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FI ELD OF THE | NVENTI ON The present invention relates to a nethod of mnaking
chal cogeniwdmghgssses. More particularly, the invention re@tewisooa net hod
of maki ng sel eni um based chal cogenide glasses utilizing liquid

encapsul ati on. 5 DESCRI PTI ON OF THE RELATED ART Chal cogeni de gl.asses
consists of one or nore of the elenents sulfur (S), selenium (Se), or
tellurium (Te). Chal cohalides are gl assgs containing one or nore of the
elements S, Se and Te, and one or nore halides anions (F, Cd, Br and |).
Chal co- oxi des are glasses 10 containing one or nore of the elenents S, Se
and Te and oxygen. Chal cogeni de gl asses are of interest because of their
ability to transmit iGIEASY BEAGIOA Vi LIGHTIRANGABAYEATIONAI cogeni de

gl asses (for exanple, As2Se3 and (Ge28Sbl 2Se60) are of particul ar interest
due to their chemcal durability, noderate glass transition tenperatures,

and abi | i FEUIPOFES MNWENTIONAr ed radi ation both in the 3-5 in and 8-12 in
regi ons. 15 Chal cogeni de gl asses have been nade a nunber of techniques.
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S, Se and Te, and one or more halides anions (F, Cl, Br and I). Chalco-oxides are glasses

10  containing one or more of the elements S, Se and Te and oxygen. Chalcogenide glasses
are of interest because of their ability to transmit infrared radiation. Selenium based
chalcogenide glasses (for example, As,;Ses and GeygSbiaSeeo) are of particular interest due
to their chemical dﬁrability, moderate glass transition temperatures, and ability to transmit
infrared radiation both in the 3-5 m and 8-12 m regions.

15 Chalcogenide glasses have been made by a number of techniques. U.S. Patent
Nos. 3,338,728, 3,343,972, and 3,360,649 disclose the production of chalcogenide glasses
in sealed ampoules similar to that discussed below in relation to the commercial
chalcogenide glass known as TI-1173. U.S. Patent No. 3,360,649 relates specifically to a
selenium-germanium-antimony chalcogenide glass.

20 U.S. Patent No. 4,484,945 discloses a process which involves subjecting a mixture
of chalcogenide oxides contained in solution to a simultaneous coreduction reaction. The
coreduction reaction is achieved by adding reducing agents to the oxide solution such as
hydrazine, sulphur dioxide, thioureas, etc.

U.S. Patent No. 4,492,763 discloses germanium-free chalcogenide glasses prepared

25  utilizing sealed ampoules.

High purity oxide glasses may be prepared by melting the oxides together in an
open crucible. For selenium based chalcogenide glasses, high purity metal selenides are

generally not commercially available, therefore, selenium metal is melted and reacted to



25 utilizing seal ed anpoul es. High purity oxide gl asses may be prepared by
nmelting the oxides together in an open crucible. For sel enium based

chal cogenwz%gss,ses, high purity metal selenides are genghaidoy/314b
commercially available, therefore, seleniummnetal is nelted and reacted to
WO 02/ 30837 PCT/ US01/ 31702 2 form chal cogenide glass. Seleniumnelts at
216C and its vapor pressure reaches 1 atnosphere at 685C while the nelting
poi nts of nost other chal cogeni de gl ass, conponents are greater than 700C
Therefore, reaction in an open crucible will result in the alnost conplete
evaporation | oss of selenium 5 One sel enium based chal cogeni de gl ass was
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number of shortcomings with this method, including: (1) during sealing of the quartz

15  tube, oxygen, an impurity, may be introduced, degrading IR transmission; (2) there is a
risk of explosion of the sealed quartz tube during heating if the ampoule is not designed
and/or heated properly to prevent sublimation of the selenium melt; (3) the rock and/or
roll mixing is not sufficient fo produce optical quality glass; the reacted glass must be re-
melted, stirred, re-cast and annealed to produce optical quality glass; (4) the quartz

20  ampoule is not reusable; (5) temperatures in excess of 900°C must be reached to
completely melt the germanium; and (6) glass batch size is limited by the size of
commercially available quartz tubing, and by the margin of safety required to reduce the

risk of explosion.

