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Background 5 Field of the Invention . . This invention relates generally
to the field of sem conductor, photovoltaic, flat panel or LCD TFT device
fabricati Qg ,d@R3ek9round of the Invention Presmhange material s

are used in standard bulk silicon teghnologies to formthe nenory el enents
of nonvol atile nenory devi ces. Phase change materials exhibit at |east two
different states, one being anorphous and the other(s) crystalline. The
anor phous state is characterized by the absence of 15crystallinity or the
| ack of | ong range order, as opposed to crystallized states, which are
characterized by aTEbhYRIUMEPRELUWBEOREFOR HillIREPQSEIGNder in a unit cell,
which is repeated a | arge nunber of tines, is representative of the whole
material. 20Each menory cell in a nonvolatile nenory device may be
considered as a variable resistor that reversibly changes between hi gher
and | ower resistivity states cor[és opdi ng to the anorphous state and the
crystalline state of the phase c %c[gf(g wterial, The states can be

i dent4 fi ed because each state can be characterized by a conductivity

di fference of several orders of 25magnitude. In these devices, the phase

changes of HE¥LCHEREINGMM e rent are performed by direct heating of the phase

change mat eri al Thk iRl veRIQM RN SUfeRNSenfamvenbi,onal Iy, bi pol ar
transistors are used to deliver_hig r?ﬁ%%amjn ng currents by directly

sed h P
heati ng t hehpRudeicRalfpeeheitidr?-al T 9eHes ARy rent produces direct heating
of the phase change material, which can 30cause the phase change materi al

to degrade over repeated programi ng operations, thereby reduci ng nmenory
devi ¢& per Mm@mﬂmaﬂmmmmpcw 1B2009/ 008067 2
Phase change materials are used in standard bulk silicon technologies
to form the memory elements of nonvolatile memory devices. Phase change
materials exhibit at least two different stales, one being amorphous and the
other(s) crystaliine. The amorphous state is characterized by the absence of
15 crystallinity or the iack of long range order, as opposed {o crystallized states,
which are characterized by a long range order. Accordingly, the order in a unit
celi, which is repeated a large number of fimes, is representative of the whole

matarnal.

20 Each memory eell 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 crystaliine 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

25 magnitude. In these devices, the phase changes of the memory element are
paerformed by direct heating of the phase change material with high
programming currents. Conventionally, bipolar transistors are used (o deliver
high programming currents by directly heating the phase change material. The
high current produces direct heating of the phase change material, which can

a0 cause the phase change material to degrade over repeated programming

operations, thereby reducing memory device performance.



- Among the materials of practical use today, nobst contain germanium O
those materials, the nost extensively studied material is Ge2Sb2Te5. Wile
t he deposition can be conventionally perforned by plasna vapor deposition
(PVD) techphdHessssdCh as sputtering, chem cal vapor dgpgsahideRskeé VD) and
S5atom c | ayer 'o{eposi tion (ALD) and rel ated techni ques 1 ncluding pul se- CVD,
renote plasma CVD, plasma assisted CVD, plasma enhanced ALD, a variety of
materials are now being studied in order to overcone the chall enges of
deposition in conplex structures, including those consisting of trenches.
The use of Ge(tBu)4, Sb(iPr)3 and Te(iPr)2 has been reported, for instance.
The use toof suchmep&uumeteribef prastics pes tadagnmest contain germanium,

ger mani um el RNk eld Wd WAL GRISIR! SLhiah r-RlBeS SO8E LT [igu! ti es,
however. FoOr ‘exanpi e, tany germani Um’cont ai ni-ng precursors are

i nsuf fici effitd yedobionmaht ye stralngodaly parforepuddudsdhe virocesssitioll t hough t here

have been significant advancenents in the art her.e | ntinui ng interest
' the desigROKRE et e R Ae i Lo O BB EP S Aot A I Ly i 11 ¢y,
Consegluent layomit keeedeoskibs (Al.Desd bbited bhhighdsmcotib@pubag Yy, ecur sors whi ch
are stable enough to allow depositi t | ow tenpera S. 20Brief Summary
The i nvent ir@ﬁoﬁ%ﬁﬁn@e@./hoy@?m ?ﬂﬁtﬁgq‘a\%ﬁ p%ﬁﬁo%’ﬁ')ainfﬁéx{‘@ra VW@%(:Ieposi tion of
tel lurium ¢ppiz@dalstge hblvBRingQituBed MBRESHTS 30EICHPBYNS ehdilehdateof(" GST") fil s
on a substrate. In an enbodinent, a nethod for depositing a 25 tellurium or

GST type fiCRRPEIPEN SABBIEK SECIERPINFYERS Mese @PRGIng Ydaertrs: Hitd at | east
one substr e oﬁeéﬁgé)g,oéﬂ(mg%dﬁ%aph%as @%ﬁgbgﬁwm%@wm (Rgecursor is

provi ded, eret recursor has one of tt ol 'owi ng general fornul as:
( X1R1R2R3) TéExRARBIRE)IeS for {he(dRpRSID R pTegennppiTagntimony-tellurium (G3T)
30(- (RIR2X)

Te( XNRLCR2 &%ﬁééi%?ﬁ%‘%@mﬁ %'%’(3&41%% Qﬁ%%ﬁ@@%@%%ﬁ%ﬁ%g ﬁc ZJf RL 6.

i s i ndependentainnsEteoted afe mufioendy thermealy GlabEsfoabkgtrodeciide - C6 al koxy, a
01-06 al kyl silyl, 1 r ocar. 1- | .kwl Si a 01-06

al kyl am no,p§%ﬁ?¥§'l ﬁ‘@?oﬁghﬁg%%ﬁg% H%‘%\%&gﬁﬁ%}ﬁﬁ ralg\éa%jcg%;%ﬂ% 'Fyec%r#’@ﬁ;e silicon or
ger mani um ifNcaniduing ateesinh dgedssigebect etk foram@y chmpawdis2yith n f or nul as (Ha)
and &11b), %/’ i s {?n iDn{eger selected from2, 3 and 4; in fornula (11c), y is
an i nfeger ™BI°¥EY 8@°fPom 1, 2 and 3. The tellurium containing precursor is
introduced into the reactor. The reactor is maintained.at a tenperature of

at | east 100C, %nd at | east gad, of the fpreﬁursor i.s._ deposited onto the
substrate to onsequently, there exisis a need for {efiunum containing precursors

which are stable enough io allow depositicn at low temperatures.
20 Brief Summary

