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3 I n anot her aspect of the invention, a process for
crystallizing an anorphous GeTe filmto yield a relatively snooth
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In a further aspect, the invention relates to a process wherein the
pre-reaction conbating reagent is introduced to passivate the surface
of a growing filmor slow the deposition rate, foll owed by
reactivation using an alternative precursor or co-reactant (for
exanpl e H2, NH3, plasma, 1120, hydrogen sul fide, hydrogen sel enide,
di organot el | uri des, diorganosul fides, diorganosel enides, etc.). Such
passi vation/retardation followed by reactivation thus may be carried
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access memory device, comprising forming a germanium telluride film of amorphous character,
comprising chemical vapor deposition of germanium from a germanium precursor comprising
[{nBuC(iPrN),},Ge] or Ge butylamidinate.

The invention in another aspect relates to a method of making a PCRAM device,
comprising forming a GeTe or GST film on a substrate for fabrication of said device, wherein
said forming comprises depositing a film layer on the substrate from the vapor of a precursor
described herein, using the processes for depositing amorphous germanium, tellurium, and or
antimony layers described herein.

The precursors can be used to form a GST film on a substrate, by depositing one or more
of the antimony-containing precursors described herein along with one or more germanium and

tellurium-containing precursors on the substrate from a vapor comprising the precursors.



12, R', R and R2 may be the sane as or different from one another,
and each is independently selected fromH, Cl-05 al kyl, C2-05

al kenyl, C5-C10 cycl oal kyl, C6-Cl10 aryl, and - Si (B.3)3 wherein each
R3 is independently selected fromCl-Cs alkyl; nGe(NRIR ), wherein:

R 121 and R2 may be the sanme as or different fromone another, and
each is independently selected fromH, C1-05 al kyl, C2-05 al kenyl,
Cs-Cm cycl oal kyl, C6-Cl10 aryl, and -Si (123)3 wherein each R3 is
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comprising introducing to said process a pre-reaction-combating agent selected from the group
consisting of (i) heteroatom (O, N, S) organo Lewis base compounds, (ii) free radical inhibitors,
and (iii) deuterium-containing reagents.

Another aspect of the invention relates to a method of combating pre-reaction of the
precursors described herein in a vapor deposition process in which multiple feed streams are
flowed to a deposition locus to form a film on a substrate, wherein at least one of said multiple
feed streams includes a precursor susceptible to pre-reaction adversely affecting the film, said
method comprising introducing to at least one of said multiple feed streams or supplied materials
therefor, or to the deposition locus, a pre-reaction-combating agent selected from the group
consisting of (i) heteroatom (O, N, S) organo Lewis base compounds, (ii) free radical inhibitors,
and (iii) deuterium-containing reagents.

A still further aspect of the invention relates to a composition, comprising a precursor and
a pre-reaction-combating agent for said precursor, said pre-reaction-combating agent being
selected from the group consisting of (i) heteroatom (O, N, S) organo Lewis base compounds, (ii)
free radical inhibitors, and (iti) deuterium-containing reagents.

In a further aspect, the invention relates to a method of combating pre-reaction of a vapor
phase precursor as described herein in contact with a substrate for deposition of a film component
thereon, comprising contacting said substrate, prior to said contact of the vapor phase precursor
therewith, with a pre-reaction-combating agent selected from the group consisting of (i)
heteroatom (O, N, S) organo Lewis base compounds, (ii) free radical inhibitors, and (iii)
deuterium-containing reagents.

In a further aspect, the invention relates to a process wherein the pre-reaction combating
reagent is introduced to passivate the surface of a growing film or slow the deposition rate,
followed by reactivation using an alternative precursor or co-reactant (for example H,, NH;,
plasma, H,O, hydrogen sulfide, hydrogen selenide, diorganotellurides, diorganosulfides,
diorganoselenides, etc.). Such passivation/retardation followed by reactivation thus may be
carried out in an alternating repetitive sequence, for as many repetitive cycles as desired, in ALD

or ALD-like processes. Prereaction-combating agents can be selected from the group consisting



1 VIl wherein: R, R, R3 and R4 may be the sane as or
different fromthe others, and each is independently selected from
anong I f, Cl1-C6 al kyl, C6-C10 cycloal kyl, C6-C O aryl, and -Si (R3)3
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wher ei n: R, RR) R3, R4, and R 5;may be the same as or
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The invention relates in a further aspect to a method of forming a germanium-containing
film on a substrate by a vapor deposition process, comprising volatilizing a germanium precursor
to form a germanium precursor vapor, optionally combining the precursor vapor with a
component selected from the group consisting of ammonia, hydrogen, helium, argon, and
nitrogen, and contacting the precursor vapor with a substrate for vapor deposition of the
germanium-containing film thereon, wherein the germanium precursor is selected from the group

consisting of the following germanium compositions:

RzR4M MR Ry
2 N /
Gé

RoRH™ \NR.TRZ

wherein:

R, and R, may be the same as or different from one another, and are independently selected from
H, C-Cq alkyl, C,-C;s alkenyl, Cs-C)y cycloalkyl, Cs-Cyo aryl, and -Si(R;); wherein each R; is
independently selected from C;-Cg alkyl;

[
R R
~H ~ M
/Ge\
H
R." ’i’ o
R I R

wherein:



/\R3 RS wherein: Rl, R2, R3 and RE, may be sane as or different
from one another, and are independently selected fromanong H, Cl-05
al kyl, C5-Cm cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein each R3 is
i ndependently selected fromCl-C6 al kyl; wherein: R, R, R3
and R4 nmay be the same as or different gfromone another, and are

i ndependent|ly selected fromanong H C -C6 al kyl, C5-Cm cycl oal kyl,
C6-C 0 aryl, and -Si (R3)3 wherein each R3 is independently sel ected
from Cl- C6 al kyR; andR’Raay pethe $aineRuisor Mifferenh@omeione another, andeeachR Erhd R3is
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wherein:

R, R’, R, and R; may be the same as or different from one another, and each is
independently selected from H, C,-C; alkyl, C,-C; alkenyl, Cs-C, cycloalkyl, Cs-C)q aryl, and -
Si(Rs); wherein each R; is independently selected from C;-Cs alkyl;

R)2.,Ge(DR Ry

v
wherein:
R, Ry and R, may be the same as or different from one another, and each is independently
selected from H, C,-Cs alkyl, C,-Cs alkenyl, Cs-C\q cycloalkyl, C4-Cyo aryl, and -Si(R;); wherein
each R; is independently selected from C,-Cq alkyl; and

n is an integer from 0 to 4 inclusive;

3
R
r% A b
\
Ge
e S
i
R [
r4
“l‘
wherein:

R, REL R RY R¥and R® may be the same as or different from one another, and each is
independently selected from H, C;-Cs alkyl, C,-Cs alkenyl, Cs-C), cycloalkyl, Cs-Ciq aryl, and -
Si(R;); wherein each R; is independently selected from C,-Cg alkyl;



XVl wher ei n: R, R2, R3, and R4 nmay be the sane as or
different fromone another, and are independently sel ected from anong
H C-C6 al kyl, C5-C10 cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein
each K3 is independently selected fromCl-C6 al kyl, 4N Ge-N i Si Me2
Si Me3Si Me3 Si Me3I Si Me3 H-, G- Ce Si Me3Si Wes  Ge(NMe2) 4, Ge( NEt Me) 4,
Ge(NEt2)4, iPr3CGeCl, iPr3GeNwe2, iPr3GeNEtMe, iPr3CGeNEt2, Ge
butyl am di nate, and UnBuC(i PrN)2}2CGe]. Anot her aspect of the
invention relates to a germani um precursor, selected fromthe group
consi sti ng of | tEzlabove- gpeci fi ed ger mani um precursor speci es.

A still fur@her as CHBf the invention relates to a snooth anorphous
germani umtel turide or géfmaniumantinony telluride film as formed
by the net hod desdri bed above, usi ng a gernmani um precursor conpri sing
Ge butyl amygeRat e or UnBuC(i PrN)212Ge] . O her aspects, features
and enbodi ments_of the jnvention wll be nore fully apparent fromthe
ensui ng di scl os&r‘sesegﬁﬁd ‘%\“ﬁbﬁrfa&a]éYlaﬁnﬁE?'CBRTYEP“ﬁSCRI PTI ON OF THE

DRAW NGS Fk@0,1oi2s a schematic representation of a materi al
storage and di spensi ng package containing a precursor of the present
i nvention, in one enbodi ment thereof. FIG 2 is a scanning

el ectron m crograph of a germaniumtelluride filmafter annealing at
one hour in nitrogen atnosphere, at 400C
R R

4
2\#! --»Ge—-—!l_‘f
R/’ .
] Rq
Vii
wherein:

Ry, Ry, Ry and R, may be the same as or different from the others, and each is
independently selected from among H, C;-Cg alkyl, Cs-Cyy cycloalkyl, C¢-Cy aryl, and -Si(Rs);

wherein each R; is independently selected from C;-Cq alkyl;

Y1

wherein:

Ri, Rz, Rs, Ry, and Rs may be the same as or different from one another, and each is
independently selected from among H, C,-Cg alkyl, silyl, -Si(R’)s, Cs-Cq cycloalkyl, Cs-Cio aryl,
-(CH,),NR'R”, and -(CH,);OR"’, wherein x = 1, 2 or 3, and R’, R” and R* may be the same as

or different from one another, and each is independently selected from C,-Cj alkyl;



FIG 3 is a cross-sectional elevation SEM view of the germani um
telluride filmof FIG 2, show ng the snooth character of the
germaniumtel luride fil mdeposited on the titaniumnitride |ayer
formed on the silicon dioxide substrate. 11 FIG 4 is an
x-ray dispersion (XRD) plot of a germagiumtelluride film show ng
its crystalline character after annealing at 400F. FIG 5is
an XRD plot of a germaniumtelluride filmdeposited in a CVD process
with a nitrogen co;reactant. FIG 6 is an XRD plot of a
germaniumtel luri@e fifm deposited in a CVD process using a nitrogen
co-reactant. ? “sFTGN7 gn >CRD plot of a germaniumtelluride film
deposited in a ‘({\ED/pm Ss Using an ammoni a co-react ant. FI G
8 is a scanning ellectripn mcrograph of a crystalline germani um
telluride filmformgg deposited in a CVD process using hydrogen as a
co-reactant. FIG 9 is a scanning el ectron mcrograph of a
crystal |l i nevhgreinmani umtelluride filmformed in a CVD process using
nitrogen as a cgs f ant Fl 10. .S a_scanning.electro

ni crogr aph of ag gnﬁnalg’pﬁ%’ﬁts’e télgrs?r%en?suoﬁ%%ﬁr LIPE ST A1 ef’&?%ﬁ‘ %peéfg%’ﬂy
nanonet er s¢i¢ctl frememong i Gidhiplivh 64+€p tyxdoalk] G:Ciddryli sdaSi(R’)p sbersieedch Bhal

el evation vigWpQflentPSe1IRE FBAICUR Lighlpgi de filmof FIG 10. FIG 12 is
an EDS spectra plot .of germaniumtelluride and a standard GST FIG 13

is a scanni ng ef&EEibRIprdenlysgpHeddiomanang Gi-6f allgdy Grefrrialkexss eNR IR aé-
deposi t ed @OR’p, Wheesin edchoF RGIR Candl &Y isCiadepbrideitlly WEloted from H, CEEGilkACLS, @

scanni ng el ectran.m.crograp crystakline r manj u el Luri de
Fiim depost g e mir dothaRngh ah Fris iFHRp T leHE! Sk et U
telluride filmof FIG 14. FIG 16 is an XRD plot for various
germaniumtelluride films, including an anorphous film a film
anneal ed at 350C kpr 10 mnutes, and a germaniumtelluride film
anneal ed at 350C fofk.owed iy 400C exposure, for 10 m nutes. FI G
17 is a scanning gj/ectron rr‘i\&r ograph of an anor phous ger mani um
telluride film FI'G 18 is a $canning electron mcrograph of a
germaniumtelluride film after 400C anneal i ng. FIG 19 is a
scanni ng el ectron m crograph of a m croel ectronic device structure,
as an exangl{wereiqf an "aggressive" substrate on which GeTe has been
deposi ted By“&heni cal vapor deposition, using a germani um butyl

am di nat e precuRisBs, Rapuil By rohyddelsythe dser Kififefentnfropr @@ W@, and are independently

selected from among H, C-C; alkyl, Cs-Co cycloalkyl, C¢-C)q aryl, and -Si(R>); wherein each R®
is independently selected from C;-C; alkyl;

wherein:

Ry, Rz, Ry and R4 may be the same as or different from one another, and are
independently selected from among H, C,-Cs alkyl, Cs-Cyy cycloalkyl, Cs-Cyq aryl, and -Si(R3)3
wherein each R’ is independently selected from C,-Cy alkyl;



