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TELLURI UM PRECURSORS FOR FI LM DEPCSI TI ON Backgr ound
Field of the Invention This invention rel ates
w@enensishy to the field of sem conductor, photPUDIR2809008067
flat panel or LCD TFT devick fabrication. Background
of the Invention Phase change materials are used in
standard bul k silicon technologies to formthe nenory
el enents of nonvol atile menory devi ces. Phase change
materials exhibit at |east two different states, one
bei ng anbElHdBRIUMRREGYRIOBE(EPRJIHM BEPORTIONe
anor phous state is characterized by the absence of
crystallinity or the |lack of Iong range order, as
opposed to crystallized states, which are
characterized by a | ong_range order Accordi ngly, the
order in a unit ceil, whaskgraundpeated a | arge nunber
of tines, is representatlve of the whole material.
Each nmenory cell in a nonvolatile nmenory device nmay be
Fiztrhsi therladerg®na vari abl e resistor that reversibly
changes between hi gher and Iomegﬁgf% st|V|t states

corr Eﬁd%@ﬂ#@“ﬁ@'aﬁfeg%ﬁfﬁbh%@@ $hipiceR@uctor,

[ t material. The
pgét};\ﬁé@éégn@ be ?%I(grnifq?rf)ﬁ eca%gagﬂgggﬁn'st ate can be
characterized by a conductivity difference of several

orders gf gnitude. In these devices, the phase

B—éﬁﬁ?ﬁf&@@—@f—{%ﬂlﬂ@%}y el enent are perforned by direct
heat i pghQE chBRgPReREriANBRIBsERTEShANaN Bk Biln%‘n technologies
programm ng currents. Conventionally, bipolar

tcx froamsihs tnegrsorrelemssts efoawblaier Mgy @eweanﬁhﬁge change

AP bR Y ol eS8 bl B R b B o S s mne e
ote(sphpsealihame: ARiceshdls stifel is khaairtiaraesienithe dpRasee of

change material to degrade over repeated progranmm n
crystallinity or the lack of long range order, as opposed to crysfallized states,

which are characterized by a long range order. Accordingly, the order in a unit
cell, which is repeated a large number of times, is representative of the whole

material.

Each memory cell in a nonvolatile memory device may be considered
as a variable resistor that reversibly changes between higher and lower
resistivity states corresponding to the amorphous state and the crystalline state
of the phase change material. The states can be identified because each state
can be characterized by a conductivity difference of several orders of
magnitude. In these devices, the phase changes of the memory element are
performed by direct heating of the phase change material with high
programming currents. Conventionally, bipolar transistors are used to deliver
high programming currents by directly heating the phase change material. The
high current produces direct heating of the phase change material, which can
cause the phase change material to degrade over repeated programming

operations, thereby reducing memory device performance.
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operations, thereby reducing nenory device
performance. Anong the materials of practical use

w0 odagss4edst contain germanium O those nat er PEl/EB20091@®8067

nost extensively studied mi2erial is Ge2Sh2Te5. Wil e
the deposition can be conventionally perforned by

pl asma vapor deposition (PVD) techni ques such as
sputtering, chem ca! vapor deposition (CVD) and atomc

| ayer deposition (ALD) and rel ated techni ques _

i ncl udimengtileseaterp|s elgiracicabias kedagvmast sentaingeaniygm.

gt AR SR EReRe R By Ry B Kot Bk ST S
tHf délsRmiint ¢nbé BoSTRILARINS bEMSESY plaBRialdipey depesigon
consi sting of trenches. The use of Ge(tBu)-f, Sb(iPr)

(BVRntechaiques sugh masrylerng «heiedl vaper depetitioit€Virhand

i ¢
LA oML BT 0ro kAR LERIRILL B Blng misg oV,
rerpoe [@ashb VD] gasmbawsistsd CHOY, placang brhammayALD, a variety
er mani um cont %i ni ng{ ‘g_recurs rs are insuffi iigtly
Stk §resha Pe NdoTiudieHdp PERIAP BVErapRt Behanpigugh
. v N i cant o A ’

oSSRV E,AGBR L0 L4 SRS RS WAL Tho
upe et GresiBiu ). anjien ) dedwl a(HPrirprsovessh stpabiiet!j foy instance. The use

nsequently, there exists need, for tellurium
of a5 et e G S car P o0 iabpeb BRalgs b 65H
nHR89R Irkise8 s8ine @McLIBBR S AL NES FoBeksinpRU M Wgdifanium
i nvention provides novel nethods and conposi‘tions for
cohif@inirg prdcurants gfe tnsbffigiantisntioermaliy istaiye fon arigproducible

er nani ant L,non Lluride . £"GST") fil s .on

oSy AtB I MRS ek S ret v e Pl g BB grare
i @rtling eSS tHey Besifh bt AR e f Pubsirs @t @ e TdsSaith
_providing a reactor, and at |east one substrate
’@P@ﬁ@@é&ﬁgﬁ}ﬂﬁw he reactor. A tellurium containing
precursor is provided, where the precursor has one of
the followi ng general fornulas: (XRLR2R3) Te( XRAR5R6)

(1) Consequently, there exists a need for tellurium containing precursors

which are stable enough to allow deposition at low temperatures.
Brief Summary

The invention provides novel methods and compositions for the
deposition of tellurium containing films, or germanium antimony telluride
(“GST") films on a substrate. In an embodiment, a method for depositing a
tellurium or GST type film on a substrate comprises providing a reactor, and at
least one substrate disposed in the reactor. A tellurium containing precursor is

provided, where the precursor has one of the following general formulas:

- (XR1RR3)Te(XR4R5Rs) (n

- (-(RiR2X) Te~)y (lla)
-~ ({RiRX)Te(XRaRa)n-), (11b)
- (-(RiR2X)n Te(XR3R4)m) Te-)y {Ilc)
- Te(XNR;CR,R;CR4RsNRs) (1
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(-(R 1IR2X)nTeQy (Ha) (- (R 1R2X)nTe(XR 3R4) m) Te-)y
(lie) Te(XNR 1CR2ZR3CRAR NR6) (111)Te(XNRi CR 2=CR 3NR4)

