1 LARCE SCALE SYNTHESI S OF GERMANI UM SELEXI DE GLASS
AND GERMANI UM SELENI DE GLASS COMPOUNDS Backar ound 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 geriani um

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

ger mani um sel eni de gl ass gonpound i ncl udes ger mani 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.
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proportions of.gerEP

at mospheric pre

| t hi t
Wﬂ;ﬁl 'ng 1o
1B H Pé?nnﬁm )

anpoule is a snmall, hernEtlcaIIy sealed quartz-gl ass

vessel

10

15

20

that s typical Ly used to hold chem ca
2 e o i - (- w mis established in the
This invention relates to systems and methods

for synthesizing germanium selenide glass and germanium
selenide glass compounds. More particularly, this
invention relates to systems and methods for 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, gelenium, 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 produded at one time., Moreover,
this technique requires about 50 hours in order to
produce those ten grams of germanium selenide glasse.

The known technique involves placing
stoichiometric proportions of germanium and selenium
(totaling no more than about ten grams) in an ampou;e

at atmospheric pressuxe (l.e., at about 1 atm.}). An



anpoul e, which is then flanme sealed to seal the s
contents under vacuum The anpoule is placed in a
furnace and heated to about 300 C and typically left
at this tenperature overni ght. 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 foll ow ng norning tozensure that the

ger mani um has nelted and that tHRe“sel eni um has reacted
with the germanium If the nelting and reaction do not

occur, the s enlun1ca ex r i1
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50 hoursbcé&f?”ﬂﬁé sEﬁEﬁiéﬁ can exhibit a vapor pressure of
about 10 atm. at about 900° C, which may burst the
15 ampoule. The following morming, 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 (typically 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 cocled
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 reactlons

30 concurrently, in which each reaction produces only

about ten grams of glass per 50 hours. Clearly, this



technique is very ti'me consum ng and inpractical for

| arge scal e production. Germani um sel enide glass is
particularly used in the fabrication of sem conductor
devi ces, such as, s for exanple, PCRAM (progranmabl e
cell random access nenory). in the fabrication of
known PCRAM devices, a thin layer of a conductive
material (e.g., silver) is depogited over a gernani um
sel.eni de gl ass substrate. The conductive material is
typically irradiated with to electromagnetic energy

resul ti pgeifl hed9RefeBf tahe! oslnmdng ubed Hatprackical for
ger mani um sel’eni de gl ass , conmpound). If care is not
taken WARTEe 5228 RFPMFHRB- conductive material, such
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conductive material, such an irradiation may
unpredictably change the properties of the substrate as

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

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

In view of the foregoing, it would be

2s desirable to be able to synthesize more than ten grams
of a germanium selenide glass or 2 germanium selenide
glass compound in one reaction. .

It would also be desirable 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.



30 selenide glass conpound in one reaction in |ess
than about 50 hours. 4 it would further be desirable
to be able t0 synthesize a gernmani um sel eni de gl ass
conpound having substantially known properties and a
substantially known anmpbunt of doping. Summary of the
Invention It is an object of the invention to
synthesi ze nore than ten grans of, a gernmani um sel eni de
gl ass or a gernmani um sel eni de gl ass conpound in one
reaction. to It is also an object of the invention to
synt hesi ze a ger nhgmdéeétﬁ_ghg@ 1 aegipibie g BRNable to
sel eni de gl ass cgﬁpoun‘ i'none reaction in |less Ehﬁn in
~ about 5Qyhemésize & germamivmepelenifs) gipshHoqupeund Having
invention to .isS nihesi LM SKivatadeiglnss
conpounuhﬁwlhrglali‘ﬁb%?%?# ié’g:lo?)e/gﬁ]ﬁm%gr operties aﬁd a
subst ankhawh yamdumwof adepang.of dopi ng. | n accordance
with the invention, large scale synthesis of
germani um sel eni de gl ass of many different 20
st oi ¢hi gaphaiesof $her tyventdon\br eover, the invention
can synt hesi ze t%sgsd%gfggﬁ% sy Ras ehvehttism ite about
The
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one as Fime in one reaction. The invention synthesizes
gl ass ceapbded. of about 15%to about 42% ger nani um

It is also an object of the invention to

10
synthesize a germanium gelenide glass or a germanium

selenide glass compound in one reaction in less than
about 50 hours.
Tt 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
synthegis of germanium gselenide glass of many different
2p 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. That is, germanium selenide
glass weighing up to about 750 grams can be made at one
25 time in one reaction. The invention synthesizes glass
domposed of about 15% to about 42% germanium.
Also in accordance with the invention,
germanium';elenide glass can be predictably doped with
a variable. Such glass compounds may include a
j0 variable such as lithium, vanadium, chromium,



Al'so in accordance with the invention, germani um
sel eni de gl ass can be predictably doped with a

vari abl e. Such gl ass conpounds may i n¢lude a 30

vari abl e such as lithium vanadium chromum - 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 glfa3s” conpounds can be
in 5 elenental form(e.g., pure lithium or in
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is preferably placed inside the ampoule away from the
15 opening to prevent the selenium from subliming when the
ampoulé is gealed {a flame torch is preferably used to
seal the opening of the ampoule). Any volatile
variable placed in the ampoule should also be placed
away from the opening to prevent the variable from
20 subliming when the ampoule is sealed. The contents of
the ampoule are subjected to a vacuum, and the ampoule
ig sealed such that the contents inside the ampoule
remain under vacuum. |
The sealed ampoule is placed in a furnace or
25 othexr 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 se;enium
30 completely mix. Rocking time depends on the amount of
glass being synthesized (e.g., for about 450 grams of



25 other heating device, and heated to the softening
tenperature of the glass being synthesized or
preferably higher. The softening tenperature is the
glass transition tenperature. The anmpoule is then
rocked to ensure that the germani um and sel eni um 30
conpletely m x. Rocking tinme depends on the anount of
gl ass being synthesized (e.g., for. about 450 grams of
6 germani um and sel eni um about to 6 hours of
rocking is sufficient). After thorough m xing, the
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15 For 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 subjected 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 cocled to a range of
about the softening temperature of the compound to
about 20° C above the softening temperature, if the
compound is not already within that range. After
cooling (if necessary), the compound is guenched.

30 '~ More generally in accordance witk the

invention, germanium and selenium (and a variable if



Once the anpoule is heated to at |east the softening
tenperature of the conpound being synthesized, the
anpoul e is rocked to ensure that the variable is

evenly 2s distributed. The conpound is cooled to a
range of about the softening tenperature of the
conpound to about 20 C above the softening

tenperature, if the conpound is_not already within
that range. After cooling (if'n%cessary) t he

conmpound i s quenched. 30 More generally in accordance
with the |nvention, gernapi ¥e( 86stadiner.
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taken in_,c | . Qigaanyi ng draMAngs
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seal ed whehfohkowiomt dntailndd8esq , taken 1

conjunction with the accompanying drawings, in which

1like reference characters refer to like parts
throughout, and in which:

15 FIG. 1 illustrates an ampoule qpntaining

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

invention;
FIG. 4 is a cross-sectional view of a multi-

position tube furnace in which the assembly 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;



FIG 3 is a cross-sectional view of an 20 assenbly of
an anpoul e and tubes in accordance with the

invention;, FIG 4 is a cross-sectional view of a
multi- position tube furnace in which the assenbly of
FIG 3 1is placed in accordance with the invention; 25
FIG 5 is a germani um sel eni um phase diagram FIGS. 6
and 7 illustrate the rocking of the tube furnace of
FIG 4 in accordance with the invBntion; 8 FIG 8
illustrates the tube furnace of FIG 4 positioned to

al l ow the anpoul e_inside_to slide ] L ¥ FIG. 4
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glass compound in accordance with the invention.

tailed iption of Inpventi

The invention can preferably produce upwards
15 of about 750 grams of germanium gselenide 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-selenium-manganese compound
20 (GeggSeq,s; 3% atomic weight of manganese), the reaction
takes about six hours. The invention also produces
upwards of about 750 grams of a germagium 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 not included in the
reaction times.
suitable variables for germanium selenide
glass compounds in accordance with the invention

30 4include lithium, vanadium, chromium, manganese, cobalt,



synt hesis of a germani um sel eni um nmanganese conpound

20 (Ge25Se78; 3% atom c wei ght of nanganese), the
reaction takes about six hours. The invention also
produces upwards of about 750 granms of a germani um

sel enide gl ass conmpound dependi ng on the vari able
chosen and the ratios of the germani um and sel eni um

to each other and 25 to the varisable. The initia

cl eaning of the equipnment, which is inmportant, is not
included in the reaction tinmes. Suitable variabl es
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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 inert gas such as Ar or
N, and then subjecting them teo 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 8 and
the purity of the germanium, selenium, and the variable
(if present) is important in order to presexve the
25 integrity of the mean coordination in the backbone
stxyucture of the glass.
After ampoule 2 and tube 8 are cleaned,
99.999% pure germanium 4 and 99.999% pure selenium G
are placed in ampoule 2 through tube 8 via openings 3
0 and S. A variable 5 may also be placed in ampoule 2.
Germanium 4, selenium 6, and variable 5 are preferably



anpoule 2 and tube 8 with a dry inert gas such as Ar
or N2 and then subjecting themto a vacuum Anpoule 2
and tube 8 may be refilled with a dry inert gas and 20
subjected to a vacuum several nore tinmes to further
ensure cl eanliness. The cleanliness of anpoule 2 and
tube 8 and the purity of the germanium selenium and
the variable (if present) is inportant in order to
preserve the 25 integrity of theltthean coordination in
the backbone structure of the glass. After anpoule 2
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evapgr aE{rQﬁofﬁtﬁShbbb:nBﬁbmaWyna&ayseauhe theglags or

conmpound to synthesi ze mnth ot her n | a
st oi chi 6AERSYRA ﬁt"oﬁéﬂ‘ %agvetﬁhgé %anﬁtdgﬁgre

ger mani Hgbﬂchﬁ&e&rﬁluﬁpﬁopmdonarl Huiwevsrp| Bhepuaynts of
germanium 4, selenium 6, and variable 5 placed in

ampoule 2 should not £i11 the entire volume of

15 ampoule 2 in order to allow the germanium‘4{
gselenium 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 8 grams of manganese

20 are acceptable amounts. For this ampoule, tube 8 can
be, for example, 15 cm. long and 1.3 cm. in diameter.

Germanjum 4, selenium 6, and variable 5 (if

desired) are preferably placed in ampoule 2 inside a
dry box (not shown). selenium 6 and any variable that

25 ip volatile (e.g., susceptible to gublimation) are
preferably placed in ampoule 2 at the end opposite
opening 2. 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 torch - described below).



anpoul e 2 should not fill the entire volune of is
anpoule 2 in order to allow the germanium 4, sel enium
6, and variable 5 to thoroughly 'm x inside anpoule 2.
For exanple, in an anpoule 20 cm long and 4.6 cm in
di aneter, about so granms of germani um about 218
granms of selenium and about 8 grans of nanganese 20
are acceptable anounts. For thig,anpoule, tube 8 can
be, for exanple, 15 cm long and 1.3 cm in dianeter.
Ger mani um 4, seleniun16 and variable 5 (if desired)

are preferably placad.id. a(lmgugﬁoﬁ,)l matd@om;eciﬁ.ymbw a
(not shown). selenlun?