FIG 20 is a schematic representation of a vapor deposition system
according to one enbodi rent of the present invention, wherein
suppression of pre-reaction of the precursors is achieved by addition
of pre-reaction-conbating reagent to one or nore feed streans in the
vapor deposition system 12 DETAI LED BESCRI PTI ON The present
invention relates to the use of various germanium tellurium and
anti nony precursors, having utility for formng highly confornal
ger mani um containing filnms by |low tenperature (< 300C) vapor
depositi on pR esyﬂ$ such as CVD and ALD, in nethods for formng
gernanlun}contalnlng\fllns In other aspects, the invention rel ates
to films formed lusi ng®%he met hods, and mi croel ectronic device
products incgqr *%nﬂng such fil ns. The precursors descri bed
herein are uséfullyn@nployed in chem cal vapor deposition and atom c
| ayer deposition pfpcesses to form germani umcontaining filnms, such
as films of GeTe, GST, and the like. The GeTe filns can be GExTeI-
systens, asnsHeh are defined in Scharnhorst and Riedl,
" Phot oconductivity in ang anmor phous Ce-rich Ge"Tel, system " Journal
1%

of Applied PhysReds Haiand 5 may oo . ?gvgaS(%gfﬁfyremoﬁmwsaw@z a1 45
as such ar éndefesdzniybettoted fom axedyH, &, - (]6 IalkSFls 0,-C ) @yuldaddyl, of-C\asywha &f(iRé;pce

& Technol o A By N ce Vblune 17, lIssue 4, July
1999, pp.18%%?R§§€%(%ggg§%&?ﬁy“%g% Oth of mhlch are hereby

i ncorporated by reference, The fllns can advantageously be forned,
using the pragegRas described herein, to result in a substantially
anor phous filmJayer. The invention will be better understood with
reference to t%glfollomnng definitions: DEFIN TI ONS As used
herein, the term"film refers to a |layer of deposited materi al
having a tig gﬁess bel ow 1000 m croneters, e.g., fromsuch val ue down
to atom ¢ nonolayer thickness values. In various enbodi nents, film
thi cknesses of RefosRteutdrit way &¢ teasperesasi or differenyr famt iooe awdthet, hand are

i nventi on mRfddyesRER! ﬁ:onb@ma@l Jéggn%lleg- feycho A CEQRBLEL S nd Y a}

various thin filmregi mes bel ow 2 nanoneters epen
on the spe®P¥Tigeahpi ?E’&Fl?eﬁq?nti'yrf@l&‘ft?ﬂéga’m%saﬂg@d herein, the term"thi n

film means a layer of a material having a thickness below 1

m cronet er. As used herein, the singular fonns "a", "and", and
"the" include plural referents unless the context clearly dictates

ot herw se. used herein, the identification of a carbon
nunber range, e.g.,/|lin C-Cl2 alkyl, is intended to include each of
the conponemt—oarbgn nunber noieties wthin such range, so that each
i nterveni ng carbeh nunber and any other stated or intervening carbon

nunber val ue i gt ist—stated range, is enconpassed, it being further

understood th sub-ranges of carbon nunber wthin specified carbon

nunber ranges y i ndependently be included in smaller carbon nunber
ranges, within the scope of the invention, and that ranges of carbon
nunber s speC|f|caIIy excluding a 13 carbon number or nunbers are

included in e inwgntion, amg; subsmanges %mgLudlngmglther or both of
carbon nu erM+G&+5 o) specn¢+@ﬂ«ranges ané;ah&aymncluded in the

i nvention. rdi , Cr @Me:al k§iMei s i ntseeded tsawdancl ude net hyl ,

et hyl, propyl, butyl’, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl and dodecyl, including straight chain as wel | as branched

groups of such types. It therefore is to be appreciated that
identification of a carbon nunber range, e.g., Cl-Cl2, as broadly
applicable to a substituent noiety, enables, in specific enbodi nents
of the invention, the carbon nunber range to be further restricted,
as a sub-group of noieties having a carbon nunber range within the
broader specification of the substituent noiety. By way of exanple,



The invention, as variously described herein in respect of features,
aspects and enbodi ments thereof, may in particular inplenentations be
constituted as conprising, consisting, or consisting essentially of,
sonme or all of such features, aspects and enbodi nents, as well as

el enents and conponents thereof being gggregated to constitute
various further inplenentations of the invention. The invention is
described herein in various enbodi nents, and with reference to
various features and aspects of the invention. The invention

cont enpl at es such fea}ures, aspecfts and enbodi ments in various

per mut at i ons _and| conb] nati ons,__as| being within the scope of the

i nvention. The i ep(ion may theré{pr be specified as conprising,
consi sting or cons¥&ting essentiall§of, any of such conbinations and
pernutations_QL_§he§§m@Qecifi at ur®g; aspects and enbodi nents, or
a sel ected one or ones thereof. || Gernmahi um Precursors The
precursors of thie invention include various classes of gernmani um
conpositions. In one enbodi nent, the gernmani um precursor is