W@ bodp/osdaes ei n each of R -6 is independently sSPCETR206/008067

fromanong: H a Cl-C6 aikyd, a Cl-C6 al koxy, a C 1-C6
al kyl silyl, a Cl1-C6 perfluorocarbon, a Cl-C6

ai kytsiloxy, a C 1-C6 al kyi am no, an al kyisilylam no,
and an am noam do; X is carbon, silicon o r gernmani um
nand mare integers selected from o0 , 1, and 2 ; in
for mul as (Ha) gﬁ&(%Rn(Bb?z =yRiNRan i nt eget!V3el ected from

i e
oBerall BEMef e P rbBE M eed b 3 g b o
OJL@@ wiieny, & £1-06ratidigigt & 01 €8 perflueachion, Be1-0Bagikgsiloxy,
is maintained at a tenperature of at |east 100 0C, and

ade 1-Exakyipgino, gn qlﬁdSlM@éE@@s@fﬁd AB aeipeamidsy XoRtEMae
Siizegtel geﬁnéﬂuﬁprnr%rﬂi ﬁwez!rla%tbgg?s%cﬁéaﬁ“ﬁﬂ%é 1 Bnd ) A "
enbodi a tellurium ursor co
foredas @) and hlbc),n,etscefn mtmga‘rsblenmdﬂgorgéh@ra’nd zﬂ,amfuﬂmwa (lic),
XR 1R2R3 Ri. R 2X)nTe
ygls @mlrﬁg%ﬁ) % tﬁ@j )g§n@|@o)TQé Eeﬁipwr@g@qﬁ,tﬁfélpgp@gecursor is
T
LI, 5 4 SOV TR st
ldastidpertlentd 3t Isastaxtieaf the precurerrgs delpositadiends thé kybstrade to
fCl-C? &Ir.koxgy a Cl- al kylsilyl, a C 1-C6
BB P HELF HEAINTIS W 05 al kylsiloxy, a C 1-06
al kyi am no, a n al kyisilylamno, and a n am noam do; X
is carbon, silicon or germanium n and mare integers
sel edit a6 emndiment, 2 teliiing prequRSArEIOTMATISSS @NBIPCHIFET With one

ﬂ? n@l%%(l;gsgee)%eﬁ)m MDieger selected from2 , 3 and 4 ; in

(XRsRoR)Te(XRRsRs) 0

- {(+{R1R2X)rTe-)y (lla)
- (+{R1R2X)s Te(XR3R4)m-)y (Ilb)
- (+{R1R2X I Te(XR3R4)m) Te-)y (llc)
- Te(XNR1CR2R3CR4R5NRg) (111)

- Te(XNRyCR2=CR;NRy) (V)
wherein each of Ry is independently selected from among: H, a C1-C6 alkyl, a
C1-C6 alkoxy, a C1-C6 alkylsilyl, a C1-C6 perfluorocarban, a C1-C6 alkylsiloxy,
a C1-C6 alkylamino, an alkylsilylamino, and an aminoamido; X is carbon,
silicon or germanium; n and m are integers selected from 0, 1, and 2; in
formulas (lla} and (IIb), y is an integer selected from 2, 3 and 4; in formula (lic),
y is an integer selected from 1, 2 and 3.
Other embodiments of the current invention may include, without
limitation, one or more of the following features:
- maintaining the reactor at a temperature between about 100°C
and about 500°C, and preferably between about 150°C and about
350°C;
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y is an integer selected from1l1l, 2 and 3 . Oher
enbodi nents of the current invention may include,

wowdlhosi423 i mtation, one o r nore of the foll oMETEB2009/008067

features: maintaining the reactor at a tenperature

bet ween about 100 OC and about 500°C, and preferably
bet ween about 1500C and about 350 OC; mai ntaining the
reactor at a pressure between about 1 Pa and about 105
Pa, and preferably between about 25 Pa and about 103
Pa; ntrotAiMadied theggaetos e amsesisira felyrren abeutthda and

reactor, WRSYL)ds ﬁé‘%r{dz&%%rgglﬁ%%méén ?bo&t%sf-’a%% Mot 10°

hydrogen amoni a; sl | ane; trisiTane;
hydr ogen Pagli cal s; and mi xtures thereof: the teilurium

precursor and the reducing gas are introduced into the
chamber eittFsiicKigAlileast oaR| r?dgq?fﬁﬁlgﬁﬁﬁfét%%? yeastor, wherein the

sequenti al dlic Jﬁ;{;@a n%tgé%t:#@n@cﬁcw%éuﬁgi‘g%ﬁa{ ﬁﬁé&% ng

gas are | n € Chanber ntia
simult anedwﬂbye,atnshiatriee hgzdm@@‘earradnsalsoarﬁd guxtedasfttnereof

chem cal deposition tel|lurium precur

t he feduci feéteaa@urgr@eﬁ:wﬁ%amgw re,:,ipgmlgfg@scq{g%t@qé)uce% nto
sequent i akﬁé’cﬁé]ﬂbér“&ﬂfé?%ﬁ@@tranhél é?Hfu'thHé&%h;ﬁ SF?@quéﬁttﬁliy,
| ayer deposition; a tellurrumc ntalnln I n

coat ed sultst teditieymi memﬁocam@tlm reldeasig gmeargemMuamnnto
cont ai ni ngq%r ecu sor ,and .a one

ot ol ol E tus i Bl a3t Hnd B bpampesis

the ger magbHfigREd fAEHSTRBN &R} abpbsifor ecursors onto
the substrate to forma germanium tellurium and

anti mony (testgliusionn arasurprfandrihe gaducing gas are introduced into
the chamber sequentially and the chamber is configured for

atomic layer deposition;

- a tellurium containing thin film coated substrate;

- introducing at least one germanium containing precursor and at
least one antimony containing precursor; and depositing at least
part of the germanium and antimony containing precursors onto
the substrate to form a germanium, tellurium and antimony (GST)
containing film; and