6 and vari abl e that %5
vol at i |cem@ergma1:augveplahﬂeemsu%ﬂ+inﬁaﬂ% )S i’é‘?”&
prefef% W%&Qe&%@%@o&étzti&%iaadtwmﬁﬂ bex. The

openi n acenent nmakes those vari.ab

mat er i aldap(:ﬁncﬂﬂcﬂﬂﬁq?gbéﬁllﬁﬁ gnyatva 1 FREFSE t%lcéauspf%ethe
when, anpg %Srz?xiuf i5eehed, (GpERoHYes 25 supeecd aiaqbbg 30

seal &d mn torch - describe beho
adapterse(lngt:l?,fhmmepe@ wsh FCERDn (9% Q‘l%l’a al | y

avai | akstln%o\ﬁie Ué”aéel %kéﬂcuuts Bewaﬁ-e ey bbxf andildopnected to
fitted -

anpoul e insid he dr Th t
pr ef er &fley vagaum I\F{i#eve 'B‘Pe s‘iﬂnFEﬂ %Lﬂ:ﬁ? amRat f? hzg%%@ Ehen
adapt er,, a0d L 0a 14y i vREEEH NI TY ehsizeh@l8anhimdss, the -
selectlvely opened and cl osed. . The,  adapt er .and qﬂgoglgre

2 are taﬂa@ﬁeﬁutscﬁ1Qﬂ%é Befons Fhgnzd e?P%
VacuumJjng. olbeof MiHecBis Wix.amyael flapkear eem*m closed
subjected to a vacuum To ensure C%edaq: 'Eﬁgsx'ra#ﬂﬁh'ﬁne-
adapt eruntd Ic A58 TRy BO 1 CLFRBERTC 410 “anpou
taken opfje0f1tNeesbukedeNat Tin ddaptmst remminsukd ds o
ampoule 2 and interact with germanium 4, selenium 6,
15 and variable 5 (if present}.
Ampoule 2 is preferably sealed whlle its
contents are still subjected to the vacuum.
Germanium 4, selenium 6, and variable S5 axe preferably
af room temperature (about 25° C) when they are sealed
20 in ampoule 2. Alternatively, germanium 4, selenium 6,
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 more preciseness. For example, germanium 4,
selenium 6, variable 5 oxr any combination of them may
be chilled, for example, by refrigeration to a
temperature below room temperature. Advantageously,
less germanium 4 and selenium 6 may sublime out of the
30 solid phase. Some germanium ¢ and selenjium 6 may

sublime when they are subjected to a vacuum or when

-



until it is ready to be connected to the vacuum i ne.
This will ensure that air does not enter tube 8 or
anpoule 2 and interact with germanium 4, selenium 6,
is and variable 5 (if present). Anpoule 2 is
preferably sealed while its contents are still
subjected to the vacuum Germanium 4, selenium 6, and
variable 5 are preferably at roomtenperature (about
250 C) when they are sealed 20 3h -anpoule 2.

Al ternatively, germanium 4, selenium®6, or variable 5

may be at a tenperature other than,.r
when t haypepie %&Feﬂeq']r?da%f)%l%qf?t Eé'\g/\%eﬁ/éerqqg% i‘Ih?)‘év\gr

_ tenper apuigs; . t RR16E@NEddoynbéd efat) Batkra subjimeeion fay

anpoul e 2 can be neasured 25 with ngss.
For exaRpl @?tﬁm%ﬂ?ﬁci“sesg?%ﬁﬁgg%feﬁ ?’glg g §§or
any conpbrabhe ral hiemareyoi bieimieitkyedif fenentx Shpr he
by refrigeration to a tenperature bel ow room

t enpér a@BFé‘.’e%ﬁFé’l’rFﬁb%‘EﬁFﬁryrg, | ess germani um 4 and

sel enium 6 nmay sl jePnaitomos , t delediumofi nshyeEiakiee’
germani um 4 and sel eni um

subj ect et 8t & mﬁmwﬁgﬁﬁiﬁ%ﬁ% %?M‘k\%ﬁﬁ&%}iuﬂé? less

anpoule 2 I's seal ed
wWith a Reatis®nzenidbsy tiimedis hequixedun| Bags example, 1f

accounted for, such_a, sublinat] daldd et &h
because SFRBERIHR ﬁ‘esPEJe%mdﬁmagz %‘)rr%] co aggﬁ?j may have a

st oi ghi QHBLEY fHrf ehenttidyamretplacedddsi pugpule 2, only
o o STy Sy ASHPERTS, 28BS o ez
t enper atfdkea 456 grameaynthpsdsd nixing tine is
required. For ex%ﬁ%&itaﬂfe heat .source such as an H,/0; torch
. can be used to geal ampoule 2 by melting a portion of
15 tube 8 about 1 cm away from opening 3. Thig causes the
rest of tube & to break off from ampoule 2. Note that
ﬁortion 10 of tube 8 in FIG. 2 was melted to seal
opening 3 of ampoule 2.
FIG. 2 shows germanium &, selenium 6, and
20 variable 5 sealed under vacuum. The appropriate
gstoichiometric proportions of 99.999% pure germanium 4,
99.999% pure selenium 6, and variable 5 required to
synthesize the selected compound are sealed inside. If
a pure germanium seienide glass were being synthesized,
25 the appropriate stoichiometric proportions of
germanium 4 and selenium & would be gealed inside. 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



germani um 4, selenium 6, and manganese were all in io
l'iquid formwhen they are placed in anpoule 2, only
about 3 hours of heating and m xi ng should be required
for a 450 grain synthesis. A suitable heat source such
as an H2/02 torch can be used to seal anpoule 2 by
nelting a portion of is tube 8 about 1 cmaway from
opening 3. This causes the rest of tube 8 to break off
fromanpoule 2. Note that portion 10 of tube 8 in
FIG 2 was nelted to seal opening 3 of anpoule 2.

FI G I2 %g& cHESTAR -uea@er:i 4@l enfumage ancethey BeAFART e
5 seal ed under vacuum  The appropriate. oi Ghi tE&h@h an
* propor t BeHC8} gﬁ%géwﬁrb‘?ﬂﬂeaggfﬂ%nis%ﬁgﬁ?ﬁlgga%gg%purg

sel eni UPsBemBy. ValssabEy G2r dguludss tube sihtanes PFESEHED
sel ect ed conpound are_seal £d_insi [ de of
ger mani G#P§2Eéni Jabg| 38 SRtk £E 5%?%%‘ s%‘f%?h%s%é’g?ezga ,

the appiBktalgladsioehbenst tooparaipor mabesia)f or materials.

germani um 4 and sel epi um 6 ul I | A5 ahe
anmount W@e?ﬁaﬁ%ﬂ"ﬁ? &|9ﬁﬁﬁ%¢§% ng?el asrt?l%e‘adgut ]
shown g3 agepet| éhd aire abscelpreifetaisly soppectesy s gfube 14 is
anpoule 2 is sealed, it i | a ' O ASSEbhY b
such th%#ﬁé%&twgao?ézﬁnﬁo%ﬁg % zl . 'e:‘.a? t'he Y
ger mani yaad, 18el esalns, imrefarably diage Egrﬂ‘b"éft-z'?éa“ or
hormgen%%%ry gn a%%% 'thél:{alir 13CHa Ofr GhiReEndie Add prevent

devi ¢&. Cross-sectional view of such 3
an. assafppujle AstrmbEyiding deirbhes innsgdi4 TiRe 16 an
extensi o1t 4o, 18; ofiB81d% i EXLRNP 18N hiiDRorkdydtue
be made Baalsligulglﬁlg’z ag ggls'&orq%tﬁer conpar abl e nateri al
or nat eriealting zone of a furnace or other heating device.
. alternmative to seal 18 is having tube 16 with a closed
15 end. Ampoule 2 is then in contact with the closed end
of tube 16. As a second alternative, tube 14 may have
a closed end. In 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 outerx

25 diameter of ampoule 2. Tube 14 is preferably long
enocugh such that a portion of ;ube 14 extends optside
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

s0 diameter preferably slightly smaller than the inner
' diameter of tube 14 is slid into tube 14. Tube 20 is



Tube 14 and tube 16 preferably have the sanme outer

di aneter and are al so preferably connected. Tube 14 is
preferably sealed at the end connected to tube 16 by
seal 18. Seal 18 is preferably made of quartz-glass or
o other suitable material or materials that can
prevent anpoule 2 fromsliding further inward. Tube
16 and seal 18 keep anpoule 2 positioned in the
honogeneous heating zone of a Tudnace or ot her
heating device. An alternative to seal 18 is having

tube 16 with a clo N nd. S d Rf
cont act RiafsTRRLY & eanéﬂﬁ:&cﬁ étqﬁg‘g&iéakst%@?hqud
al t er natingenleuberith gape hportion obobedrerantaet FELR

cases, tube 14 and_ tuybe 16 d n e €n ig 1
connect eifddnd8setd fgei gpﬁ?ﬁfgcceeseggr §€ &Phgégl% WIT be
i n cont asdntéicthwitie tabesed. erphbef 28014 refenakly cipng

will be in contact wth ul.e e Lt Pt @l end
tube 14 5BFY %& ngigﬁﬁ“r?ge %g g% jétﬂ&g\%égnpoul e 2 ©
to be ploE efhpolle andndt tidea muttion lasteripl gonbactryEth
inner diameter of _tube 14_i e blgbidy the

| ar ger t gﬁé %LRO&.I% 98 & dhe er%o ﬁgér%lil e 2. Tube

14 i s priafymaalel peyonytubaolgh such that a portion of

tube 14 extends o §é¥e§§b1§he HaGEo addSeibAye Placed
is placed in the Turnace. “After anmpoule 2 is placed

i nsi de tinmidedtobe s sedbrybe 20,3 TBEPeFHVedY . atP U0

havi ng an Qute 0 -di ferabh¥atsdd @bt biibatantially
smal | er THam -t %tela?nanlgr ggféﬁé?lgeegf H'I?Ubea' 14 is slid

i Nnto t ubthel darfubenratyre . 1Fughhermpygl UGt PaRD 24

tube 14 1?%@3%%15&6 aglpg&ng% hz Al b8y 2cddit RikUBBat may

portion in contac
enter via tube 20.
15 After assembly 12 is cowplete (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 Alternatively, tubes 14 and 16 with ampoule 2 inside
may be first placed inside the furnace and then tube 20
s1id 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 FIC. 4 shows a cross-sectional view of tube
furnace 40 in accordance with the invention.
Alternatively, furnace 40 can be other types of heating
deviceé that can heat ampoule 2 while the contents of
ampoule 2 are motionless or in motion. Preferably,

30 furnace 40 is a multi-position tube furnace such as an

EW-33903-10 by Cole-Parmer of Vermon Hills, IL. When



seal 18, and the opposite end of anpoule 2 is in
contact with tube 20. Tube 20 is preferably long s
enough such that when tube 20 is in contact with an
end of anpoule 2 and tube portion 10 is in contact
with seal 18, a portion of tube 20 extends outside
the furnace beyond tube 14. Preferably, quartz wool
22 and 24 are placed to inside,tube 16 and tube 20,
respectively, to help ensure tﬁat all of anpoule 2 is
heated to substantially the sane tenperature.