[fri BuCOPrN) 312Ge], also referreg to herein as GeM The
invention in another aspect relates tg germani um precursors useful
for CVD and ALD deposition of mani il ms on substrates, of the
following formul ag L #XVI: R2Rir1 I Pe R2R11111, H2

wherein: Rl and R2°Rmy be the sanef&s or different from one another,
and are independrﬁtﬁgNﬁgﬁected-L§6n1 N—Chsife, al kyl, C2-05 al kenyl,
Cs-Cl10 cycl oal ky|, C6-C10 ny], and -Su(FB)3 wherein each R3 is

i ndependently selected fromC i- al lsWle; 15 wherein: R and R' may
be the sane as or different fromone another, and each R and R is

i ndependently selected fromH, Cl1-05 al kyl, C2-05 al kenyl, C5-C10
cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein each R3 is

i ndependen | e 0 - C6..al . ein; s d
may be thebémgﬁsé%@gﬁe?"f e@}eéqr]?ttzg??%’rﬁ%!ﬁeméno & &ragﬁagﬁtgae’c hﬂ%GseﬁEtz’ &
i ndependenbytylamidinaeapdil (PPYHAPAN).J¢3el.C4 al kyl , C2- 05 al kenyl, C3-Cl10
cycl oal kyl, C6-Cl10 aryl, and -Si (123)3 wherein each R3 is

i ndependently sel ected from Cl-C6 al kyl; 004. aGeCOCRI RDa

Another aspect of the invention relates to a germanium precursor, selected from the group
consisting of the above-specified germanium precursor species.

A still further aspect of the invention relates to a smooth amorphous germanium telluride
or germanium antimony telluride film, as formed by the method described above, using a
germanium precursor comprising Ge butylamidinate or [{nBuC(iPrN),},Ge].

Other aspects, features and embodiments of the invention will be more fully apparent

from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a material storage and dispensing package
containing a precursor of the present invention, in one embodiment thereof.

FIG. 2 is a scanning electron micrograph of a germanium telluride film after annealing at
one hour in nitrogen atmosphere, at 400°C.

FIG. 3 is a cross-sectional elevation SEM view of the germanium telluride film of FIG. 2,
showing the smooth character of the germanium telluride film deposited on the titanium nitride

layer formed on the silicon dioxide substrate.



v wherein: RR R, and R2 may be the same as or different from one
anot her, and each is independently selected fromH, C-C6 al kyl,
C27C5 al kenyl, C5-Cl10 cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein
each R3 is independently selected from Cl-C6 alkyl; and n is an
integer fromO to 4 inclusive; 16 mhgfein: R, R, R3, R4, Rs and
R6 may be the sanme as or different fromone another, and each is

I ndependently selected fromH, C-Co al kyl, C2-05 al kenyl, C3-Cl10
cycloal I cyl, CO6FIGL® iy lx;raypdisbersioBi (KRB) Blowbfes girMarad kellRddei fim, showing its

P L RS LAl | (01,95 alC R 4 U et
2: |4 ' TI-Ge- 11FIG. 5is an XRD plot of a germanium telluride film deposited in a CVD process with a
nitrogen co-reactant.

FIG. 6 is an XRD plot of a germanium telluride film deposited in a CVD process using a
nitrogen co-reactant.

FIG. 7 an XRD plot of a germanium telluride film deposited in a CVD process using an
ammonia co-reactant.

~ FIG. 8 is a scanning electron micrograph of a crystalline germanium telluride film formed
deposited in a CVD process using hydrogen as a co-reactant, '

FIG. 9 is a scanning electron micrograph of a crystalline germanium telluride film formed
in a CVD process using nitrogen as a co-reactant.

FIG. 10 is a scanning electron micrograph of an amorphous germanium telluride film
formed on a 50 nanometer thickness of titanium nitride.

FIG. 11 is a cross-sectional elevation view of the germanium telluride film of FIG. 10.

FIG. 12 is an EDS spectra plot of germanium telluride and a standard GST film.

FIG. 13 is a scanning electron micrograph of a film of germanium telluride deposited on
a microelectronic device structure.

FIG. 14 is a scanning electron micrograph of a crystalline germanium telluride film,
deposited at 340°C.

FIG. 15 is an XRD plot for the germanium telluride film of FIG. 14.

