1 LARCE SCALE SYNTHESI S OF GERMANI UM SELENI DE GLASS
AND GERMANI UM SET, DR GLASS COVPOUNDS Background of
the Invention 5 This invention relates to systens and
nmet hods for synthesizing gernmani um sel eni de gl ass and
germani um sel eni de gl ass conpounds. More
particularly, this invention relates to systens and
nmet hods for large scale synthesis of gernani um

sel eni de gl ass and to germani um sel eni de gl ass
conmpounds in reduced tine. As used herein, a

ger mani um sel eni de gl ass qonpound i ncludes germani um
selenium and a variable (e.g., a dopant). Gernmani um
selenide glass is widely used in is the fabrication
of sem conductor devices. However, in a known

techni que for produci ng Ge3Se7, which is one type of
ger mani um sel eni de gl ass, only about ten grans of
that gl ass can be produced at one tinme. Moreover,

this techni que requires about 50 hours in order to 20
produce those ten grams of germani um sel eni de gl ass.

The known techni que iQ
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for synthesizing germanium selenide glass and germanium
selenide glass compounds. More particularly, this
invention relates to systems and methods fbr_large
scale synthesis of germanium selenide glass and
germanium selenide glass compounds in reduced time.

As used herein, a germanium selenide glass
compound includes germanium, selenium, and a variable
(e.g., a dopant); |

Germanium selenide glass is widely used in
the fabrication of semiconductor devices. However, in
a known technique for producing Ge,Se,, which is one
type of germanium selenide glass, only about ten grams
of that glass can be produéed at one time. Moreover,
this technique requires about 50 hours in oxder to
prodﬁce those ten grams of germanium selenide glass.

The known technique involves placing
stolichiometric proportions of germanium and selenium
{totaling no more than about ten grams) in an ampoule
at atmospheric pressure (i.e., at about 1 atm.}. An



s contents under vacuum The anpoule is placed in a
furnace and heated to about 300 C and typically left
at this tenperature overnight. The next norning, the
anpoul e is heated to about 750 C at a rate of about

.5 Cmnute. The anpoule is left at this tenperature
to until the following norning to ensure that the
germani um has nelted and that' the gel enium has reacted
with the germanium If the nmelting and reaction do not
occur, the seleniumcan exhibit a vapor pressure of

about 10 i@l 1800 Unad90 fernlEln (PYediied! qltftd Glass

anpoul e. ow ng norning, the tenperature, of the
anpoul e iwessedr thabdia cyabertlosgedd-aihodd ghemifal

about anbgsu-cfc‘zed?ﬁ'g%eor %%;&%gy.r e {hakuk & e8BhBMéhed in the

t he ave nelte ce the tenperature reaches
-about 94Gm@oulke whirhlie Fher Jdkmg Qe BBRE R
(typical '%’Q,}%n?sf.‘}ﬁ&%f‘%@ﬁ%?mﬁ@ saPaed 9% paté® in a
furnace) Tor at |east about six hours. Durin rgcki ri,g .
t he anpouiurnaceabhdheated £9AHPUSVAPD %%g@ gally le
about  8QQ0 Op fuitat(8Q SrerdibBE . t NEhea et ohiihg, the
cool ed OWI’tl:,SiIEttI S quaé:nched ein g cool i ng bat h. of %cﬁgmut

water. asammeulgrpeueatied EacHPRLaZREY & & &t FREG S
ger mani umg.se/aRhiee 9! A%s. fu1eNh¥ keewvatweyikotemperature
scal e-up tshe synthesis of this germani um sehgnl e
gl assiusiwnfidnibe kERdewing cBorHBE FS eRAYRS “RAFt FRt e
smal | scalfinaBafhi RIS mre@nend teat! vhe igeluniah Raereacted
reacti on produces only about_ten %fngnof | ass PE do not
50 hour s Withekhpygeymindug. kiheqfelt Q/é’% A8
consum ng,cng, i FRE dlididuml Gdn exbiptt S& atapoyr pitussunm of
about 10 atm. at about 900° C, which may burst the
15 ampoule. The following mworning, the temperature of the
ampoule is increased to about 940° C at ‘a rate of about
.5° C/minute. This ensures that the contents of the
ampoule have melted. Once the temperature reaches
about 940° C, the ampoule is rocked back and forth
20 {typlcally by a rocking mechanism connected to the
furnace) for at least about six hours. During rocking,
the ampoule is allowed to cool down to a range of about
800° C to about 780° C. After the ampoule has cooled
down, it is quenched in a cooling bath of ice water.
25 The ampoule is then cracked to retrieve the germanium
selenide glass.

The only known way to scale-up the synthesis
of this germanium selenide glass using this known
technique is to run multiple small scale reactions

30 concurrently, in which each reaction produces only
about ten grames of glass per 50 hours. Clearly, this
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Ger mani um sel-eni de gl'ass is particularly used in the
fabrication of sem conductor devices, such as, s for
exanpl e, PCRAM (programmabl e cell random access

menory). In the fabrication of known PCRAM devices, a
thin layer of a conductive material (e.g., silver) is
deposited over a germani um sel eni de gl ass substrate.
The conductive material is typieaBly irradiated with

to el ectromagnetic energy resulting in a doped or
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conductive material, such an irradiation may
unpredictably change the properties of the gubstrate as

15 well as result in an unpredictable amount of doping. -
Such changes or unpredictable amounts of doping may
unpredictably, and usually undesirably, alter the
electrical and performance characteristics of the PCRAM
device being fabricated.

20 Moreover, similar to the synthesis of
germanium glass, there is no known technique for
synthesizing germanium gelenide glass compounds on a
large Ecale.

In view of the foregoing, it would be

25 desirable to be able to synthesize more than ten grams
of a germanium selenide glass ox a germanium selenide
glass compound in one reaction. _

It would alsoc be deairable to be able to
synthesize a germanium selenide glass or a germanium

30 selenide glass compound in one reaction in less than

about 50 hours.



it would further be desirable to be able to

synt hesi ze a germani um sel eni de gl ass conpound havi ng
substantially known properties and a substantially

known anount of doping. s Sunmary of the Invention It

Is an object of the invention to synthesize nore,

than ten grans of a germanium selenide glass or a

ger mani um sel eni de gl ass conpoundgi 0 one reaction. 10

It iis also an object of the invention to synthesize a
ger mani um sel eni de gl ass or a germani um sel enide

gl ass conpound i N1PNGoiRAFurEhet bel Gesitaide tabbatalzl to

hours It is further an object of ,t.he |nvent
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sel enide glass of many different 20 stoichionetries
IS provided. Nbreover the i nvention can synthesize
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selenide glass compound in one reaction in less than

about 50 hours.
It is further an object of the invention to

15 ' synthesize a germanium selenide glass compound having
substantially known properties and a substantially
known amount of doping.

In accordance with the invention, large scale
synthesis of germanium gelenide glass of many different

20 stoichiometries is provided. Moreover, the invention
can synthesize these different types of glass in about
eight hours or less. The amount of glass that can be
synthesized is scalable. Thit is, germanium selenide
glass weighing up to about 750 grams can be made at one

25 time in one reaction. The invention synthesizes glass
éoﬁposed of about 15% to about 42% germanium.

Also in accordance with the invention,
germanium selenide glaas can be predictably doped with
a variable. Such glass compounds may include a
s0 variable such as lithium, vanadium, chromium,



- 5 manganese, cobalt, nolybdenum ruthenium silver,
praseodym um neodym um iridium gold, and | ead.

QO her suitable variables can be alternatively used.

The variabl e included in such glass conpounds can be
in 5 elenental form(e.g., pure lithium or in
conpound form (e.g., silver selenide). Known anounts
of the variable react wth known gnounts of germani um
and sel enium in one enbodi nent of the invention, a
quartz- glass anpoule is preferably first cleaned
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is opening to prevent the selenium from subliming when the
ampoule 1s sealed (a flame torch ig preferably used to
gseal the opening of the ampoule). Any volatile
variaﬁle placed in the ampoule should aleo be placed
away from the opening to prevent the variable from
z0 subliming when the ampoule is sealed. The contents of
the ampoule are subjected to a vacuum, and the ampoule
is sealed such that the contents inside the ampoule
rewain under vacuum. o
The sealed ampoule is placed in a furnace or
25 other heating device, and heated to the softening
temperature of the glass being synthesized or
' preferably higher. The softening temperature is the
glass transition temperature. The ampoule is then
rocked to ensure that the germanium and selenium
130 completely mix. Rocking time depends on the amount of
glass being synthesized (e.g., for about 450 grams of
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30 conpletely mi x. Rocking tinme depends on the anount

of glass being synthesized (e.g., for about 450 grans

of 6 germani um and sel enium about 5 to 6 hours of
rocking is sufficient). After thorough m xing, the
conposition is then cooled to between the softening
tenperature of the glass being synthesized and 20 C

hi gher than the s softening tenpergture (i.e., no

| ower than the softening tenperature). After cooling
(which may not be necessary if heated to no nore than
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tenper&ture, if thBor a germanium selenide glass doped with a
variable, the germanium, selenium, and variable are
similarly placed in an ampoule while inside a dry box.
The contents of the ampoule are suhjécted to a vacuum,
and the ampoule is sealed such that the contents remain
20 under vacuum. After placing the sealed ampoule in a
furnace or other heating device, the ampoule is heated.
once the ampoule is heated to at least the softening
temperature of the compound being synthesized, the
ampoule is rocked to ensure that the variable is evenly
25 distributed. The compound is cooled to a range of
about the softening temperature of the compound to
about 20° C above the softening temperature, if the
bompound is not already within that range. After
cooling (if necessary), the compound is gquenched.
30 ©  More generally in accordance with the

invention, germanium and selenium (and a variable if



conmpound is not already wthin that range. After
cooling (if necessary), the conmpound is quenched. 30
More generally in accordance with the invention,
germani um and sel enium (and a variable if -7 desired)
can be placed in any appropriate container. The
contents of the container are then subjected to a
vacuum and the container is sealgd such that the
contents inside the container renain under vacuum The
s contents are then heated to the softening
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.ol R Xth R Gz fpng st
ger mani whes dioddbwingidetaited gesgription, taken in
conjunction with the accompanying drawings, in which
1ike reference characters refer to like parts
throughout, and in which:
15 FIG. 1 illustrates an ampoule containing
germanium, selenium, and a variable;
FIG. 2 illustrates the ampoule of FIG, 1
sealed with the contents under vacuum;
FIG. 3 is a cross-sectional view of an
20 assembly of an ampoule and tubes in accordance with the
inventioh;
FIG. 4 is a cross-sectional view of a multi-
position tube furnace in which the assenbly of FIG. 3
'is placed in accordance with the invention;
25 : FIG. 5 is a germanium-selenium phase diagram;
FIGS. 6 and 7 illustrate the rocking of the
tube furnace of FIG. 4 in accordance with the

invention;
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FIGS. 6 and 7 illustrate the rocking of the tube

furnace of FIG 4 in accordance with the invention; -

8 FIG 8 illustrates the tube furnace of FIG 4

positioned to allow the anpoule inside to slide into a

quenching bath in accordance with the invention; FIG

9 illustrates the anpoul e being quenched s in ice

wat er after exiting the tube furnace in accordance

with the invention; FIG 10 is & dgraph of time versus
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sel eni de glass or__al ass,.cQ 13, a8 daNSE o FIQ. 4
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The invention can preferably produce upwards
15 of about 750 grams of germanium selenlde glass per
reaction depending on the stoichiometry of the glass
being synthesized. For a synthesis of about 400 grams,
the reaction takes about eight hours. For a 30 gram
synthesis of a germanium-gelenium-manganese compound
20 {GegsSe,s; 3% atomic weight of manganese), the reaction
takes about six hours. The invention also produces
upwards of about 750 grams of a germapium selenide
glass compound depending on the variable chosen and the
ratios of the germanium and selenium to each other and
25 to the variable. The initial cleaning of the
equipment, which is important, is mot included in the
reaction times.
Suitable variables for germanium selenide
glass compounds in accordance with the invention
30 include lithium, vanadium, chromium, manganese, cobalt,



reaction tinmes. Suitable variables for germanium

sel eni de gl ass conpounds in accordance with the
invention 30 include lithium vanadium chrom um
manganese, cobalt, 9 nolybdenum ruthenium silver,
praseodym um neodymum iridium gold, and |ead."