The invention provides novel methods and compositions for the
depasition of telfurium containing films, or germanium antimeny teliuride
("GST") films on a substrate. In an embodiment, a method for depositing a
25 tellurium or GST type film on a substrate comprises providing a reaclor, 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:

- (XR4RRsITe(XRRsRe) ()

- ({R:R X Te-), (lia)
30 - (H{RRXTe(XRsRy -y (1)

- (-(RiReX)aTe(XRsRa)m) Tex)y (1)

- Te(XNR:«CRoR;CR:RsNRg) (amn



10forma telluriumcontaining film In an enbodiment, a tellurium

precursor conprises a precursor with one of the follow ng general formulas:

(XRI R2R3) Te( XR4Fi 5R6) (1) 15(-( R2X)nTe-)y(1lla) KRI R2X),, Te( XR3R4) m ) y(11b)
(- (R R2X) m Te-)y(1llc) Te(XNRLCRZR3CRARSNRG)

Te( XNRI CR2 w@%ﬁﬁzﬁé%l\/) 20wherein each of R1-6 is mde%é%’ ezg(%gﬂglgog?e | ect ed

fromanong: H a d-C6 alkyl, a Cl-C6 al koxy, a 01-06 al kylsilyl, a 01-06

per fl uorocarbon, a Cl-C6 al kyI siloxy, a 01-06 al kyl am no, an

al kyl silyiam no, and an am noam do; Xi s carbon, silicon or germaniun n and

mare integers selected fromO, 1, and 2; in fornmulas (Ha) and (11b), y is

an integer sel ected fromT2{XISR&eL=LRNR4 ¥ or nul a (("1c), 25y is an integer

oetected oM et i i ChLSip SRPSMIFRIR, W aFRSGEURIFL, Lrvert o

mai nt ai ni N@C1-0e atkeag t:ob 1-86 Aidinpe CatQs petiabweenonbo Gt -CH8EG sibdy,about  500C;
and preferab et en about, 150C and about 30350C; .,WO
2010] 05542 FHECREIBGI Dot R e o RY TR RRIOSF O pressure

bet wegn abaiikod oPgergiélivab oindl SrPRisRidsgs@éeiabley 1beigwen about 25 Pa and
about 103 Pa; introducin at | east one reduci n% gas into the reactor,
wher ei n t hdermulas (Ha) and (I}, ¥ is an integer selected from and 4; in Tormuia (lic),

y is an integer selected from 1, 2 and 3. The telunium containing precursor is

introduced into the reactor. The reactor is maintained at a temperature of at

least 100°C, and at least part of the precursor is deposited onto the substrate to

10 form a tellurium containing film.

In an embodiment, a tellurium precursor comprises a precursor with one

of the following general formulas:

- (XR1R2Rs) Te(XR4RsRe) )
15 - {({R1R2X)aTe-)y {lia)
- (-{R1R2X)0Te(XR3Ra)n-), (i)
- (HR4RX)nTe{XRsRa)m) Te-)y (e
- Te(XNR41CR2R;CR4RsNRg) (i1}
_ - Te(XNR{CRy=CR3NRy) (1V)
20 wherein each of Rq.gis Independently selected from among: H, a C1-C6 alkyi, a

C1-C6 alkoxy, a C1-C6 alkylsiiyl, a C1-C6 perflucrocarben, a C1-C6 alkylsiioxy,
a C1-C6 atkylamino, an alkylsilylamino, and an aminoamido; X is carbon,
silicen or germanium; n and m are integers selected from 0,1, and 2; in
formuias (ila) and {llb), y is an integer selacted from 2, 3 and 4; in formula (lic),
25 v is an integer selected from 1, Z and 3.
Other embodiments of the current invention may inciude, 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
30 350°C;



5reducing gas is at |east one of: hydrogen; ammonia; silane, disilane;

trisilane; hydrogen radicals; and m xtures thereof: the tellurium precursor

and the reducing gas are introduced into the chanber either substantially

si mul tane%hﬁ@/@&éﬁequentl all'y; the tellurium precursgfraitholofies €duci ng

gas are introduced into tothe chanbegy substantially sinmultaneously and the

chanber is configured for chem cal vapor deposition; the tellurium

precursor and the reducing gas are introduced into the chanber sequentially

and the chanber is configured for atom c | ayer deposition; 15a tellurium

containing thin fil mcoated substrate; introducing at |east one gernmani um

cont ai ni ng pr ecur sormanthirang heasactord 8&31‘@$€rmbef@!@ﬁﬁ@bﬁu’fn‘gP®ﬁé@ursor and

depositing at | east f g

precursors onto the %&E@aﬁé %ﬁd%fg?g@ﬁgé ger mani um g?%%l%?%%hg*nd; ant i nony

(GST) 20contai ning fPd;m and the tell ui um precursor is at |east one of:

Te( GeMes) 2: Te(CGeEta h Pr Get Bu3

Te(Si Me3) 2: Te(Si Et 3’{@0@ EQG? %"}e re?@% §9@§E§§‘éth % g}f“%%%%

;I'(e( Ge§ SI) I\/EBg 3) 2((Te(@dﬁ§hg\/§§é @)a?ieaﬂecﬁr@ecbmﬁgc(r e(nSlal’vhﬂjr@,,szEa%eTe( Ge( Si Me3) 3) 2;
GeMe2) Te-) 3; Ge Et Gei Pr2) Te-

((Si Me2) Te-)3: ((Si E‘ﬁ%‘ B ‘%‘%E “}1‘ %@ﬁ'&*’?g‘% ’%‘%@W%?%{h?ée%f

gGeMe2) 2Te( GeMe2) 2Teth): itelliti@aMpeouBdR ohd thd (eﬁlub{h%)gég' era idroduced into

CH2CH2GeMe2TeGeMe2-; Si Me2SI Me2CGeMe2TeGeMe2- e( GeNt BuCHZCHZNt eu)

30Te( GeNt BuCH=CHNt Bufﬁe drw?w@é*ewﬁ(s@q@?m'wawaw Or $RqUSnip ﬁuCHchth Bu) ;

Te( Si N BUCHECHNL Bu) .yl i (R 4 GHI BN Bt R e thirod 08 o

2010/ 055423PCT/ F112009/ 00806 foregoi ng has outlined rather

broadPy the feat ur esthamdiambetmibstantahamuitaiesuey anhéeptr@sdisf IS nvention in

order that the detailgg,de8¢5] Pkl YpdRBposition;

the tellurium precursor and the reducing gas are introduced into

1

the chamber sequentially and the chamber is configured for
atomic layer deposiiion;
15 - a tellurium containing thin film coated substrate;

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

20 containing film; and

- the telluium precursor is at least one of: Te(GeMes), Te(Gektlz);
Te(GeiPr3):; Te{GetBusly;, Te{GetBuMes); Te{SiMes);
Te(SiEts)y; Te(SiiPra); Te(SitBua)y, Te(SitBuMes),;
Te(Ge(SiMea)sk; Te(Si(SiMes)s); Te(GeMes ) Si{SiMes)s).