Furthernore. g %#}Q 2 mob ebRFeds)s ih dparleopl acéd
from arﬂgl%c%logl arr t ateéfray m(ce’nter via tube 2!83

]
After desbl yae Fuznacents-gte €. AXE OSRURAY Al o2

tube 20, A8,8Lh ddedRhlCrid doibEndd ctuehe dipuleheretie
of tub&20°rs

In contact with an end of npoyl e 2
t ube pampowdeldtself povtRd ac PrREEFARIYa s‘i%} 2 kg’gn‘gﬁggﬂe
12 is p Lngi U, ifcdr BaCgther? Redhitenatthut| gan
tubeg %i&§%§e§€§@$?ﬁ§g%poufé 2 igsic%’b may be firgt
pl aced navs tbet tibe fppRRee FNAtPREcRY éez%" SEki

| nsi de Jule 114 pOine kibes dteaidaliryapihe phadedk to the
el

first in nace and then anpoul.e .2 and tuhe .20
slid i retiagsingheoint) -25Nﬁaath&tgﬁkb%§%"cF'BEE-%L%ctl%oﬁg
vi ew of 146 eqf UMAL RofEmédt JECORdanamavet bhatiesauses the

invention. Alternatively, furnace 40 ca r
types oforteatEnipsife thesanneylec 5 egﬁg(g u'?‘l'é’pgm

whil e theqoakgpts of anmpoule 2 are motionless or in
ube fur nace sucRaiacEn 2 EReFRSOBLY G s e PR, *of
Ver non tHduys 42! b1adfe@to the portion of the outer surface of
tube 14 that extends ocutward from furnace 40. Wires 44
15 are preferably connected to hose clamp 42 and to
screws 46. Wires 44 may be wrapped around screws 46 or
wires 44 may be pinmned between screws 46 and the outer
surface of the face of furmace 40. Screws 46 are
preferably diametrically opposed on the outer surface
20 of the face of furnmace 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 ave

25 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 outex surface of the face of
furnace 40. Screws 52 are preferably diametricglly
opposed on the outer surface of the face of furmace 40.

30 This arrangement secures tube 20 and prevents ampoule 2
from moving along the longitudinal axis of assembly 12.



is such a tube furnace is notionless, an anpoul e

pl aced inside the furnace (e.g., as part of assenbly
12) can be heated w thout the contents of the anpoul e
or the anpoule itself noving. Preferably, such a tube
furnace s includes a rocking device or other mechani sm
that can nove the tube furnace rhythmcally (e.g.
froma starting point to an ingtggnediary point and
back to the starting point). Note that rhythmc
novenent is not required. Any novenent of the furnace

t hat causes the %sg@iﬁ[ﬁs abnshdesat heyamnn:dmtu.mely be
corrpl etely mx is sufficient. Furnace 40 ?Jﬁ(
~ i ncl udeslamped ©nEcakpbe® 1& Bt + FEFRESHD dn of °t he

outer syhtage;Planat dhearde phhabd e ema‘aawtamrd from

furnace . Wres 44 is are_preferabl onnect e
hose clanp 42 andubgsstt &R¢ 38 %% rsé"§“%3&n§1 e"%!te fubflace 40

W apped R-RUPEhS HedWhes Gildle (nbfemp%ma:y) bmmlmned or can
between screws 46 and_the outer u&i e.f ag

of furnzst?éY4@°VGSé’|e§Wsl?416t1§r'ealB?%f agf’ﬁg{) rlcaF'Fy(af
opposed gBnhbe AlkBenSHiface 20 Dé ivheotice. of f ur nace

40. Thi s arrangenent secur ube ngd, t

i nsi de tube furnd@& gpter I‘—Eﬁfﬂ‘ﬁg éﬂflgéluég gre}fg)%é?grably
i ncl udes1agRESE SiaaBr 46haal a;uaeﬂmhx)' tdiampocx iafh tybet e of
outer surface of tube‘é%qo tt&‘% g %%uﬁé, or
W r e30 5FUFRace 4G Bely Sndt ose anp 48

and t0 41§WEhes v\é&yesj_ﬁﬂ.era;tnbbdwrﬁptpede # @ uietor

screws 52 or pinned bet en sc d t
surface de“laﬁg 1458 4f ™ Qﬁlace ’%%Fﬁg % eta%; i8hex

pr ef er aldfardtaneid itk 54 is about 5 cm, the outer diameter
of tube 14 can be about 4.6 cm.

1s Similarly, the outer diameters of ampoule 2
and tube 20 are preferably slightly smaller than the
ipner diameter of tube 14 such that ampoule 2 and
tube 20 do not shake around, or only shake very little,
inside tube 14 when furnace 40 is in motion.

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 s?nthesized changes to L, phase 58. If
a small amount of a variable is involved in a germanium



opposed on the outer surface of the face of furnace
40. 30 This arrangenment secures tube 20 and prevents
ampoul e 2 from novi ng al ong the |ongitudinal axis of
assenbly 12. 16 Hose clanps 42 and 48 may
alternatively be clanped onto tubes 14 and 20,
respectively, before tubes 14 and 20 are placed in
furnace 40. Tubes 14 and 20 are secured inside furnace
40 s such that neither tube Ch&F anpoul e 2) can nove,
or can only nove very little, along the |ongitudina

axis of furnace 40 when furnace t Fhe
out er delexide emmowmd. hhe & er'ﬂng;Per abﬁ%y eﬂiﬁ g}hﬂbe gram

- smal | ergdhap hbed idiner rédhgnehededing tige dsferning &he

furnace 40 such that t be 14 ke 5,
only sHe&teniagteTRYP urf_- i S-{%S?, ug&z&f %P%PQ

f ur naces 40 12% ca;ggﬁlsan tE@rghasanpt@nsiﬂiophEemPﬁﬁﬁture is
di anmeter of tube 54 t dtfgggﬁg
of 't Bbesbapty AR TBC akith 246 Lo/yeY Be g M Y bs RO
out er c@éﬁﬁtﬁtar@fis’armutezﬁ“ a.‘ndfoub@*ZGedFB* Se' the
preferably sI| | er_t Ngksdi anegsy
of tubeglia@%l‘}E %%Jt‘mgﬁ’ﬁg%?rag&% E{Q %ﬁzo do not N
shake ‘aj@pingh/60% S8 )tr@hgkess/enymbﬁtwlé temPRIAEELE Ui
14 when furnacg 48 is in notion. 20 After anpoule 2

e

and ass¥Riy ¢ secure inside furnace 40, anpoul e
2 |§°heated TheThé crgwpeaature inside FYmMAste 4B0ifs

increased to | east e.soft n redom 8boht
t he gIaBE?{ﬁ %ﬁﬁﬁﬂﬁﬁﬁfaﬁ%glﬁg %jﬁ?ﬁ%g?%%gﬂgn

pref er apby dyughate to gomknduin OAnigareni ukh ﬁ%&e@eﬂtum
dlagran1£§l Ju%urnLQeFio is rai£@ﬁ too fast, a gubstantial

amount of selenium 6 may not react with germanium 4 or
15 the other variable. The unreacted selenium's may then
exhibit a vapor pressﬁre strong enough to burst the
ampoule. Care also should be exerclsed when increasing
the temperature in a germanium selenide glass compound
reaction involving a variable that exhibits a large
20 vapor pressure.

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

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 germanium selenide
glass, furnace 40 should be rocked or moved for about
five to six 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



softeni ng tenperatures of germani um sel eni de gl ass

wth different stoichionetries are roughly indicated
by transition lines 56. Generally, the softening
tenperature is no higher than the tenperature at which
30 the glass being synthesized changes to L2 phase 58.
if a small anpunt of a variable is involved in a
germani um 17 sel eni de conpound, 1§ he
gerrmani um sel eni um phase di agram may be used as a
rough guideline to determ ne the softening
te”perabﬂfﬁicﬂifeﬂthab ST wld. of rexmeaiph o4 arﬁoﬁﬂlg%um 6

Ce/ 88% Se, fhe ass n n te
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preferably increased.,at a pate.r from about 20
C/ mi nut B® %‘/ 3 389 ﬁﬁﬁaﬁﬁ ﬁ@eﬁgtt enper at ur e

i nsi de furnace 4@'IGS rmmﬁbl 7t dablﬁsi:s:lateafmialﬂol gguipped
amount of _sel eni r A ¢xbé or
is the Hﬁ‘l a :r:oclsjcg1 al}ﬁtsm ?@ hg' Qgé

r-var e unreac enlun16 may
then efhiimde a:ovapne ;hmpelb]u o] .o; eh@@ilg'h RS kANEst

the gﬁﬁéﬂal} L&g & IRMG? e4 CP){:%r ﬁ.‘l@@lg MRR the 'm.;Ld-

i ncrida era urein a i 'um sel eni de
gl ass cpntmnnﬁi oﬁeahelInngﬁtudhnalm}xisvaﬁl5&#&?%%1&9

exhi bi t ,?#1 f %Eﬁ)oé'o E}%gsﬁé”c?ont‘goﬁ.gédtw a variable

t enpera Ore rnace reached or exceeded
t he sof Bpnechg:cmm‘péﬁ-atuf@toﬁhm!@) Furnace 40 is preferably

moved from an 'up' position (FIG. 6) to a 'down'

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

20 After the contents of ampoule 2 are mixed
into a homogenous 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 furnace 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.



gl ass or glass conmpound bei ng synt hesi zed, the
tenperature is held constant and furnace 40 is 25
preferably rocked or noved to m x the contents of
anpoule 2 into a honogenous nolten m xture. For a-
synt hesi s of about 400 grans of germani um sel eni de

gl ass, furnace 40 should be rocked or noved for about
five to six hours to ensure that,all of germanium 4
and 30 selenium6 conpletely m X.” For a synthesis of
about 750 grans, about 8 hours of rocking should be -
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about t £Q - glhﬁt %%of t he Iom%ﬁtud aX|s 0

furnaceGﬁﬁﬁrahiﬁbthg axgesn FRen BFRES™ b Beseny the

a vari a?bﬁ%e[xsr&%%dt@ F4thh 8l sh6@d HBONE)A . thm@ré@erably
is prefera
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pr ef er abLypsiik Suehbhés HondBensglaiyel abass 04 tglB6.
compounds that have high amounts (e.g., more than about
15 30%) of germanium are preferably cooled longer than
glass and glass compounds that have low amounts of
germanium.
The rocking movement of furmace 40 may be
stopped prior to or after furnace 40 has been at the
20 decreased temperature. Preferably, the rocking
movement is not stopped until the tempexrature of
furnace 40 is 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 B 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 elightly
different stoichiometry may solidify on top of the
10 glass being synthesized (if a glass were being
synthesized). Some excess selenium may condense out of



20 After the contents of anmpoule 2 are mxed into a
honogenous nolten m xture, the tenperature of furnace
40 is brought down to preferably within about 20 C of
the softening tenperature of the glass or glass
conmpound bei ng synthesi zed, but no | ower than the 25
softening tenperature. The tenperature of furnace 40
is brought down at a rate of pref & ably about 20

C/ mnute. For a synthesis of abot’ 400 granms, the
tenperature is held within about 20 C of the softening

tenperat gt:ugs %npgiiﬂmr'mﬁgafs Liaes 04SN Because the

t enper at r~about ten mnutes. 19 Generally#
‘the | ar gevextdid syoitkiimetivhef thengbass may: ERpBESt urfer the

should b I L hi t of 4t fi § &M DtSh

t enper at %q{?%ti\gnégl %v%g%% hgﬁ%“ﬁg 's%f%%r?is E% 2

t enper at dt&ferkot atsichirmetsyofbaghshe Zest50 gFRescommpund
tenmper.at Hgf s%ﬁq}dl:(.? bgn NEld o¥i L1k %oﬁ?&!ﬂd. 2@;ifai 0hr1PE some
sof t eni ng t enpera fre but no lower than the softenin

t enper at exeessoseiboium 1 FhauvaEiabledfRy fondengfout ©

larger the di gt giable.f i eBEPA RNt bl eEod,0BOR t he

t enper at ure shoul e held. This preferably io ensures
t hat t hecepdensasions aaxe CORRBLTAPIS: the center of the

ampoul e cools to SETR 18NREF uehehéd. tIFIG.r essheids
t he anmpoul e and that the glass or _glass conpoun

e g d
quendiiesEkGASSe #80D_F it 1ageds sugh Fhgk aERe SRSMIGINGE
that havgz e a00HRESudlf which EpRullBan Al ussemb3PY2 were

and gl asElaeRibdnaLLTRee Wikbosl I ARoBpribrite 285
ger mani Udter 72. A cocling agent such as salt 74 may be

placed in ice water 72 to further lower the temperatuxre

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. Alternmatively, 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 inte 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. TUpon
quenching, the contents of ampoule 2 solidify into a