- the telluium precursor is at least one of: Te(GeMes),; Te(GeEty)y;
Te(GeiPrs)s; Te(GetBus)z, Te{GetBuMesz),; Te(SiMes)s;
Te(SiEts)e; Te(SiiPrs),; Te(SitBus)y; Te(SitBuMes),;
Te(Ge(SiMesz)a)z; Te(Si(SiMes)s)z; Te(GeMes)(Si(SiMes)s),
Te(Ge(SiMes)s)z; ((GeMez)Te-)s; ((GeEty)Te-)s; ((GeMekt)Te-)s;
((GeiPrz)Te-)a; ((SiMe;)Te-)a; ((SIER)Te-)a; ((SiMeEt)Te-)s;
((SiiPry)Te-)s {(GeMe;), Te(GeMe; ), Te-), ((GeMeg)sTe-)p;
((SiMey)sTe-)z; CHaCH.GeMe TeGeMey-;
SiMe,SiMe,GeMe,TeGeMe,- ; Te(GeNiBuCH,CHNtBu);
Te(GeNtBuCH=CHNtBu); Te{{GeNtBUCH(CH;3)CH(CH3)NtBu);
Te(SINtBuCH,CH,NtBu); Te(SiINtBUCH=CHN{BuU); and
Te((SINtBuCH(CH3)YCH(CH3)NtBu).
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the telluiumprecursor is at |east one of: Te(GeM 3) 2,

Te(CGeEt") ; Te(CGeiPr 3)2; Te(GetBu 3)2; Te(GetBuMe
WQrRpH0FREE Me 3)2; Te(SiEt 3)2; Te{SiiPr 3)2; Ae(/B208W008067

3)2; Te(SitBuMe 2)2; Te(Ce(BiMe 3)S)2; Te(Si(SiMe

3)3)2; Te(GeMe 3)(Si(SiMe3)S), Te(GCe(SiMe 3)3)2 ;

((GeMe2)Te )3; ((GeEt2)Te-)3; ((GeMeEt) Te-J3;

((GeiPr2)Te)4; ((SiMe2) Te-)3; ((SiEt2)Te-J3;

((SiMeEt)Te-) 3; ((SuPr2)Te-J4 (CeMe2) 2Te( GeMe

2) 2Téhg for@g@@gg@)smhr)ezi ra@l'(esm@ Ig The feztures and technical

qc—j\éﬁ(!zr%&iss% g%’téﬁ\&e&% S@é’é@%&g@%ﬁ d%scrlptn)n of the

inVetidreiNaBesIo(/ehindy GEIEH) Dihdsrsiootie @ﬁidﬂﬁcﬁr@%a&%l‘&@)
Te(Si Nt BUCH=CHNt Bu) ; and Te((Si Nt BuCH

advarrpeeBYNPRIVertien il by siesgr e heging @mé@nﬁ%the subject
OB TaR NI, Bl CELhAThaBUES) RESE Rk e

ade%sairth@boncemfontm he\spetifiorntitatimbots discosey/ mag be readily
better understood. Additional features and advant ages
uizedirs 3 RodafeoRodiying Béd%ge*mk?é*&efrfé%f%? frcanfyiiy out

tﬁeoééﬁé BE e;ﬁ%%b%@'ihé’%r %Eﬁt 1% #Bh. af sﬁ@ﬂg ) eﬁ%ké)ﬁzecli% those

reci a ose ski'l e art t
shited mheamtﬁhahsm‘rdemmeaisplemrfstmcmmmb neh(ﬂespaﬁ Emafndbe@p:rit

be readi.l tilize asis far di fying or
2R brgie Gt on A s (D PP ciapepirg CBITSY ho sare
pur poses of the present invention. It should al so be
realized by those skilled in the art that such
equi val ent const r Notatier and Nemesstadure from the spirit
and scope of the invention as set forth in the
appended cl ai ns. Notation and Nonencl ature Certain

t er TEcabm teand avd Losg Rblighde the fdiewimgdeesiptibRbndrtlaims
and clainms to refer to various conmpgnents and

toshet tPtvagats CommrsedisANfernsiiBests ot his gosrenbdoes not
m‘{jér?‘d ngy ﬁd&iﬁ&%&ﬁ%@ﬂ%ﬂ?&%&sthaﬁﬁfeﬁr{ h&hel it RBIRINRHE R,

unc

As used herein, the term “alkyl group” refers to saturated functional
groups containing exclusively carbon and hydrogen atoms. Further, the term
“alkyl group” may refer to linear, branched, or cyclic alkyl groups. Examples of
linear alkyl groups include without limitation, methyl groups, ethyl groups, propyl
groups, butyl groups, etc. Examples of branched alkyls groups include without
limitation, t-butyl. Examples of cyclic alkyl groups include without limitation,

cyclopropyl groups, cyclopentyl groups, cyclohexyl groups, etc.

As used herein, the abbreviation, “Me,” refers to a methyl group; the
abbreviation, “Et,” refers to an ethyl group; the abbreviation, “tBu,” refers {o a

tertiary butyl group; the abbreviation "iPr’ refers to an isopropyl group.

As used herein, the term "independently” when used in the context of
describing R groups should be understood to denote that the subject R group is

not enly independently selected relative to other R groups bearing different
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As used herein, the term"al kyi group" refers to
saturated functional groups containing exclusively

we@ariboss4ahd hydrogen atons. Further, the termP&l/kB2009/008067

group” may refer to linear,6 branched, or cyclic alkyl
groups. Exanples of |inear alkyl groups include

W thout limtation, nethyl groups, ethyl groups,

propyl groups, butyl groups, etc. Exanples of branched
al kyl s groups include without |imtation, f-but

. r . . Yl
spReGHPtRSr SHP§einte hutis flsgrriaperdasiivaelediedhsiative to any
L ratdon.  C p e 1

oLEbLALBRes AR R QLD T RUSLPRERLAL MR
(RBRBMi athere X 'idvB of 31 Bfective drtheea Rt Bdupgroe;but heed not be
_abbreviation, "Et," refers.to an ethyl ?r oup; the
iagnbiFalp fachwthernasdo R st rs. Foraet drghoafd/ beupgersirasipat
il “Drtref ¢ .