25 Te(Ge(SiMes)z)z ; ((GeMex)Te-)s; ((GeEl)Te-)s ((GeMeEt)Te-)q;
{(GeiPry)Te~)q; ((SiMeg)Te-J; ({SiEtiTe-)s; ((SiMeE) Te-)s,
({SiiPr)Te-)a ((CeMes) Te{GeMey) Te-), ((GeMez)sTe-)z;
({SiMes)aTe-)z; CH:CH,GeMe,TeGeMe;-;
SiMe,SiMe,GeMe-TeGaMe.- ;| Ta(GeNtBUCH,CHNIBuU);

30 Te{GeNtBuCH=CHNIBU};, Te{{GeNtBuCH(CH3CH(CH:)NtBu);
Te{SINtBuCH,CHNIBUY, Te(SINBUCH=CHN{Bu}, and
Te((SINIBUCH{CH3)CH{CH3INtBu).



invention that follows may be better understood. Additional features and
advant ages of the invention will be described hereinafter that formthe
subject of the clains of the invention. It should be appreciated by those
skilled |nggﬁ,@%kmthat the conception and the specifpepaiThRRAldBNt S

di scl osed %e readily utilized assa basis for nodifying or designing

ot her structures for carrying out the sane purposes of the present
invention. It should also be realized by those skilled in the art that such
equi val ent constructions do not depart fromthe spirit toand scope of the
invention as set forth in the appended cl ainms. Notation and Nonencl ature
Certain terns afle fosmirgireeugtioat rather frobdipilieigaldesandgesivicahnd cl ai ns 15t o
refer to v [ L - s not intend
o di sti nodl GhBsEaen aras AR e IR AT T R R RS TR s ¥Eonct i o

As used hemreentiontthet ibkows f&ﬁay ky bettgrampéarsieetie rigiditonsideatu et enhdf unct| onal

groups containin usi ve rb ns Furth the term
20" al kyl ?g tag%&ﬁﬁbefagyeq 'BXIW?‘%%S B%@%@@aﬂgﬂh&)‘o Leg9piAc cr oups.
EXﬁrnlod es Ofgf ﬂh@mslafwhn@hwgsw biRsidige apbrebiatt Hydtm}sleaéiﬂl}i@d%m g@t hylh gr O:,Irk)sl,

et hyl groups, pro r oups ut rou etc 0 ranched al kyl s

groups i ncﬁﬁ&éf\f\}i’&gﬁﬂ‘fgmanﬁqdé@?é eci C%E@H'm &Hﬁgﬁéggmaya%??@ Yal kyl groups

include W {hpul alslaraets%tfb%odw@ &nfé@,@hknggftw&%cmy&l 19P&M Mg droups,

cycl ohexyl groups, etc. used herein, the abbreviation, "M,"

refers to &W‘F@/PUVQﬁWf t‘?%@%‘b’ﬁﬁ@fﬁ”ﬁw oihshouly also pgrealiged gy 19sgt hy! gr oup;
the abbreviaid Of e bthat s&af @% hvaliht %oﬁﬁﬁkhawdobmmgpm RURithd Bgiabbrevi ation

"iPr" refers to an 1sopro rou used herein, the term

" ndemendeﬁmiymeéﬁh@@@@?tloﬁ askret t t!féié“te &‘sfpeﬂ@%t%'msng R groups shoul d be
understood to denote that the subject R group is not only independently
selected relative to other R groups bearing different WO

20101055423PCT/ 1B2009/ 00806 Nogatirbama Nptrenstatgigper scri pts, but is al so

i ndependently selected relative to any additional species of that same R
group. For exanple in the formula MRI, (NR2R3)(4,), where x is 2 or 3, the
two or three Rngﬂ@‘up@n’rmjeubem:tthmm&;jtﬂaonﬁhel&SiOWd@rddscrattsoh@néataimgt her or to
R2 or to

qu I?urt it should ba nc%& Hat u@pl SS Sﬁeci fically
statéd ot h&t (e V@%Ci"if‘e‘?”&m?f“érag DEFE S?1d B HaeTeTy OBALH ot her when
used in di ffefentdidpgodh @é%weBhlcefanﬂ@@téltﬂ&tt idofar of ndrfebdrraniungsod. oFor a
further understanding of the nature and objects for the present
As used herein, the term “alkyl group” refers to saturated functional
groups containing exclusively carbon and hydrogen atoms. Further, the term
20 “atkyt group” may refer to linear, branched, or cyclic alkyl groups. Examples of

linear alkyl groups include without limitation, methyl groups, ethyt groups, propyl

groups, butyl groups, etc. Examples of branched atkyls groups inciude without

limitation, t-butyl. Examplas of cyclic alky! groups inciude without limitation,

cvclopropyl groups, cyciopentyl groups, cyclohexyl groups, elc.

25
As usad herein, the abbreviation, “Me,” refers to a methyl group; the
abbreviation, "Et," refers to an ethyl group; the abbreviation, tBu.” refers to a
tertiary butyt group; the abbreviation “iPr” refers o an isopropyl group.
30 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 only independently selecied relative to other R groups bearing different



i nvention, reference should be nade to the follow ng detail ed description,
taken in conjunction with the acconpanying drawi ngs, in which |ike el enents
are given the sane or anal ogous reference nunbers and wherein: Figure 1

i1l ustrat sy GhibfxEA0-gravi metric anal ysis of several p@kipdidoMiBopr eCursors,
according to enbodinents of the currgnt invention. Description of Preferred
Enbodi nent s Gbnerally enbodi nents of the current invention relate to

nmet hods and 20conpositions for the deposition of telluriumand GST type
films on a substrate. In an enbodi nment, the tellurium precursor conprises a
precursor with one of the follow ng general formulas:

( XRI R2R3) TEUXRARBRIG)p#pCipty, RURS X3 Tedgnppd ety seeiqorplative to any

%?XN@I%%@%@%&%%%{&K& N %-ll‘«;g( é@%‘%ﬂ% %%\}a%m% %@R;ach of R15 is

i ndependentNg? F%e)(hgpwwemn@?maﬁnhgiwwr hre@iR DBoapkyRy, it segdnoidal koxy, a

01'-06 alk S| b | y, a 01-06

al kyl am no, eﬁm%ltc&e%%q %[hga%qﬁg !)H% ﬁfuﬁgﬁ}i‘ ﬁ%&t‘lg@?%g ‘ﬁ!d%f)g 0%(C::;atfr? silicon

or gesnmani Wilesy sp@ﬂf:dﬁiyﬁéteteldr{ﬁmm’s& seliectf i gfoupae®, indspeadeniyf | n WO

2010/ 055423PCT/ 1B2009/ 008 s (1la) and (11b), y is an integer
o P it i

sel ect ed f FGRY 2 CBWHRG YASC ! #1c), y is an integer selected from
1, 2 and 3.
Brief Description of the Drawings
10 For a further understanding of the nature and objects for the present

invention, reference should be made to the following detalied description, taken
in conjunction with the accompanying drawings, in which like elements are
given the same or analogous reference numbers and wherein:

s Figure 1 fllustrates a thermo-gravimetric analysis of several teflurium

15 precursors, according to embodiments of the current invention.

Description of Preferred Embodiments

Generally, embodiments of the current invention relate o methods and
20 campositions for the deposition of tellurium and GST type films on a substrate.
In ah embodiment, the tellurium pracursor comprises a precursor with one of

the foliowing general formuias:

© (XRiReRsITe(XR4RsRs) 0

o (HRReXTen (l1a)

25 - ((R1R2X} Te(XRaRadm-ly (o)
C HRRXTEXRR ) Te-), (llc)

- Te(XNR{CR.R;CR:RsNRs) (i

- Te(XNR:CR:=CRsNR) (V)

wherein 2ach of Rigis independently selected from among: H, a C1-C8 alkyi, &
30 C1-C6 alkoxy, a C1-Co alkyisilyl, 2 C1-C8 perfluorocarbon, a C1-C6 alkylsiioxy,
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



I n enbodi nents
precursors are
RS p3/ (1).

where tellurium precursor has the general formula (1), 5the
| i near and .can be shown schematically as: RI N R2--X -Te-X
Exanpl es of precursors covered by formula (1) include,

but are ”Qvg?%dlﬁﬂﬁs to: Te(GeMe3)2; Te(GeEt3)2; Te(Gepbfrahdosnd@bet Bu3d) 2;

Te( Get BuMe

Te(SI Me3)2;, Te(SiEt3)2; Te(SiiPr3)2; Te(SitBu3)2

Te(Sit BuMe2)2; 10Te(Ge(Si Me3)3)2; Te(Si(Si Me3)3)2; Te(GeM3)(Si(SiM3)3);
and Te(Ge(Si Me3) 3) 2. I n enbodi ments where the tellurium precursor

has t he general

formula (11a), the precursors are cyclic and the case where

y=3 and n=1 can be shown 15schematically as: (Ha) WO
2010/ 0554 23FCTiasEdeDand80aris@n ifigdey)selected from 2, 3'and 4, in formula (ll¢),

y is an integer selected from 1, 2 and 3.

In embodiments where tellurium precursor has the gensral formula (1),

5 the precursors are linear and can be shown schematically as:
Rt R4
FZ e W e T o ¥ e 25
- AN
Ra " RE

(.

Examples of precursors covered by formula (1} include, but are not

limited to: Te(GeMes)s; Te(GeEh)y; Te(GeiPrs).; Ta(GetBusl:

Te(GetBuMey)y; Te(SiMes)y; Te(SiEts); Te(SiiPra):; Te(SitBus):; Te(SitBuMes),;
10 Ta(Ge(SiMes)s )z Te(Si(SiMeals)s; Te{GeMes)X S SiMes)s); and

Te{Ge{SiMesz)z)p.

in embodiments where the teliurium precursor has the general formuta

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

15 schematically as:

20

2
R, —Te. LR,
i ..‘/
; W S
I." o \\
- TS
i g i \' F2y
Ay o Te
Ty T
VAN
RZ: Fi

In embodiments where the tellurium precursor has the general formula

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

shown schematically as;



I n enbodi nents where the tellurium precursor has the general fornmula (1l1lc),
the precursors are cyclic and the case where y=1, n=2, and n¥l can be shown
schematically as: R12 Te \ X P3, .,-- \ R22/ /P41 R12- XTj P22 (11lc).

Exanpl es ors covered by general formulas (1 nd (11c)

r ni ncl ude%%%&ﬁ%ﬁnot limted to: (§CGeMe2)Te-)S3; ((G%@Ié%/] )zél'ocléﬂj;l,&)‘)S6761
((GeMeEt)Te-)3; ((CeiPr2)Te-)4 ; ((SiMe2)Te-)3; ((SiEt2)Te-)3;
((SiMeEt)Te-)3; ((SiiPr2)Te-)4 ;((GeMe2)2le(GeMe2)2Te-); ((GeMe2)31le-)2,;
((Si Me2)3Te-)2; CH2CH2GeMe2TeGeMe2-; and Si Me2SI Me2GeMe2TeGeMe2. isln
enbodi nents where the tellurium precursor has the general forrmula (I111),
the precursors can be shown schematically as: RL - R2 LPS

-Te
£ 7 ., - R3
eyt el
R2 . Ko e
B3 . ‘ 33
g X X<,
3 | ! R
X Ko
=TI P )
~Ta”

(1.

in embodiments where the tellurium precurscr has the general formula
5 {lIc), the precursors are cyclic and the case where y=1, n=2, and m=1 can be

shown schematically as:

Mz (ilc).

Examples of precursors covered by general formulas {lia), {lib) and (lic)

10 include, but are not limited to: ((GeMe:)Te-)s; ((GeEt)Te-)a: ((GeMeEt)Te-)s;
({GeiPryiTe-1q; ((SiMez Te-Js; ((SIEt)Te-)s; ((SiMekt)Te-)s; {(SiiFro)Te-)s
((GeMez): Te(GeMez): Te-); ((GeMeyjsTe-ly; {({SiMeajsTe
CH.CH.GeMe;TeGeMe,-; and SiMe:SiMeGeMe,TeGeMey-.