25 SUMMARY OF THE INVENTION

Accordingly, a need has arisen for making chalcogenide glass, and particularly
selenium based chalcogenide glass, in a safer and more economical fashion. »
In accordance with the present invention, a method of producing chalcogenide
glass is provided that significantly improves the safety and economy of making the glass.
30 The method includes the steps of: (1) placing about stoichiometric amounts of glass

components into a reactor, (2) substantially covering the glass components in the reactor



commercially available quartz tubing, and by the margin of safety required
to reduce the risk of explosion. 25 SUVWARY OF THE | NVENTI ON Accordi ngly,
a need hawoanizesyr for maki ng chal cogeni de gl ass, and part ipgul@dohg1703€l eni um
based chal cogeni de glass, in a safer and nore econom cal fashion. In
accordance wth the present invention, a nethod of producing chal cogenide
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Figure 1 H§n§n§WﬁE&%&kﬁd Cross- sectlonal draw ng of a reactlon chanber for
carrying 15 out the present inventive nethod. Figure 2 is a graph of
Transm ttance vs. Wavel ength for chal cogeni de gl ass nade pursuant to the

exanp} & Nerelh HhESCRIPTION OF THE DRAWINGS

A better understanding of the invention can be obtained when the detailed

description of exemplary embodiments set forth below is considered in conjunction with
the attached drawing in which:
Figure 1 is a simplified cross-sectional drawing of a reaction chamber for carrying
15 out the present inventive method. .
Figure 2 is a graph of Transmittance vs. Wavelength for chalcogenide glass made

pursuant to the example herein.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

20 With reference to Figure 1, the process of the present invention is preferably

carried out in a reactor 10 having an internal reaction chamber 11. The reactor 10 is at
least partially surrounded by a heater 13. Within the reactor 10, is a melt crucible 20
having a melt valve 21 (with a melt valve handle 22) and a stir bar 23. The reactor 10 has
a snoot 12 for removing the molten chalcogenide glass.

25 As shown in Figure 1, there are three levels indicating ternary glass components
and a fourth level indicating an encapsulent. Preferably, for ternary glass, the three ternary
glass components are levels 31, 32, and 33 and the encapsulent is level 34. As discussed
in more detail below, before heating begins, preferably, level 31 is selenium, level 32 is
antimony, level 33 is germanium, and level 34 is B,0;.

30 It has been found that if glass crucibles, stir bars and melt valves are used,. the

B;0; wets the glass and then breaks the glass upon cooling due to the large differential in



DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCODI MENTS 20 Wth reference to
Figure 1, the process of the present invention is preferably carried out
in a reachwerozk@szravi ng an i nternal reaction chanber 11. Themeaeboin210 is
at least partially surrounded by a heater 13. Wthin the reactor 10, is a
melt crucible 20 having a nelt valve 21 (with a nelt valve handle 22) and
a stir bar 23. The reactor 10 has a snoot 12 for renoving the nolten

chal cogeni de glass. 25 As shown in Figuge 1, there are three |levels
indicating ternary glass conponents and a fourth |level indicating an
encapsul ent. Preferably, for ternary glass, the three ternary gl ass
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t hermal eSpknsino(Be) Therefore, it is pPléferred to utilize ve&reous carbon
crucibles, stir bars and nelt valves such that the B203 does not wet these

itenms and g h can be reused. j ng Point (C) BoilikgyPoint (C)
Sel eni um of%gg%)% " Anti mony ( Sh) f?g 1750  Ger mani um (G&}° 937 2830

Bor on Cxlde (B203) 450 1860 As can be seen fromthe above table, selenium
has a nel GeagapsmGedf 216C. Many 5 Il cogeni de gl ass corgdhent s have
nmelting points greater than 700C. Even at antinony's relatively |ow

mel ting p@oadn Okid@3IB,G) i f antimony wess to be nelted in thesopresence of
sel eni um under at nospheric conditions, e.g., an open crucible, a

significant |oss of seleniumwould resul t fron1evaporat|on
As can be seen from the above table, selenium has a melting point of 216°C. Many
5 chalcogenide glass components have melting points greater than 700°C. Even at
antimony’s relatively low melting point of 631°C, if antimony were to be melted in the
presence of selenium under atmospheric conditions, e.g., an open crucible, a significant
loss of selenium would result from evaporation.
While the preferred chalcogenide glass is TI-1173 (Gey3Sbi12Ses), the present
10 invention may be used to make any chalcogenide glass, and is particularly adapted for
making chalcogenide glasses where one or more components have a low boiling point
(high Vapor pressure) in relation to one or more other components which have a high
melting point.
The present invention applies to chalcogenide glasses in its broadest definition,
15 including chalcohalides, chalco-oxides, as well as the combination of chalcogenide
elements (S, Se, Te) with Group VA elements (including phosphorus (P), arsenic (As),
antimony (Sb) and bismuth (Bi)), the combination of chalcogenide elements with Group
IVA elements (including germanium (Ge), tin (Sn) and lead (Pb)), and the combination of
chalcogenide elements with Group IITA elements (including aluminum (A1), gallium (Ga),
20 indium (In) and thallium (TI)).
For purposes of the present application, boron oxide (B,03), is an “encapsulent”.
An encapsulent is any element or compound which meets the following requirements:

