germanium (Ge),
antimony (Sb), tin (Sn), and gallium (Ga), having applicabil

achieve the desired optical performance for an optical design
55

ity to infrared optical elements. Compositions have loW char
acteristic vibration frequencies alloWing transmission far into

While maintaining a thermal expansion coe?icient of 23.6><
l0_6/o C. and a thermal coe?icient of refractive index less

than l><l0_6/° C.

the infrared region and band passes from the visible to 15

microns. Chalcogenide compositions may be melt processed
to form glass ingots rather than groWn to form costly crystals.
As such, chalcogenide compositions facilitate the manufac
ture of netshape long Wavelength infrared (LWIR) lenses via
melt processes rather than mechanical methods. Netshape
manufacturing methods offer signi?cant economic and eco
logical advantages over multi-step mechanical processes
because of the elimination of intermediate manufacturing
steps and Waste materials.

SUMMARY OF THE INVENTION
60

An object of the present invention is to provide a loW-cost,

germanium-free chalcogenide glass composition having a
thermal expansion coef?cient compatible With mold materi
65

als used With hot pressing processes, a thermal coe?icient of
refractive index on the order of or less than l0_6/o C., a loW

glass transition temperature, and a loW glass softening tem

perature.
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Another object of the present invention is to provide chal
cogenide glass compositions Which provide a broader range
of design options so as to achieve desired optical performance
from optical designs While maintaining a thermal expansion

fractions of arsenic, selenium, and antimony. In preferred
embodiments, the sulfur content should be limited to the
range from 4% to 10%. In most preferred embodiments, the
sulfur content should be limited to the range from 5% to 7%.

Antimony content facilitates adjustments to the thermal

coe?icient of 23.6><10_6/o C. and a refractive index less than

expansion coef?cient, glass transition temperature, and soft
ening temperature. The glass transition temperature is pre

1><10_6/o C. In terms of the present invention, the variability
of constituents on a Weight basis is greater than the related

ferred to be less than 200 degrees Celsius. Accordingly, the
Weight proportion of antimony should be limited to the range
from 0% to 15% depending on the Weight fractions of arsenic,

arts, thus facilitating a broader range of design options.
The present invention is a chalcogenide glass composition
including arsenic, selenium, sulfur, and antimony. In some
embodiments of the present invention, the composition
includes arsenic in the range from 25% to 45% by Weight
relative to the total Weight of the composition, selenium in the
range from 40% to 65% by Weight relative to the total Weight
of the composition, sulfur in the range from 2% to 15% by
Weight relative to the total Weight of the composition, and
antimony in the range from 0% to 15% by Weight relative to
the total Weight of the composition.

selenium, and sulfur. In preferred embodiments, the antimony
content should be limited to the range from 1% to 10%. In

mo st preferred embodiments, the antimony content should be
limited to the range from 3% to 7%. The Weight fractions

identi?ed above also alloW for other preferred properties
including a softening temperature less than 250 degrees Cel
sius, a thermal expansion coe?icient the same as or similar to
that of aluminum or other mold materials, and a thermal
coe?icient of refractive index less than 1><10_6/o C. at infrared

Preferred embodiments of the present invention have a

thermal expansion of approximately 23.6><10_6/o C., a ther

20

mal coef?cient of refractive index near Zero Which is de?ned
as on the order of or less than 10_6/o C., a glass transition

temperature.

temperature less than 2000 C., and a softening temperature
less than 2500 C. Preferred softening temperatures permit the
composition to be molded Within a loW-cost mold, one

In accordance With the embodiments above, other pre
ferred embodiments of the glass composition are composed
25

example being aluminum. Preferred thermal expansion coef

of arsenic, selenium, sulfur, and antimony in the proportion of
30% to 40% arsenic, 45% to 60% selenium, 4% to 10% sulfur,
and 1% to 10% antimony on a Weight basis.
In accordance With the embodiments above, other most
preferred embodiments of the glass composition are com

?cients minimize mismatch betWeen the composition and a
mold during the cool doWn cycle of a hot pressing process so
that the resultant lens and mold shrink in a complimentary

fashion. As such, shrinkage of the lens during cooling does

Wavelength of 10 microns. Antimony content may be
increased to cause a corresponding change in the softening

30

posed of arsenic, selenium, sulfur, and antimony in the pro

not in?uence mold design. Preferred temperature coef?cients
of refractive index minimize thermal defocusing effects.
It Will be appreciated by those skilled in the art that the

portion of32% to 38% arsenic, 50% to 55% selenium, 5% to
7% sulfur, and 3% to 7% antimony on a Weight basis.

description herein, including the disclosure provided by the

corresponding properties, including glass transition tempera
ture (Tg), glass dilatometric softening temperature (T d5), ther

illustrative claims section, is illustrative and explanatory of

TABLE 1 describes tWo exemplary glass compositions and
35

mal expansion coef?cient (0t), and thermal coe?icient of
refractive index ([3). Compositions may be fabricated via

this invention, but is not intended to be restrictive thereof or

limiting of the advantages, applications, and uses Which can
be achieved by this invention.

methods understood in the art.

TWo exemplary advantages are noteworthy.
Embodiments of the present invention facilitate the loW

TABLE 1

40

cost, netshape manufacture of simple and complex optical
Ex-

elements With applicability to sensors and imaging devices
Within the infrared band.
Embodiments of the present invention have greater thermal

stability, thus enhancing imaging and sensing capabilities

45

over a Wide range of temperatures.

S

Tg

Tds

Sb (0 C.) (O C.)

0t

[5

ample

As

Se

(/° C.)

(/° C.)