5 in emboediments where the telfurium precursor has the general formula

{111}, the precursors can be shown schematically as:

71
| N

R
TR

Te NN l
. R

R (i,



TeX PI5 R6 WO 2010/ 055423PCT/ 1B2009/ 008067 9 I n enbodi nents where
the telluriumprecursor has the general formula (1V), the precursors can be
shown schematically as: 11 Te P4 5Exanpl es of precursors covered by general
formul as (4 hoo@Rghs(1V) include, but are not |imted b8upr00008067

Te( GeNt BuCHZCH%I\It Bu); Te(GeNt BUCH=CH)Nt Bu); Te((GeNt BuCH( CH3) CH( CH3) Nt Bu) ;
Te( Si Nt BUCH2CH2Nt Bu) ; Te(Si Nt BUuCH=CHNt Bu) ; and Te((Si Nt BUuCH( C H3

) CH(CH3) Nt Bu) . 10 Enbodi ments of the telluriumprecursor, as
according to the instant invention, may be synthesized in various ways.
Exanpl es of synthesis of the tellurium precursor include, but are not
limted to synt hestsodimheisedele theSelasiushoeourbel raw. thd §endnd formula

2010/ 055423{’:\)&1_ ‘(/h% %?e%ggslcgsoga% / o%Ss%lhemahéa%!y as:
5\3'1
X a2
i
AN .
Fri— ~ R
Fd
(V).
5 Examples of precursors covered by general formulas (I} and (I}

inciude, but are not limited to: Te(GeNtIBUCH,CH,NIBU);
Te(GeNBUCH=CHNBU); Te{{GeNtBuCH(CH3)CH(CH;}NtBu),
Te(SINtBUCH,CH NIBU), Te{SINIBuCH=CHNiBu); and
Te{(SINtBUCH{CH:)CH{CHs)NtBu).

10

Embodiments of the tellurium precursor, as according to the instant

invention, may be synthesized in various ways. Examples of synthesis of the
tellurium precursor include, but are not limited 1o synthesis schemes 1~ 5 as
shown below:

15



MeNMVE Me Ge-- Te Ge- M M/ Me Scheme 1 Gewve2 |/ TeTe GeMe2d 2 +Li 2Te

Me2Ge, , GeMe2 Schene 2Tez /re (GeMe2Cl)2 +GeMe2d 2 + 2Li 2TeMe2Si GeMe2 Schene
3Me2Si NTe

WO 2010/055423 ' PCT/ABL069/0G866T
10
Me Me
, AN Ve
GeMedCl  + Li2Te — Me — Ge— Te — Ga— Me
A .
Me e
Scheme 1
GaMe?2
PR
Te Te
GeMe2Ci2 4 R AL R —
Me2Ge GelMe2
Scheme 2 ~Te
/Te\
: i e O Y [ Vrot
(GeMa2Ch2 4 GeMae2CiZ  + 21i2Te | GeMas
Me2s; -/
Scheme 3 e
sTex
(GeMeZCNZ  +  LiZ2Te - Me2Ge GeMez
! i
Scheme 4 MeZGe. /Gei\ﬁefz
Ta-
{Bu tBu
i
- A
™ .
CHZ2 GHZ .
E Gea + Te T C‘.’Je T
CH2 CH2 s
M N
| |
tBu Bu
Scheme b
5 The disclosed precursors may be deposited to form a thin film using any

deposition methods known to those of skill in the art. Exampies of suitable
deposition methods include without fimitation, conventional CVD, atemic layer
deposition (ALD), and pulsed chemical vapor deposition (P-CVD}. In some
embodiments, a thermat CVD deposition is preferred.
10

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 cenventional vaporization step such as direct vaporization,
distillation, or by bubbling an inert gas (g.g. Ny, He, Ar, gfc.) into the precursor



- (GeMe2C, 02 + Schene 4 v- TeN Me2GeGeMe2 Me2GeN GeMe2 T " e
tButBu ' N OH. 2 NXCH? Ge Ge 6H2 1tBu Schene 5 5The di scl osed precursors my
be deposited to forma thin filmusing any deposition nmethods known to

those of skhbdighddedshe art. Exanples of suitable depospédpneamisheds include
wi thout Iimtation, conventional CVQy atom c |ayer deposition (ALD), and

pul sed chem cal vapor deposition (P-CVD). In sone enbodi nents, a thernal
CVD deposition is preferred. 10

sojution and providing the inert gas plus precursor mixture as a precursor
vapor solution fo the reactor. Bubbling with an inert gas may also remove any

dissolved oxygen present in the precursor solution.

5 Generally, the reactor contalns one or more substrates on to which the
thin films will be deposited. The one or more substrates may be any suifable
substrate used in semiconductor, photovoliaic, fiat panel, or LCD-TFT device
manufactuting. Examples of suitable substrates include without limitation,
silicon substrates, silica substrates, sificon nitride substrates, silicon oxy nitride

10 substrates, tungsten substrates, or combinations thereof, Additionally,
substrates comprising tungsten or nable metals (e.¢. platinum, palladium,
rhodium, or goid) may be used. Substrates may contain one or more additional
layers of materials, which may be present from a previous manufacturing step.
Dielectric and conductive layers are examples of these.

15

The reactor or deposition chamber may be a heated vessel which has at
least one or more substrates disposed within. The reacter has an outlet, which
may be connected to & vacuum pump to allow by products to be removed from
the chamber, or to allow the pressure within the reactor to be modified or

20 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 &id in the

25 deposition. Examples of reactors include, without limitation, a cold-wali type
reactor, a hot-wall type reactor, a single-wafer reactor, a muiti-wafer reactor, or
other types of deposition systems under conditions suitable to cause the

precursors to react and form the layers.

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

continue as long as desired to produce a film with the necessary propetties.