(1) is aliquid (molten) at temperatures suitable to form chalcogenide glasses;



VWhile the preferred chal cogenide glass is TI-1173 ((Ge28Sbh12Se60), the
present 10 invention nay be used to nake any chal cogeni de glass, and is

par ticul afloidggat ed for nmaking chal cogeni de gl asses wheng19f&18f7050r €
conmponents have a |ow boiling point (high vapor pressure) in relation to

one or nore other conmponents which have a high nelting point. The present
i nvention applies to chal cogenide glasses in its broadest definition, 15
i ncludi ng chal cohal i des, chal co-oxides, sas well as the conbination of

chal cogenide elenments (S, Se, Te) with Goup VA elenents (including
phosphorus (P), arsenic (As), antinmony (Sb) and bisnmuth (Bi)), the
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at ro mteggi rature and nelts (450C) as the conponents of the chal cogeni de
gl ass!tel FSHNCAESPISHUNLEYBAT2UEBr the case of B203, it nelts at 450C, wel |
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significant sel enium evaporation.
silicate and phosphate glasses and multicomponent mixed glasses such as borosilicates,
borophosphates and phosphosilicates.
In addition to preventing the evaporation of low Boiling point components, the
15  encapsulent allows for stirring the melt, allows for easy operation of the melt valve 21
(utilizing melt valve handle 22), and allows thermocouples (not shown) to be inserted to
determine temperature at various depths of the melt.
The encapsulent has a lower density than that of the melt being processed. This
allows the encapsulent to remain on the top of the melt being processed to prevent
20  evaporation loss, but also provides for reducing contaminants in the glass, and, upon
operation of the melt valve 21, allows the molten chalcogenide glass to be removed
through the snoot 12 with the encapsulent remaining in the crucible 20.
The following description details the preferred method of making TI-1173
according to the present inventive method:

25

1. Starting materials

Stoichiometric amounts (as noted below) germanium, antimony, and selenium,
each 99.999% pure, are obtained from a suitable source. One such suitable source is
Sigma-Aldrich Corp. of St. Louis, MO.

30 Germanium 28 mol %.



O her conpounds suitable for the encapsul ent include nulticonponent borate,
silicate and phosphate gl asses and nul ti conponent m xed gl asses such as

bor osi | i ceigap/zos370r ophosphat es and phosphosilicates. | n ad@dithowizie:z
preventing the evaporation of |ow boiling point conponents, the 15
encapsul ent allows for stirring the nelt, allows for easy operation of the
melt valve 21 (utilizing nelt valve handle 22), and all ows thernocoupl es
(not shown) to be inserted to determng tenperature at various depths of
the nelt. The encapsulent has a | ower density than that of the nelt being
processed. This allows the encapsulent to remain on the top of the nelt
bei ng prolatwedy i3nlégent 20 evaporation | oss, but also provides for

reduci ng .am o/ N the glass, and, upon operation of the nelt valve
21, all omga%ﬁghti% EélflA’(:hal cogeni de glass to be renoved through the snoot
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descriptign detajls the preferred nethod of making TI-1173 according to
the presehtchnplpgissiofdemsckhod)- 25 1. Starting materials Stoichionetric
amounts (as noted bel ow) germani um antinony, and selenium each 99.999%
pure, are obtained froma suitable source. One such suitable source is

Si gma- Al d2.i ch Bioegss of St. Louis, MO, 30 Germanium 28 nol % WO 02/ 30837
PCT/ USO01/ 31702, 6 Antim)d;ly 12 nmol. % Sel eni.um 60 nmol % TE% 20§ may be
pur chased as gPERRRIBIEI SREEPRY HBECL B6p BRNECHY diices! PRINHRIEcpom in

Technol ogjgmert. TBRNREhiuant@rony and germanium are layered in the crucible 20, with,
preferably, selenium as the lower level 31, followed by antimony (level 32), then followed
10 by germanium (level 33). B,0; sufficient to form an about one inch level (level 34) is
added on top of the germanium. Preferably, the selenium is on the lower level 31 as it
melts first and has a high vapor pressure (low boiling point); thus, as the selenium melts,
the antimony (the second lowest melting point component) falls into the molten selenium,
improving the glass formation reaction and heat transfer. Also, with the selenium on the
15  lower level 31, there is less opportunity for the selenium to evaporate before the B;03
layer (level 34) melts.