The rocki ng novenent of furnace 40 may be stopped
prior to or after furnace 40 has been at the 20
decreased tenperature. Preferably, the rocking
novenment is not stopped until the tenperature of
furnace 40 is at the decreased tenperature. After
anpoul e 2 has been held at the decreased tenperature,
it is preferably left in the 257 down' position as
shown in FIGS. 7 and 8 for several mnutes. This
allows the viscous nelt to collect at the bottom of
anpoul egednarifumt B BewinRs glass coc glase canporndi B ofThe

ger mani um sel eni d | ass .of .sl.iqghtl ' e i
st oi chi epRNRYy °ﬁa§f‘gglﬁﬂ“ﬁ§e8n”f %ﬂ)ﬁ’ o?o t%ﬁ e%xgégﬁgstéhe srae
bei ng syptdigshiedz (add ang aasumed gbagsy or glass compound

synt hesi zed). Sone excess sgel eni ym e Okt o f2f
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S may SQ&\]%)&i]fa/ 208hbepd Me igaencaddandice Syakera Py, kR ten
excess seleniumor _the vari Oldboing.
this t HMPYESmtcURPRRES é’é’é"ég%éeeoa%fl&gégﬁ%% e
condensat i ons ar glasslest rrlabe. conpovnic8® Bay f§stored in

gquenched. FIG _7 sho fur it Usds
t hat% h&"Rpf Ry “Bplfﬁene;a%éi '40{?%%5%8%0%%1&21%0& e 2

and assesbount? sweEeom Hugoadei 8, & i@nsﬂ?%ﬂ?%”@&b"?’@fe

filled with ice er oQl. hy sal 4
74 may BEY ?é‘fggali:ﬁ ?%%rev\gth%r%&?g fﬁ%ehgirg:l cr)l\D/\@EF1 t he

t enper aferg., by scoring completely around the circumference
' of ampoule 2). Ampoule 2 may then be cracked open by
15 ecarefully 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 loose from the walls of
ampoule 2. If, however, glass or glass compound 80
20 does not come loose, the outer walls of ampoule 2 may
be gently tapped with an object like a pair of
tweezers. If glass 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(yjquia)- Glass or
glass compound 80 will then crack, contract, and
.separate from the quartz-glass walls of ampoule 2.
Care should be taken when choosing Nj(jyquiay Or when a
variable with properties that may cause the compound to
30. act adversely to such an immersion is present in the

glass compound.



is of ice water 72. Salt 74 may be, for exanple,
calciumchloride. To renove anpoule 2, wires 50 are
cut or unw apped from screws 52. Alternatively,
screws 52 may be | oosened. Tube 20 may then be
renmoved. After tube 20 is renoved, anpoule 2 may slide
out of 20 furnace 40 into tub 70 on its own. |f
anpoul e 2 does not slide out of,,furnace 40 by itself,
end 41 of furnace 40 may be tapped. if anpoule 2
still does not slide out or if it gets stuck at the

end of tube 14, ta}_l0 LALES t1R¥ Persifcdempepatire for the
anpoul e 2 out. SFI di 2s anpoul e 2 out of fur(ﬂ qfég or
and i ntiarigeb s#@le mwit@espﬁ BaERyMAnINT BEiENL Ve

Seconds th 2 alud antentihpouhe
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depends ol etljg%u%zgf @gg@ylca; d1apsd ddmpommaune img
gl ass gﬁ ass conpoung i nsi de. For about .a Zglcm.l.he

l'ong ammnlmamzﬁﬁ foclt 849° Flanm8ber™ oIt 2%

it 3 gl ederbt Riabaukas or guass cémpgsmdaiEum and
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conpl et gé& %ggsm& @:9%16193 g@l.ass or gl ass

conpoun e stored_I,n g @hg L um,

needed. To retri &fkey)| xaachs ngﬂmd’lgg gmpou,«#%{?g

anmpoul eg 2y o ot NG8k SR iHed@i K Hrfeent) are mixed at a
constant temperature 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
hours, depending on the amounts of germanium, selenium,
and variable involved.

20 After reaching point 94, (i.e., the point at
which the germanium, selenium, and variable are 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
softening temperature but no less than the softening
temperature of the glass or glass compound being
synthesized (e.g., Ge,Se;,). This is shown at point 96.
If point 94 is within about 20° C of the softening

30 temperature but no lower than the softening

temperature, the cooling may be unnecessary.



may be used to score the outer surface of anpoule 2
(e.g., by scoring conpletely around the circunference
of ampoule 2). Anpoule 2 may then be cracked open by
is carefully placing the tip of a fine screwdriver,
for exanple, on the score and gently tapping the butt
of the screwdriver. in nost circunstances, glass or

gl ass. conpound 80 will come |opse fromthe walls of
anpoule 2. If, however, glass or glass conpound 80 20
does not cone | oose, the outer walls of anpoule 2 may

be gently tappedapiih 13 aRi@ete ekends nails whnge (e.g.,
tweezers. If glass or glass conpound, 80 still E&gﬁ;ﬂﬁg no
or

- cone | oesehin labopbr29bif of B AintEening (P Bea8
gl ass cgw&y%otﬁgi égftgwﬁg templeRatiibe) S they mbet e is
In a war

I mrer se n filled wth N2(liqujd). ass, or, .

gl ass caowerchafl-80This |is FeRresenied Egn%i%ﬁﬁ,sggnd & time
separat geﬂt‘ﬁ@%ﬂ a2 nBbasd Zmal 96 SiddireFepdbryEumere. than
Care “shoul d be "t aken when choosj n I\Izggl G%A%t%f%ﬁ[bs or
a variabpet \five grepRAR j(depe né%gy e

compoun Lnddveinge byntiesiizeld) an i nmersion is

pr esent g?‘%&i ﬁ%@el ass; cﬁéoﬁ%& 27[:S gl G gnobzﬁ ws tinme
versus tenper at uPBPPBIe 5hds Ry @t RPN hesSi s of a
ger mani g%&g@dﬂ:@e(g[@s’s about 000y Compuimel period 59 to

accordance with the invention. An anpg cort:al.ni ng
ger neni BRFEFR CSEPARFE ARS DREIIRP WS Egﬁ]ijilf%'r g%glbnpl e,

about rgep dENRETAYULE, (Rir axhiple Oaboub £lftmwsenipufes to
The. gl 28808 Ry BURIRASBCR 1ot RF R TE (A pEoEed of
9400 C) apsh@Wrigramsnt 91. The
FIG. 11 shows a process for large scale
15 synthesis of a germanium selenide glass and a germanium
selénide glass compound in accordance with the
invention. At step 102, germanium and gelenium (and,
if desired, a variable) are placed in a clean ampoule
and then subjected to a vacuum. The amount of
20 germanium placed in the ampoule is preferably
étoichiometrically proportional to the amount of
gselenium for the particular glass being synthesized.
1f a variable is placed in the ampoule, the amount of
the variable is preferably stoichiometrically
25 proportiomal 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 so#;gning tempergture of the

.glass or glass compound being synthesized or above.



tenperature of the glass or glass conpound is io
preferably increased at a rate of about 30 C/mnute.
This is represented by slope 92. After reaching point
91, the germanium selenium and variable (if
present) are mxed at a constant tenperature until
the selenium germanium and is variable conpletely

m x and beconme evenly distribut Jdnside the anpoul e.
Thi.s occurs during tine period whi ch may be, for
exanpl e, about five to about six hours, depending on

the a | JHT h CASHY 158 dea:mla \iar pabferably
i nvol C%é%&%etqgﬁ:gr%e]a ng poi nt 94 th epag{c{n

~at mmcrm@%mamxﬁﬁe éet‘eﬁﬁmﬁPoahd O by
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e mxture is prefera rea
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gl ass CBE@?R%@?&:BQ sShepliigsi zed (e. g , Ge3Se7). This

is sho ol nt 96 If point 94 is u
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unnecessary. 23 ter the mxture reacpe
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The ti neysthesizad (Sofnt §99859ah'd 3 s&gcrqe é/rgﬂb y no

nore thglnganese), but no lower than the softening

temperature. The temperature of the heating device is

15 preferably lowered at a rate of about 20° ¢/minute. If
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 minutes 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 gexmanium, selenium,
and a variable may be placed in any clean suitable

30 equipment (i.e., eguipment as free from impurities as
possible), heated in any guitable heating device, mixed



about five seconds (dependi ng on the anount of gl ass

or glass conpound bei ng synthesized). Anpoule 2 is

hel d at the quenching tenperature (e.g., about 0 O

for time period 99 to i0 ensure conplete and
honogeneous cooling. Tinme period 99 may be, for

exanpl e, about fifteen mnutes to about twenty

m nutes for a glass or glass cgnpgupd of about 400
‘granms. FIG 11 shows a process for large scale is
synthesis of a germani um sel eni de gl ass and a '
ger mani Wi o551 G¥dE1 01385 COUTONS: alyageailacaay tdn
the invention. At step_iOZ, ger mani_ um and sel eni um {um
(and, thedekéd ady any \awitablle)va¥e FPECEXPTRISy EFEEN
anmpoul e ‘gngei%}mms ; 65 @bl Oceed aoUdNVaddifn amdusealdd in
20 gernﬁﬁlun1p aced 1n the anpoule js pre erabl¥ tirrer)
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the claims which follow.



about 30 ¢ m nute. At step 110, the tenperature of
the heating device is held constant and the contents
of s the anpoule are m xed for about 5 to about 6
hours for a 400 gram gl ass synthesis to ensure that
the germanium mnmixes with the selenium At step 112,
the tenperature of the heating device is lowered to
wi thin about 20 C of the io-softgning tenperature of
the gl ass being synthesized (e.g., Ge3Se7 or Ge2Se8)
or the glass conpound being synthesized (e.qg.,
GeZSSe?,?F %ﬂ}_omc wei ght of nmanganese), but no

| ower than € softening tenperature., The teggerat.ure

of the heating dévi cehimethed phmEyphBesitifite Aegeqpanith

rate of y ' hfcoripr@stisgperature of the
heat i ngs e%abdeezi%sl%ﬂea y Wwthi r#ﬁabout 20 Cogf th

sof t eni ng t enper at ur ePAMNGOMPERERAD B Pt e 0L FPRH ng

tenmpera 142 Sephaleum UnHReenssd) Yand?@ Ahrsdlele in
114, théf%ﬁ%%fﬁ‘zgagﬁss quenchedl.lln Ampoul e 2 is held at

t he queacterpin@¥perature (e.g., for about fifteen to
about twenty mnutes {géredsdR9-0 tefperatayimd hEsssidr

for about thirty mnutes for_a 750 ram synthesis). to _.
ensur o coRpAARE £daRoIRAREBESCRSeBEng | TPerare of Baid

occurs &iaéé e&bn;lpggndl\p,t_.g;gt Behtidig ze@rbodi ment s

described 1n connection wth FIGS. 1-%1 ar&or‘[‘%&gl y
il lustrative. Ger mantetHRHd R HHPGAREYORES of
ger mani Yo S6SNizd¢Mho Bowbratia i siilde sofyeldngtzoperature;

any clean suitable 30 equipnent.(i.e.._equi n
free frominpurities 5§&jﬁ§s§?b¢ ecﬁo,n%ﬁéﬂ?%w;ﬁ?%
sui t abl gel@riwm0 sd@ui Gexmatiinmgd and said variable have

completely softened and mixed;
decreasing the temperature of gaid

container to no less than the softening temperature of

said glass compound being synthesized; and
quenching said container.