I n an enbodi nent, a precursor in vapor formis 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

vapori zat ipfse@joshdsl | ation, or by bubbling an inert ggstABe@wedid; He, Ar,
etc.) into the precursor WO 2010/055423PCT11132009/ 008067 11 sol ution and

providing the inert gas plus precursor mxture as a precursor vapor
solution to the reactor. Bubbling with an inert gas may al so renove any

di ssol ved oxygen present in the precursor solution, 5CGenerally, the reactor
contains one or nore substrates on to which the thin film wll be

deposi t ed. Tipicabiia thickmasses sap sandtces sewyallbendmy ssybtrabs & sestirat e used in

Bamplos of tbrag Sy Furr M oS Seoal ame iR e R bon, a1 11 con 0
substrates, silica substrates, silicon nitride substrates, silicon oxy

tride | bstrat t t bst nmbi nat.i o th f.
A i onal 1y, - sURSTP4EBEORRI KAt EaNGE RSt B GG SIS (e, o

pl ati gum R@Mp@ﬁéiw@lgrdalf@dtham&)d@i 1g@ﬁcd)m@@m@@nmden@ub@tmﬁ@@m@y contain
one or nore additional

materi al s, resent froma
previ ous ndhITEHHEI0RY H@""@?%BW%QP&?W éb%éc}@&rdlh’%f?f & Pﬁ{y)@ﬁ& are exanpl es

of these. %out15O°CTQ%9&%%Cih%rpr@§su¢@i@QﬁéBé%zi%ﬁ%ﬁﬁ%eﬁﬁ%@ﬁtaﬁleheat ed vessel
which has at |east one or nobre substrates disposed within. The reactor has

an outl et, s YRS PHweedaPRIEtdR air abaradBuhn pisporelsradily esWB§D pr oducts to
be renpvgddggglfrhgbg érfﬂaé[;% f10°Q; to allow the pressure within the reactor to

be nodifie 20regu ate The ‘tenperature in the chanber is normally
mai ntt@i ned at a suitable tenperature for the type of deposition process

which is to be mai ntai ned at a
| ower terrperatuﬁ@gé’?é%gﬁg’b%ncégﬁﬁg ii%asslggg’tgrﬂ{gea?E?Wrme%ves are heated
directly, oeaviverchaamet. hee redeciqygsomeag be(Oesgs hpdragemm aormeragti o frequency
source) IS prov n . the 25deposi t.i neactors

Cool b, i TrEt g difte ool RERT b e e R L R R Ot e
(rjeact or, a rabdikgbfeje@af;sgain rseaemwa v@dmbpmanbmf e gee@abiam, p;]recure{tua’rmfd t ypes of
ep03|t|on ns under itable t use .t he ecursors to
Fenctisand 1k ALy ary 0teend i esRothe Bafere s s beoss

par amet er s, siglepARlEIQNWIRY thakedplbaeepdsabnas Maid i@geﬁ@@%;hm@fihél me.
Cenerally, deposition nmay be allowed to continue as as desired to

produce a f@q?maﬁj%ﬁf?ﬁ‘é’s?féﬁ@é@%F%ﬁuﬁmrﬂé‘ﬁtm%/s & '”V@Uﬂed Segue”’“a”l"’
2010/ 055423@@%%@%@%9@%@ may be an inert gas purge introduced between the

precursor and reducing gas.
20
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-ShaTegor
25 Ge,ShyTes,

The precursor and any optional reactants or precursors may be
introduced sequentially (as in ALD) or simultaneously {as in CVD} into the
reaction chamber. in some embodiments, the reaction chamber is purged with

a0 an inert gas between the introduction of the precursor and the introduction of

the reactant. In one embadiment, the reactant and the precursor may be mixed



12 Typical filmthicknesses may vary from several hundred angstrons to
several hundreds of mcrons, depending on the specific deposition process.
In some enbodi ments, the deposition chanber is maintained at a 5tenperature
greater tRag,APRL 321000 I n some enbodi nents, the tenpgﬁﬁhgk%m%§7nalntalned
bet ween about 100C and about 500C, pgeferably, bet ween about 150

Li kewi se, the pressure in the deposition chanber is maintained at a
pressure between about 1 Pa and about 105 Pa, and preferably between about
25 Pa, and about 103 Pa. 10 I n sone enbodi nents, a reducing gas is
al so introduced into the reaction chanber. The reducing gas nmay be one of
hydr ogen; anwm'rm fosinl saneectadi seduase; mikiuirs isindriesn inyddwgeno thedi cal s; and

m Xt ures ther VQ fthe node of deposition is chem cal vapor dep03|t|on
t he gernanf %ﬂ%& 45" %hd 15t he reduci ng gas may be introduced to the
reacti on chanber substantlally si mul t aneously. \Wen the node of deposition

is atomc | ayer ep03|t he ger mani um pr ecur.sor d the.reduci ng gas
my b 1t r ouCkE B RO, RS R SAEO BN 2T ARy o an nart
gas pirge 'nﬁﬁyr&dgblﬂ% RLUVERITY bheamRISESHSRI( e@nguié@ﬂwc}mma@ 20 In
some enbodi ments, further precursors containing gernani umand antinony may

al so be pr 6%AEd ERRE PHISEOS PresErSBn TN &St Rh S tima @efmyaw%@/ffamﬁoabr mani um

tellurium m%&aﬁam%ogpm 8dddhBg MERCUTSPTSm Mothabceasiisds gl ass type
filmmay be formed on the substrate, for instance, GeTe-Sh2Te3or

25Ge2Sh2Tesbout 3 secondheliprabEsrmabaubhf seprndsiapbedLesands. Jp precursors
may be intry Sgﬁ%ﬁgmﬁﬁ&lﬁ%m il e&ci(o%sgds%g%lé?ﬁ%gté g?aisteﬁlrﬁ@{?%%é&éﬂr (lﬁs in CVD)

into the reaction ¢ | n sone e e reaction chanber is
pur ged wit sug@ambpsigrentsyis hisandench bes may e (et oee pfriachengingcur sor and

precur sor Gy Be B ha B b TR TRED B bbb 74 B get her to form
a react ant preeaisris abouti Xtarpads, aiternbtiealy irohrabduced seorichéo eadtZor in m xture

form
seconds.

15 Examples

The following non-limiting examples are provided to further illustrate
embodiments of the invention. However, the examples are not infended 1o be
all inclusive and are nct intended to limit the scope of the inventions described

20 herein,

Example 1
Thermal characterization of teliurium precursors, according 1o some

embodiments of the current invention, were performed.