R SRR Bl e B e B B PSS o B o
ebhble otraTtvehen wdeddestifferbntigriRupsoups shoul d be
understood to denote that the subject R group is not
only independently selected relative to other R groups
bearing differeplpyPrRachiptionss thaNSiaihyBt . but is
al so i ndependently selected relative to any additional
species of that same R group. For exanple in the
for a X - X) ere x is.2. or. 3 he two
o 1 hPba RIS s R e I bl o BeRciipr 1P I
irR@ffoRtefdrefte 5Ro i@ bermb@e B3thaMdNdwiat dettdilcsinsceptien, taken
~understood that unless specifically stated otherw se,
irvepnigactsn Wikyhsugesosiranyngeendds nwhishdiie slenenigisn

j i f r i ef ihRtion of the
Rk et Heq RuPtftes BUBar g e B et ur e and
obd eFigurk arillidietes 83edrind-gieithe i, anagfstr e osllugiube
made to the foll ow n% det ai | ed description, taken in
conj BrRIUrsNTSWREIerding tacatmasimontsf dhadimert inyentigni ch
li ke elements are given the sane or anal ogous
ref erence nunbers and wherein:

Description of Preferred Embodiments

Generally, embodiments of the current invention relate to methods and
compositions for the deposition of tellurium and GST type films on a substrate.
In an embodiment, the tellurium precursor comprises a precursor with one of

the following general formulas:

- (XR1Rz2R3)Te(XR4RsRs) (h

- (-(R1RzX)n Te-)y (lla)
- (-(R1R2X)n Te(XRaRa)m-)y (b}
- (-(R1RX)nTe(XR3Ra)m) Te-)y (llc)
- Te(XNR:CR,RsCR4RsNRs) (1)

- Te(XNR4CR;=CR3NR) (IV)
wherein each of Ry is independently selected from among: H, a C1-C6 alkyl, a
C1-C6 alkoxy, a C1-C6 alkylsilyl, a C1-C6 perfluorocarbon, a C1-C6 alkylsiloxy,
a C1-C6 alkylamino, an alkylsilylamino, and an aminoamido; X is carbon,

silicon or germanium; n and m are integers selected from 0, 1, and 2; in



e Figure 1 illustrates a therno-gravinetric analysis
of several telluriumprecursors, according to
weedogssrent s of the current invention. Descri pp@€DIB2069/008067

Preferred Enbodi nents Generally, enbodi nents of the

current invention relate to nmethods and conpositions

for the deposition of telluriumand GST type filns on

a substrate. In an enbodi nent, the tellurium precursor
nprises a precursor with one of the follown

f@éﬂéa%(llaf)oa (13: ¥ [©am mters seleciauione. Jand 4; i formula (llc),

V(& BRI e M I o) Te0R
1CR2R3CRARENRE) (111) Te( XNRLCR2 CR3NR4) (1V) vvherei n

each of R -6 s independently sel ected from anpng
a Cllosmboriments whereselbrivakrecarser haggheyprieiay fcymuiea
s s BB LIUMORarRn @ SR sehixbatdpae a C 1- 08
a amno, an al Kyl'si1yi am no noam do; X
'S carbon, silicon or germanium n and mare integers
selected fromO , 1, %}nd 2 ; informulast (Ha) and (M),
y is an integer seleqijed\fxom &an ; in formul a
(M), y is an integer_ s Féct e froml 2 and 3 . In
enbodi ments where telfaurium precursor fas the gen?ral
formula (1), the precursors are |inear and can be ()

sho '
Exanby co o Bregcr Sersoa el oy i in R M i U,

libuteddo eTelGieMeqy; t Bel Gadst:) Tel«Gardi3)y R; TadiatBH:) 3,) 2;
Rr.3) 2; B 2 (S
e SRiA e lE R S S BB PR B e
10 Te(Ge(SiMes); )2, Te(Si(SiMeas)s)z; Te(GeMe;)(Si(SiMes)s); and
Te(Ge(SiMes)s)z.

In embodiments where the tellurium precursor has the general formula

(lla), the precursors are cyclic and the case where y=3 and n=1 can be shown

15 schematically as:
K24
E‘ 1 k] f .' ™ TE \\“x /;, FII']1
£ kY. pd
’f.“ .
-{e ".'I FI 1
,;'x‘i\'
d AN
RY R,
(lla).
20 In embodiments where the tellurium precursor has the general formula

(Itb), the precursors are cyclic and the case where y=2, n=1, and m=2 can be

shown schematically as:



10

15

Te( Ge(Si Me3)3)2; Te(Si (Si Me3) 3) 2;
Te(GeMe3) (Si (Si Me3)3) ; and Te(Ge(SiMe3)3)2. In

werhogsaent s where the tellurium precursor haspPChEB2009/008067

general formula (Ma), the pwecursors are cyclic and
the case where y=3 and n=1 can be shown schematically
as: RRa Pl -Te, \ R1, / \ Te/ i .- 1 Te RR Pl (Ha).
I n enbodi nents where the tellurium precursor has the
general fornmula (lib), the precursors are cyclic and
the case where y=2, n=1 , and mr2 can be shown
schematically as:In enbodi nents where the tellurium
precursor has the geperal forfaia (lig), the
precursors are cyciic and the case mhere y=1 , n=2,

S, L e

and me1 can be shomg%-c‘ﬁ’e;‘rati cal I§[ asR4Rl \ Te ,.R3, |

R 2 R4i g — ! o R3
=T -7
H3 | L
SH A
R4 7 -

ng / T 2

(iib).

In embodiments where the tellurium precursor has the general formula
(llc), the precursors are cyclic and the case where y=1, n=2, and m=1 can be

shown schematically as:

2\ -
N TR,
R2, ) e
o \
Py :
Rl,— X ——Té Rd:
R, (llc).

Examples of precursors covered by general formulas (l1a), (ltb) and (lic)
include, but are not limited to: ((GeMe;)Te-)s; ((Gektz)Te-)s; ((GeMeEt)Te-)s;
((GeiPra)Te-)s; ((SiMez)Te-)s; ((SIEt)Te-)s; ((SiMeEt) Te-)s; ((SiiPra)Te-)4
((GeMez), Te{GeMez).Te-); ((GeMez)sTe-); ((SiMez)sTe-)s;
CH-CH,GeMe,TeGeMe;-; and SiMe,SiMe,GeMe,TeGeMe,-.