2. The method of claim 1 wherein said
variable is selected from the group consisting of
1ithium, vanadium, chromium, manganese, ccbalt,
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 subgtantially stoichiometrically
proportional amounts of germanium, selenium, and a
variable in said container in accordance with said

germanium selenide glass compound to be éynthesized.



25 in any suitable way, cooled in any suitable way,
and quenched in any suitable way. For exanple,
germani um and sel enium may be subjected to a vacuum
and sealed in a container that has a m xing device
(e.g., astirrer) s to mx the germani um and

sel enium Thus, systens and nethods for |arge scale
synthesi s of germani um sel eni de gga§s and ger nani um
sel eni de gl ass conpounds are provided. One skilled in
the art will appreciate that the invention can be io

practiced by othef thagelmHiaset! SRAnIDEEHERY Somprising

which are presented for purposes of illustration and
‘not of Isealdngienid gegmepiun. nsehenbm. &nd; pridyegpphle

by theu?m'd@&”‘@at‘.‘%n?ﬁnf ghi®WoneQineE CLAIM 1. A

nmet hod of synthesizing a germani um sel enide gl ass
conmpound conprising: placing nore than a total of

about el even gr a5 ObngeldthdUBE SfligiUihedlth @aid
variable in a container; increasing the tenperature

of sai dconspiBehc® 3§ aMPYWest the sof t eni ng
tenperature of said glass conmpound bei ng synthesi zed;

hol di ng the tenperature of said _cqntainer_at no Igger
than said softenifrg t ShpSIeEOAeOL ¢l Agwherein sa

Cong ali nthgle%%n@adné sehﬁsaﬂétlmresa%:ﬁbﬁ@?&ani um agd
sald vartable have Cg.'rtrgcintge s%icsloccngtrﬁne%ngnrg%rhace; and
increasing the temperature of said

furnace at a rate of about 30° C/minute.

7. The method of claim 1 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.

8. The method of claim 1 wherein said
quenching comprises quenching said container in ice

water.

9. The method of claim 8 wherein said ice

water comprises a salt.

10. A method of gynthesizing a germanium
selenide glass compound comprising: _
placing germanium, selenium, and a

variable in a container;



decreasing the tenperature of said container to no

| ess than the softening tenperature of said glass
compound bei ng synt hesi zed; and quenchi ng sai d

container. 2. The nmethod of claim1l wherein said

variable is selected fromthe group consisting of

[ithium vanadium chrom um nmanganese, cobalt,

nmol ybdenum rut heni um si lver, _pgaseodym um

neodym um iridium gold, and |lead. 3. The nethod of
claim1 wherein said placing conprises placing nore

than a total of about, el &vuslqOfd i epbessbmiait ablig
stoichionetrically proportional anounts of ernanigg]said
“sel eni umentatiner teamtabéast theapefteadng; heppsRature
accordance with saj d R putesBbmsing for a
corrpount?iﬁgsbcém%or eg?%jﬁmggﬁiat%he nmet hod of claim

1 furtheubsoaprisi pgriedaf #dW84i d ger mani um

sel enium and said va&gf@_{% +pRoed yufe i 6Ff SeEic
container. 5. The nethod of claim vvh%gei n Sa‘jrﬁd erature;
cont ai nesoritsiner @mpagl tover thas At SETEFRLTA TF !
wherein said increasihgeiff shearesidinercanpil sesld

pl acing said container in a furnace;, an i ncreasi

the tenmuexmeniemofselgniumy Lﬁ%EEi%t“&"FgELS Bve Senssely
G mnut g, elendBCaiPtiedaof claim1l wherein said

decr easi ng tﬁe tenperature conprj ses decr%asi ngf_tgkqd

tenperature to within98sEeasiRgo tee JFeRETF 56Tt Bni g
container to no less than the softening temperature of

said glass compound being synthesized; and
quenching said container.

11. The wethod of claim 10 wherein said
‘variable is selected from the group consisting of
1ithium, vanadium, chromium, manganese, cobalt,
molybdenum, ruthenium, silver, praseodymium, neodymium,

iridium, gold, and lead.

12. The method of claim 10 wherein said
placing comprises placing more than a total of about
eleven grams of substantially stoichiometrically
proportional amounts of gaid germanium, selenium, and
said variable in said container in accordance with a

germanium selenide glass compound to be synthesized.

13. The method of claim 10 further
comprising sealing said germanium, selenium, and said

variable under vacuum in said container.



tenperature of said glass conpound but no | ower than
said softening tenperature of said glass conpound. 8.
The method of claim 1 wherein said quenching

conpri ses quenching said container in ice water. 9.
The method of claim@8 wherein said ice water
conprises a salt. 10. A nmethod of synthesizing a _
germani um sel eni de gl ass conpoygd_conprising: placing
germanium selenium and a variable in a container;
-28 increasing the tenperature of said container to
at least the soffenipg, tpipeaaberaiim 3aivwhexgiassaid
compound. continuously w thout stopping for a

subst arbnakiper i apf ampeiie .hol di ng t he tenperature of
said container at no |ower than said softening

tenperature; rocking said container, until, sai.d .
ger mani um sel erifum Thedueidiod 9Er i 1A ec?l?pisgf'gl y

sof tened an ] e HEpb&AIIe LofptsEeer ature of said
cont ai n&F F%s%%}ﬁggg tﬁ%n t he softenLn% tenper %%&EeOfand
Ant" fienchi ng’

sai d gl ass conpound BRREEPS\FRiAeSPIERT

said container. 11. Ther&xsihrdtat edmieratOrehst siaid
said variable is selected fromthe roug consi sting
of i thvirmacevahaalinae ehraAWne O medUMTEsE; - cobal t,
nmol ybdenum ruthenium silver, praseodym um

neodym um 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° ¢ of said sqftening
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 cowprises quenching said container in ice

water.

19. The method of claim 18 wherein said ice

water comprises a salt.

20. A method of synthesizing a germanium

selenide glass compound comprising:
placing germanium, gelenium, and a

variable in a container;
sealing said germanium, selenium, and

said variable under vacuum in said container;



iridium gold, and lead. 12. The nethod of claim 10
wherein said placing conprises placing nore than a
totdl of about eleven grans of substantially
stoichionetrically proportional anpbunts of said
germani um selenium and said variable in said
container in accordance with a germani um sel eni de
gl ass conpound to be synthesizedq 13. The net hod of
claim10 further conprising sealing said germani um
sel enium and said variable under vacuumin said
container. - 29 14. jhbeeasintpdhef tamminatise it Eaid

id t ai ' le 15 T [
10 wherennralaen o i JERPRGATHE AR APUF SRR YAEHbue

pl aci NG 1§ ngORb Al N @bk Bart fa1r pagtod axfdtimacr easi ng
the tenperature of said_,furnace at aagl%%eo f s 2fput
300 C/'minute.. 16. TR AERS IS eTPatHs ereln said
subst antd;flaibRkl 86 f 1bivee tlambabott f4Fa*e€n m nut es.

17. The method of claim 1D wherein ' S| t he
tenperature conpri se§°§1ééf‘%a%ﬁlﬁlgcPﬁéﬂ%erdrrpﬁ{ei(fg?uér%g% 0.

Wi thi n ahownidR, Geelferdaind sud tsariinyariahisehavereomgletely
said glass conpouad but. no | ower than said softening

t enper AQENSE 287 dUF*8és conpound. 18. The net hod of
claim 10 wherein sai decqaentty rigec beppérasargued ctn i

said contalner In i uatef o, Soole iR A86ue 554 AIcY ana

quenching said container.

21. The method of claim 20 wherein said
variable is selected from the group consisting of
lithium, vanadium, chromium, manganese, cobalt,
molybdenum, ruthenium, silver, prasecdymium, 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
increaging the temperature comprises placing gaid

container in a furnace.

24. The method of claim 20 wherein said

substantial period of time is about fifteen minutes.



wat er conprises a salt. 20. A nethod of synthesizing a
germani um sel eni de gl ass conpound conpri sing: placing
germani um selenium and a variable in a container;
seal ing said germani um selenium and said variable
under vacuumin said container; 30 increasing the
tenperature of said container to at |east about 4000
C continuously wi thout stoppingsgor a substantia
period of tinme; holding the tenperature of said
container at no lower than about 400 C rocking said
container until sgj d rgerNEdHodNbE Selacim 0o wheneigaFaid
vari abl e have conpl et el sof t ened and

y j s .
" decr easinogking &pPRtiner, comprises. &?Flé%&? rsa[:.g container

bet ween Qhout300eiweabd @it s3R0héirsand . quenchi ng
said container. 21. The nethod of claim?20 wherein

said variable is selected fromthe group consisting

of lithium vanagi umrnehhsutiodTpt nelaionevwhexsiyl gaid

mol ybdenum_ rut henj um _sil ver n _ _
neodymi HACking] a?{}?ncr‘gbﬁﬁ?e’énd&”%g%?eg%&#ﬁ&e B hed of T

cl ai m 2 pheteh Basiatbhout NEswendiongst he t enperature
conprises increasing the tenperature at a rate of
about 20 C/minute to about 30 C/minute. 23. The .
met hod of cl ai m 26 whehei metsaidd of claim 20 wherein said

decreasing the temperature comprises decreasing the
temperature at a rate of about 20° p/minute to about

30° C/minute.

28. A method of synthesizing a germanium

gelenide 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 temperature of said
glass being synthesized;

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

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

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

quenching said container.



i ncreasing the tenperature conprises placing said
container in a furnace. 24. The nethod of claim 20
wherein said substantial period of time is about
fifteen mnutes. 31 25. The nethod of claim 20
wherein said rocking said container conprises rocking
said container for about five to about six hours. 26.
The et hod of claim20 wherein saazd.- rocking said
cont ai ner conprises rocking said container for at

| east about four hours. 27. The nmethod of claim 20
wherein said dec:gga,as'rrng whétthdemfechsim @ sc ohpresdnssaid

decreasing the te atu at_a rat 2
O ni nut PYEF1TGEPTP {ﬁ?ﬁﬂge mo%g Eag SN Egggl 8¢ about

synt hesi giei@nd gg@isE Bibstaitdrildy gtabshicoepriscahly
pl aci ng nore than a totah of . about elev%p Qﬁ%ﬂﬁuﬁf

ger mani (BRORPF tLEpEhiATTPRS o SERRRAR® AhE&reasing 1$]said

t enper até&:ﬁ:aafne&ai;d dvebiamss widthasalésgrmandum selenide
softening t ture gf gl ass bei ng

5 %5
synt hesi °h ¢ YRG ERE“*TEhper at ure of said
contai ner at no |ower than said sof t eni ng tenperature;

rocki ng said contgjne n f%%qhggid

ger mani um have co€%1e?%#y$%% nedgggfﬁ

decr easi eidieihgnpsaidngr said gﬁmmanlumninﬂlﬁﬂﬂeﬂéuﬁounder
| ess than the soft gnggﬂpggature of

vacuum

31. The method of claim 30 wherein said

. container is an ampoule.

32. The method of claim 28 wherein said

increasing the temperature comprises:
placing said container in a furnace; and

inereasing the temperature of said

furnace at a rate of about 30° C/minute.

33. The method of claim 28 wherein said
decreasing the temperature comprises decreasing the
temperature to within about 20° C of said softening
temperature of said glass but no lower than said

softening temperature of said glass.