FIG. 16 is an XRD plot for various germanium telluride films, including an amorphous
film, a film annealed at 350°C for 10 minutes, and a germanium telluride film annealed at 350°C
followed by 400°C exposure, for 10 minutes.

FIG. 17 is a scanning electron micrograph of an amorphous germanium telluride film.

FIG. 18 is a scanning electron micrograph of a germanium telluride film, after 400°C
annealing.

FIG. 19 is a scanning electron micrograph of a microelectronic device structure, as an
example of an “aggressive” substrate on which GeTe has been deposited by chemical vapor
deposition, using a germanium butyl amidinate precursor and a dialkyl tellurium precursor.

FIG. 20 is a schematic representation of a vapor deposition system according to one
embodiment of the present invention, wherein suppression of pre-reaction of the precursors is
achieved by addition of pre-reaction-combating reagent to one or more feed streams in the vapor

deposition system.



N R3 111 wherein: R, R2, R3 and 12,1 may be the sane as or different
fromthe others, and each is independently selected from anong H,
Cl-C6 al kyl, C5-C10 cycloal kyl, C6-C10 aryl, and -Si (R3)3 wherein
each R3 is independently selected from Cl-C6 alkyl; 17 VI
wherein: R, R2, R3, R4, and R5 may pe the sanme as or different
from one another, and each is independently selected from anong H,
Cl-C6 al kyl, silyl, -Si (R )3, C6-Cl0 cycloal kyl, Co-Cla aryl,
-(CH2)"NR R', and -(CH3)x0r, wherein x =1, 2 or 3, and R, R' and R’

may be the same as or differ e”bE“l‘Kﬁ@@ﬁc‘%ﬁ%Bﬁr and each is
i ndependently sel ected from Cl1- R and R' may be
the sanme as or different from one anot her, and are independently

sel ected from ammgeskht ifvbnt(Ch r@dtde\th the G (Qlt@n&]y GérOdhitut ikl - drd Qntﬁﬁow,'
and -Si ent]y selected from Cl -

ooyt > SRS S R 5 Jurind, PP GOTERAY Fesirr ) SouiB g by o
Cl- C6 al koxepmperafir R2300%G)dvap@(<ﬂcﬁ'd’s31)oﬁ ,prosksess esich &saCWDodnd RID, 1R2§1e&iaﬁis RBr 2

IS i ndepen(ﬂ(ﬁgy %l‘l ﬁltiql 'ﬂnll_é lg otlﬁ;ﬁ%lﬂhsy Ithe 1§$en90n %%f % 908‘ 1 yflorfn

C6- C10 aryl, rein eac epen
from Cl-05 uapg(tpq: metpcpj,g,_ icpoelegtyqnic pgvice products 1ncorporatmg such ﬁ]ms

The precursors described herein are usefully employed in chemical vapor deposition and
atomic layer deposition processes to form germanium-containing films, such as films of GeTe,
GST, and the like. The GeTe films can be GexTel-x systems, as such are defined in Scharnhorst
and Riedl, “Photoconductivity in the amorphous Ge-rich Ge,Te system,” Journal of Applied
Physics, Vol. 45, p.2971-2979 (1974), or Ge,Sb,Te, films, as such are described, for example, in
Tsu, Journal of Vacuum Science & Technology A: Vacuum, Surfaces, and Films, Volume 17,
Issue 4, July 1999, pp.1854-1860 (1999), the contents of both of which are hereby incorporated
by reference, The films can advantageously be formed, using the processes described herein, to
result in a substantially amorphous film layer.

The invention will be better understood with reference to the following definitions:

DEFINITIONS

As used herein, the term “film” refers to a layer of deposited material having a thickness
below 1000 micrometers, e.g., from such value down to atomic monolayer thickness values. In
various embodiments, film thicknesses of deposited material layers in the practice of the
invention may for example be below 100, 10, or 1 micrometers, or in various thin film regimes

- below 200, 100, or 50 nanometers, depending on the specific application involved. As used
herein, the term “thin film” means a layer of a material having a thickness below 1 micrometer,

As used herein, the Singular forms "a", "and", and "the" include plural referents unless the
context clearly dictates otherwise.