1

35.5

52.8

6.7 5.1

165

200

23.6 X 10*6

<1 X 10*6

2

38.8

54.4

6.8

160

195

23.6 X 10*6

i

The preferred properties, namely, glass transition tempera

DETAILED DESCRIPTION OF THE INVENTION

The present invention includes glass compositions com

Composition % Wt

50

ture less than 200 degrees Celsius and softening temperature
less than 250 degrees Celsius, alloW glass ingots to be formed

posed of arsenic, selenium, sulfur, and antimony in the pro

into optical elements, including lenses, via hot pressing meth

portion of 25% to 45% arsenic, 40% to 65% selenium, 2% to
15% sulfur, and 0% to 15% antimony on a Weight basis.
Arsenic and selenium are the primary components of each

ods understood in the art. For example, the glass transition
and softening temperatures noted above alloW for hot press

glass composition. In preferred embodiments, the arsenic

55

content should be limited to the range from 30% to 40% and
most preferably to the range from 32% to 38%. In preferred
embodiments, the selenium content should be limited to the
range from 45% to 60% and most preferably to the range from

cient approximating that of aluminum ensure that the result
ant optical element is a mirror image of the mold at room

temperature.
From the foregoing description, one skilled in the art can

50% to 55%.

60

Sulfur content facilitates adjustments to the temperature
coe?icient of refractive index Which is inversely related to the
proportion of sulfur. The addition of sulfur also in?uences the
transparency bandWidth of the composition. Too much sulfur
limits the transparency bandWidth to the mid-infrared region.

65

Accordingly, the Weight proportion of sulfur should be lim
ited to the range from 2% to 15% depending on the Weight

ing methods utiliZing molds composed of aluminum. Glass
compositions having a preferred thermal expansion coef?

easily ascertain the essential characteristics of this invention,
and Without departing from the spirit and scope thereof, can
make various changes and modi?cations of the invention to
adapt it to various usages and conditions.
The description above indicates that a great degree of ?ex
ibility is offered in terms of the invention. Although the
present invention has been described in considerable detail
With reference to certain preferred versions thereof, other

US 7,670,972 B2
6
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10. The chalcogenide glass composition of claim 1,

versions are possible. Therefore, the spirit and scope of the
appended claims should not be limited to the description of
the preferred versions contained herein.

Wherein said composition having a thermal expansion coef
?cient of approximately 23.6><10_6/o C.

11. The chalcogenide glass composition of claim 1,

What is claimed is:

Wherein said composition having a thermal coe?icient of
refractive index less than approximately 1><10_6/o C.

1. A chalcogenide glass composition Which is infrared

transparent comprising:

12. A chalcogenide glass composition Which is infrared

(a) arsenic in the range from 25% to 45% by Weight relative
to the total Weight of said composition;
(b) selenium in the range from 40% to 65% by Weight
relative to the total Weight of said composition;
(c) sulfur in the range from 2% to 15% by Weight relative to
the total Weight of said composition; and
(d) antimony in the range from greater than 0% to 15% by
Weight relative to the total Weight of said composition.

transparent comprising:
(a) arsenic in the range from 30% to 40% by Weight relative
to the total Weight of said composition;
(b) selenium in the range from 45% to 60% by Weight
relative to the total Weight of said composition;
(c) sulfur in the range from 4% to 10% by Weight relative to
the total Weight of said composition; and
(d) antimony in the range from 1% to 10% by Weight
relative to the total Weight of said composition.

2. The chalcogenide glass composition of claim 1, Wherein

13. The chalcogemde glass composition of claim 12,

said arsenic is in the range from 30% to 40% by Weight
relative to the total Weight of said composition.

Wherein said composition having a thermal expansion coef
?cient of approximately 23.6><10_6/o C.

3. The chalcogenide glass composition of claim 1, Wherein
said selenium is in the range from 45% to 60% by Weight
relative to the total Weight of said composition.

20

4. The chalcogenide glass composition of claim 1, Wherein

15. A chalcogenide glass composition Which is infrared

said sulfur is in the range from 4% to 10% by Weight relative
to the total Weight of said composition.

5. The chalcogenide glass composition of claim 1, Wherein

transparent comprising:
25

said antimony is in the range from 1% to 10% by Weight
relative to the total Weight of said composition.

6. The chalcogenide glass composition of claim 1, Wherein
said arsenic is in the range from 32% to 38% by Weight
relative to the total Weight of said composition.

30

7. The chalcogenide glass composition of claim 1, Wherein
said selenium is in the range from 50% to 55% by Weight
relative to the total Weight of said composition.

the total Weight of said composition.
9. The chalcogenide glass composition of claim 1, Wherein
said antimony is in the range from 3% to 7% by Weight
relative to the total Weight of said composition.

(a) arsenic in the range from 32% to 38% by Weight relative
to the total Weight of said composition;
(b) selenium in the range from 50% to 55% by Weight
relative to the total Weight of said composition;
(c) sulfur in the range from 5% to 7% by Weight relative to
the total Weight of said composition; and
(d) antimony in the range from 3% to 7% by Weight relative
to the total Weight of said composition.

16. The chalcogenide glass composition of claim 15,

8. The chalcogenide glass composition of claim 1, Wherein
said sulfur is in the range from 5% to 7% by Weight relative to

14. The chalcogenide glass composition of claim 12,
Wherein said composition having a temperature coef?cient of
refractive index less than approximately 1><10_6/o C.

35

Wherein said composition having a thermal expansion coef
?cient of approximately 23.6><10_6/o C.

17. The chalcogenide glass composition of claim 15,
Wherein said composition having a temperature coef?cient of
refractive index less than approximately 1><10_6/o C.
*
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