In embodiments where the tellurium precursor has the general formula

(1), the precursors can be shown schematically as:

=y
| W=
S s
ot S
Ta — i\\ ‘
5 H . __.-—'R 4
| SRS
RE

(),
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X Te P2- (lie). Exanples of precursors covered by
general fornuias (Ma), (lib) and (lie) include, but

wa@e@onsi42d i mted to: ((GeMe 2)Te-) 3; ((GeEt 2pdEIBRB(Y9/008067

((GeMeEt) Te-) 3; ((GeiPr 2)9e-) 4 ; ((SiMe 2)Te-J3;
((SiEt 2)Te-J3; ((SiMeEt)Te-J 3; ((SUPr2JTe-J4 ; ((GeMe
2J2Te(GeMe 2)2Te-); ((GeMe 2J3Te-J2; ((SiMe 2J3Te-J2;
CH2CH2GeMe 2TeGeMe 2 ; and Si Me 2Si Me 2GeMe 2TeGeMe 2-
. I'n enbodi nents where the tellurium precursor has the
geneldraknfroditotats (Whdte thatellprienupreoursochas e gérmeal formula
hematically as:, R, R2 [ - - - Te . V' R4 N -
(R g S0t &) o5 BhaipsahsRAITAT e the tel | uri um
precursor has the general fogymla (1V), the precursors
can be shown schematically as: R1IRNZCOC Te" N -

CR3 R4 (1V). N o2
i v
Te —X < i
. Fp— ol
' =
R4

(V).

Examples of precursors covered by general formulas (1li) and (V)
include, but are not limited to: Te(GeNiBuCH,CH,NtBu);
Te(GeNtBUCH=CHNBuU); Te((GeNtBuCH(CH;)CH{CH3)NtBu),
Te(SINtBuCH,CH,NtBU); Te(SiNtBuCH=CHNtBu); and
Te((SINtBUCH({CH3)CH(CH3)NtBu).

Embodiments of the tellurium precursor, as according to the instant
invention, may be synthesized in various ways. Examples of synthesis of the
tellurium precursor inciude, but are not limited to synthesis schemes 1 -5 as

shown below:



Exanpl es of precursors covered by general fornulas
(I'H) and (I'V) include, but are not limted to:

W e(1Gesi4BuCH 2CH2Nt Bu) ; Te( GeNt BuCH- CHNt Bu) ;  PCT/IB2009/008067
Te(( GeNt BUCH( CH 3) CH( CH3) Nt1Bu) ; Te( Si Nt BuCH 2CH2Nt Bu) ;
Te(Si Nt BUCH=CHNt Bu) ; and Te((Si Nt BuCH( CH
3) CH( CH3) Nt Bu) . Enbodi nents of the tellurium
precursor, as according to the instant invention, may
be synthesized in various ways. Exanples of synthesis
of the telluriumprecursor include, gt are not e
limted to synthesis schenes 1 - 5 as shown bel ow e
GeMéZEIN i 2TdME - -~ G- Te - Gdle mBy--Ne - Qg Me
Scheme 1 (GQM=2Cl)2 + GeMe2Cl 2 + 2Li Ade " Schenme™3d
Te (GeMe2C)2 + LiZteMeRGe GeMe2 Schenme 4 Me2CGe
GeiVle2 Te I1Bu tBu Schene 5 The di scl osed pe&das sors
may be deposited to forma thin filmusing an
deposi tion methods known to those of skifd in'fhe art.
Exaﬁ‘?éf of *sui tiéiee deposition met hog@zgggcl ude
wi thout limtation, conventjonal CVD at om\cn:j/aye”erC
deposition (ALD), an (ﬁﬁp? chem cal vapor deposition

(P-CVD). In sone /Te\
S . - e Me2Si
(GeMe2Cl2 4 GeMe2Ci2  + 2Li2Te GeMe2
MeZQ /
Scheme 3 e
PALEN
(GeMe2Ch2  + RV T — Me2 G!@ Gse MeZ2
Sch 4 Me2Ge GeMe?
cheme \Te y
Bu tBu
| |
N ~ N
\ -
CHZ > CH2 \‘\
Ge + Te R 1 Ge —Ta
CcHz CHz /7
N N
| |
tBu Bu
Scheme 5

The disclosed precursors may be deposited o form a thin film using any
deposition methods known to those of skill in the art. Examples of suitable
deposition methods include without limitation, conventional CVD, atomic layer
deposition (ALD), and pulsed chemical vapor deposition (P-CVD). In some

embodiments, a thermal CVD deposition is preferred.

In an embodiment, a precursor in vapor form is introduced into a reactor.
The precursor in vapor form may be produced by vaporizing a liquid precursor
solution, through a conventional vaporization step such as direct vaporization,

distillation, or by bubbling an inert gas (e.g. Ny, He, Ar, etc.) into the precursor
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enbodi nents, a thermal CVD deposition is preferred. In
an enbodi nent, a precursor in vapor formis introduced

WO ni10/0564eact or . The precursor in vapor form negT/E2009/008067

produced by vaporizing a |ilguid precursor sol ution,

t hrough a conventional vaporization step such as

di rect vaporization, distillation, or by bubbling an
inert gas (e.g. N2, He, Ar, etc.) into the
precursorsolution and providing the inert gas plus
spbﬁcuasdnwuﬁdhgnbea&yagmspbsmm@mxmmpuﬁﬂguia$aqne¢msbhe
react? I|n |ne as may also renove
Vape létw t\c; eg %r %‘H@g@ﬁtw' fhaqcr] MAY¥ &S0 remove any

talns one or nore

D O R i1 e
deposited. The one or nnre substrates nay be any

suit trat n sem conduct or

Phot GUSErle e PaEioh SABIETeq P Sldyratgs on to which the
trﬂnwﬁaaﬁwé agposﬁtéarrmf%%rcé oﬁMbF@Qu@stﬁ#@ssma@tt%Sam@u;%@e
Wi thout limtation, silicon substrates, i ca

subsfeate ased in semicendusionmheiowltes, flat @@elsfprl LilorT Fdxgevice

nﬂ%ﬂ%%(ﬂg rl?ggbéx%rﬁéﬁé oq;f sﬂﬁ‘%@l S 8%@%%%1@@@% é?lét limitation,

shedPEubstRged liﬂ@@tsﬁm)sﬂété%obl'il@mﬁrﬂésmi%t@te@sﬂicbﬁld)BQ/ nitride
pal | adi um rhodi um or gol d) may be used. Substrates

shiastraienttnastsn SUBBIrAEE OTRAMRINBTRNS Hhsgﬁiﬂfs A@fﬁﬁona”yi
s{BLRLth&LSm ngg H@éf%‘xt?%{ ?h%‘?ﬂétalé(%n%ﬂaé rﬁll\H\ul ladium,

manu acturlng ric and ayers
rlardiurex angbld s nafy umm Sthtmtm@s:maly G@htaiapoeidrimme additional