O her suitable variables may also be used. The

vari abl e included in such gl ass scenpounds can be in

el emental form(e.g., pure lithium s or in conpound
form(e.g., silver selenide). Known anounts of the
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Ampoule 2 and tube’'8 are then heated for about twenty-
15 four hours in a furnace of about 120° C. Ampoule 2 and
tube 8 are preferably further cleaned by refilling
ampoule 2 and tube 8 with a dry imert gas such as Ar or
N, and then subjecting them to a vacuum. Ampoule 2
and tube 8 may be refilled with a dry inert gas and
20 subjected to a vacuum several more times to further
ensure cleanliness.
The cleanliness of ampoule 2 and tube § and
the purity of the germanium, selenium, and the variable
(if present} is important in order to preserve the
25 integrity of the mean coordination in the backbone
structure of the glass.
After ampoule 2 and tube 8 are cleaned,
99.999% pure germanium 4 and 99.999% pure selenium 6
are placed in ampoule 2 through tube 8 via openings 3
s0 and 9. A variable 5 may also be placed in ampoule 2.
. Germanium 4, selenium 6, and variable 5 are preferably



structure of the glass. After anpoule 2 and tube a are
cl eaned, 99.999% pure germani um 4 and 99. 999% pure
selenium 6 are placed in anmpoule 2 through tube 8 via
openings 3 30 and 9. A variable 5 may al so be pl aced
in anpoule 2. Germanium 4, selenium6, and variable 5
are preferably 10 in the formof solid pellets.
Germanium 4 and selenium 6 may be obtained in this
formfrom Cerac, Inc., of MIwad&Ree, W.

Al ternatively, germanium 4, selenium6, and variable
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ampoule 2 should not £ill the entire volume of
15 ampoule 2 in order to allow the germanium 4,
gelenium 6, and variable 5 to thoroughly mix inside
ampoule 2. For example, in an ampoule 20 cm. long and
4.6 cm. in diameter, about 50 grams of germanium, about
218 grams of selenium, and about & grams of manganese
20 are acceptable amounts. For this ampoule, tube 8 can
be, for exﬁmple, 15 cm. long and 1.3 cm. in d:l.ame';er.
Germanium 4, selepium 6, and variable 5 (if
desired) are preferably placed in ampoule 2 inside a
dry box (not éhown) . Selenium 6 and any variable that
25 is volatile (e.g., susceptible to sublimation) are
preferably placed in ampoule 2 at the end opposite
opening 3. This placement makes those variable
materials (including selenium) less likely to sublime
when ampoule 2 is sealed (ampoule 2 is preferably
30 sealed with a flame toxrch - described below).



dry box (not shown). Selenium 6 and any vari abl e that
25 is volatile (e.g., susceptible to sublimation) are
preferably placed in anpoule 2 at the and opposite
opening 3. This placenent makes those variabl e
materials (including seleniun) less likely to subline
when anpoule 2 is sealed (anpoule 2 is preferably 30
sealed with a flanme torch - desqgs hed below). - 11 An
adapter (not shown) for connection to a comercially
avai |l abl e vacuum line (not shown) is preferably

fitted to anpoul gn2addptede (idte stioynbator Tomneatitgt 4o 2

preferably has a valve or_swi tch such tha
~ adapt ercemepyoial iy AVRdaRlf graFuye %Bee Q"’gﬁaéﬂéﬁ is

sel ect i yal ye.QRegesi @l eboshsbulthe mukiatesithandruripaul eThe

2 are taken out "of the dry box and connected
vacuum adapterTpEe EaFARIY I}Zﬁfaé’ ofs %I.SZ'%%F fﬁ‘gkﬁ ¢l the

sgbj ECtE&’aﬁ&lxaaﬁgC%&‘][ﬁurﬁg’ ﬁﬁ&sﬁg@ ol eﬁrﬁ\i;ee,ssmafﬁa to
adapier is closed before the adapter,an are
taken oRRlestivedYPRenRRd andelofety; oF5¢ earf‘%'ggggc%)sed

until i {mdculeeadiré cdrenconpess atiet ary Hox avduseiiensed to
This wiI|” ensure that air does not ept e,8

anpoul etle REUMH; ér%%'t \#‘Fh‘:@éﬁ?gﬁi -ﬂﬁw %Fpo;%g efi %‘?né ’hen

i's and yijeited Bo(afvaziamentjo shepoelelednldness, the -
preferably sealed while its nt ent '

Db jiec  eaRREsT HE GLOMRAPoERFh R, AiaSe &L aull bimppue 2, ave
vari abl gg)emiRtpbef eicldry bek. r The adapheringmeips pinsed
25 C) when they.,are sealed. 20 | 0 .
Al 't er natRbA ;l,t égrﬁ%?‘ffyuﬁ]°4?es%cfn@rr%cg%36€é g:rh?evgra fg elig'l ©
may be fhis wignpensirs ehathair tdvems nobnrentexnapat rex

when t ha%pg‘{l% i’eghg di&t%r%’é?"#l@h %ermanimn 4, selenium 6,
15 and variable S5 (if present). _
Ampoule 2 is preferably sealed while its
contents are still subjected to the vacuum.
Germanium 4, selenium 6, and variable S are preferably
at room temperature {(about 25° C) when they are gealed
20 in ampoule 2. Alternatively, germanium 4, selenium &,
or variable 5 may be at a temperature other than room
temperature when they are sealed in ampoule 2.
However, at lower temperatures, the quantity
of each material placed in ampoule 2 can be measured
25 with wmore preciseness. For example, germanium 4,
gselenium ¢, variable 5 or any combination of them way
be chilled, for example, by refrigeraﬁion to a
temperature below room temperature. Advantageously,
less germanium 4 and selenium 6 way sublime out of the
s0 solid phase. Some germanium 4 and selenium 6 way
sublime when they are subjected to a vacuum or when

-



However, at |ower tenperatures, the quantity of each
materi al placed in anpoule 2 can be neasured 25 with
nore preciseness. For exanple, germanium 4, selenium
6, variable 5 or any conbination of them may be
chilled, for exanple, by refrigeration to a

t enper ature bel ow room tenperature. Advantageously,

| ess germani um 4 and sel enium 6 may sublinme out of the
so solid phase. Sone gernaniunwﬂ’&nd sel eni um 6 may
sublime when they are subjected to a vacuum or when 12

anpoule 2 is _sealed with_a heat sourc SGh. 4a
bel ow). ayRQLE acg%ﬁﬂaé&dfﬁﬁ &Jgﬁaé é%#?n&?ié%ﬁﬂr?;y

‘be det rig@nkal, begpetse stbousyest fes| zmublgleagybbimation may
conmpound may have a stoichiongetr 1 f far ent e

s desirdf J#ﬁﬂ?’&%‘t &’39931’?" g%renéﬁgt%‘?ﬁgeﬁiéﬂﬁr#%

and var i gdigound Rap taivedat stgidbueernidifferentthasohhe
tenperature, |ess , tlgiatipgyand mxing tine is

r equi Bedie83Fede REAHFEOPFEY yer nani um 4, sel eni um 6,

and manganese wer gf ajdrmapiim 4, geldniwn A,wabd vaeiabie S

pl aced in anpoul e 2, onl ut ' 1
B i 75 ol HemesALihp Srpos, Fobl fiel belipfatiibe, 1ess
synt hesi geatAnguahabhicingat ime uiec cequiteds Fariezsuple, if

torch can be ., used to.seal a lse b2g &1 i
por ti on FAFMAIUM fe 96’135%(}? ‘ %%da% re{)grﬂh g%gni ng 3.

Thi s 1gausRfuiid€ormsiherf thapease plapedalm spPuiecty only
anpoul e 2. Note, that LL] 0 ghoull ired
was mel tébm‘lto 3;Bgprs o"r?gﬁ‘f’%g‘g" (])a?:d a?r‘pou e 2. Fﬁgb éizré)q“ e

shows gefsani usoigraelsyntbeeds. and 20 variable 5
seal ed under vacuym,,;ing;3PRLAP'JoAkBe such as an H,/O; torch

_can be used to seal ampoule 2 by melting a porticn of
15 tﬁbe 8 about 1 cm away from opening 3. This causes the
rest of tube 8 to break off from ampoule 2. Note that
portion 10 of tube 8 in FIG. 2 was melted to seal
opening 3 of ampoule 2.
FIG. 2 shows germanium 4, selenium 6, and
20 variable 5 sealed under vacuum. The appropriate
stoichiometric proportions of 99.599% pure germanium 4,
99.999% pure selenium 6, and variable 5 required to
synthesize the selected compound are gealed inside. If
a pure germanium seienide glass were being synthesized,
25 the appropriate stoichiometric proportions of
germanium 4 and selenium 6 would be sealed ingide. The
amoﬁnt of germanium 4, selenium 6, and variable 5 shown
in ampoule 2 is merely illustrative.
After ampoule 2 is sealed, it is placed in an
30 assembly such that the contents of ampoule 2 (i.e., the
germanium 4, selenium 6, and variable 5) can be



stoi chionetric proportions of 99.999% pure germani um
4, 99.999% pure selenium 6, and variable 5 required
to synthesize the sel ected conpound are seal ed
inside. If a pure germani um sel eni de gl ass were being
synt hesi zed, 25 the appropriate stoichionetric
proportions of germanium 4 and sel enium 6 woul d be
seal ed inside. The anount of gerusari um 4, sel eni um 6,
and-variable 5 shown in anmpoule 2 is nerely
illustrative. After anpoule 2 is sealed, it is placed
i n an  Jpresgesrblylys heated a:tn tsh gurnace mrs obhes RAR DD

.e., the 6 r &P )such an .
'can be I ’f?%noggﬁ%'og]s 9°H Efergﬁlmﬁ F urr?\ége{rg?&ot heBru? .
h;aatl n% s Fxﬁenﬁlghmmlvﬂesst%tlﬂ?ﬂ’aﬁ ;'Z'i_ﬁﬁsmn
of such in asse c e of
ext ensi diPg dife 1 %dﬁeaﬁgb%ayntfaé%%gngﬁits u%gf °
be magde @_{aﬁ;z}lgaakz -ayl athenrcanasable paiesipd %t'@q ials.