A vacuum bake-out is performed on the crucible 20 and its contents to remove
residual moisture and oxygen. This is done by heating the reactor 10 and its contents to
200°C under a vacuum of <200 milliTorr for one hour. This vacuum bake-out helps to

20  prevent moisture and oxygen from contaminating the chalcogenide glass (which is very
sensitive to impurities). Following this, the reactor 10 is pressured with dry nitrogen to a
pressure of about 1 psig while maintaining a purge rate of about 4 scfh. The reactor 10
atmosphere is checked to verify that the O, and H,O contents are each below 20 ppm.
Crucible 20 is then heated to 450°C and held at that temperature for 60 minutes. At

25  217°C, the selenium melts and begins dissolving the solid antimony and germanium. At
450°C, the B,0; melts and encapsulates the germanium, antimony and liquid selenium.
The crucible 20 and its contents are then heated to 630°C. At 630°C, the antimony melts
and starts reacting with the solid germanium. With both the selenium and antimony
molten, vigorous mixing is provided to dissolve the solid germanium chunks. The stirring

30  speed is ramped from lrpm to 60rpm by increasing the speed at lrpm/min. and the
temperature is raised to 670°C. The temperature is held at 670°C. with the contents being



2. Process Germanium and antinony ingots are broken into pieces, preferably
<3cmin dianmeter. The selenium antinony and germanium are |ayered in the
cruci ble g@o2Wok33. preferably, seleniumas the |ower |evglctilsysplhowed by
antinony (level 32), then followed 10 by germanium (|l evel 33). B203
sufficient to forman about one inch level (level 34) is added on top of
the germanium Preferably, the seleniumis on the |lower level 31 as it
melts first and has a high vapor pressuge (low boiling point); thus, as the
seleniumnelts, the antinony (the second | owest nelting point conponent)
falls into the nolten selenium inproving the glass formation reaction and
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The tenpepature is.held at 670C. with the contents being WO 02/ 30837
PCT/ Us0 1/ B Pije mold.

After the lens casting is complete, any remaining glass melt and B,0; in the

15  crucible 20 are dumped and the crucible 20, stir bar 23, and melt valve 21 are removed and

cleaned.
EXAMPLE
Starting Materials ams
Selenium 691
Antimony 213
Germanium 296
B,0s 600
Time
(Min.) Procedure and Comments
- Vacuum on overnight - pulled to 300 m Torr.
1 Vacuum at 225 m Torr; vacuum off; low purge at 4scfh; set melt set-point
controller to 450°C.

78 Melt thermocouple reading 440°C; set melt set-point controller to 535°C.



7 mxed at 60rpmfor 120 m nutes. Under these conditions, the solid
germaniumw || conpletely dissolve in the seleniunmfantinony nelt and a

gl ass forwiow/308dt will be produced. Preferably, the temermagsigishoul d
not be rai sed above 670C., because the boiling point of seleniumis 680C.

Fol |l owi ng these procedures, a glass formng nelt has 5 been produced;
however, refining of the glass nust be conpleted to produce opti cal

quality glass. To "fine" (to renove bubRgles from the nelt, the stirring is
stopped and the nelt cooled to 640C for 60 m nutes, and any bubbles in the
melt will rise to the top of the nelt. After fining, the nelt is readied
for lens casti®ig by Sevmelt sai-pohe targdQ°Ci enperature to 560C 10 and stirring
at 35rpm for B m nuireseasd heaingonogeni zes the chem cal conposition of the

melt. The stifgl ng i $5sd@pneldidassteegefore the glass is cast into the plate
mol d. Thi's i sjzacconph pahedepy ¢3icng the nelt valve 21 such that the nelt

fl ows out the oot nt oate nold. After the lens casting is
conpl et e, anyl’g;nai n%ﬁiﬁ%ﬁl@%&%@ﬁ%hd B203 in the 15 crucible 20 are
dunped and t hE%r uci 0015851 23 and melt valve 21 are removed and

cl eaned. EXAMAE st 3 tmaguRhistZA’S- grans  Sel eni um 691  Anti mony 213
Ger mani um 2963878203 56 to Tiomegdlire; 1Pwecmelt se-rwint (CAEh lewarstintm2Grpm for
overni ght - pulled t#0806a thenstop.r. 1 Vacuum at 225 in Torr; vacuumoff; |ow
purge at 4scthi3 set nBiwbr mek s@Giontt to 470°C.

557 Lower melt set-point to 465°C

573 Pour into plate mold.

1193g of raw (unfinished) T-1173 glass was produced in the experiment.