As used herein, the identification of a carbon number range, e.g., in C;-C), alkyl, is
intended to include each of the component carbon number moieties within such range, so that
each intervening carbon number and any other stated or intervening carbon number value in that
stated range, is encompassed, it being further understood that sub-ranges of carbon number within
specified carbon number ranges may independently be included in smaller carbon number ranges,

within the scope of the invention, and that ranges of carbon numbers specifically excluding a



3 18 wherein: R, R2, R3 and R4 may be same as or different from one
anot her, and are independently selected fromanong H, Cl-C6 al kyl,
Cs-Cm cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein each R3 is

i ndependently selected from Cl-C6 al kyl; wherein: R, R2, R3 and R4
may be the sanme as or different fromope another, and are

I ndependent |y selected fromanong H, CI1-C6 al kyl, C3-Cl0 cycl oal kyl,
C6-C30 aryl, and -Si (R3)3 wherein each R3 is |ndependently sel ected
fromCl-C6 cabdmydumber\m et are%qlud@?i.n tmn\&ﬁldmﬁ(hd @ﬁ)}’raﬂ%@s $BRIS@EMeras b&k

diff t , e en t.ly selected froma ng
HI Cir gg al Egawog%n%igm 1S of s%ec1 llt(ed }aagge&gre éﬁgm pgﬁ% n élﬁ &Werglme F\gs rdwﬁ T
each R3 is qlzrvéi@benmmpd tp lwde@teéidl Ethy npreiyl, OJStylaIpIWYl helyl RRPIRA G, lel
wher ei n: 13yl RecyRohd (ﬁﬂééyﬁ%clﬂmlg Ja%gﬂtflﬁaﬁémﬁeu% bi2hchdl ér&% %’ﬁchl %%%“ pne

anot her, and are independe sel ected from anong

C3-CL0 cyc K5Efaes/s © tesvmaasedﬁr%ideml&mon @a(cwkylgnwberr@gﬁ ega SnCRas brpadly

i ndependentppficsbi t&@'&lﬂﬂnrﬁd’nﬂiﬁblgy énBbl@| inGdcific ediBodiments ofﬂfx@@nv@ﬂﬁaﬁ hﬁ‘esdaé’ooﬁ)f
t he above- deslgzrl bed n| um pr.ecur sors c%n variously be carried out

in a ready Wannare to Fur FHE ST RECTETBWPP SO PORENG P CHpE §§ange
vari ously yl!tblwrthd)erlocﬁm snenﬁ@amh Of the tsainteenRvipEty. BjvBy ,of RAndple, Blei carbam d
RNa can benm&iimﬁge A, rcercrgQW@a}r@e%e@Je& ot %ﬁﬁ&d %@%@%&gﬁa?&%ﬁ'

in place of (GeCl4; LI NR2 ‘cah be repl ace
Na( C5R5) c s iyentiga.delengempass syprasesiarihae Cr-6: aﬁv@@e@ alkylsr.€a olisyl, CxeCs alkyl,
nul ti - st eposanpblietsiCraa@pritach sy citoneiRbe Yade. t 0 generate m xed al kyl

ég(eflv;a Sp? ggalrjgglr‘l%xﬂr%g‘rs%r% gwﬁmd gllévi[elgt%rr} r;[xa?r bae f%%q(el' lS[?eCi?lg n speméc en%oc%renrerﬁ';[ l?y
provisos or limitations excluding specific substituents, groups, moieties or structures, in relation
to various specifications and exemplifications thereof set forth herein. Thus, the invention
contemplates restrictively defined compositions, e.g., a composition wherein R' is C,-C); alkyl,
with the proviso that R’ # C, alkyl when R! is silyl.

“Alkyls” as used herein include, but are not limited to, methyl, ethyl, propyl, isopropyl,
butyl, s-butyl, t-butyl, pentyl and isopentyl and the like. “Aryls” as used herein includes
hydrocarbons derived from benzene or a benzene derivative that are unsaturated aromatic
carbocyclic groups of from 6 to 10 carbon atoms. The aryls may have a single or multiple rings.
The term “aryl” as used herein also includes substituted aryls. Examples include, but are not
limited to phenyl, naphthyl, xylene, phenylethane, substituted phenyl, substituted naphthyl,
substituted xylene, substituted phenylethane and the like. “Cycloalkyls” as used herein include,
but are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. In all
chemical formulae herein, a range of carbon numbers will be regarded as specifying a sequence
of consecutive alternative carbon-containing moieties, including all moieties containing numbers
of carbon atoms intermediate the endpoint values of carbon number in the specific range as well
as moieties containing numbers of carbon atoms equal to an endpoint value of the specific range,
e.g, Ci-Cs, is inclusive of Cy, C;, C3, C4, Cs and Cg, and each of such broader ranges may be
further limitingly specified with reference to carbon numbers within such ranges, as sub-ranges
thereof. Thus, for example, the range C,-Cs would be inclusive of and can be further limited by
specification of sub-ranges such as C;-Cj, C|-Cy, C;-Cy, C4-Ce, etc. within the scope of the

broader range.