or materials Tu 4 and p el Veutdie
sanme out®ibe &%ﬁ@? ‘i'"]‘b nge P&jpﬁq'—sa%égre eef{;:%*&faﬁé‘ Su
connect ediametea 1Ad|are pleb cprefierably| epnectefe cHRpe 14 is

connected t e
pr ef eratﬁ’ %r@gﬁgf sea alS. % ]é%d cbfhedtdd o tube 16 by

Ss or to other suitab
nat er i al sal ot erSeéJs :Itahaa Bmﬁqﬂab%'n!‘adeaﬁﬁog}"ér%z Stﬁﬁs or

Zlmljgl ng ‘fé"tibt her 4 fa“ﬁttzgﬁ}q]& adersend thdtkesn prevent

nogeneous heatip
of a furawpmuln'20£tmn aiidihﬂgfuﬁgﬁﬁ€ inyard; aFPEgnég'

t |
srpote S5r SRR Hiiopatersey pogodeyecus
t ube 16.hewting @ovadfhla Euppacy O p&serﬂsﬂwgyg gice, An

closed ¢ e:!'x&ﬂg'ghcf? %. S:LB“P@ pRviagdeipdacl@widn anclosed

need td Be*Tonnecte eal 18 i's unnecgess
15 end. Ampoule 2 is then in contact wf%%.%&% closed end

of tube 16. As a second alternative, tube 14 may have
a closed end. 1In both cases, tube 14 and tube 16 do
not need to be connected and seal 18 is unnecessary.
Tube 16 will be in contact with the closed end of
20 tube 14 which will be in contact with ampoule 2.
The opposite end of tube 14 preferably has
opening 15 to allow ampoule 2 to be placed in, and .
taken out of, assembly 12. The inner diameter of
tube 14 is preferably slightly larger than the outer
25 diameter of ampoule 2. Tube 14 is preferably long
enough‘such that a portion of tube 14 extends outside
the furnace when assembly 12 is placed in the .furnace.
After ampoule 2 is placed inside tube 14 of
assembly 12, a portion of a tube 20 having an outer
30 diameter preferably slightly smaller than the inqer
' diameter of tube 14 is alid into tube 14. Tube 20 is




Tube 16 will be in contact with the closed end of 20
tube 14 which will be in contact with anpoule 2. The
opposite end of tube 14 preferably has opening 15 to
all ow ampoule 2 to be placed in, and taken out of,
assenbly 12. The inner dianmeter of tube 14 is
preferably slightly larger than the outer 2s dianeter
of ampoule 2. Tube 14 is preferabk% | ong enoughsuch
u

that a portion of tube 14 extends™butside the furnace

when assenbly 12 is placed in the furnace. After

anpoul e 2 igefﬁlﬁ?gegblﬂsijnq‘.% LHBE 1 fdlch ERSCTEREY eBd, oft

portion BFe aving an outer 30 dianeter
-pref er abhypshieiz kit noibec porhion tife ientercantastt Kithy

tube 14 is sljd into tub LSng is i
preferabF?ail#% iaﬂ?ot]f%t?gpﬁigggﬁﬁt ﬁ%t ht %ulieﬁg of
ampoul e Zostadt twibk fube i20n 1Tube 30n igoprefaralyiyhlond
seal 18, and.the op ' n IS ceNwith d
cont act SRPHER LF&‘@Q‘Zgﬁ&I'&%@%Zgulﬂé preée?gbﬁ/ﬂtﬁgﬁgws a5 s
enough sufhampmtlenkemnd tnbe2Dortiom MWokealt GEAERCEWitH
end of angiigiee'a% ?gtfdﬁb% p? & Ofh b2tkfiad but@ibacthe

.2 pdril

with seal on o ube 20 ext ends out si de
the fur forsadese\heydnd hbeld4.Pref erably, quartz wool

22 and 24 are pl a%gggeg%r}'ﬁf'gg{gﬁgy%owggm 2le az@, placed

respectively, to at all of anpoul e 21i S
heat exd t dnsidmsttubei 36 |and tubesafe TeaRsskivetyy to help

Furtner NRhSurdl sk Zad P Ys. ?ﬁpoﬂﬂ% 131686 tRAbEEaRially

fromany cool air t enter via tube 20.

Af t er astbebsame] Tempexaiinyieat e@ﬂl&ﬁmranp‘é‘ﬁﬁ%ﬁlwz’ﬁa 24
tube 20 gpeps! i Bt dgRiuleUbesidn Sty cool air that may
enter via tube 20.

15 After assembly 12 is complete (i.e.,
ampoule 2 and tube 20 are slid inside of tube 14 such
that the end of tube 20 is in contact with an end of
ampoule 2' and tube portion 10 is in contact with
seal 18), assembly 12 is placed inside a tube furnace.

20 RAlternatively, tubes 14 and 16 with ampoule 2 ingide
may be first placed inside the furnace and then tube 20
g14d inside tube 14. Or, tubes 14 and 16 may be placed
first in the furnace and then ampoule 2 and tube 20
8lid inside tube 14.

25 ¥1G. 4 shows a cross-sectional view of tube
furnace 40 in accordance with the invention.
Alternatively, furnace 40 can be other types of heating
dev:l.ceé that can heat ampoule 2 while the contents of
ampoule 2 are motionless or in wotion. Preferably,

30 furnace 40 is a multi-position tube furnace such as an
EW-33903-10 by Cole-Parmer of Vernon Hills, IL. When



that the end of tube 20 is in contact with an end of
anpoul e 2 and tube portion 10 is in contact wth seal |
18), assenbly 12 is placed inside a tube furnace. 20
Alternatively, tubes 14 and 16 with anpoule 2 inside
may be first placed inside the furnace and then tube
20 slid inside tube 14. O, tubes 14 and 16 may be
placed first in the furnace andighen anpoule 2 and
tube 20 slid inside tube 14. 25 FIG 4 shows a
cross-sectional view of tube furnace 40 in accordance

Wi th thg,iRventinansurfide iBakotidinles Lramaapstle pilaned
ot her types of heating devices that c hea{,nP | €an
© 2 whi | einadde diecfusnage (Snfoul 3P PRAF CHAEE6N 6ss or

in motigp. pBuEelewabhout 30efl bbMpG«40£i thel ampoule or the

mul ti-position tube furnace such. as. an 8N:33903-
Col e- Papmpeuls 1p8phE"Yings ?’E‘-.f%maﬂyt sch ,%sggﬂégf@ﬁace

Lube f UERRSEsds aMRLLROP Fevics cuMuthie picaedeni HoAtiEan
heat ed WPYRotS (ke cOTAREs SRR Aol f 19-Gr FRE >
anpoul egitseldg PRYhEGto Rretintealthediasychointt wnd backhdee the
can moeESERRd BESAFLY ek FORTARVEIRDE (L suey, B not
startingeg@ifdd.t OnaP hoverentdofirhep durbagem hiakckauees the
hov 2o caumrui Anp b i e 1 HOR e PR b
the to ggegesidnti,nside the anpoule to conpletely mx
(T o o e ESHERE 40 pRHERFORE YokSpad e poplcce
of tubelddptimdiclampeads chevpextiaoEf themuteposurface of
Wres 4éube 14 that extends outward from furnace 40. Wires 44
15 are preferably connected to hose clamp 42 and to
sorews 46. Wires 44 may be wrapped around screws 46 or
wires 44 may be pinned between screws 46 and the outer
surface of the face of furnmace 40. Screws 46 are
breferably diametrically opposed on the outer surface
20 of the face of furnace 40. This arrangement secures
tube 14 (and tube 16) inside tube furnace 40.

Furnace 40 also preferably includes a hose
clamp 48 clamped to the portion of the outer surface of
tube 20 that extends beyond tube 14. Wires 50 are

as preferably connected to hose clamp 48 and to screws 52.
Wires 50 may be wrapped around or screws 52 or pinned
between screws 52 and the outer surface of the face of
furnace 40. Screws 52 are preferably diametricglly
opposed on the outer surface of the face of furnace 40.

30 This arrangement secures tube 20 and prevents ampoule 2

from moving along the longitudinal axis of assembly 12.



is are preferably connected to hose clanp 42 and to
sgrews 46. Wres 44 may be w apped around screws 46 or
wires 44 may be pinned between screws 46 and the outer
surface of the face of furnace 40. Screws 46 are
preferably dianetrically opposed on the outer surface
20 of the face of furnace 40. This arrangenent secures
tube 14 (and tube 16) inside tubggf urnace 40. Furnace
40 al so preferably includes a hose clanp 48 clanped to
the portion of the outer surface of tube 20 that

ext ends beyond t Lﬁ&elélah%§ o andase mfy pneembhgnly be

connected to hose clanp Screws B red
“may be vwipmRed emeR tAbSE %%r"ﬁ%stagz B?SPpecﬁ' ﬁlybetweéc%
screws 52l 14 han®Yiears Uupland ah finmafcaceoof

furnace 40. Screws 52 are eferabl dla I

opposed on the ouf¥iessdff 2c9fafﬁe ?_B%-{Eﬁéna%hgnace 49

40. sp Tiich ShbANGSIEN: £66IN @I uhpmm andepnemevg,s O can
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al t er nat ypeiakebgo n&ﬂﬁmadnﬁ& aot dsesn wbtdod. 20,

respectively, befgre tubes, 14 and e .nl dfbrabl
furnace 40. Tubesth% oR&8* Z%iaﬂeéeéregure |n§| gg nace

40 s sughidtay Seildar thahelendnnanpiismetey ofntuhy S4 of
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smal | er han th n ter 4 n
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only shaasmezeryofummeesm tsighoutusnate Ye RHERT Sianeter
furnace 40 /. 5.o' B "4 Y ab8Ee XS, 11 the inner

15 - similarly, the outer diameters of ampoule 2
and tube 20 are preferably slightly smaller than the
inﬁer diameter of tube 14 such that ampoule 2 and
tube 20 do not shake around, oxr only shake very little,
inside tube 14 when furnace 40 is in motiom.