34. The method of claim 28 wherein said
quenching comprises quenching said container in ice

water.



sai d gl ass being synthesized; and quenching said
container. 32 29. The nethod of claim 28 wherein said
pl aci ng conprises placing nore than a total of about

el even grans of substantially stoichionetrically
proportional anounts of germanium and seleniumin said
container in accordance with said gernmani um sel eni de
gl ass to be synthesized. 30. Thesmet hod of claim 28
further conprising sealing said gernmani um and

sel eni um under vacuumin said container. 31. The |
met hod of clai m 39, wWiaeestixal ¢f chaimiddewheseqy said ice
anmpoul e. 32. The pethod of, claim 28 wherein said

* i ncr eastateen FOTPEHFRS &t 6Rt  conpri ses: pl aci ng sai d
container in a furnace; and increasing the
tenperature of said _furpac a \ OME rmalhi

O mmte. 53 TheS nethBACRRS o5 sepbR e fng” HoYbrmhiu
decr easidbdidR HeaPecdmpi-gshionpri ses decreasing the

tenperature to within _about 20 sl £he ik Nth
tenperature of said @%gn%ﬁeﬁgn?gﬁe%c?r%% sai d 2

sof t eni pghtHee;at ure of said glass. 34. The met hod of
claim 28 wherein said uenghi c ' LQUBRCEA 1YY
nfgagys Fhe”fERbGEI

said container in icé’ The et hod of
cl ai m 3donéenrirntsaal Jeast the softening temperature of said

glass continuously without stopping for a substantial

period of time; )
holding the temperature of said

container at no lower than gaid 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; and
quenching said container.

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 selgnide

glass to be synthesized.

138. The method of claim 36 further
comprising sealing said germanium and selenium under

vacuum in said container.



wat er conprises a salt. 36. A nethod of synthesizing a
germani um sel eni de gl ass conpri sing: placing 3}
germani um and seleniumin a container; increasing the
tenperature of said container to at |east the
softening tenperature of said glass continuously

W t hout stopping for a substantial period of tineg;

hol ding the tenperature of said ;gontainer at no |ower
than said softening tenperature; rocking said
container until said germani um and sel eni um have

conpletely softengd apfe mavRE; ofle€1HBas Bpgwhéneein said
tenperature of sai'd container to no |ess than the

- sof t eni rgrteiper dsuss 3FPORYE-d gl ass bei ng

synt hesi zed; and quenching said container. 37. The
nmet hod of claim 36 wherein said _placi '

ng _conprises.
pl aci ng nore thart® t 8bal m‘%ﬁh“QbSEt"lae’t“bggnw ﬁ?rfsn gs-fald

subst antj_in%]zlegsﬂ%ﬂéi QERLLEftalreY compeiret:i onal amount s
of sai d germani um and sel enium,i.n_said conga'gnéh_dage. and
accordance with a ger PAAFLRS S8 FER 2SI 4™ 3 be !

synthesi zed. 38. The RBtbesknis thai temerfaturheet said
conprising sealing said gernani umand, sel eni um under
vacuum ifinmnsice 86 Hiater ¢ EW%?OThgl%&%%d' of claim
38 wherein said

41. ‘The method of claim 36 wherein said

substantial period of time is about fifteen minutes.

42. The method of claim 36 wherein gaid
decﬁaasing the temperature comprises decreasing 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 gquenching 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;



container is an anpoule. 40. The nmethod of claim 36

wherein said increasing the tenperature conprises:

pl acing said container in a furnace; and increasing

the tenperature of said furnace at a rate of about

300 ¢ mnute.. 41. The nethod of ‘cl aim 36 wherein said

substantial period of tinme is about fifteen m nutes.

42. The net hod of cl aim 36 wher-i3f sai d decreasing the

tenperature conprises decreasing the tenperature to

wi thin about 20 C of said softening tenperature of,

said glass but no | owdncreagingathe teypPesatwe of said

tenperatyre ofesald & 383st Abhouthgor®ichednoinkdudilp @bthout

wher ei n €41¢ guenchi ng conpri ses qyenchlng said

cont ai nestappingefoma eubsgapt ipdePeEtAtb@ToF 18 A m 43

wherein said ice wat golﬁgﬁgprghgegé@eﬁthre%f éhiget hod

of synthesizing a germanium seleni'de gl ass

conpri siatgxtaipbaciilhglcgépﬁﬁhiﬁhﬂnaﬂho‘é‘él“gﬁfuﬂfi n a

contai ner; sealing saE@cggéé?ggiunbéﬁgggﬂg&eﬁhwﬂu daider

vacuum i n said contai ner; I ncreasi ng.the

t enper atggumapiumaini sed/RARH é?a"ieoc%ﬁ‘l’]}eé%%ﬁf spiranesfod e

conti nu ééywthout stopping for a substanti al

period of tinme; holding the tenperature of said .
decreasing the temperature of said

container to between about 300° C and about 320° C; and

quenching said container.

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

300 C/minute.

47. The method of claim 45 wherein said
increasing the temperature comprises placing said

container in a furnace.

48. The method of claim 45 wherein said

substantial period of time is about fifteen minutes.

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



contai ner at no | ower than about 400 C rocking said
container until said gernmanium and sel eni um have

conpl etely softened and nixed; decreasing the
tenperature of said container to between about 300 C
and about 320 C, and quenching said container. 46.
The nmet hod of claim45 wherein said increasing the
tenperature conprises increasingasghe tenperature at a
rate of about 20 C/ mnute to about 30 C/mnute. 47.
The met hod of claim45 wherein said increasing the
tenperature conprifes mhedmbfipd aifdelaimtssi waerein ssaid
furnace. 48. The nethod of claim45 ereln ag na the
‘subst antdedregsingdths teMRETAEILE, AP 1% SCATAUTES.

49. The E@@%Q‘gtﬁée Ci2iaMrdPe WHE radblit S20 4 Cf/md-hung S apout
cont ai ne onpri ses rocking said container for about
five to Mo MRt Hours. 50. The nethod of claim45
wherein said rocking said container conprises rocking
said container for at |east

The method of cl afn 48 W‘?Eﬁ%ﬁlﬁ 3V8L€%£e#r‘ie§;| naégﬁaégum

tenperatégféﬂyagpgléééid$ﬁ@bﬁﬂdldqmgtheingenperature at a
rate of about 20 te t 0_about SM¢e

A method of synt hesi zi#t§°3"8e? Wﬁ%m’seﬁ enl
coNpPoUNdy LA eSiHda container;
gealing said germanium, selenium, and

ass

said variable under vacuum in said pontainer;
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, selenium, and gaid variable have completely

softened and mixed;
decreasing the temperature of said

container to between about 300° C and about 320° C; and
quenching said container.

53. The method of claim 52 wherein said
ﬁariable is selected from the group consisting of
lithium, vanadium, chromium, manganese, cobalt,
molybdenum, ruthenium, silver, praseodymium, neodymium,

iridium, gold, and lead.

54. A method of synthesizing a germanium

selenide glass compound comprising:



placing germanium selenium and a variable in a
container; sealing said gernanium selenium and said
variabl'e under vacuumin said contai ner; increasing
the tenperature of said container to about 400 C

conti nuously w thout stopping for a substantial
period of tine; holding the tenperature of said

contai ner at no | ower than abow 3400 C, rocking said
container until said germanium selenium and said
vari abl e have conpletely softened and m xed;
decreasing the terrperqﬂlaméng:fges:alauiulnorﬂed-ﬁﬁélmt oand a
bet ween abo 300 C and . abo 3200 C, and quenching
"said conY%?f’r‘Pé’rl g% 3 fpatt F%}’d of claimb52 wherejn
said variable i s sel exaddngramhd Dergrwim. c 683RBE Ry 2nd

of lithium van hro altt,
ol ybden‘?ﬁ'ff[‘H V&Fﬁ%ﬁ#’%ﬁ%‘ndgl ST vg%mprlggg%g‘;erﬁ%%r%ﬁag
neodymi um iridium golcoteaniny [tdedtempraturer REBHFL

Sy NeS! 213 IL I LM aB G 14R4A. SubaTBEURoue 400° ©

corrpr|3| érmani um selenium and a
vari abl eté rahbud:oﬂoaf rCErconSéawlmj-YsHFEIh?}Er BERPRAPg for a

sel eni u tigig?é/:@lrd Bleex yppder vacuumin said

cont ai ne i nNcreast ng t e tenp erature of said
cont ai ner to t enper at mceldmahthe FePRATRCWYe foseidoo C

container at no lower than about 400° C;
rocking said container until said

germanium, selenium, and gaid variable have completely

softened and mixed;
decreasing the temperature of said

container to between about 300°¢ C and about7320° C; and

guenching said container.

55. The method of claim 54 wherein said
variable is selected from the group consisting of
1ithium, vapadium, chromium, manganese, cobalt,
molybdenum, ruthenium, silver, praseodymium, neodymium,

iridium, gold, and lead.

-

56. 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;



to about 8000 C continuously w thout stopping.for a
substantial period of tinme; holding the tenperature of
said container at no | ower than about 400 C, rocking
said container until said germanium selenium and
said vari abl e have conpletely softened and m xed,;
decreasing the tenperature of said container to

bet ween about 300 C and about 3203@; -and quenchi ng
sai d container. 55. The nethod of claim54 wherein
said variable is selected fromthe group consisting
of lithium vanadi um-iabrexsing thengsupeseturebsf Baid

nol ybdenum . ryt heni u st | pr.asendym . .
neodyni uFPRCRLPAF i BePh, {80 G BRACTEeNeRY i shoye propping
slynt hesi Bo&gaaggﬁstfmfjﬂiam pericehibfiet hesiss conpri si ng:

pl aci ng ger mani um an eleniumin_a neL; . ..

seal ing sai d gernani ynﬁghglg%l ani Eﬁ%‘peﬁ%gé?gvgéuﬂarﬁ n

sai d contcantaineB8&t incleest rhanhabow@#®0at Qre of said

contai ner to about 400 C%Fm_{ :S%gauﬁéﬁ(tﬁ%ggﬂétﬂ QRigg

for a substantial peri 53¢ ]
t enper at geemahismiazhd ceheniuehaye softenedr andamixasgut

400 C; rocking said contaj < UNL it raORESBSE Waia
and sel eni um have softg%gg%lggm%éd? ra
container to between about 300° C and about 320° C; and

quenching said container.

57. 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 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; and

quenching said container.

58. A method of synthesizing a germanium

selenide glass compound comprising:



decreasing the tenperature of said container to

bet ween about 300 C and about 320 C, and quenchi ng
said container. 57. A nethod of synthesizing a

germani um sel eni de gl ass conprising: placing

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

cont ai ner; increasing the tenperaigire of said

contai ner to tenperature within a range of about 400 C
to about 800 C continuously w thout stopping for a
substanti al period of Itialas&ngh@dmh' nganhe0Q Mﬁa@%re of

said container at no ower t&an abou 40&1g ;
‘sai d confarRRiWnt PR %%sr“&‘ 88 alfr‘ln ohg Hh en| u ave
softened and nixed; desyidasi sgid ermenpor.atseientym, and

said container to betvve n about_ 300 320 C
and quefehd MpaPde cyrfesi Nariiggth Rglat%o%&q#& ex;
synt hesi zi ng a ger nani it[areaehngmuife gemperaumsoghidsaid

conpri si ng: gq%'éﬁﬁpl ac'agﬁ_bt"g varl o n’:%ugﬁé‘i? WAknout stopping

ger mani uRfP=s a contal ner
seal i ng gaida gaAbERARUNZ] g:elréndmtﬁ w&m said variabl e

under vacuumin said c e 086 td¥e =aid
tenperature of said g‘%‘tdg ﬁ Eh %%t&mo sai

cont i nuogshyaimdhaut netn:me:rnghan 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 betwsen about 300° C and about 320° C; and

quenching said container.