A 0.3955 in. thick glass casting was produced. This glass casting was tested for IR
5  transmittance yielding the results shown in Figure 2 and the following results:

At12.8 m A=0.508 cm™
At12.5 m A=0.455 cm’!
At12.0 m A=0.226 cm™
10  At10.0 m A=0.021 cm’
At 8.3 m A=0.023 cm’
At 8.0 m A=0.026 cm’!
At7.5 m A=0.019 cm’

15  Where A is Absorbance.

75t011.5 m
Avg. Transmittance = 65.0%

20 11.5t013.5 m
Avg. Transmittance = 47.7%

7.5t013.5 m

Avg. Transmittance = 61.2%

25 '
The present inventive method of making chalcogenide glass is advantageous over

known methods of making chalcogenide glass. The present inventive method is easier,
more economical and safer than previously known methods. The present inventive
method solves the several problems noted above relating to making chalcogenide glass in
30  sealed ampoules, specifically (1) No sealing of a quartz tube is required, and oxygen

contamination is minimized; (2) There is no risk of explosion because the selenium



controller to 450C. 78 Melt thernocouple reading 440C, set nelt set-point
controller to 535C. WD 02/30837 PCT/US01/31702 8 85 Set nelt set-point to
560C. 114 opnosogase heating. 161 15 rpm nelt is 652.6C pAZuddsim nelt
is 653.5C. 177 25 rpm nelt is 654.7C. 183 30 rpm nelt is 658.8C. 189
35 rpm nelt is 662.4C 387 Start to honopgenize; |ower nelt set-point to
490C, lower stir to 20 rpmfor 40 mn, then stop. 513 Lower nelt set-point
to 470C. 557 Lower nelt set-point to 465C 573 Pour into plate nold. 1193g
of raw (unfinished) T-1173 gl ass was produced in the experinment. A 0.3955
in. thick glass casting was produced. This glass casting was tested for IR
5 transni te@%wmémbq\@ghtqugguﬂ &nd ABAFRDLChO ST gipseUre O fiepctipe chanbesil ng

25U08S" BR iy Rl by RSBl
A=0. 026 cin drucible 70,5hé¢ plads-Corfii@ents chh béieired Auffichkiyas pasdtee optical quality
glass, and the glass can be poured (snoot 12) directly from crucible 20 to cast desired
5  shapes; (4) The crucible 20 is reusable whereas the quartz tube is not; (5) The reaction
takes place several hundred degrees lower than the known sealed ampoule technique, thus
requiring less sophisticated equipment; and (6) The batch size can be increased over the
known sealed ampoule technique.
Having described the invention above, various modifications of the techniques,
10 procedures, material, and equipment will be apparent to those skilled in the art. It is
inteﬁded that all such variations within the scope and spirit of the invention be included

within the scope of the appended claims.



7.5 to 11.5 m Avg. Transmttance = 65.0% 20 11.5 to 13.5 in Avg.
Transmttance = 47.7% 7.5 to 13.5 in Avg. Transmttance = 61.2% 25 The
present iwoanizey net hod of maki ng chal cogeni de gl ass is g@viakoagde@ps over
known net hods of maki ng chal cogeni de gl ass. The present inventive nethod is
easier, nore econom cal and safer than previously known nethods. The
present inventive nethod solves the several problens noted above relating
to maki ng chal cogeni de glass in 30 sealgd anpoul es, specifically (1) No
sealing of a quartz tube is required, and oxygen contamnation is
nininizedi SZ% There is no risk of explosion because the sel eni um WD

02/ 30837 148 OIAIMBD I8: t enperat ure may be tightly controlled, and any

rapi d over-pressure o I Qp: ] Y, j !
over-pressure §a|VeéJ%ﬁ%§@§ﬁ%@§$%Q?@?&%Q%%uéﬁgi%@ﬁ¥§§§¥§§§QP§%%S place in
crucible 20, the gl &§s cphipmgedtioat e@ichiengiic rrUnsUsfl glasseadhyoreatspinaduace
optical quality glass, and the glass can be poured (snoot 12) directly
fromcrucible 20 to cast @ 9fred 5 shapes; (4) The crucible 20 is reusable
whereas the quartz pybe iissPpobial BhveHhe thE 3t OmpbRkRSinPIhR GeacRG Sl
hundr ed degr ees Iomgg thansgﬁéa noﬁﬁzs ape% anpouPe tec ﬂ%que, t hus o
requi ri ngete@psulempdiidst i cat ed equi pnent; and (6) The batch size can be

i ncreased over the ,kno eal ed anpoul e techni que. i ng described the
hvention sbove. valSousrRs carPBReG S aerat A 106 st SRR SRR P os,
mat eri al , r3BGo T6 RIGREA cMiltdochRIcRPRAr ent to those skilled in the art. It is
intended that all such variations within the scope and spirit of the

invention be included wthin the scope of the appended cl ai ns.
10 2. The method of claim 1, wherein:

the glass components comprise at least a first glass component and a
second glass component, wherein the first glass component has a melting point which is
lower than the melting point of the second glass component; and

when heating in step (c), the encapsulent substantially prevents the

15  evaporation loss of at least the first glass component.

3. The method of claim 2, wherein the first glass component is selenium.
4, The method of claim 2, wherein the encapsulent is B,Os.
20
5. The method of claim 2, wherein the encapsulent has a melting point which

is lower than the boiling point of the first glass component.