20 After ampoule 2 and assembly 12 are secure
inside furnace 40, ampoule 2 is heated. The
temperature inside furnace 40.15 increased to at least
the softening temperature of the glass or compound
being synthesized and preferably higher. A germanium-

25 selenium phase diagram is shown in FIG. 5. The
softening temperatures of germanium selenide glass with
different stoichiometries are roughly indicated by
transition lines 56. Generally, the softening
temperature is no higher than the temperature at which

30 the glass being afnthesized changes to L, phase 58. 1If
a small amount of a variable is involved in a germanium



di ameter of tube 54 is about 5 cm the outer dianeter
of tube 14 can be about 4.6 cm is Simlarly, the
outer dianeters of anpoule 2 and tube 20 are
preferably slightly smaller than the inner dianeter
of tube 14 such that anmpoule 2 and tube 20 do not
shake around, or only shake very little, inside tube
14 when furnace 40 is in notion._20 After ampoule 2
and assenbly 12 are secure i n5i 4 Turnace 40, anpoule
2 is heated. The tenperature inside furnace 40 is

increased to, at |east .the softeni.ng_ hes®fdiagram
the gl agslepide, sEERAERd HdPR 9% iggliée a@s y g

. preferaphy bi ghes ad gercuhi gui®dinel boideheymige the
diagramis shown in FI S. Ih ATHTy le,
t enper afREEENRY FEMRETR esgge%adt:%%#gss Wi thon SXA e_
di f f er epbrSi 9% ai/euet $é othar glasa girapsibinn feggepyture 18
transition Iine§ 6. .CGeneralll S ' t ition
t enper aBBPBE i B0 o Chi 5%:5%%%5)/?#;3&”%%%& udf% At Whi ch
30 the ghageriiQireisyabdusizzed Chdiegedos Fe/703hise the
If a small anount of varia 155, | Ve(kd I, af
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ger mani 4oy Ses Ui gepheise gliaagr aransidjopectepnayatyrg is
rough gujdeling to deternmne the softening
tenpera?BPEtcﬁ41I1 conmpound. For exanple, for 12%

Ge/ 88 Se, the glthestempmsitureninaidee fuFraRee 40 d8;hout

107 C, for 24%.Gel,76% the.g Dakt £25 about
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: amount of selenium 6 may not react with germanium 4 or

15 the other variable. The unreacted selenium_s may then
exhibit a vapor pressure strong enough to burst the
ampoule. Care also should be exercised when increasing
the temperature in a germanium selenide glass compound
reaction involving a variable that exhibits a large

20 Vvapor pressure.

After the temperature inside furnace 40 has
reached or exceeded the softening temperature of the
glass or glass compound being synthesized, the
temperature ie held constant and furnace 40 ig

25 preferably rocked or moved to mix the contents of
ampoule 2 into a homogenous molten mixture. For a
synthesis of about 400 grams of gexmanium selenide
glass, furnace 40 should be rocked or moved for about
five to gix hours to ensure that all of germanium 4 and

30 selenium 6 completely mix. For a synthesis of about
750 grams, about 8 hours of rocking should be



preferably increased at a rate ranging from about 200
C/mnute to about 30 U mnute. If the tenperature

inside furnace 40 is raised too fast, a substanti al
amount of selenium 6 may not react with germanium4 or
as the other variable. The unreacted sel enium 6 may
then exhibit a vapor pressure strong enough to burst
the anpoule. Care al so shoul d bggexerci sed when
increasing the tenperature in a germani um sel eni de

gl ass conpound reaction involving a variable that
exhi bi t suEfiatgnt 2> wapew allksdugermadiiugr 4t Apnd selenium &

tenperature.inside furpace_ 40 .has _reac C e
"the sof tehMAE -t e&ﬁﬂﬁ’éﬁgk’e e t%ge@@?esggrgt%%%?% Ui Hhore
conpound ikei iy SedddMasiyzed, alivw geempeiuat dr end sedieinjum 6
constant and furnace ,40 s 2 ef erab| d_pr

moved t Foniteafhe %‘g‘rﬂigﬁfgybffsmg e szllt%? ggg oflglass
honogenaittporhdeN movet uine Fomezessaryt tesailow gwmanium 4,
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to ensure that alfresi. geandl Wlldstrate3Euspheni4insguirped
about 6 HEAr 8 roniael RSRAEY Joptudty UlneefEnd T
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i || ust r speeflucontmllere fuelpmpwnhi t Furnasekpfgle preferably
mechani gm,88 EPSL 2529Y36° poidivhe (rre. 6) to a ‘down’

15 position (FIG. 7) and back to the 'up' position once
every foﬁi seconds or so ﬁhile mixing to ensure
complete and homogeneous softening and mixing of the
contents of ampoule 2. Furnace 40 preferably rocks
through an angle of about 60° to 80°,

20 After the contents of ampoule 2 are mixed
into a homogencus molten mixture, the temperature of
furnace 40 is brought down to preferably within about
20° C of the softening temperature of the glass ox
glass compound being synthesized, but no lower than the

25 softening temperature. The temperature of furmace 40
is brought down at a rate of preferably about
20° C/minute. For a synthesis of about 400 grams, the
temperature is held within about 20° C of the softening
temperature but no lower than the softening temperature

30 for about ten minutes.



furnace to nove rhythmically. P* shown, rocking to
nmechani sm 60 causes furnace 40 to pivot about the m d-
poi nt 61 of the |longitudinal axis of furnace 40.
Rocki ng mechani sm 60 may be controlled by a variable
speed controller (not shown). Furnace 40 is preferably
moved froman 'up' position (FIG 6) to a "down' is
position (FIG 7) and back to thegg' up' position once
every four seconds or so while mxing to ensure

conpl ete and honobgeneous softening and m xi ng of the

contents of anpoyepetally) tdee14tgdd ther sihthesixks the
t hrough an angl e of about 60 to 80. 2 ter_the

© cont ent oBgeEnRRtemPeRRiyn Bhguld rﬂeogﬁf%o“{)rg]ég%lﬁbwt
nol ten Bipxt ir&s e shebPif tefpefatulrel BAE endOléwer than
br ought Iygown to prefserabl y Wt hin_ about 00 C of_the

sof t eni ishet eafkaning: EemppeRaturg. 4802 SYRERes 1§ Hh, ARFut

bei ng; syBhhgsikELd thlUtefifeda20RE shRIldt be RéIGOokinimabout
tenperature. The tenperature of furnace 40 is brouq_%tﬂn

down at 28°r Gt@f dheppaftening, tapperatiFe Pt B 1OV
synt hesicfe Of o Ai3ing4 0OmBdithuret Bér adbouperatminutes.hel d

w thin about-20 C of the softeni te rature b no
| over t RERSFMeL % ofttentAEF% % rgi‘]%’? ergggf ea%%?%]teénthe

M nut es joafer Gitetempyratdi® BabgEd Hehhelynt MEBis prdferably
C 026 heRSBT R EBRATAAR,PE BLo SoPBRAPS, Abrthq pebeex
sof teni gg tREMAPRLECCcOdTY t shstdam tenpezibute sad/ ke
& ot nEo8bi T ity SRBABLY A SP8t H%0 SRR CFnbat he
sof t eni egmbEUHE IqietitRe § Giontigenkoddlyyi nGleass and glass
compounds that have high amounts (e.g., more than about
15 30%) of germanium are preferably cooled louger than
glass and glass compounds that have low amounts of
germanium.
The rocking movement of furnmace 40 may be
gtopped prior to or after furnace 40 has been at the
20 decreased temperature. Prefe.fably, the rocking
movement is not stopped until the temperature of
furnace 40 1s at the decreased temperature.
After ampoule 2 has been held at the
decreased temperature, it is preferably left in the
25 ‘'down' position as shown in FIGS. 7 and 8 for several
minutes. This allows the viscous melt to collect at
the bottom of ampoule 2. If this does not occur, a
thin film of germanium selenide glass of slightly
different stoichiometry may solidify on top of the
30 glass being synthesized (if a glass were being
synthesized). Some excess selenium may condense out of



Generally, the larger the dianeter of the anpoule, the
| onger the tenperature should be held. This preferably
so ensures that the glass or glass conpound at the
center of the anpoule cools to the sane tenperature
as the rest of the anmpoule and that the glass or
~glass conmpound quenches honobgeneously. d ass- and
glass conpounds that have high agpunts (e.g., nore

t han about is 308) of germanium are preferably cool ed
| onger than gl ass and gl ass conmpounds that have | ow

anount s @hjg9RIRIEI4M, TERL4 AEK uhdedTX4BNE beciude thace
40 may be stopped prior to or_after furnace 40 has

been at wieradd stedichiswetre Rfcfhe Flassppay Suafide-  f* the
rocki ng Byue s ic&t B?%lﬁéé’m}ﬁﬂoﬂﬁﬁ,i la thent eImendtnr e
ate 40 1s a

of furn e decreased tenperature.. After 3
anpoul e Ziffsrent Fuedrhiametrye than rtds £65E P ln GPEPOUD

it is preferabl ¥ailsf bnl Bop 6F t2E coPMindPOSSindNAIAy, some
shown 5|On(i‘ﬂff:l?GS 7 gﬁ{j gf?)é sever m nutes., This

) |
al | ows t RECERE cRATLIFEM °¥ot1teoIVP§£Tb]a& may L CoOPRRNRFOYE ©f

armpoul e, tRig! fnddifg180€SURRIsO@EHSunted EBL N didkn of
ger mani um sel eni de gl ass of Sliipggil y different

st oi chi ofeRASnSALLADg AYe[Yndas ®f the 30 gl ass
bei ng synt hesi zed ppbuie 0 A5 noRr @udihed. - - FIG. 7 shows

S e e Rt Toust ik AT R OoReER B
overal | $heh&dé QEithyotdh tvilcy amsouly 2Ccandgessdnirlyt D@ were
T or onp8eed ih ArsePgd Rk enfeb I 31PRth dseq
s may Sokatéef 7N fopooliddaceanpauntd asSkalt d14 ymays bee
placed in ice water 72 to further lower the temperature
15 of ice water 72. Salt 74 may be, for example, calcium
chloride, To remove ampoule 2, wires 50 are cut or
unwrapped from screws 52. Alternatively, screws 52 may’
be loosened. Tube 20 may then be removed. After
tube 20 is removed, ampoule 2 may slide out of
20 furnace 40 into tub 70 on its own. If ampoule 2 does
not slide out of furnace 40 by itself, end 41 of
furnace 40 may be tapped. If ampoule 2 still does not
slide out or if it gets stuck at the end of tube 14,
metal tongs may be used to pull ampoule 2 out. Sliding
25 ampoule 2 out of furnace 40 and into tub 70 should
preferably take less than five seconds.
Metal tongs may be used to hold onto
ampoule 2 while swirling it around tub 70. This more
rapidly quenches ampoule 2.
30 FIG. 9 illustrates ampoule 2 in tub 70. Upom
quenching, the contents of ampoule 2 solidify into a



excess seleniumor the variable may condense out of
this thin film Unless accounted for, such .
condensati ons are undesirable. Anpoule 2 is now
quenched.--FIG 7 shows io0 furnace 40 positioned such
that the opening of furnace 40 through which ampoule 2.
and assenbly 12 were placed is aligned with a tub 70
filled with ice water 72. A cocl 2hg-agent such as salt
74 may be placed in ice water 72 to further |ower the
tenperature is of ice water 72. Salt 74 may be, for
exanpl e getaknilum asllepidedcglaps PENPASEREBRPUND d(\m r ¢8e
50 are cut 9 nds on the size
Y ternataI"\‘?élP)g ]ggx;m%ggggu{féaﬂﬁ gggﬁg% Tube 20
my themfbempeuba/aj anAf the amtzgflgslaﬁénﬁ’c’/ agf,soppgund
2 rmy sl Qut r 0 Qﬁ\:ﬁ ta&:out a
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e en nmetal tongs u
to pul | amppuliee2 Bhowild beiquenghed iAjse Wab ‘%u? fa§°°“t ten

furnace 40,200 14chetltl OmHUR! dnd Rickogeasoys [kl ing.

| ess than"tive secon Met'al. tongs, may be used to ai
hold onto anpoul@amswar| @lagg crppeind 89, BaY P JForse 1o

Thi S 0T Gochdi 4l 4eyeREhESs AMhGULEdevdOgTida S glase

anpoul e In tub 70. Upon uenchin
cont ent sogpounp A érzimsél@@‘ilfay Zink o"-‘E‘ g‘é"i‘#&ﬂ%%ﬁfe
sel eni d%agJ B8 Subla & @%&&QW%&&Q amceaanump@ﬂe 2
re

time requ In tub epensonthe S|
anpoul e .gnd bﬁeﬂ%ﬁiﬁﬁt ceppinted °"d:1da§§ cﬁgﬁ% rence
of ampoule 2). Ampoule 2 may then be cracked open by