59. A method of synthesizing a germanium

selenide glass comprising:

placing more than 100 grams of germanium
and selenium in a container;

gealing said germanium and selenium
under vacuum in said container;

increasing the temperature of said
container to about 400° ¢ 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;



for a substantial period of tinme; holding the
temperature of said container at no | ower than about
400 C, rocking said container until said gernani um
sel enium and said vari abl e have conpletely softened
and m xed; decreasing the tenperature of said

contai ner to between about 300 C and about 320 C, and
guenchi ng sai d container. 59. A-n#2 hhod of synthesi zi ng
a germani um sel enide glass conprising: placing nore
than 100 grams of germanium and seleniumin a

contai ner: sealing saidqreaskpd (e femBeYaEeOtuRRtd

vacuum i g,5al 4, £ORLAL 06 feer] BESORHIWG thend eRabpee C; and
of said container to about 400 C continyously w thout

stopping for a subst aaienehiper b GPRERRET hol di ng
the tenperature of said container at no | ower than
about 400 C, rocking said container until, sa

id .
ger mani um and sel €8 urd HeRkod oPE HBWRERAZHRY, &y SeAfRRIUN
decr easi pgh &gsd g‘ﬂ@&aééﬁpﬁrigﬁngﬁi d container to

300 -

bet ween about C and about 320 C, and uenchifnge fum
sai d container. 60. A PARHSE B?r%)ﬁﬂaﬁ‘eép‘zi%gf"? oi german
ger mani um, SEl R de gﬁaé_S.:ditQHDﬁéJ.Si ng: placing nore
t han 100 grans of germani um . .
: sealing said germanium and selenium
under vacuun 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 containexr until said
germanium and selenium have softened and nixed;
decreasing the temperature of said
container to between about 300° C and about 320° C; and

quenching said container.

61. A method of synthesizing a germanium
selenide glase comprising: h
. placing more than 100 grams 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



and seleniumin a container; sealing said germani um
and sel enium under vacuumin said container;

i ncreasing the tenperature of said container to
tenperature within a range of about 400 C to about
800 C continuously w thout stopping for a substanti al
period of tine; holding the tenperature of said

contai ner at no lower than about A00 C rocking said
cont.ainer until said gernmanium and sel eni um have
softened and m xed; decreasing the tenperature of

sai d contai [gh. !l QoRe! Wasske3hMis1304:Enanel Ruppting 200t

and quenchi'ng said container., 61. A nethod of
'synt hesi pubgtantgedneerind ofetdMide gl ass conpri sing:

placing nore than 100 gl1Rg0eKd Binpel-atilee o eaidm in
“a‘'container; sealing sald géermani um and_sel eni um

under vaccootainesatdneckimernehan ahuEatPRy Gihe

temperature of said codhgesaid doaRehed Wit il Ehia a
range of about 400 C 41 to about 800 C ggan%# nLi?(%él_y
Wit hout geumpmiiup Rod aeleniys: baye Achyepe e

hol di ng the tenperat ur geifeagdhd tieORleabopitinie RE bair
t han about 400 C, rocking said container until tS§59° ¢: and

ger mani upPakRines &Ai BRTYRAR2RRRE SRAT SnATf: Y

quenching said container.

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; ‘, 7
increasing the temperature of said
container to at least the softening temperature of said
glass compound being gsynthesized continucusly 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 saiad
selenium, said germanium, 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; and

quenching said container.

6€3. The method of claim 62 wherein sald

variable is selected from the group consisting of

~



decreasing 'the tenperature of said container to

bet ween about 300 C and about 320 C, and quenching
said container. 62. A nmethod of synthesizing a
germani um sel eni de gl ass conpound conpri sing: placing
nore than a total of about eleven granms of germani um
selenium and a variable in a container; increasing
the tenperature of said containe, to at |east the
softening tenperature of said glass conpound being
synt hesi zed continuously wi thout stopping for a

subst ant gy sR&l | 98nSdidn, "ehrélui, ngahbendserpepbait e of
said contalner at no | ower th%%:said sof t
|

tenper atnlybaepyaki FEERSRERC BT e r PERTTIOIS o neodymiun,

sel eni urg[rﬁgjuqﬂ,ggbmpiaﬁ@ 1a8d. said vari abl e have
conpl etely softened and m xed; decreasing the

tenperature of said container to no |less than the
sof t eni ng t enper agyr e e weshsd Pasdatangd wicriedhngaid

synt hesi zed;, and quenchi ng said container ) t
o hog. LA oo RGP 2E0he) ey EhRT (8 *oted, BE abpu

from t heg AP ARSI 6f i dis@hnt #A1Y isthicijomekidr LMY

chrom um nmanganese, cobal t noj ybd ut L
silver, B¥ anReREy RE u idvﬁ??‘@?glrﬁ”ﬁ'gcﬂ%gf%gﬁ%’ and

| ead. 64gaiThe a7aLR0E Of salidi cofitaidesr dnnaseanflanseawibhy 2
conprises placi

germéniurt]ng srer?.regic{eh % ads t gctnﬁa:lou%fcl @Q O synthesized.
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, gelenium, 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
BS0° C without stopping for a substantial period of
time;

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

rocking said container until said

germanium, selenium, and said variable have completely

softened and mixed;



el even grans of substantially stoichionetrically
proportional amunts of said germanium selenium and
said variable in said container in accordance with a
ger mani um sel eni de gl ass conpound to be synthesi zed.
65. The nmethod of claim62 further conprising sealing
said germani um selenium and said variable under
vacuumin said container. 66. A nethod of synthesizing
a gernmani um sel enide gl ass cofpdind conpri si ng:

pl aci ng germani um selenium and a variable in a

container; increasing the tenperatuyr e af-g@¢d of said
contai ner to at | east d??ﬁe?&%eﬁi‘%é{% grrperat ure of

said ¢l %%a‘iﬁ@%tﬂ%ocﬂéﬁé nhanstye tapfhERARY HeamReFghure of

about 850 C without stopping for aniadl period
of ti msaidobdprag THEOHLR u %n%}}esssligi%d' cont ai ner

at no lower than sai dqﬁaﬁéxﬁrﬂgngaiém;mtatiuﬁéz rocki ng
said container until said germanium selenium and

sai d variabl e have conpletely softened and m xed; -
43 decreasi ng t he7! empaetiad efofystheasizdgdt 2 FRAF™ U™

no |l ess than the softening t of said glass
conpoun&%ﬂ#&%?ii‘%gﬁg‘g‘yéﬁ%ggﬁﬁ ng said
container. 67. A nethglacinggerhasivnnds QﬁéPﬂanﬂfma
:2: 22: Serﬂagkasﬁgcggpguc%%tg%@&l sing: placing germani um

. sealing said germanium, selenium, and

said variable under vacuum in said pontainer;

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, selenium, and said variaple have completely

softened and mixed;
decreasing the temperature of said

container to between about 300° C and about 320° C; and

quenching said container.

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 temperature of said



variable in a container; sealing said germani um

sel enium and said variable under vacuumin said
container; increasing the tenperature of said
container to at |east about 4000 C but to no higher

t han about 850 C continuously w thout stopping for a
substantial period of tinme; holding the tenperature of
said container at no | ower than about 400 C, rocking
said container until said gerwédﬁﬂﬁ sel enium and
sai d variabl e have conpletely softened and m xed;

decreasi ng the tenperatur ' pifiiehohp stopping
bet ween 8b¥if Sloat e %5§§ ééﬂ#¥5Psgn&? queﬁching eP

'sai d conggi nersulEaniiaie perdodfofpimhesi zi ng a

ger mani um sel eni de gl.ass.. | Si0g. DG RE BRLE

than a total of about h%ﬁ%@@ﬂpéézﬁﬁggf er mani um and

sel eni untbhtaimantai nerioweknthaasiald shEteminge taPppEAtUTE;

of said container to at_| t RePQntil said
tenperature of said 44r°cdﬁ%§§ss%£‘?r%g%%t hesi zé'd

cont i NnUOgEl aninici ladt ssid yermgnitnhayes gppkafsly) softened

period of _ting; holding the tenperature of said
cont ai ne?‘nét%ec{lomer than said softening tenperature:

rocking sai d cont ai nerdesnsasingi thes SLERETHY M ofa gt
ger mani um have, conpl 816) 4p S hLENGE sRT8efingEemperature of
said glass being synthesized; and
quenching said container.

69. A method of synthesizing a germanium

selenide glass comprising:

placing germanium and gelenium in a
container;

increasing the temperature of said
container to at least the softening temperature of said
glass 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 sald 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; and

quenching said container.‘



A

decreasing the tenperature of said container to no
| ess than the softening tenperature of said glass
bei ng synt hesi zed; and quenchi ng said container. 69. A

met hod of

synt hesi zi ng a germani um sel eni de gl ass

conprising: placing germanium and seleniumin a
container; increasing the tenperature of said
container to at |east the softemnd g t-enperature of
said glass continuously to no higher than about 8500
C w thout stopping for a substantial period of tine;,

hol di ng t

he tenperadur & ektbed dof eyntbegigingt angeFRRH UM

t han sai d soft.ening tenpera ;. rocking said
‘ %rﬁnflﬁes%?%ssg% ﬁ%%an%egdnd sel eni um have

cont ai ner®

conpl et el

y softened anglamingdertesivaginggsehenium in a

tenperature of. said container to no |less than the
soft eni ngc?%cr?ﬂ‘gfeﬁture of said glass being ,
synt hesi zed; and quenchhieagingiahidogemmanium agd gelengum

method of synt hesi.gl g, 2.98" SRIaUELySel eni de gl ass
conpri si nlbt.’ pl aérng ger mani um and sef eniumin a
cont ai ner; sealing sai dngeeasiticuhgntenmparatugmm of nffehd

vacuumin_ s

of said

LS nE2NY & 18N eakOCIRAR 280t N RSN A Ui fyher
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; and

quenching sald container.

71. &An apparatus for synthesizing a
germénium gelenide glass compound comprising:

‘ a container for holding more than 100
grams germanium, seleniﬁm, and a variable, said
container being sealable with said germanium, said
gelenium, and said variable inside;

a heating device sized to homogeneously

‘heat said container to at least about 400° C without

stopping for a substantial period of time, hold the
temperature of said container at no lowexr than about
400° C, and decrease the temperature of said container

to between about 300° C and about 320° C;



container to at |east about 400 C but to no higher

t han about 850 C continuously w thout stopping for a
substantial period of time; holding the tenperature of
said container at no |ower than about 400 C, rocking
said container until said germanium and sel eni um have
conpletely softened and m xed; decreasing the
tenperature of said container to,between about 300 C
and. about 320 C, and quenching said container. 71. An
apparatus for synthesizing a germani um sel eni de gl ass

conmpound conpri si ng: Cﬁ%‘%ﬁ:ih ShedndnibR |l ROcROERLd han
100 grams ger mani um ‘Seleniu and a variable, sa

_cont ai netoha fnprseat iblaaid BAleR R, gBR HAASFARNIPY $ha said
sel eni u a a I S e )
gbﬁsﬁgaf hd Y ééﬁﬂéeﬁei L endd "R inisteds

sized t neously a|d container tq at

| east about 400 C wit houtub dnowidig tPoFOY SRdsk SARFAFReT-
period of time, hold the tenperature of said

contai ner at no | ower than about 400 C ,6 and d crease ..
the tenperature off2sai The gpparaeis ofochimek Gﬁfn sa

300 C angabople 320sCiedfia 2xbRUdg:BES NestisuBLagT OLK

said confainer untl sel enium sai d rrg,ahng
and sai dlluhxumbmnhéi@ﬂcmpé%@?y nEHEeR xed;

and a tub_ agﬁ %ﬁtf\il\ﬁ&mnsabglwt PhASE s dymAdim, Theodymium,
alrm

appar at us® o erein said
1r1d1um, gold, and lead

73. The apparatus of claim 71 wherein said
furnace is configured to increase the temperature of

said container at a rate of about 30° C/minute.