6. The method of claim 1, wherein the encapsulent has a density lower than

25  that of a combination of the glass components.



WO 02/ 30837 PCT/US01/31702 10 WHAT IS CLAIMED I'S: 1. A nethod of making
chal cogeni de gl ass, conprising the steps of: (a) placing about

st oi chi om@tg §a2@oggyount s of gl ass conponents into a reactorpctaudo®B1702
substantially covering the glass conponents in the reactor with an

encapsulent; and (c) heating to a tenperature sufficient to cause the gl ass
conponents to react to formnolten chal cogenide glass. 10 2. The nethod of
claim 1, wherein: the glass conponents ggonprise at |least a first glass
conponent and a second gl ass conponent, wherein the first glass conponent
has a nelting 0| nt whichis |ower than the nelting point of the second

gl ass conponent: andbownsthodediclaing 1, wheredip (c) t he encapsul ent

substantial ly preve ts S i gl ass
conponent. 3. The n®e k%%go?on@%ng%ﬁg%%%}%?gt ne(21 a%&tﬁ%sg%%ﬁ@o}l%gh%g%‘go ¢ is
sel eni um glads cohfineRy hetla dfirdcdladsmopondiey ei n the encapsul ent is B203. 20 5.
The nmethod of claim2, wherein the encapsulent has 'a nelting point i ch

is |ower than the biiciheating st iep & mals tﬁ? fiest glppncampnspbaichthe sgconfirglasset hod
of clagm 1, %ﬁ]ﬁhﬁlaﬂ gthe encapsulent has a density lower than 25 that of a
conbi nati on e gl ass conponents. WO 02/30837 PCT/US01/31702 11 7. The
met hod of claiml, tieeneapsulenhanbgtaatislycpopanetht svammuiamslessadf dt ésest ore dfi r st

| ass conpo a second
g nH’l r}ﬁs’c glass component and the second glass component.

8. The method of claim 7,
10 wherein, upon heating in step (c), the third glass component is a solid; and
further comprising the step of mixing the third glass component with a
combination of the first glass component and the second glass component to cause the

glass components to react to form molten chalcogenide glass.

15 9. The method of claim 1, wherein the glass components are selected from the
elements consisting of sulfur, selenium, tellurium, fluorine, chlorine, bromine, iodine,
oxygen, phosphorus, arsenic, antimony, bismuth, germanium, tin, lead, aluminum,

gallium, indium, and thallium.

20 10.  The method of claim 1, wherein the glass components include at least

selenium, germanium and antimony.



gl ass conponent, and a third glass conponent; the heating in step (c) nelts
the first glass conponent and the second glass 5 conponent; and the

encapsul el gupgiantial ly prevents the evaporation | oss ofpdtyde§ashone of
the first glass conmponent and the second gl ass conmponent. 8. The net hod of

claim7, 10 wherein, upon heating in step (c), the third glass conponent is
a solid; and further conprising the step of mxing the third gl ass
conponent with a conbination of the fiy,st glass conponent and the second
gl ass conponent to cause the glass conponents to react to formnolten

chal cogeni de glass. 15 9. The nethod of claim1, wherein the glass
conponent s ar elkel ethedhethodmftcheem gl enent s consi sting of sul fur, selenium
tellurium fluorine, chlorine, bromne, iodine, oxygen, phosphorus,
arsenic, antinony, BPSWR'h, germanium tin, lead, aluminum gallium

indium and thallium 204 Qhe HRgnEsRAA(CH! e 2lat ompaaERs Nuré NRa@aES 2

conponents include at |east selenium geérmaniumand antinony. WO 02/30837
PCT/ US01/ Btipeeature delow the bodingmongdf dfe lowastrhoilingwodnteglass coinponend; andat i ng

step (£), the glass conmponent.s are heated to. a t erature. bel t:h

ot 1115 poi nt. of & he- I ondblegBpfne g shne e one S ShEkphauAE B e
heating shigBast 6he glaks d@SoneAie agbBgsmgonponent is a liquid and at |east
one gl ass conponent is a solid; and further conprising the step of m xing

the gl ass conponent §uthsr cepesing heatiep pladting e S1pACMRYNERTE 1 BAHIB AL t o
react wt ﬁ %thogﬂegliqsdi(? %fatss %Ql%pgﬁ)elnlt (ijo géa@? Fith WP A f‘e%t &fé sofh(ar gﬁ&néow&nent to

chalcogen|3
form molten chalcogenide glass.

10
12. A method of making chalcogenide glass, comprising the steps of:
(a) placing about stoichiometric amounts of glass components,
including at least a first glass component, into a reactor;
(b) substantially covering the glass components in the reactor with an
15  encapsulent; and
(©) heating to a temperature below the boiling point of the lowest

boiling point glass component.