15 carefully placing the tip of a fine screwdriver, for
example, on the score and gently tapping the butt of

the screwdriver. In most circumstances, glass or glass,

compound 80 will come looge from the walls of
ampoule 2. If, however, glass or glass compound 80

20 does not_dome loose, the outer walls of ampoule 2 way
be gently tapped with an object like a pair of
tweezers. If glaes or glass compound 80 still does not
come loose, the portion of ampoule 2 with glass or
glass compound 80 still stuck to the walls may be

25 immersed in a Dewar filled with Np(1jqua . Glass or
glass compound 80 will then crack, contract, and
' geparate from the quartz-glass walls of ampoule 2.
Care should be taken when choosing Ni(iiquisy OF when a
variable with properties that may cause the compound to

3ol act adversely to such an immersion is present in the

glags compound.




i nside. For about a 20 cm |ong anpoule with about a s
dianeter of 4.6 cm, initially filled with about 50
grans of germani um and about 218 grans of sel eni um
anpoul e 2 shoul d be quenched in ice water for about
ten mnutes to ensure conplete and honobgeneous
cooling. dass or glass conpound 80 may be stored in
to anpoule 2 until needed. To rejgieve glass or glass
conpound 80 from anpoul e 2, a tungsten-carbi de knife
may be used to score the outer surface of anpoule 2

(e.g., by scoringzgonpy esnem el@uIRdrshe bemnmrent@ the
of arrpoul e 2). Anpoul e may .t hen be ¢rack

" is carelatgy griade ﬁﬁn‘E‘P&Ejﬁ Bfo?' Qf"'ﬂ“ﬁg é\ﬁﬂg’ ?PXSB oF
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of the®screwdriver. in nost cjrcungtances S
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ortion of a
gl ass cam'é%ﬁﬁilaﬁ% §F|r$+' sﬁ‘d’cggf F’I ggiﬁssgb JEhe
| Mer segdedPefateRbsf the afiasst br I\@(ﬂlﬁlsq UD@P‘?‘“@ dels or

gl ass conpound 80 will then crac , )
. sepa¥tat Breferalie iggaereed)aks8 MRS s°?3%5§%o:b ed:é.minute

Care sheyid D feplceBedibed h}h@mspelgpw(i i Qn) or when a
variable with properti esﬂgﬁ_ %{H{%aéiseth ey Lﬁﬂld

- to 30 act adverséf')"'ef"o Ir'si‘on 1s”present
the gl 3afes NP0 WM vaeiaxﬁleau:opmn are whxed at 2’

ten'peraggxrlgt;&t ttelgnperature until the selenium, germanium, and

15 variable completely mix and become evenly_ distributed
inside the ampoule. This occurs during time period 93
which may be, for example, about five to about six
houre, depending on the amocunts of germanium, selenium,
and variable involved.

20 After reaching peint 94, (i.e., the point at
which the germanium, selenium, and variablie axre heated
and mixed), the mixture is cooled. The temperature of
the mixture is preferably decreased at a rate of about
20° C/minute, represented by slope 95. The temperature

25 of the mixture is cooled down to within about 20° C the
goftening temperature but no less than the softening
temperature of the glass or glass compound being
gynthesized (e.g., Ge,Se;). This is shown at point 96.
1f point 54 is within about 20° C of the softening

30 temperature but no lower than the goftening
temperature, the cooling may be unnecessary.



| arge scal e synthesis of a germani um sel eni de gl ass or
gl ass conpound i n accordance with the invention. An
anpoul e contai ni ng germani um and seleniumis heated s
from for exanple, about roomtenperature (at a tine
0) to a tenperature equal to or greater than the
softening tenperature of the glass or glass conpound
being synthesized (e.g., 9400 Cps shown at point 91.
The- tenperature of the glass or glass conmpound is 10
preferably increased at a rate of about 300 C/ mnute.

This is representﬁt&ytggomtage Pédstes eng;al fegngeoi(etg.,
91, the germanium selenium and_varjable

'present)wiﬁhénnﬁheﬁﬁz%@’ac &b tdeafArLeeming, &P %:?ﬁﬂrelbut no
the sel il vgh BN WEEeAhaR Seligéiatlze) COOL aiisityre is

m x and becone evenly distributed |n55ﬂe the a
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t he anmounts germani um selenium and v

i nvol vedbong #\#%rsch&ém Rensaing oop the gmu?a‘h efpgilﬁfs or

at  whi gfig Eecslﬁls&a{a HELng Fhekbuslzeid vari abl e are
heated “and m xed the m

tenperature of tARPOWLE: &r tur?ﬁ:%?éﬁﬁbﬂyeﬂggﬁ%%sed at

a rate QfenpReHtureAeCyT NABsut bepe e sksi tdmbypet.’ame 995t0
The tenperature 25 of the mxture is coql,ed d to

wi t hith smsureoecepiate aundhamodsrnees G941t lFe b
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gl ass conpound bein si zed S
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C of thebzatt 206 ngrasd.t enperature but no | ower than

the softening. t erat ur the_coo
unnecessary. é%&a ? éhows a process Q%anXrQE scale

15 synthesis of a germanium selenide glass and a germanium
selenide glass compound in accordance with the
invention. At step 102, germanium and selenium (and,
if desired, a variable) are placed in a clean ampoule
and then subjected to a vacuum. The amount of

2¢ germanium placed in the ampoule is preferably
étoichiometrically proportional to the amount of
seienium for the particular glass being synthesized.

If a variable is placed in the ampoule, the amount of
the variable is preferably stoichiometrically

25 proportional to the amount of germanium and selenium
for the glass compound being synthesized. At step 104,
the ampoule is sealed. At step 106, the‘sealed ampoule
is placed in a heating device (e.g., a tube furnace).

At step 108, the temperature of the heating

30 device is increased to the soiqgning tempergture of the

'glass or glass compound being synthesized or above.



23 After the mxture reaches this range (e.qg.,

w thin about 20 C of the softening tenperature but no

| oner than the softening tenperature), the mxture is
guenched. This is represented by slope 97. The tine s
bet ween points 96 and 98 is preferably no nore than
about five seconds (depending on the anmount of gl ass
or glass conpound being synthesiyzed). Ampoule 2 is
hel d at the quenching tenperature (e.g., about 00 C
for time period 99 to i0 ensure conplete and
homgen%@g t‘éﬂﬁl?i'i‘ﬂxreTbﬁﬁtﬂlelﬂeaﬁiQQ depiceeis fmreferably
exanpl e, about™fTifteen mnutes to about°t§§%b¥t nd
' ni nut es ingreasgiaat drahe RetweghpRRRlF &° wofod
grans. BhGurlloShOnmimee! 0GRS sLbpr 1160 estaipetature of
synt hesi s oF a gernaniun1selenide gl ass

ang £
ger mani dine benbhng dayisgs it SedbureRsianic 29 d@h%ecqﬁtfﬂts °

the ”\{:?%t LaBoufl SRR £odchBBAL NtRNdboet enitvars fox
(and, it desfTred, a variahble) are placed hntqﬂglean nium
anpoul ea #9§ oran FhaseeYRidasdsato e THEE S0

20 ger mgpidE Phakochd Reibtliipoul e is preferably
st oi chi onetri cal I%raproportl onal to the am)un%e fe hga.ting

sel enium for the MargteBulis: JPEsEeHRITRFETNPhesT% &
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e variable is preferably stoichiopmetric
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i s pl ac®yPtherired (6:§- acfR82Sp8. 3F 2 PG rnace) .
At st ep mh@Gankbe) | GHtehat Iwerothhhetlee sdfigning _

temperature. The temperature of the heating device is

15 preferably lowered at a rate of about 20° C/minute. 1If
the temperature of the heating device is already within
about 20° C of the softening temperature but no lower
than the softening temperature, step 112 may be
unnecessary.

20 At step 114, the ampoule is quenched.

Ampoule 2 is held at the quenching temperature (e.g.,
for about fifteen to about twenty minutes for a 300-400
gram synthesis or for about thirty winutes for a 750
gram synthesis) to ensure complete and homogeneous

25 cooling. This occurs at step 116.

Note that the . embodiments described in
connection with FIGS. 1-11 are merely illustrative.
Germanium and selenium alone or germanium, selenium,
and a variable may be placed in any clean suitable

30 equipment (i.e., equipment as free from impurities as
possible}, heated in any suitable heating device, mixed



30 device is increased to the softening tenperature of
the glass or glass conmpound bei ng synthesi zed or
above. - 24 The tenperature of the heating device is
preferably increased at a rate between about 200

C/ mnute and about 30 C mnute. At step 110, the
tenperature of the heating device is held constant
and the contents of s the anpoul re mxed for about
5 to about 6 hours for a 400 grdm gl ass synthesis to
ensure that the gernaniun1 mxes wth the selenium At

step 11 E Oéochhﬁ hgahhy Guil8M¥LE Gwdis, and
| ower ed oth |naout C of the i'0o softening

't enper atqwenddied: he EleaQ?:i‘é%tPlﬂg vaynt hE]F ASgTPle. ggermanlum
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Ger mani um and sel eni um al one or gernmani um sel eni um
and a variable may be placed in any clean suitable 30
equi pnent (i.e., equipnment as free frominpurities as
possi bl e), heated in any sui t%8bl e heating device,

m xed 25 in any suitable way, cooled in any suitable

WHRY is @fthedqstenched in any suitable way. For exanpl e,
germani um and sel enium may be subjected to a vacuum

and sealed in a container that has. a m xi ng devi ce

g:i gﬁl uam %@%aé\t)gﬁgﬁ{slzﬁéat ns er ma E%gfé,gs comalinound

coiptidiagl s of germani um sel eni de gI ass and gernmani um
sel enj de gl ass congounds are provided. one skilled.in
t he Alagingimere Ak atotal 06 oy elov e SraRsaf P BRANIEN, eleniyn, an

avm ﬁlegc&%m%lher than the descri bed enbodi nents,
i C

are presented for purposes of illustration and

not tfcrdasinigitiad tefiperading of bgid icomeiner atiléast theisbfehion| y
the clains which follow. 26 Wat is clained is:
teP’Peﬁ?tH@Qféald@a%yﬂmﬁ@éﬁdz‘?% Hrhesira®i um sel eni de gl ass

co ”ptﬁb'lgﬁl&tﬁé’ PR At B o FREAGO RGP 'fatencf 13%0er thah @ sogcgnmg

abou en grams of germanium selenium an
tengperadidee i n a contai ner; increasing the tenperature of
said cgntain r tq at the sof t, n|n rature,

I.fa
of s HEREING SILLCAUIAG ! fRAd Bferiymy FId B ﬁ@ldt\ﬁgable

hi@%%ﬁétmoggnm&&g&al ner at no | ower than said
softening” tenperature; rocking said container until

sai ddewtasimgthy tcmapmiatgmrofmmdmntamm tespe sy tiah did softehmge
te%‘?p atl(lelte%lf%al%l fl.egs(se rc}glglpgl?rgd I;ng S)}nthes1zed
quenching said container; and
performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

2. The method of claim 1 wherein said variable is selected from the group |
consisting of lithium, vanadium, chromium, manganese, cobalt, molybdenum,

ruthenium, silver, praseodymium, neodymium, iridium, gold, and lead.