All the thermo-gravimetric analyses (1 GA) were performed in an inert
atmosphere in order to avoid reaction of the molecules with air and moisture
{same atmosphere encountered in the deposition process). The experiments
were parformed at atmospheric pressure,
30

The results of the thermo-gravimetric analyses of Te(SiMea,
Te{SiiPrs)z, Te(SitBuMes)., Te(GeiPr), are showed in Figure 1, itwas



in sone enbodi nents, the precursor vapor solution and the reaction gas 5may
be pul sed sequentially or sinultaneously (e.g. pulsed CVD) into the

reactor. Each pul se of precursor nmay last for a tinme period ranging from
about 0.0y sa6a0ndsst 0 about 10 seconds, alternativel ypdfam@hagdt; 0. 3
seconds to about 3 seconds, alternatiyyvely from about 0.5 seconds to about 2
seconds. | n another enbodi nent, the reaction gas nay al so be pulsed into
the reactor. In io such enbodi nents, the pulse of each gas may .last for a
time period ranging fromabout 0.01 seconds to about 10 seconds,
alternatively fromabout 0.3 seconds to about 3 seconds, alternatively from
about 0.5 sbsamesthbalbthest nRlseeendsid bESEkediapd eghout leavingigniffaeht owi ng

nonllmtln xa re .pro u ments of the
i nvention. @5\? istQ{gv%gﬁﬁ%q/egg%g'%g%{)wtbgI%earllé 3 ?5 g@ ﬁmﬂ% usi ve and
are not i nkemded Heombiepits tbes Iszepbaioblativey higheahpeanaraessrd®bed 20her ei n.
Exanpl e 1: char act ri zation i recursors,

tell
accordi ng tT89§8}?8iitéHg§@|%ﬁ ‘ge%?ant t&%??s@ﬁf’ecy%@'gﬁ%usgn, re perforned. 25

Al the theenove f\éb@fﬁﬁl{dl@aﬁ@%%%laﬁ!ﬁ%c%@fﬁﬁa@ﬁwa@ﬁd@@vbﬁbraﬁadi nert
atmosphere in order to avoid reaction of the w es air and

moi st ure ( $heY%at MesHREMe2le fdaliMREeTsand 1 ieHEs gl v wip r‘tg{:ess) The

experi ment %v@r@ﬂ&%*gfa@&%dz@t catransiphss 4 P&( %}98X%§Qt@d\9&gh y the
2010/ 055423PCT/ 1B2009/ 008067 14 observed tha all" these nol ecul es coul d be

vol ati zed WRTRGYBPPEHYN Aigitasm gl @B'Eé?ﬁ? betg) Gakly leghysati aed TRAL
decompos! t 138 &ﬁg%émp%kqh%ﬁﬂ?&nﬁﬂwwgm ot YA &g the mol ecul es

wer e heate relative erature > volatility of the
nmol ecul es eampabton W@%@%léhbﬁermﬂlﬁ@tﬁ@%@ t¢®%¢fétwf§l%33@ seens to be the
nore vol atl'ﬁ&\ (F])J cursor, as it was fully evaporated at 1800. Te(SitBuMe2)2
is ranked <6¢8 I'n terms of volatility, with a full evaporation at around
240C. Te(SiiPr3)2 and Te(Gei Pr3)2 exhibited roughly the same evaporation

pattern, Te(Cei l\:/)\r/h m%odmgerﬁ 9&%5 IXVEH?S é’\(ajel ée'nl S Uwﬁh‘a‘in%%e%)/bed,
modifications thereof can be made by one skilied in the art without departing
15 from the spirit or teaching of this invention. The embodiments described herein
are exemplary only and not limiting. Many variations and modifications of the
composition and method are possible 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

20 include all equivalents of the subject matter of the claims.



be due to the heavy weight of germaniumvs. silicon. The volatility and

| oevaporation patterns of all these nolecules fit to the criteria of CVD
ALD ol ecul es. Wi | e enbodi nents of this invention have been shown
and described, nodifications thereof can be nmade by one skilled in the art
Wi t hout departing 15fromthe spirit o teaching of this invention. The
enbodi nents described herein are exenplary only and not limting. Many
variations and nodifications of the conmposition and net hod are possible and
wi t hi n t\Waasis@fsmedi ig:he i nvention. Accordingly the scope of protection is
not limted to the enbodi nents described herein, but is only limted by the
clainms which follow, the scope of which shall 20include all equival ents of
the subjgect mBkk{oddf fHMENG hakMEium donthg fiis & fb0meraks ‘cotphisimgt hod of
forming a telluriumcontaining filmon a substrate; conprising: a)

provi ding a r@act GFO\UHAg arepdasantadeasivaersabstratedisnosguthrdin: b)

i ntroduci ng ab)t el liﬁiﬁd(#&@g@}[ae%%%girélztuﬁ)s&r'?rﬁortﬁ@% bor, M(q@rfgl the tellurium

precursor has’‘one 0 ol'T'owm ng general formnulas: R3) Te( XRAR5R6)
(1) (- (R R2X) ri Tedelprigiaecursol RiR2N§ offbé XetBRNgraeyeraiifobpulas:
- (XR4R2R3)Te(XR4RsRs) 0
- (HR4RX)nTe-)y (ia)
- ({(R1R2X)nTe(XRsRa)m-)y (lib)
- (HRRX)Te(XRsRadm) Te-)y (Hc)
- Te(XNR{CR;R3CR4RsNRs) UK
having the following chemical structure:
Ri1
R2
N'h-_,__ C)’/
N /< }‘“%93
Tg —h
N e C R
| “rs
RE
- Te(XNR{CRz=CR3NR4) (IV),
having the following chemical structure :
Ri1
N o
Te —A ”
T TR3
R4

wherein:
- X s carbon, silicon or germanium;
- nand m are integers selected from 0, 1, and 2;
- informulas (lla) and (lib), y is an integer selected from 2, 3
and 4;



(-(RR2X), Te(XR3R4) m Te-)y (11lc) Te(XNRICRZR3CRARSNR6) (111), having the
follow ng chem cal structure: R / R RE Te(XNRLCR2=CR3NR4) (IV),

the foll ow ng cheni cal

(11a) and (11b), vy is

‘ \ structure : R Te - wherein: X is carbon,
or germanium n and mare integers selected fromO, 1, and 2;

an integer seliggted from2, 3 and 4;

in formula (lic), y is an integer selected from 1, 2 and 3;

each of Rysis 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;

the tellerium precursor of formula | being selected from the
group consisting of Te(GeMes)z; Te(GeEts),; Te(GetBus)z;
Te(GetBuMe,)z, Te(SiEty)y; Te(SiiPra)y; Te(SitBus)s;
Te(SitBuMe,)z, Te(Ge(SiMes)a)s; Te(Si(SiMes)s)s;
Te(GeMes)(Si(SiMes)s); and Te(Ge(SiMez)a);

the tellerium precursor of formula lla, Iib, and llc being
selected from the group consisting of ((GeMey)Te-)s;
((GeEt)Te-)s; ((GeMeEt) Te-}a; ((GeiPra)Te-)s; ((SiMey)Te-)s;
((SiEt)Te-)s; ((SiMeEl) Te-)a; ((SiiPra)Te-)s;