13.  The method of claim 12, wherein, when heating in step (c), the encapsulent

20  substantially prevents the evaporation loss of at least the first glass component.
14.  The method of claim 12, wherein the first glass component is selenium.

15. The method of claim 12, wherein the encapsulent is B,Os.
25
16.  The method of claim 12, wherein the encapsulent has a melting point which

is lower than the boiling point of the lowest boiling point glass component.

17.  The method of claim 12, wherein the encapsulent has a density lower than

30 that of a combination of the glass components.



10 12. A nethod of meki ng chal cogeni de gl ass, conprising the steps of. (a)
pl aci ng about stoichionetric anmounts of glass conponents, including at

| east a fi{yosf23983SS conponent, into a reactor; (b) substad@idoyseRyering
the gl ass conponents in the reactor with an 15 encapsul ent; ano( (c)
heating to a tenperature below the boiling point of the |owest boiling

poi nt gl ass conponent. 13. The nethod of claim 12, wherein, when heating in
step (c), the encapsulent 20 substantiglly prevents the evaporation |oss
of at least the first glass conponent. 14. The nethod of claim 12, wherein
the first glass conponent is selenium 15. The nethod of claim 12, wherein
t he encapsul enfl8i s BROBeHodIE cldind 2pet hod of claim 12, wherein the

eREapSUenC s, o TR PSR B MhEl 8 1y R B0 TR

wherein the encapsubgpt has a density lower than 30 that of a conbination
of the glass components. WO 02/30837 PCT/US01/31702 13 18. The met hod of
claim 12, further c®fprdigi ng a second gl ass conponent and a third gl ass

conpongnt and, wherein: . 5.the heating.Jn ( I fir l.ass
corrpogéént and the seconglegpgastl‘s%gclglrr%)tg%g?jt Flezt?ﬁﬁ? hfg%te &5%?815@%““ Al e
subst ant i gdcbid prasyesthoriche ag¥aporati on |l oss of at |east one of the first
gl ass conponent and the second gl ass conponent. . '

the encapsulent substantially prevents the evaporation loss of at

least one of the first glass component and the second glass component.

10 19. The method of claim 18,
wherein, upon heating in step (c), the third glass component is a solid; and
further comprising the step of mixing the third glass component with a
combination of the first glass component and the second glass component to cause the

glass components to react to form molten chalcogenide glass.

15
20.  The method of claim 12, wherein the glass components are selected from
the elements consisting of sulfur, sélenium, tellurium, fluorine, chlorine, bromine, iodine,
oxygen, phosphorus, arsenic, antimony, bismuth, germanium, tin, lead, aluminum,
gallium, indium, and thallium.
20

21.  The method of claim 12, wherein the glass components include at least

selenium, germanium and antimony.



10 19. The nethod of claim 18, wherein, upon heating in step (c), the third
gl ass conponent is a solid; and further conprising the step of m xing the
third gl agg pagpenent with a conbination of the first gl gg§/6RMRPRASNt and
t he second gl ass conponent to cause the glass conponents to react to form
nol t en chal cogeni de gl ass. 15 20. The net hod of claim 12, wherein the gl ass
conponents are selected from the el enents consisting of sulfur, selenium
tellurium fluorine, chlorine, brom ne,;4 odine, oxygen, phosphorus,
arsenic, antinony, bisnmuth, germanium tin, lead, alumnum gallium
indium and thallium 20 21. The nmethod of claim 12, wherein the gl ass
conponent s i ncRude &t methmdtof rsaldied chatvoggeiderglisg moatathing séleping, cHDPOIZINg0837
PCT/ US01/ 31702 14 22. A nethod of naking chal cogeni de gl ass cont ai ni ng

sel eni um %E?P'ing the steps of: (a) placing about stoichionmetric
anounts of glass cogoneptasing iaBEhtUddIEhiSRRTY Wihdints adf | @ast Bdmpeseans

gl ass conponent, into a reactor, wherein the 5 second glass conponent has
a nel ti nginsbiding eflenivm suket kpwr s®ODCglgsh)composenininitald seagtonewhergine e

gl ass go i t ] . ) o~and (c) heating to a
tenper%lHB%ggg%??%gg%$§F%ﬁ%§ﬁ@%dﬁﬁégaﬁgggﬁé%%g%#%ﬁ?@ 0O react to form

nol t en chal cogeni de (9 assubsiditizlBy cdeingehd gths®tombandins?id), thetredctdrnwithen
encapsul ent is B203 24. The nethod of claim 22, wherein the encapsul ent has
a mel ti ngesePslenthindh

(c) heating to a temperature sufficient to cause the glass components to

react to form molten chalcogenide glass.