3. The method of claim 1 wherein said placing comprises placing more
than a total of about eleven grams of substantially stoichiometrically proportional
amounts of germanium, selenium, and a variable in said container in accordance with

said germanium selenide glass compound to be synthesized.

4. The method of claim 1 further comprising sealing said germanium,

selenium, and said variable under vacuum in said container.

5. The method of claim 4 wherein said container is an ampoule.



decreasing the tenperature of said container to no

| ess than the softening tenperature of said gl ass
compound bei ng synt hesi zed; quenchi ng said contai ner;
and performng said increasing, holding, rocking, and
decreasing in about eight hours or |less. 2. The

met hgd of TRE @ldfhol JIPAiR Nwhédeth 3481 nBRAGnE theBMmPerafifte
fromthe group consisting of I|ithium vanadium
cghpasesum nanganese, cobalt, nol ybdenum  rut heni um

silver,. prasgodym u eodym u iridium gold, and
I eadpiﬁ%&fﬁﬁe?@ywa%??wg%m wherein said pl aci ng
CONMPiricP@Sing!tRE teffperdiin® of biia FurdateOdtal rarfofabouttioeiCieinute.

granms of substantially stoichionetrically proportional
anounts of germanium selenium and a variable in said

cont gi ner 4 N ' - Sal , [ i de
Gase CommuR aBae! GNER Mehloi b A RRLERE dileaerRhe
cothpiises Hetressifgthed@fipérathire 1@ witldh iabout2aP €. gesaid sefieming
sel enium_and sai d vari abl e under vacyumjn,sa
tegpneraipree sad glass gomppwhbuimodowerthan %ﬁfi F@%

d
ening tepnperature of
: ' i 5.4qan anpoule. 27 6. The nethod of claim1l
s%gaglé E&é%(?%dT ncreasi ng the tenperature conprises:
pl aci ng said container in a furnace; and increasing
the tenperature of i.d furnace af a rate of about 3Q.
C. 7 mBnut o.The methgsko (AL BFToR) aichquenGRiaE ePRPEsFsueiching
sHEehe3skPg itbealgmperature conprises decreasing the
tenperature to wthin about 20 C. of said softening
tenperature of said glass conpound but no | ower than
sai d_ softening te atuwe, of. sajd glass conpound, 8.
The ot hod 16 ATeShaR oh clatty L FBetsin it Cq Nale AP R TE B s o6
guenching said container in ice water. 9. The nethod
of claim8 wherein said ice water conprises a salt.
10. Adnet Rontethiod of syritkssizingy germyaiura selenide glasnheamepound
ass_conpound conprising: placing germani um
c%@?’é?ﬂ“%m and a variable in a container;
placing germanium, selenium, and a variable in a container; .

increasing the temperature of said container to at least the softening
temperature of said glass compound continuously without stopping for a substantial
period of time;

holding the temperature of said container at no lower than said softening
temperature;

rocking said container until said germanium, selenium, and said variable have
completely softened and mixed;

decreasing the temperature of said container to no less than the softening
temperature of said glass compound being synthesized;

quenching said container; and

performing said increasing, holding, rocking, and decreasing in about eight

hours or less.



i ncreasing the tenperature of said container to at

| east the softening tenperature of said glass
conmpound conti nuously w thout stopping for a
substantial period of tinme; lholding the tenperature
of said container at no | ower®than said softening
tenpgfat Urge n&éiﬁéﬁ S¥b1881 b WREERY SaRT vaiablelis S@kdted from the
germani um sel enium and said variable have

googsioasisting efdithiuns o agasduny clwmmwmnwg qdbelt, molybdenum,
t, f d nt t
BFRERT Y orsiRarivet Rpasie fidle B3R R e g

synt hesi zed,; quenchl ng sal d container; and perform ng
sai d increasing, holding, rocking, and decreasing in
aboutlZei gfthe mahgdsofmlaimekwhergin said plaving AeMARERsPlacing more
var
tha.naautglai‘ gtr‘] %@)S\% Serer? gj %s to% Is%brasn@n\‘t?lail st%?clh?o%ﬁﬂca{lf)ﬁﬁbfa&ﬁonal

aﬂi@ﬁﬂt@@gsﬁd gﬁﬂﬁ)ﬁhﬁlg méxmhﬂ eamdgﬁmd \raumbilegn sadil gs?ﬂamgr 1n12
raseodyni um neodym um, _iridium go an ea
aqq?éd%ta Mo 2ogerepaium selenifrorlassicompetng joks sygthesied.i ses
pl acing nore than a total of about el even grans of
substantially stoichionetrically proportional anounts
of sdBd gdheamsthod o&édlnnlmfmhmncbnanisﬂlg/mﬁmg)kaéd germsaiwn,
cont ai ner 0 nce with a, germani um sel eni de
sgjeriua, é’b‘hﬁf’é‘&ﬁ@“ﬁ’g‘i Bﬁegw&%mzsé@gc%@merhe met hod of
claim10 further conprising sealing said gernmani um

sel enium and said variable under vacuumin said

cont ddner ThinetiddeofitddilnolB whereinaaid dodtavherrieamampoule.
container is an anmpoule. 15. The nethod of claim 10
wherein said increasing the tenperature conprises:

pl acii§g sgihd ntRdPbM4ind 10 RhéeiAfEincRAsng e teApEratire
the tenperature of said furnace at a rate of about 30
canprisesute.  16. The nethod of claim 10 wherein said
subst tlal eriod of tinme is ,about fifteen m nutes.

17. cPntnerin g fpaes A oi n sai d decr easi ng t he
t e”pﬁio?édéﬁ@ the temperature of said furnace at a rate of about 30° C./minute.

16.  The method of claim 10 wherein said substantial period of time is

about fifteen minutes.

17.  The method of claim 10 wherein said decreasing the temperature
comprises decreasing the temperature to within about 20° C. of said softening
temperature of said glass compound but no lower than said softening temperature of

said glass compound.

18.  The method of claim 10 wherein said quenching comprises quenching

said container in ice water.

19.  The method of claim 18 wherein said ice water comprises a salt.



conpri ses decreasing the tenperature to within about
20 C. of said softening tenperature of said gl ass
compound but no | ower than said softening tenperature
of said glass conmpound. 18. _,Lhe nmethod of claim 10
wherei n sai d quenching conpri'ses quenching said

cont apner A Methd8 ofV@rithesizis a F&ehaRRin Sélefle giaad éﬂnlﬁ’ound

wherein said ice water conprises a salt.
ceraphiging:of synt hesi zing a ger mani um sel eni de gl ass

o vaPP e SRR R for S\ B AR E sl L ™

sel epéaliny saidtetBirdumasdlaing, aidald vakbloander sfiutdm in said
contai ner; increasing the tenperature of said

cempingiiner to at |east about 400 C. continuously

W0 e S BRL helrud o UHG LBALIRL (PR TLRCah OO

hol di ng contai ner at no | ower
coitamoadlp Wlthéﬁﬂstéinpmg fcm}eubgaxs:aall debmhéftimer until said
ger manj um sel eni um and, said, varjable

conpheldgthe fmmssatrenf gaidi coptpineg ét:%l%‘fqﬁ 3@@@0“ 400° C.;
! e RS GiPlordhét ERTLAA BB YRR A dhidARable have
abo g sal

and ., quenc ‘cont al ner ;
cqnaplfetniyrtoﬁpnsdthnidmmdeam ng, hoI di ng, rocking, and

decr easi n about or Jess. 21.

1ot hORToRs e ks e AR BRee PO Goand
abdiRAndhe.; group consisting of lithium vanadi um

chrom um’ manganese, cobalt, molybdenum ruthenium

si | v gnenchingssaugomiaimgr; ambdym um iridium gold, and

| ead. 22. .The . thod of . cl.ai m 20. wher e, n_sai
| nor Badorming fud Eisgeinn hERe sk Sl dtein i ooy sieht
hb@dRelature at a rate of about 20 C./m nute to about
30 C/mnute. 23. The nethod of claim20 wherein said
i ncreasing the tenperature conprises placing said

cont 3'1 ner Tlhe meﬂ];oucfcr&ac(falm 20 wherein said variable is selected from the
group consisting of lithium, vanadium, chromium, manganese, cobalt, molybdenum,

ruthenium, silver, praseodymium, neodymium, iridium, gold, and lead.

22.  The method of claim 20 wherein said increasing the temperature
comprises increasing the temperature at a rate of about 20° C./minute to about 30°

C./minute.

23.  The method of claim 20 wherein said increasing the temperature

comprises placing said container in a furnace.

24.  The method of claim 20 wherein said substantial period of time is

about fifteen minutes.

25.  The method of claim 20 wherein said rocking said container comprises

rocking said container for about five to about six hours.



24. The nethod of claim 20 wherein said substantia

period of tinme is about fifteen m nutes. 25. The

nmet hod of claim 20 wherein said rocking said container

conprises rocking said contajnher for about five to

about six hours. 30 26. The thod of claim 20

wher egn Saiid hakdd Sl 20 GAGkA AR ro%ﬁ‘ﬁi%rshﬁl%nfa‘i}iﬁf cBhprises

said container for at |east about four hours. 27. The

reakinshideonthinemiop at nase pbdud feuritgutiecr easi ng t he

tenperature conprises decreasing the tenperature at a

rate of about 200 C./mnute to about 30 C./m nute.

28. A7met @ midth&d/ ot AR 20 RlerRirgRid@dtréiingehentdRrature

gl ass conprising: placing nore than a total of about

cemptigas dgereasing thegempenatuneritaiatesef abapt#A°i (h/migute to about 30
E,' i_ner; increasing the tenperature of said

contalrner to at |east the softening tenperature of

sai d gl ass being synthesized; holding the tenperature

of said container at no_ | ower than said softening ..

t enpefat urfemethodiaf synthesizing 3 geumanaym gelenide glasgcomprising:

sel eﬁ:]!la;éem&?rﬂgrestﬁ&{ja SN TRAb AP AL g{m O@hﬁhﬁgﬁ%ﬁeﬁ%m in

and ecreasing the tenperdture sal
aconfamienier to no | ess than the softening tenperature

of said glass being synthesized; quencghing said .,

cont A }ngéﬁat%ﬂ? Hgaidcoptame F%%é?%,%eﬁsi‘aﬁﬂné,

t&gﬁéﬁt{]& B0 LG HRAS Hethefizapout eight hours or |ess.

29, The met hoéoli of igll%lass;?n 28 Wher ei n sai d pl aci ng .

conpihokiisg theaanpayamny of saideomtandrat nd layfer e saidegodizaimng

t%{@ns of substantially stoichionetrically proportional
#P: of ger mani um and sel eniumin said container in

acCokgekitLsald EdhtSiatiCuntl S4Bl ehiSAldeRI K rikaistm hdavebe
synt hesi zed. 30. The nethod of claim28 further

cewplsiely befdened and myxedai d ger mani um and sel eni um under

vacu gg:r'egsilg’ga % tgn%]éra' €8 said container to no less than the softening

temperature of said glass being synthesized;
quenching said container; and
performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

29.  The method of claim 28 wherein said placing comprises placing more
than a total of about eleven grams of substantially stoichiometrically proportional
amounts of germanium and selenium in said container in accordance with said

germanium selenide glass to be synthesized.

30.  The method of claim 28 further comprising sealing said germanium

and selenium under vacuum in said container.