((GeMey), Te(GeMez), Te-); ((GeMey)sTe-)z; ((SiMes)sTe-)z;
CH,CH,GeMe,TeGeMe;-; and SiMe;SiMe,GeMe, TeGeMe;-;

(03] maintaining the reactor at a temperature of at least 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 100°C to 500°C, preferably between 150°C and 350°C.

havi ng
silicon

in formul as



15a in fornula (11c), y is an integer selected from1l, 2 and 3; each of
R1.6 is independently selected fromanong: H a Cl- 06 alkyl, a Cl-C6

al koxy, a Cl-C6 alkylsilyl, a 01-06 perfluorocarbon, a 01-06 al kyl sil oxy, a
Cl- C6 al kyl ami no, an al kylsilylam no, and an amninoamnmido; the tellerium
precursor of fornmula 1 being selectegsfromthe group consisting of

Te( GeMe3) 2; Te(CGeEt3)2; Te(CGetBu3)2l Te(Get BuMe2)2; Te(Si Et3)2;

Te(SiiPr3)2; Te(SitBu3)2; Te(SitBuMe2)2; Te(Ge(SiM2)3)2; Te(Si(SiMe3)3)21
Te(GeMe3) (Si (Si Me3)3); and Te(Ge(SiMe3)3)2; the telleriumprecursor of

formula lla, J4l1b bej . : ;ST 1 ng of
((GeMe2)%Te-) 37fhe(rP%§§§‘?E‘J} 4\‘%5‘") gbﬂ_?(f@\i%ﬁ{,é;")ﬁ@m(a E‘@?‘%@ %é?rgg%%ﬁ Si Me2) Te- ) 3;
(( Si Et 2)fFesgduBe bét(vebivi Bta) drer )(B;Pa pSiférBpl2 pFavepn 25\ e B R GeMe2) 2Te- ) ;
((GeMe2)3Te-)2; ((SiMe2)3Te-)2; CH2CH2GeMe2TeGeMe2-; and

Si Me2Si Me2GeMe2TeGeMe2-; ¢) nmaintaining the reactor at a tenperature of at
| east 104C;, amé rddthoeobarpasiend cldires t éd B duithencpredsing drtrodntiog bhieagubst rat e
to forma tellerium.containi film 2. The method of .cl ai urt her
conpr 1 o1 S ERIHRESTH G TR HRACy BT S e L ERPE ot G EPidb B 1o s00c,
pr ef er abhymbet supestedld tangtodp 06hsistibg of 3, NHe SiE; [BotH;08itdd; Bydoderor 2
further COer.iaj(H“ ,nai%ai ning the reactor at a pressure between 1 Pa and
105 Pa, 'BFiERiSy @’Xﬁ’é? Eff%5 Pa and V8 Pa. 4. The nethod of any one of
claims 1 to 3, further conprising introducing at | east one reduci ng gas
into the reactor, wherein the redu ing L&@s conpri ses ﬁt @St one mnenber
sel ect ed®f r omneBePS ahclaiBlibivdarelg ey BIiim Rigsurse) gndithe regising.gag; gpg-

hydr ogengeasgtdeatbsd ind e Bhahbéresthbhaigehtalysimiimetriinad sefusiiatyn 4, wherein
the telluriumprecursor and the reducing gas are introduced into the

chanber either substantially sinultaneously, or sequentially. 6. The

met hod of cl afyB RetnbBf Shimh & Rehar&H W REUERS gadend e IRkl dresrggrecur sor are
i ntroduced into the chanber substantially sirmultaneously, and the chanber

: dally
i s confi gerrtbdierd bindhe shambapwibsigaprlyistidianeously, PR thastkaPedis claim 5, the
reduci ng%cﬁaéu'%g%(ftéﬂ@mk%l]\lé or HEpRRHUr sor are introduced into the chanber

sequenti nd the c er 1s configured for atom c | ayer deposition.

7. The method of claim 5, the reducing gas and the teliurium precursor are
introduced into the chamber sequentially, and the chamber is configured for atomic

layer deposition.



17 8. The nethod of any one of clainms 1 to 4, wherein the tellurium
precursor is Te(GeMe3)(Si(SiMe3)3). 9. The nethod of any one of clains 1
to 4, wherein the tellurium precursor conprises a precursor of the general
formala (Il11) or (1V). 10. The nethod of claim9, wherein the tellurium
precursor conprises at |east one nmenper selected fromthe group consisting
of : Te(GeNt BuCH2CH2Nt Bu) ; Te( GeNt BUCHCHNt Bu) ;

Te((GeNt BUCH( CH3) CH( CH3) Nt Bu) ; Te(Si Nt BUuCH2CH2Nt | 3u) ; Te( Si Nt BuCH=CHNt Bu) ;
and Te( ($i Nt BUeHGEHa) OFa oy BhéloBalpims 110 4 Tiveensirt hedelbfriuangresnsoofs cl ai ms 1

to 4, gﬁr cQ i ntroducing at | east one gernmani um cont ai ni ng
precurso &( Meél(gﬁégi??’%gne anti nony containing precursor into the reactor;
and depositing at |east part of the germanium and antinmony containing

precursors onto the substrate to forma germanium telluriumand antinony
cont ai nithg filhamethed ohapepngof G'ﬁfrﬁ%ﬁtt%f‘n‘i"ﬁ@feﬂmﬁhﬁ UM BRCEEOE ubst r at e

compr i Si G bies Bf REHGE o0 thE GeRELIRAmATa @Morgg, of claims 1 to 4.

10.  The method of claim 9, wherein the tellurium precursor comprises at least
one member selected from the group consisting of: Te(GeNtBuCH,CH.NtBu);
Te(GeNtBuCH=CHNtBu); Te((GeNtBuCH(CH3)CH{CHaNtBu);
Te(SINtBUCH,CH,NtBu); Te(SiNtBuCH=CHNtBu); and
Te((SINtBUCH({CH3)CH(CH3)NtBu).

11.  The method of any one of claims 1 to 4, 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.

12. A tellurium containing thin film coated substrate comprising the product of

the method of any one of claims 1 to 4.