d vessel which has at ast .one

chanb be a heat
’qyﬁrﬁﬁt?'@agﬁ%‘lﬁ Reged freme pr‘?H@“?é%@ ACtHERY siep-
J:t?lE an%o%guﬁmé IQ?e&%@%@(ta%iésooﬁhéé‘%uum punp to

a | ow by products to be renoved fromthe chanber, or

to aliowthe pressure within the reactor to be

nodi £i ed or re Iat d The te ture i,n, the h e

o habRarRGoR &P pS b b S IRRkBP & GetifubBsos TRt has at
|éah,eohéz R nftfre ¢eBOSAtk Qi RSeE SFSIMNTES réa&:téﬂﬂéaean outlet, which
performed. In sone cases, the chanber

i bt apmerted taa Vet hekeicatllomeby pmdticés@ahﬁ:"é?m@@ﬁi from
ol SHRSE LRLEIIN IS8 oMl 83 Fhtl 8 B! Mouifa or

regulated. The temperature in the chamber is normally maintained at a suitable
temperature for the type of deposition process which is to be performed. In
some cases, the chamber may be maintained at a lower temperature, for
instance when the substrates themselves are heated directly, or where another
energy source (e.g. plasma or radio frequency source) is provided to aid in the
deposition. Examples of reactors include, without limitation, a cold-wall type
reactor, a hot-wall type reactor, a single-wafer reactor, a multi-wafer reactor, or
other types of deposition systems under conditions suitable to cause the

precursors to react and form the layers.

Depending on the particular process parameters, deposition may take
place for a varying length of time. Generally, deposition may be allowed to

continue as long as desired to produce a film with the necessary properties.
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energy source (e.g. plasma or radi o frequency source)
is provided to aid in the deposition. Exanples of

WO e@onswe3 i ncl ude, without limtation, a col d-el/IB2§yPm@8067

reactor, a hot-wall type rdactor, a single-wafer
reactor, a nulti-wafer reactor, or other types of
deposition systens under conditions suitable to cause
the precursors to react and formthe | ayers. Dependi ng
on the particul ar process paraneters, deposition nay
Tyaloal filvattéckihesses may yiangfroenspverahundres! a@sionag toyseveral

deposjti.on m e allowed . to continue as |ong as
BB aERE R BRAF s Shi Sl PRe8S
properties. Typicai fiimthicknesses may vary from
several hundred angstronms to several hundreds of

m cr dhspM@eaiebeimgntm thadeppritart chardeposiniaipipinatoaless.

EpReTRaTal TR 1R 37 e BRI EE, T gprerature
id magnaeea meogdédeabsut 10ECt #rPss@l BOe° C sprdrabil beveen

bet ween about 1000C and about S5000C, preferably, =
apetihvbelh CablglieWwissahe, PTEPRERI IR Ehe derosiicrseharebens npintained

A ER05 BB B0 PRBUREE 1 8, MEBRHEELRRARERN
abbot25 P5, Bag abodt 8ded. 103 Pa. I n sone enbodi nents, a

reducing gas is aiso introduced into the reaction
chanber. The reduci ng gas may be one of hydrogen;

amoh 8omal ARG infdnsd, 'a%@hcihgifg%is{}ﬁﬁ%b iﬁﬁh% Qn}o the
radi cal s; and m xtures theredf. en the node o
rela@iosi dhaombdrs Tdlkerilgeing gapanayke ositdf bndrogee; genmendum

P S Bre SR SRR Ty SRt HRGSte yhen the
n¥enof deromde i9themnas vhpOnddpbsaiodMte d@WRinium precursor and
deposition, the germani um precursor and the reduci n!gs

tpsedupintheas mey seubkadseaglionhe aeastionahgniier soRetagds
L,hert [ i nt Ye
PR BB LSNP e o80T U 45 P ABRHE BT b S UBSA e
derfbngim preecitscd ehd the ndd@iomdgagerayast mtrodoced sequentially,
and in some cases, there may be an inert gas purge introduced between the

precursor and reducing gas.

In some embodiments, further precursors containing germanium and
antimony may also be provided and deposited on the substrate. By providing
germanium, tellurium, and antimony containing precursors, a chalcogenide
glass type film may be formed on the substrate, for instance, GeTe-SbhyTesor
Ge,ShoTes,

The precursor and any optional reactants or precursors may be
intfroduced sequentially (as in ALD) or simultaneously (as in CVD) into the
reaction chamber. In some embodiments, the reaction chamber is purged with
an inert gas between the introduction of the precursor and the introduction of

the reactant. In one embodiment, the reactant and the precursor may be mixed
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W@ra10/083393 cont ai ni hg precursors,

antinony may al so be provided and deposited on the
substrate. By providing germanium tellurium and
a chal cogeni deCTIE2969/008067
type filmmay be fornmed oni8she substrate, for
i nstance, CeTe-Sh2Te3Or Ge2Sb2Te5 The precursor and
any optional reactants or precursors nmay be introduced
sequentially (as in ALD) or sinuitaneously (as in CVD)
into the reaction chanber. In sone enbodi nents, the
tagedutritodorwharrbactankprpouped mikitite, aandithen intipaksicbeé tavtien
th? Lntnog@cg%on of the precursor and the introduction
FEACIRTHR P8 * I'n one enbodi nent, the reactant and
the precursor may be m xedtogether to forma

reactant/precursor mxture, and then introduced to the
r eactrosoring embadimentsothn pliesusonyaembadititsnard theweaction gas

oL R, O LG 5P 88 5 e

réMR)r. | P hlise bERRICArsor Baghaptios & tdfie pESSHFARingMYmM about

| ast for a tinme period rangé'ng fromabout 0.01 seconds
0ty sasends 10 abaelotsecadseriribatialy fPrbak s Sud secads to

a I [ Ve b
R R Rt e S
ahbiher eatiodonegatharepctds gadengyudisedeipulsedtihe theaehctor. In

In such enbodi ments, the pul se of each gas may. | ast .
SY—‘%? eﬁ‘%Pﬂ%efHérﬁhswj%%{1%%f9%%méb&ﬁt %’6’. %€m§ Rddapging
fr%HPé‘t%od‘tQ).é@%é’&’r?d BldBlLn Y 'sé&édqs{ %ﬁ@?r%%@%!g o apsGanNgs

to about 3 seconds, alternatively trom about 0.5

ssepuisds dhoubBoetodds etlerddivefamlabsulThé sfesbhdsimgbout 2
nonlfLsitm' ting exanples are provided to further

SPFMfEt rat e embodi ments of the invention. However, the
exanpl es are not intended to be all inclusive and are
not intended to limt the scope of the inventions
descri bed herein. Examples

The following non-limiting examples are provided fo further illustrate
embodiments of the invention. However, the examples are not intended to be
all inclusive and are not intended to limit the scope of the inventions described

herein.