10
23, The method of claim 22, wherein the encapsulent is B,Os.
24,  The method of claim 22, wherein the encapsulent has a melting point which
is lower than the boiling point of the selenium.
15
25.  The method of claim 22, wherein the encapsulent has a density lower than
that of a combination of the glass components.
26. The method of claim 22,
20 further comprising a third glass component and,

wherein:
the heating in step (c¢) melts the selenium and the second glass
component; and
the encapsulent substantially prevents the evaporation loss of at

25  least one of the selenium and the second glass component.

27. ‘The method of claim 26,
wherein, upon heating in step (c), fhe third glass component is a solid; and
further comprising the step of mixing the third glass component with a
30 combination of the selenium and the second glass component to cause the glass

components to react to form molten chalcogenide glass.



is lower than the boiling point of the selenium 15 25. The nethod of claim
22, wherein the encapsulent has a density lower than that of a conbination
of the gl Geggaonents. 26. The method of claim 22, 20 fyddedy15P/pr 1 Si ng
a third glass conponent and, wherein: the heating in step (c) nelts the
sel enium and the second gl ass conponent; and the encapsul ent substantially
prevents the evaporation |oss of at 25 | east one of the seleniumand the
second gl ass conmponent. 27. The nethod gf claim26, wherein, upon heating
in step (c), the third glass conponent 1s a solid; and further conprising
the step of mxing the third gl ass conponent with a 30 conbi nation of the

sel eni um and t A% setbadethaks! dampdRewherein thagdass ichmpgheds arecssistadefion t o

react to &lor nol.t en chal cogtge_ i de gl ass. 1\{\D 02/&@837 PCT/iLéS(%1 31702 15 28.
The met hotot TRFILP GRS UGHY, t i QUQTG, SRORPS MPmInG QUPG P58 ¢ he

el enent s gRAPhSub,NEsedic, attithby, bisehdth dewinitunli O, 184, alihiBiin) allitinORdfien,

i odi ne, oxygen, phosphorus, arsenic, antinony, bisnmuth, germanium tin,

| ead, al utihiiadlivgal |ium indium and thallium 5 29. The nethod of claim
22, rein the glass conponents include at |east gernmanium and anti nony.
30. Anethod of making a ternary sel eni um germani umanti nony 10

chal cogeni de gp@ss, Taompthal 00 clahe XX, epsereih:the glass components include at least

germanium and antimony.

30 A method of making a ternary selenium-germanium-antimony
10 chalcogenide glass, comprising the steps of:
(2) placing about 50 mol % to about 98 mol % selenium, about 1 mol
% to about 40 mol % germanium and about 1 mol % to about 30 mol % antimony into a
reactor;
(b) substantially covering the selenium, germanium and antimony in the
15  reactor with an encapsulent; and
| (c) heating the reactor to at least about 650°C to cause the selenium,

germanium and antimony to react to form molten chalcogenide glass.

31. The method of claim 30, wherein the encapsulent is B,0s.
20
32.  The method of claim 30, wherein the encapsulent has a melting point which

is lower than the boiling point of the selenium.

33.  The method of claim 30, wherein the encapsulent has a density lower than

25  that of a combination of the selenium, germanium, and antimony.

34.  The method of claim 30, wherein the encapsulent substantially prevents the

evaporation loss of the selenium.



(a) placing about 50 nmol % to about 98 nol % sel enium about 1 nmol %to
about 40 nol % germani um and about 1 nol %to about 30 nbl % antinony into
a react oy dBhgzyubstantial Iy covering the sel eni um ger mggR @3Nt | nony
in the 15 reactor with an encapsulent; and (c) heating the reactor to at

| east about 650C to cause the selenium germanium and antinony to react to
form nol ten chal cogeni de gl ass. 31. The nethod of claim 30, wherein the
encapsul ent is B203- 20 32. The nethod @ claim30, wherein the encapsul ent
has a nelting point which is |lower than the boiling point of the selenium
33. The nethod of claim 30, wherein the encapsul ent has a density | ower
than 25 that 8f. a dbebietnd dielah 30he sel eni um ger mani um and anti nony.

34. The nethod of cl ai m. 30 ertei n_the sul ent subst ant i TI I%ldprevents
the evaporation | oS&Csh{URgn 8?%ilﬂﬂep@g%owlwm§§f/s\?l% 16 35.
The nmethod of cl ai Magther WeRhtishg URONstL T Aikih® i€ Fol{C)gerthfiBu@e WithNialum
remains a solid, and further conprising the step of mxing the solid

ger mani unfeibinaon dniiensglpwhmofand hantseren e raasstd thotselepiyn.t aniémoae ande
sel eni yum - AALLIRMY, AR 3 GG MBILY AR EAAE ke form ol ten chal cogeni de

gl ass.