74. The apparatus of claim 71 wherein said

heating device is a furnace.

75. The apparatus of claim 71 wherein said

substantial period of time is fifteen minutes.

76. The apparatus of claim 71 wherein said
rocking mechanism is configured to rock sald container

for about five to about six hours.

77. The apparatus of claim 71 wherein said
rocking mechanism is configured to rock sald container

for at least four hours.

78. The apparatus of claim 71 wherein said

heating device is configured to decrease the



variable is selected fromthe group consisting of
[ithium vanadium chrom um manganese,. cobalt,

nol ybdenum rut henium silver, praseodym um

neodym um iridium gold; and | ead. 73. The apparatus
of claim71 wherein said furnace is configured to

i ncrease the tenperature of said container at a rate
of about 30 C/minute. 74. The appgsatus of claim71
wherein said heating device is a furnace. 75. The
apparatus of claim71 wherein said substantial period

of time [ g.id B & Witlte JH.abbie 2ppa/atinstefte|amont
71 mhere#é?ééﬁa %§ro%iing mechanismis configured to

‘rock sai #tdhimibpee. for about five to about six
hours. 77. The apparatus of claim 71 wherein said
rocki ng mechanismis configured, to_ rock said.ﬁangganer

for at |east four7Rourkppargtuspin ¥hieh FFEEHUE) S m 71

wher ei n 5a] thiiP3khbe #ioY Ge 1gadtoshbhustsiba,0sdbdrapparatus
the 47 tenperature at 'a rate of about 20 c/minute to
about 3eowpFAsi®Ge. 79. Apparatus in which ger mani um

and sel enium react wig hcatalfashotdéhgabdmer thenj @ total of

apparatus_ conprising a contaiper holdj afefenium;
t ot al of abafe Lﬁle@eévgiﬁa'bsr sa?c? sg‘flralaﬁféﬂgm% %ag.ﬁdge nium

sai d selenium a furnacRirsiazedsizedh tnogemeganscpshideeat

2? 'd Contsg.lig ecgorft%igterl o S t.l.relgsé Qi { LR B0 SIP VeftbliSture of
said glass being synthesized, said furnace configured
to hold the temperature of said container at no lower
than said softening temperature for a period of time
and to decrease the temperature of said container to no
less than said softening temperature of said glass

being synthesized;
a rocking mechanism to rock said

container until said selenium and said germanium have

completely softened and mixed; and
a tub in which to cool said container.

80. The apparatus of claim 79 wherein said
container holds more than a total of about eleven grams
of substantially stoichiometrically proportional
amounts of said germanium and said selenium in
accordance with a germanium selenide glass or germanium

selenide glass compound.

81. The apparatus of claim 79. wherein said

container seals said germanium and said selenium under

l

vacuum.



sai d gl ass being synthesized, said furnace configured
to hold the tenperature of said container at no | ower
than said softening tenperature for a period of tine
and to decrease the tenperature of said container to

no |ess than said softening tenperature of said gl ass
bei ng synt hesi zed; a rocking nmechanismto rock said
container until said selenium andggaid germani um have -
conpl etely softened and m xed; and a tub in which to
cool said container. 80. The apparatus of claim 79
wherein said contgi NefmdGipparibis dihalasimt 7d adheakein said
about el even grams of substantially

‘st oi chi oRERERERST \iSpRBPYRIWRal anpunts of said
germani um and said seleniumin accordance with a

germani um sel eni de gl ass or ger nani sel eni d | ass__ .
compound. 81. The &ppafhe L??PGFaE‘I’%i"IL#n’f’%aMe?Sei edgig said

cont ai neky$RAkS SRicdnBEsIFNY ¥B) iickaed thel Benipypatinder of
vacuum 48 82. The apparatus of _claim 79, rein _said
cont ai nef2id ePPIANSST| &E %ﬂfat?hgfdﬂﬁ%?h?gswgg%%ﬁﬁﬁen??Qabout

wher ei n ggkde/diiwyiace is configured to increase the
tenperature of said container at a rate of about 200

C/ mnute to about 300 C mnute. 84. The apparatus of
claim79 wherein gai.d Thelldppatates aihilgimeds twherein said

decrease the tenperatyre of.  said contaiper, wthi

: £

about ZOfEFB?c% ﬁjcgﬁgfgﬁﬁﬁ?gto decrease tES tgﬁﬁéyélure o

said container within about 20° C of said softening
temperature of said glass but no lower than said

softening temperature of said glass.

85. ‘The apparatus of claim 79 wherein said

tub comprises ice water.

86. The apparatus of claim 85 wherein said

ice water comprises a salt.

87. Apparatus in which germanium and
selenium react with at least each other, said apparatus
comprising:

a sealed container holding a total of
about 400 grams of at least said germanium and said
selenium under vacuum;

a container for holding germanium and
selenium;

a furnace sized to homogeneously heat
said container to at least the softening temperature of

eald glass being synthesized continuously without



tenperature of said glass but no | ower than said
softening tenperature of said glass. 85. The apparatus
of claim79 wherein said tub conprises ice water. 86.
The apparatus of claim85 wherein said ice water
conprises a salt. 87. Apparatus in which germani um and
seleniumreact with at | east each other, said
apparatus conprising: a sealed caontainer holding a
total of about 400 grans of at” 1%¥ast sai d ger mani um
and said sel eniumunder vacuum a container for

hol di ng ger mani um and el eni.u 1 8ileZ Eb1ld0 th
honpbgenetiRAR e £PT %éﬁ"g’sk?iﬁ a|mn rrﬁ'g&;}{@?ég%t the

- sof t eni NgiAiTReLaEUSE @fid saitchiglexsst et Agweynthassispdd

conti nuously w thout 49 st oppi f S aalt ¢
peri od ofo¥heRdnonBERPEIRLITE En%édp %teﬁ?éa% Sclsﬁ%i g@ﬁﬁ ure o

cont ai neg, fi deathouer tihap Sedsl thenf seid pftening

tenperature, and decfease the a fizedai d

cont ai ne’%“—"[‘l?.ﬁ%“lrésgh?é‘ﬁ §g?%é ?ﬁ?‘én%ﬁ%&lté'zeerat ure

of said glass being syatdeediasdpechandsRilr) h&Rtd m

to rock said . contajpner_ unti ' kegd iinRRtat il have
ger nani Lﬁﬁ‘lﬁ%ﬁﬂé‘ercgﬁ'lﬁf'gtseﬁlg é% %gir}gndagnd m xed; and a

tub in Wbl dtelgoebiisana avatmirrs; angg. The

apparatus of claim 87 m eiig T & tsakdopeddTRncofit firckr .
said seleniumin said Container are

88. ‘The apparatus of claim 87 wherein said
said germanium and said selenium in said container are
substantially stoichiometrically proportional in

accordance with a germanium selenide glass or germanium

selenide glass compound.

89, The apparatus of claim 87 wherein said

container further includes a variable.

90. The apparatus of claim 87 wherein said

container is an ampoule.

91. The apparatus of claim 87 wherein said
furnace is configured to increase the temperature of

said container at a rate of about 30° C/minute.

92. The apparatus of claim 87 wherein said

substantial period of time is fifteen minutes.

93. The apparatus of claim 87 wherein said

furnace is configured to decrease the temperature of



substantially stoichionetrically proportional in
accordance with a germani um sel eni de gl ass or

germani um sel eni de gl ass conpound. 89. The apparat us
of claim87 wherein said container further includes a
vari abl e. 90. The apparatus of claim87 wherein said
container is an anpoule. 91. The apparatus of claim 87
wherein said furnace is confi g;goeq to increase the
tenperature of said container” a rate of about 30
C/ mnute. 92. The apparatus of claim87 wherein said .

substanti al periqd of fti j | ilheen HF NBHi@S soPPeniire
appar at ﬁ%i%fcﬁtﬁgﬁfeé?w%g?eﬁo{seaizg furnacé i's

- confi QUESRpdFatARer efseaiithglassititanr 2O¥RT F@ans5ria
container W thin about 20 C. of, zq'%lggggeni ng

t enper aBRF RIS LPHPET 2SS but no | Swer t han said
softening tenperature of said glass. 94. The apparatus

of claim87 wherejin sajd COIRE 2881 C&7 Whle@Bin95aid
The appar at us of es3I'ai ?nhegfp&gg?el n said ice water

conpri segbacompiise8bicdpadedt us i n whi ch germani um

sel enium and a variable react with each other to form
a germani um sel eni de gl ass conpound, _sai d_appar at us
conprising: a sedsed TontaPPAsAtED|H ﬁé%'@r%r’f&ﬁﬁe n”said

271901 0. o0k S LB Psteuum 2 eating dlvi e
96¢. Apparatus in which gexrmanium, gelenium
and a variable react with each other to form a
germanium selenide glass compound, said apparatus
comprising: .

a sealed container holding germanlium,
selenium, and variable under vacuum;

a heating device sized to homogenecusly
heat said container to at least about 400° ¢ without
stopping for a substantial period of time, hold the
temperature of said container at no lower than about
400° ¢, and decrease the temperature of sald container

to between about 300° C and about 320° C;
a rocking mechanism to rock said

container until eaid selenium and said germanium have

coupletely softened and mixed; and
a tub in which to cool said container.

97. The apparatus of claim 96 wherein said
furnace is configured to increase the temperature of

sald container at a rate of about 30° C/minute.



heat said container to at |east about 400 C w thout
stopping for a substantial period of time, hold the
tenperature of said container at no | ower than about
400 C, and decrease the tenperature of said container
to between about 300 C and about 320 C, a rocking
mechanismto rock said container until said sel enium
and said gernmani um have conpletgly softened and

m xed; and a tub in which to cool said container. 97.
The apparatus of claim96 wherein said furnace is
configured to in asent SEPes Biulcgadh ssailtrein said
contai ner at a r%ag' o? aL%plﬁa 30 U mnute. - 51 98.

- The appaeatisgodecics AF9® SW®REEN said heating device
is a furnace. 99. The apparatus of claim 96 wherein
said substantial period of tinme is fifteepn mnutes. __.
100. The appar at u38 of The ARRAFBLRRAEiGH24T 2° "flbeglflgﬁgsald
mechani s | | Qu80at & HAmk $ai € Feeehahn@rtes.or
about fis\%sigﬁgg%%%i X hours. 101. The apparatus of
claim96 wherein said rocking mechanismis configured
to rock said contféy_e&hefgﬁ\%ﬁtathga@f dain howlssreigPsaid
The apparatus of claim 96 erein said _heat] LGS

i s conf inpekdagt Be%@a‘sést‘f%‘f%ﬁ%%rt& lf?gﬁaéggd %S#‘E ner
of aboute 20 ;HoHE NPiFe &8 abA sidORokisu nute.

101. The apparatus of claim 96 whe_rein said
rocking mechanism is configured to rock said container

for at least four hours.

102. The apparatus of claim 96 wherein said

heating device is configured to decrease the
temperature at a rate of about 20° C/minute to about

30¢ C/minute.