Example 1:
Thermal characterization of tellurium precursors, according to some

embodiments of the current invention, were performed.

All the thermo-gravimetric analyses (TGA) were performed in an inert
atmosphere in order {o avoid reaction of the molecules with air and moisture
(same atmosphere encountered in the deposition process). The experiments

were performed at atmospheric pressure.

The resuits of the thermo-gravimetric analyses of Te(SiMea)s,
Te(SiiPrs)z, Te(SitBuMes),, Te(GeiPrs). are showed in Figure 1. 1t was
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Exanpl e 1: Thermal characterization of tellurium

precursors, according to sone enbodi nents of the
w@eowesi423 nventi on, were performed. Al the  PCT/IB2009/008067

therno-gravinetric anal ysed4(TGA) were performed in an

i nert atnosphere in order to avoid reaction of the

nmol ecul es with air and noi sture (sanme atnosphere

encountered in the deposition process). The

experinments were perforned at atnospheric pressure.
o’iﬁhervedﬁlmzhttai tbese hmleméemlgd avei voldtized va't’rr@wmir@fsignificant

Te( 2 Te( Pr 3)2
e AT oTR ProveR et dhop s WG e VRS fh 41T B S e
sHHeQ?f%@%cﬁ@éUle %ré’ﬁb@ﬂ'etjza%‘ei‘é‘h\tfé]?mgﬂ t@mﬁelﬂ@ture > 300°C).
I ficant residues. This proves’that econp03|t|on

I gn
Tdi\fe millwfébaln@omweﬁ @@n alsoure asgeisbed ﬁ@n@tr@setT@L\s

ted at ative
e BV 8 GEstiet yo G it el RSB ShdhSipec
aB38@Ss erté(&rt@unmbgg@raﬁ@@ sefﬁa{cﬁlnl\@a}@ o e6lEBlity owire atitie
nore volatile precursor, as it was fully evaporated at

eygpaatiye @Sﬁf%%?@ 8. |Tse(ﬁafﬁkéoa@e%(ﬁﬁ!E’rrs)zt@m@te@froughiy the

4312 o4l LA OBl SE SR R

bleedte @WFg?ralatéy origrabf géHnarTan(nGﬁ;e t@g@?ﬁeﬂfﬁg ggiasﬂiiygz’mdt yof
ess Vo

eyaPPRRHP L RAlernsGT |3 "ég@ﬁe mgewg%fet tp ithey critREe &7 Q%/g‘{h%n
%}@ifs of ail these nolecules fit to the criteria of

D nol ecul es. Wil e enbodi nents of this
i nventi on have been shown and descri bed, nodifications

t her f can, b one skill ed |nthe art

o S PR TReS b PUaRtarL e hoer g ent'del8itea,
rﬂad&ﬁdﬁubﬁg thé'f“@@f (%m@éi R ISy 88S skill e th therRi Withd1& departing
exenplary only and not limting. Many variations and

fiopaiite et risadiing héthivimyestiar. oﬁh@ﬁmtwétrh@dsakeécnbed herein
i bl W t h nt i

Re E8varhul wiio Lo b B8R Seraihe i Mo Rpian otine

chhposbadintentthodese HoBslle and within the scope of the invention.

Accordingly the scope of protection is not limited to the embodiments described

herein, but is only limited by the claims which follow, the scope of which shall

include all equivalents of the subject matter of the claims.
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herein, but is only limted by the clains which
follow, the scope of which shall include all
weoubesisent s of the subject matter of the cl ai PET/IH2A09/008067
is clained is: 1. A nmethod1df forming a tellurium
containing filmon a substrate; conprising: a )
providing a reactor and at | east one substrate
di sposed therein; b) introducing a tellurium precursor
into the reactor, wherein the tellurium precursor has
Wohae isoflaintasl 501 | owi ng general fornulas: - (XR
1R2R3) Te(XR 4R5R6) (I) - HRIR 2X)nTe(XR 3R4A)m )y (Hb)
(-(RR2X)nTe(XR 3R )mMTe-) y (lie) - Te(XNR
1 1CR2R3KEMBE NRBIm{idd & ke tturilet SRk filRSNBAubsIrde;

wherein: - X is carbon, silicon or germanium - n and
Cﬁmaﬁ%n@nt egers sel ect ed fromOL 1, and 2 ; - in
107y 25 SEBIngB el and ol Reflo L G0GF B ELES e

SE| e} ed intretuding 2 tamgtidn preciesehinef thBYebctos wherein the
| ndependent ly selected fromanpng: Ha Cl-C6 al kyl, a
Cl- ai ki§Hyiiug precurgonds Pag p{,the fallgwinggeneral formulas:

perfluorocarbo iloxy, a,f 1-C6
al kyl ami no, Q( aﬁ?y ﬁ ﬁﬁﬁﬁfﬁﬁ and alV ami noani do:
c) rmai nt ai ni- ng( (Fkl&zb(era'@tpr at a terrper atllaye of at
| east about 10 X ) _deconposi ng, the teilerium
precursor ont o(‘ﬁ§2&§§¥§ﬁ%‘gm‘ yforma Ih)

- ((RiR2X)}n Te(XR;R4)m) Te-)y (lic)

- Te(XNR;CR:R;3CR4RsNRs) (1i)
- T@(XN R1CR220R3N R4) (EV
wherein:

- Xis carbon, silicon or germanium;
- nand m are integers selected from 0, 1, and 2;
- informulas (Ha) and (lIb), y is an integer selected from 2, 3
and 4;
- informula (lic), y is an integer selected from 1, 2 and 3;
- each of Ry gis independently selected from among: H, a
C1-C8 alkyl, a C1-C8 alkoxy, a C1-C6 alkylsilyl, a C1-C6
perfluorocarbon, a C1-C6 alkylsiloxy, a C1-C6 alkylamino,
an alkylsilylamino, and an aminoamido;
c) maintaining the reactor at a temperature of at least about 100°C;
and
d) decomposing the tellerium precursor onto the substrate to form a

tellerium containing film.