31.  The method of claim 30 wherein said container is an ampoule.



31. The nethod of claim 30 wherein said container is
an anpoule. 31 32. The nethod of claim28 wherein
said increasing the tenperature conprises: placing
said container in a furnace; ?tqnd i ncreasing the
tenperature of said furnace at a rate of about 30

C. / m3put e The Fibthold f RN T whErefl @ldheRashe iR t&nﬁé&'aﬂlre
decreasing the tenperature conprises decreasing the

corgpmsesat ure to wit hi n about 20 C. of said softening
tenperature. ald s but no | ower than said
softg[ﬁ Sfllé?ﬁ%?@?aélﬁfrl §%ﬁ 84l ass. 34. The nethod of
cl ai Eﬁc?&siﬂ@&ﬁ@te&p‘é?dt@re%@ﬂﬁMﬁc&ﬁ%ﬁ!s&ﬂ'&bﬂm@mfﬂl /Mginute.
said container in ice water. 35. The nethod of claim

34 wherein said ice water conprises a salt. 36. A

ggt hggi of ’[%X %%ﬁ? Sd gfl CT§m328g\$B£{%ﬂs (fe%*'e%%g?h@{eﬁ‘éérature
npiri’'si ng: I ng germani um an

cORptiss I’(lleér,eamﬂg:ﬂﬁasmﬁ@'ami’@tot\ﬁiﬂﬂﬁ faBbwtr28° ¢f, of sdidl softemng
container_to at |east the softening . tenperature

tespiegrtyleRf s2id s hubbs oy ehthansatd softspipe fgnpesptuge of said glass.

substantial period of tine; holding the tenperature
of said container at no | ower than said softening
t enpédat uhe netldd ofglaini 28 whertini saitk quenthihg sampirises quenching
%?r manj um and sel eni um have conpletely softened and
LA IEA YR t he tenperature of said container to
no less than the softening tenperature of said glass
bei ng synthesi zed; quenching said container; and
per f 86.m nJhs aiethadfrodaisi Igwhéreindaidgce watsk compprisgsa salt.
decreasing in about eight hours or |less. 37. The
nmet hod of claim 36 wherein said placing conprises

pl ackpg MY Bethbl ¥R shthizdhg QQeﬁmH&n 641888 gRsPETmPHsing:
substantially stoichionetrically proportional anounts

of s aladmgegenaamum @ddebmuamnmqntﬂusﬁl d container in
2;:/?1? h%g«%qa%@g € %mpera(%urr Qaid cc)rrt?uln%ll.j lo aef lgas? e sct)Remng
temperature of said glass continuously without stopping for a substantial period of
time;
holding the temperature of said container at no lower than said softening
temperature,
rocking said container until said germanium and selenium have completely
softened and mixed;
decreasing the temperature of said container to no less than the softening
temperature of said glass being synthesized;
quenching said container; and
performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

37.  The method of claim 36 wherein said placing comprises placing more
than a total of about eleven grams of substantially stoichiometrically proportional
amounts of said germanium and selenium in said container in accordance with a

germanium selenide glass to be synthesized.



32 38. The nethod of claim 36 further conprising

seal ing said germani um and sel eni um under vacuumin
said container. 39. The nethod of claim 38 wherein
said container is an anpoule. . 40. The nethod of claim
36 wherein said increasing t HS tenperature conprises:
pl aci ng said container in a furnace; and increasing
the tenperature of said furnace at a rate of about 30
C. / mBBut e The aethorhef claim-ofugtherdoamprisBe sehlinesand gerntanium
a&gbﬁtantialﬂperiod.of.tineais about fifteen m nutes.

?e?%%mﬁgg dﬁwBWM&Pgﬁﬂfggzﬁﬁﬁrein sai d decreasing the

tenperature conprises decreasing the tenperature to
w thin about 20 C. of said softening tenperature of
sai d381 asThpmethnst ofwlim & whersin sgidseontaingr agan ampoule.
tenperature of said glass. 43. The nethod of claim 36
wherei n sai d quenching conprises quenching said

cont g0ner The netloddloddim ¥ wherbia saillihodagifig tHeatmpedture
wherein said ice water conprises a salt. 45. A nethod
COPPLSE[t hesi zi ng a germani um sel eni de gl ass conpri si ng:
p'acbﬂ@ﬂ%§5ﬁﬁ%hﬂﬁg§%9 FGhe W in a container; sealing
sai d"germani um and sel enium under vacuumin said

cont aicreasing thetengesditurg of bad thanper @tarate offabowti3@° C./minute.
container to at |east about 400 C. continuously

wi t hout stopping for a substantial period of tineg;

hol diypg t ffe LRATRRS SHAtif 1 whébfh saRNuBLARMal BEribPof GBS
t han about 400 C.; rocking said container until said
alpment fdileemimrtes. sel eni um have conpletely softened and

m xed; decreasing the tenperature of said container to
bet ween about 300 C. and about 320 C.; 33 quenching
sai d4gont ah8 elethc st il 3 WhéteinSAidtdeRdakia g thai@mperature
hol di ng, rocking, and decreasing in about eight hours
cemptiges slecreasing the temperature to within about 20° C. of said softening

temperature of said glass but no lower than said softening temperature of said glass.

43.  The method of claim 36 wherein said quenching comprises quenching

said container in ice water.
44.  The method of claim 43 wherein said ice water comprises a salt.

45. A method of synthesizing a germanium selenide glass comprising:

placing germanium and selenium in a container;

sealing said germanium and selenium under vacuum in said container;

increasing the temperature of said container to at least about 400° C.
continuously without stopping for a substantial period of time;

holding the temperature of said container at no lower than about 400° C.;

rocking said container until said germanium and selenium have completely
softened and mixed;

decreasing the temperature of said container to between about 300° C. and
about 320° C.;



46. The nethod of claim45 wherein said increasing the
tenperature conprises increasing the tenperature at a
rate of about 200 C. /minute to about 300 C./mnute.
47. The net hod of cl aim 45 rein said increasing the
tenperature conprises placing said container in a

f ur ngG&hchi: saild@niBhdoghdof claim 45 wherein said
substantial period of time is about fifteen m nutes,
49. prroming exid dncredsingnhaldingheacking, and decregsing iy abent gight
hco[:'lt fr;lienéar conprises rocking said container for about
PG 8T 1% about six hours. 50. The method of claim 45
wherei n said rocking said contai ner conprises rocking
said contai ner for at |east about_  four hours. 51. The

met hd@ of The meshofrfighimet wher saildnergasing theygmperature
ohSFRSE Bl Sine PR RE L3572 P ol 3’ AL M i 0

Chnrimiteod of synt hesi zi ng a gernmani um sel eni de gl ass

conmpound conprising: placing germani um sel enium and
a variable in a container; sealing said gernmani um

sel egpum 1B el iR FhetBRYidACIIE theS@hPerature

contai ner; 1ncreasing the tenperature of Sal

campiti sas péacintgsaabountain@ln @ fumeed. i nuously  wi t hout
stopping for a substantial period of tinme; 34 holding
the tenperature of said container at no | ower than

abouyg 400@he m&m%iﬂﬂjwﬁ&%%mlbﬁﬁ%ﬁdl peAbdlof time is

germani um sel enium and said variabl e have
deapifietenned. t ened and ni xed; decreasing the
tenperature of said container to between about 300 C.
and about 320 C.; quenching said container; and

per f a9 M NThe alethd WctAH 40wheéteintbaidtrockiag kaid Gon@fi@r comprises
decreasing in about eight hours or |ess.
rocking said container for about five to about six hours.

50.  The method of claim 45 wherein said rocking said container comprises

rocking said container for at least about four hours.

51.  The method of claim 45 wherein said decreasing the temperature
comprises decreasing the temperature at a rate of about 20° C./minute to about 30°

C./minute.

52, A method of synthesizing a germanium selenide glass compound
comprising:

placing germanium, selenium, and a variable in a container;

sealing said germanium, selenium, and said variable under vacuum in said
container;

increasing the temperature of said container to about 400° C. continuously

without stopping for a substantial period of time;



53. The nethod of claim52 wherein said variable is

sel ected fromthe group consisting of lithium

vanadi um chrom um nmanganese, cobalt, nolybdenum

rut henium silver, praseodym'éﬁm neodym um iridium
gold, and lead. 54. A nethod of synthesizing a

ger MiB|diie $ek@hhE Sttt GSRidCORRAN At né RV itsdn ouPd GICCNY
germani um selenium and a variable in_a contaijner;
seal irprkingsaid eentainer until said isermanigmoselenim cend sajdyariable have
und vacyuum,in.sai d.. container; increasing the
c?%'ﬁ‘gegﬁl%ﬁ#e@eg?n%g}”éc%ont ainer to tenperature within a

r angﬂe@%asiﬂé’@x’étterﬂ?é}aﬁre dfsanbutaige o Getweon tbautG06t €. and
Wi t hout stopping for a substantial period of tineg;
apitdi2AYCiihe tenperature of said container at no | ower

t han Wt 4 o Locking said contai ner until said
ger nﬁlﬁ?&u%sngss%?deﬁnaarhn&a% said vari abl e have

conplpeifemying @il énedashiyg holdied ooty emddergedsing in about eight
tenperature of said container to between about 300 C.
hgwg ordgsdut 320 C.: quenching said container: and
perform ng said increasing, holding, rocking, and
decreasing in about eight hours or |ess. 55. The

met héd. of Theaheth&lofiames hwhereth sait vaxlable is sclsetkd foauithe

fromthe. group. consisting. of Lithium vanadi
w&ﬁpaﬁﬁnﬁﬁfg b/ AR FEromBIT-REEIRTSS Helfehplpgenum,
rithbtiBhn, s SR A0S HIHMm, RO iridilind boId) ariolesd. and

l'ead. 36 sealing said germani um sefl éni um and said
vari abl e under vacuumin said container; increasing

the tenperature ,of. said.container.to about 400

cont Puoudt PR STRbETBpR A TR sBEBdE 4fifY gptwound

cBfplisidgof tinme; holding the tenperature of said

contai ner at no | ower than about 400 C.; rocking said
cont @laceng gemmpniuga selegiumyard ykgriabls o eapfaleetd sai d

vari asgzlﬂﬁlghs%xﬁegen%gm%?tsagﬁu%? ];.LIICF &%j v%%lﬂﬁﬁfég vacuum in said

container;

increasing the temperature of said container to temperature within a range of
about 400° C. to about 800° C. continuously without stopping for a substantial period
of time;

holding the temperature of said container at no lower than about 400° C.;

rocking said container until said germanium, selenium, and said variable have
completely softened and mixed;

decreasing the temperature of said container to between about 300° C. and
about 320° C.;

quenching said container; and

performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

55.  The method of claim 54 wherein said variable is selected from the
group consisting of lithium, vanadium, chromium, manganese, cobalt, molybdenum,

ruthenium, silver, praseodymium, neodymium, iridium, gold, and lead.



decreasing the tenperature of said container to

bet ween about 300 C. and about 320 C.; quenching said

contai ner; and perform ng said increasing, holding,

rocki ng, and decreasing in ab%ut ei ght hours or |ess.