2. The method of claim 1, further comprising maintaining the reactor at a

temperature between about 100°C to about 500°C.
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telieriumcontaining film 2 . The nethod of claim1,
further conprising maintaining the reactor at a

W0 ecipesERIIr e bet ween about 100 OC to about 500POLZIER009/008067
The method of claim2 , funéher conprising maintaining
the reactor at a tenperature between about 1500C and
about 35Q0C. 4. The nmethod of claim11, further
conprising nmaintaining the reactor at a pressure
bet ween about 1 Pa and about 105 Pa 5 . The nethod of

3cl ai tha méthed éclago@pfurdiangomyiristngi mainggining the agadter afta

a_pressure, bet ween yt. 25, Pa out 103 Pa. 6 .
B ER T G dr Ry AR B R0 e g ut 1 oduci ng
at | east one reducing gas into the reactor, wherein

the reduci ng gas conprises at |east one nenber
4sel edhednetheehof pleingloiysthes onurising opintaiRingNpB rewtepat a

e L

precursor and the reducing gas are introduced into the

chanmber either substantially sinultaneous]y, or

Ssequéhtinagthpd oBclaimd. sthes gortrrsing RRINtaiReries readie at a
recursor are

P DR R 3 e oLy

si mul taneousiy, and the chanber is configured for

A S SERED B et R e
ré.(:q}{acﬁn@ggﬁﬁlté MHeOrelbb®r CHRERST thaegH SP];%}/ ?ragéﬁg ntdebReleast one

I's configured for atomc position. 10
merfieyr Sededied oM leairoug conkisting of: HaeNtHe] Sitrai Giats; SisHs;

recursor. conprises a precursor of the general fornula
e aehadieHS. et REAUG A 10 | wherein ¢ he

tellurium precursor conprises at |east one nenber

sel ected fromthe group consisting of: Te(GeMe ) ; .
7. The method of claim 86, wherein the tellurium precursor and the reducing

gas are introduced into the chamber either substantially simultaneously, or

sequentially.

8. The method of claim 7, wherein the reducing gas and the tellurium
precursor are introduced into the chamber substantially simultaneously, and the

chamber is configured for chemical vapor deposition.

9. The method of claim 7, the reducing gas and the tellurium precursor are
introduced into the chamber sequentially, and the chamber is configured for

atomic layer deposition.

10.  The method of claim 1, wherein the tellurium precursor comprises a

precursor of the general formula (1).

11.  The method of claim 10, wherein the tellurium precursor comprises at
least one member selected from the group consisting of: Te(GeMes)s,
Te(GeEty),; Te(GeiPrs)y; Te(GetBus),, Te(GetBuMes),; Te(SiMes),; Te(SiEts),;



10

15

20

25

30

Te(GeEt 3 2; Te(GeiPr 3)2; Te(GetBu 3)2; Te(CGetBuMe
2)2; Te(SiMe 3)2; Te(SiEt 3)2; Te(SiiPr 3)2; Te(SitBu

WQRR0/0FReHi t BuMe 2)2; Te(CGe(SiMe 3)3)2; Te(Si (BUVEB2009/008067

3)3)2; Te(CGeMe 3)(Si(Si Me3)3); and Te(CGe(Si Me 3)3) 2.
12. The nmethod of claimof claim1ll, wherein the
telluriumprecursor is Te(GeMe 3)(Si(SiMe3)S). 13. The
met hod of claim1, wherein the tellurium precursor
conprises a precursor of genera! formula (Ha), (lib),

TefS|(Fmg)aTe(MBuajlz,eTeféutBuMeofz, TeddatSilde;)s hEs(Gi(Giag:)s;

etk bt [TAORGF 2 ng of 1 ((cene2) Te- 3

(( GeEt 2) Te- 33 ((GeI\/EEt)Te J3; ((GeiPr2)Te-J4 ;
(Si Me2) Te- 3; ((SiEt 2?? e-J3; ((Si MeEt)Te-) 3;
%( Si iTPeyataoy of Cka(rwf/gs yraTid( @ﬁﬁelg)ﬂzergaﬂpnum precursor is

HERERSIR 2 (5 e 3Te) 2 GieaEcaleatecates

claim1, wherein the tellurium precursor conprises a
grecursor of the general formula (ill) or (iV). 16 .
he fberpethes Oélcb’t*iffﬁﬂlwh%@rt%ﬁ? M RIEPUIsPN APMPTISES &

t b | ected f
PREERIAR G RI AR . BT oo Soont By
Te( GeMt BuCH:CHNt Bu) Te( ( GeNt BuCH( CH 3) CH( CH3) Nt Bu) ;
1%2&8 % Bu)( Sl%ﬁ; B&?—t&%ﬁ%@u ls[;;gggrgpr:ses at
IHsBbAE %erﬁﬂéﬂéﬁéctéé’ Rk & tcbﬁgl's'.ﬁhd‘af g(fGéi\ﬁé?zﬁ‘e%e

ger mani um cont al ni ng precu SO

((&ebtmo By)s,d()@eweﬁt)ffgz br(é@arFQ@)Fr ef mt 6StN‘iez )T ede t(GriEtLahet)s;

CIRREDRMI eS8 T T LT

epﬁwng @ﬁkd)HE(B@MeéW@G@%?%HM SRLSIMY, Ce M, TeGehe,-.
A te

uriumcontaining thin filmcoated substrate
conprising the product of the nethod of claim1.

15, The method of claim 1, wherein the tellurium precursor comprises a

precursor of the general formula (1H) or (IV).

16.  The method of claim 14, wherein the tellurium precursor comprises at
least one member selected from the group consisting of:
Te{GeNtBuCH,CH,NiBu); Te(GeNtBuCH=CHNIBu};
Te((GeNtBuCH(CH3)CH(CH3)NtBu); Te(SiNtBuCH:CH,NiBu);
Te(SINtBUCH=CHN1Bu); and Te{(SINtBuCH(CH3)CH(CH3)NtBu).

17.  The method of claim 1, further comprising introducing at least one
germanium containing precursor and at least one antimony containing
precursor into the reactor; and depositing at least part of the germanium and
antimony containing precursors onto the substrate to form a germanium,

tellurium and antimony containing film.

18. A tellurium containing thin film coated substrate comprising the product

of the method of claim 1.