59. A nethod of synthesizing ger mani um sel eni de

gl as §e£ﬁ§@5ﬂd§eﬁﬁ?ﬂuﬁ[ Sédiam R Esatd b ROmideAWEultn in said

germani um and seleniumin a container; sealing said
cggameni um and sel eni um under vacuumin said contai ner;

i ncreasi ng the, te rat yre . of said, cqont ajher~t

100 BTt S e ot SorGst roPur AP SpfRihy
whbhOfofing fdm:subahxdiam?eﬁchfoﬂtﬁﬁ@,erat ure of said _
container at no |ower than about 400 C.; rockin §a|_d

cont Aplding thatémpesatiee of spidenontatnes atina lovwen tham abauiedV0° C.;

soft enegd and. nm. xed: . | ng.1he r .
o o SRR E G S8 Tl elohTR 00 1 Rkiaplg have
cémplefblie Bertinbd afd@iniixedipnt ai ner; and perform ng said
i ncreasing, holding, rocking, and decreasing in qp8ut
ei ghdecrpaniigsthe tempesaturesyy sald qoptainsg @ betwern ARyt 3P gL qand
a tggq&gn1selenide gl ass conprising: placing nore

n 100”"grans of germani um and seleniumin a
cont guerehing sabdcntgdnesaardl ger mani um and sel eni um under
vacuum i n said contajney;, . increasin %Qe t enperat ure
of sardorying s dpcTeasinge hpldings Mckng CLeasingdn a@?‘“ eight
hete¥t 1400 C. to about 800 C. continuously w thout
stopping for a substantial period of time;, 35 56. A
nmet hod of synthesizing a gernmani um sel eni de gl ass
conprsi ng: | gci.n ermani um and seleniumin a ..
cont &Pner A eloftof Sehulicpiaine b armimum seleue flat ¢ erisne
vacUyRc{ng réredhAPTURERAE of gériahRAS hiDsdléturh SR bataiHer
of said container to about 400 C. continuously

wi t heealingseidigenyarfiom aadselesiuanemdsr vimuinog sefd conainer;

increasing the temperature of said container to about 400° C. continuously

without stopping for a substantial period of time;

holding the temperature of said container at no lower than about 400° C.;

rocking said container until said germanium and selenium have softened and
mixed;

decreasing the temperature of said container to between about 300° C. and
about 320° C.;

quenching said container; and

performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

60. A method of synthesizing a germanium selenide glass comprising:
placing more than 100 grams of germanium and selenium in a container,
sealing said germanium and selenium under vacuum in said container;
increasing the temperature of said container to temperature within a range of
about 400° C. to about 800° C. continuously without stopping for a substantial period

of time;



hol di ng the tenperature of said container at no | ower
t han about 400 C.; rocking said container until said
ger mani um and sel eni um have softened and m xed,;
decreasing the tenperature of3 aid container to

bet ween about 300 C. and about 320 C.; quenching said
container; and perform ng said increasing, holding,

r ocki ng, and decreasing in about eight hours or |ess.
57. Abnet Homeiodnfisynbesizing g sarmpaivmsrlenids @lass peaprising:
O 2 S PEd Rl B A58, 21 DRALE,and St enium i a
cont sealring sal ef rahl um and sel eni um under

vacuusaling sail gereaniugi mrselenium ufds ivaguun én s@drmﬁahw e
of said contalner to tenperature V\nthlnarang

aboutinefessing the teraprsaturegeiad, copkyner syt ¢0Q; @h%ﬂylﬁmuousiy
d of tinme; holding

”?L@ngetﬁlg" ulfaeﬁlgl?élé al g)leglc))%tggﬁiﬁr}gr at no |l ower than

aboutholkﬁﬁ)g fhie;temparakiragf sid containdrait ne lowertthdn ai:a)'ruti400° C,;

rmani.um and sel eni um have soféegied an]%ﬂ é d d d:

S Fl‘gnt?lﬁér %ﬁrﬁ%‘ &epauyp agg s VR &PIgnyd an mixe

bet m@%@reaéaﬁgfhg?t gauﬁygf sa?&agﬁmﬁ@r% GetvitieR RBHLMD0S @, Gnd
n pe orm ng sal

cont ai ner, I ncreasi ng, hol di ng,
abowtkd208 C.;and decreasing i n about eight hours or |ess.

58. A netho nt heS| i ng a germani um sel eni de

gl as@ug%ﬁt‘%‘ﬂﬁjﬁéé ?% g: placing nore than 100

gr anpeftbri g@ﬁﬂ' iﬂ&bas%?é ABIdsB, r@dkﬂlgaaﬂ@ﬂe@@sﬁlg il aBout eight
contai ner; 37 holding the tenperature of said

hourstazileser at no | ower than about 400 C.; rocking said
contai ner until said germani um and sel eni um have
softened and m xed; decreasing the tenperature of

sai d 550nt A fARkhddDRGHNERFing B @eimBiHiin Gelefidd glass comprising:

placing germanium and selenium in a container;

sealing said germanium and selenium under vacuum in said container;

increasing the temperature of said container to temperature within a range of
about 400° C. to about 800° C. continuously without stopping for a substantial period
of time;

holding the temperature of said container at no lower than about 400° C.;

rocking said container until said germanium and selenium have softened and
mixed;

decreasing the temperature of said container to between about 300° C. and
about 320° C.

quenching said container; and

performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

58. A method of synthesizing a germanium selenide glass compound
comprising:

placing more than 100 grams of germanium, selenium, and a variable in a

container;,



about 320 C.; quenching said container; and performng
sai d i ncreasing, holding, rocking, and decreasing in
about eight hours or less. 61. A nethod of

synt hesi zi ng a germani um sel epj de gl ass conpri si ng:

pl aci ng nore than 100 grans gernmani um and seleniumin

a COMoRiiRethe terfif@hiufofaidcdheding ik HENPR (Bl Hoduti0° C.;
under vacuumin said container; increasing the

t enpapeking eaid ronfainer wiil said germanjum ang selgpiypehayespftened and
Lange of about 400 C. to about 800 C. continuously
Wi'tHout stopping for a substantial period of tineg;

hol didegrehdigg therpapératireoDdaideonthit@nd detwsen about30DdGeand
than about 400 C.; rocking said container until said
agetd2Ar Gm and sel eni um have softened and mi xed:;

decr i e of said container to

bet @%ﬁ%&{ﬁ%%%ﬁ%ﬁég% about 320 C.; quenching said
cont gerfermingndidpasréasinmg, hgldied, dodking; ead dexgeasing) idiabgyt eight
rocki ng, and decreasing in about eight hours or |ess.
hgyrs ox 1688 hod of synt hesi zi ng a ger mani um sel eni de

gl ass conpound conprising: placing nore than a total

of about el even granms of germanium selenium and a
vari @l e iAnetiodtfaymbesizing e gensanigm tstlenide igirss aempwsiog:

id t ai { I t th f i n 1 {
of S O Lo HILHAT ErLAL YR eRL ST RE LB RO v
Wi t hQuiling!aRiPdthaniuff arld sS1ERRIR BhdeRvadlftinh Rfsaid cdritaTRer;

hol di ng the tenperature of said container at no |ower
t han isagasingthe tmprgaturecnfiseidaontainer gatempstatinggvidan @ range of

oBE0RET efbonl R0 BRFERE v BE s BRTR o Fhupaftat perod
of time;

holding the temperature of said container at no lower than about 400° C.;

rocking said container until said germanium and selenium have softened and
mixed;

decreasing the temperature of said container to between about 300° C. and
about 320° C,;

quenching said container; and

performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

62. A method of synthesizing a germanium selenide glass compound
comprising:

placing more than a total of about eleven grams of germanium, selenium, and
a variable in a container;

increasing the temperature of said container to at least the softening
temperature of said glass compound being synthesized continuously without stopping
for a substantial period of time;

holding the temperature of said container at no lower than said softening

temperature;



decreasing the tenperature of said container to no

| ess than the softening tenperature of said gl ass
compound bei ng synt hesi zed; quenchi ng said contai ner;
and performng said increasin hol di ng, rocking, and
decreasing in about eight holUrs or less. 63. The

et NGty Ehid:5hciRe i Shil seiphfinY 3l dohRaritm> Rl P darisble

fromthe ~group consisting of |ithium vanadi um
mwgmmplmelymf@aeﬁbmmwﬂal t, molybdenum  ruthenium

il di
" ead b g B Rt S tainsra Pt SR i
tGAPRAEES dﬁi@%lhé%gzoﬁibbﬁnd b&iap spnthaiAald; of about el even
granms of substantially stoichionetri cal | y proportional

anouuenchingsidicopisinempadn  sel eni um and said variable

ol otetie e e ind SERAE PRt il SocgBlsfRth e iote

hoeishedesef claim 62 further conprising sealing said
germani um selenium and said variable under vacuum
in said container. 66. A nethod of synthesizing a

ger mpai u mﬁ%‘ﬁ&h@&oﬂé@ﬁ%ﬁ%&%ﬂﬁ id GBI 'sagcte@ h%ﬁi e

ger mani um “sel'enrum and a vari e in acontain
groupr avadsistinge dfigthivempenatiomectedbminan, dnm[ganeﬂenmbaitpmalybdenum,
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and decreasing in about eight hours or Iess.

65.  The method of claim 62 further comprising sealing said germanium,

selenium, and said variable under vacuum in said container.

66. A method of synthesizing a germanium selenide glass compound
comprising:

placing germanium, selenium, and a variable in a container;

increasing the temperature of said container to at least the softening
temperature of said glass compound continuously to no higher than about 850° C.
without stopping for a substantial period of time;

holding the temperature of said container at no lower than said softening
temperature;

rocking said container until said germanium, selenium, and said variable have
completely softened and mixed;

decreasing the temperature of said container to no less than the softening
temperature of said glass compound being synthesized;

quenching said container; and



67. A nethod of synthesizing a germani um sel eni de

gl ass conpound conprising: placing gernmani um
selenium and a variable in a container; sealing said
germani um sel enium and said 9vari abl e under vacuumin
said container; increasing the tenperature of said
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t han about 850 C. continuously w thout stopping for a
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quenching said container; and

performing said increasing, holding, rocking, and decreasing in about eight

hours or less.

68. A method of synthesizing a germanium selenide glass comprising:

placing more than a total of about eleven grams of germanium and selenium in
a container;

increasing the temperature of said container to at least the softening
tfemperature of said glass being synthesized continuously without stopping for a
substantial period of time;

holding the temperature of said container at no lower than said softening
temperature,

rocking said container until said selenium and said germanium have
completely softened and mixed,;

decreasing the temperature of said container to no less than the softening
temperature of said glass being synthesized;

quenching said container; and



perform ng said increasing, holding, rocking, and
decreasing in about eight hours or less. 69. A nethod
of synthesi zing a germani um sel eni de gl ass conpri sing:
pl aci ng gernmani um and sel eni usﬂsi n a contai ner;
i ncreasing the tenperature of "said container to at
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hours or less.

70. A method of synthesizing a germanium selenide glass comprising:

placing germanium and selenium in a container;

sealing said germanium and selenium under vacuum in said container;

increasing the temperature of said container to at least about 400° C. but to no
higher than about 850° C. continuously without stopping for a substantial period of
time;

holding the temperature of said container at no lower than about 400° C.;

rocking said container until said germanium and selenium have completely
softened and mixed,

decreasing the temperature of said container to between about 300° C. and
about 320° C,;

quenching said container; and

performing said increasing, holding, rocking, and decreasing in about eight

hours or less.