GeCl, + RMIt,G R XR212.1GeCl R211.1GeNR'2R212.1CGeR' wherein: R

R, and R' may be the sanme as or different fromone another, and each
I s i ndependently selected fromH, Cl-C6 al kyl, C2-C6 al kenyl, C5-C10
cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein each R3 is

i ndependently selected fromCL-C6 al ky),, and Mis Li, Na, MCl, M,
or Myl. Germanium (IV) Precursors for éST Films CIC /C (a) LINwe2
or (b) nGLi C\CE+ FIN ble, or (c) 2HNMe2 GeCl 4 LiNR2 | b Ge(NR2)4
Me, Et, iPr, t-Buw oferiofDisnadrotns dbdeguehV it @2 respect of features, aspects and

embodiments thereof, may in particular implementations be constituted as comprising, consisting,
or consisting essentially of, some or all of such features, aspects and embodiments, as well as
elements and components thereof being aggregated to constitute various further implementations
of the invention. The invention is described herein in various embodiments, and with reference to
various features and aspects of the invention. The invention contemplates such features, aspects
and embodiments in various permutations and combinations, as being within the scope of the
invention. The invention may therefore be specified as comprising, consisting or consisting
essentially of, any of such combinations and permutations of these specific features, aspects and

embodiments, or a selected one or ones thereof.

1. Germanium Precursors

The precursors of the invention include various classes of germanium compositions. In
one embodiment, the germanium precursor is [{nBuC(®iPrN),},Ge], also referred to herein as
GeM.

The invention in another aspect relates to germanium precursors useful for CVD and

ALD deposition of germanium films on substrates, of the following formulae I-XVI:

RaR4M HR¢R
21\ v ne

Gé
RoRyH i \N R¢Rz

1

wherein;

R; and R, may be the same as or different from one another, and are independently selected from
H, C,-Cs alkyl, C,-Cs alkenyl, Cs-Cyo cycloalkyl, C¢-Cyq aryl, and -Si(R;); wherein each R; is
independently selected from C,-C, alkyl;



Ge ivie2N Nwe2 20 H' Geal t Ar and correspondingly a

tetraal | yl ger mani um conplex can be fornmed from such

tetrachl orogennani um starting material using a corresponding ally'
Gignard reagent R*MgCL, wherein R* is allyl Gear R -111

15

R R
LT
& 'u/ \T of
Lo d

wherein:

R and R’ may be the same as or different from one another, and each R and R’ is independently

selected from H, C,-C; alkyl, C,-Cs alkenyl, Cs-Cyq cycloalkyl, C4-C) aryl, and -Si(R3); wherein
each R; is independently selected from C,-Cs alkyl;

R
R i!i /rm R
wvynzg
\Ge\
R :4/ HR Ry
R HI

wherein:

R, R’, R; and R; may be the same as or different from one another, and each is independently
selected from H, C,-C; alkyl, C-C;s alkenyl, Cs-Cyp cycloalkyl, Cs-Cyp aryl, and -Si(R3); wherein
each R; is independently selected from C,-Cg alkyl;

R)2.5Ge(BR R,

v

wherein:

R, R; and R, may be the same as or different from one another, and each is independently
selected from H, C,-Cg alkyl, C,-Cs alkenyl, Cs-Cyp cycloalkyl, Cs-Cyy4 aryl, and -Si(R3); wherein
each R; is independently selected from C,-C alkyl; and

n is an integer from 0 to 4 inclusive;



Il RR-MR

Rr N..

----- "NLI Rl --- NN--7- 1\ /C Ge--,0- -----/ \C
Nl /R \ N/ -
16
3
R
R?" 1 &
M\ /a
Ge\
N N_/ a5
Y é‘*
wherein:

R, R% RS, R R® and RS may be the same as or different from one another, and each is
independently selected from H, C,-C; alkyl, C,-Cs alkenyl, Cs-Cyy cycloalkyl, C¢-C o aryl, and -
Si(R;)3 wherein each R; is independently selected from C,-C; alkyl;

{CHz)x
Jere

VI

CHR}

L
N

wherein:

R is selected from H, C,-Cs alkyl, and Cs-C,g aryl; and

xis 0, 1 or 2;

Rz\ R 4
g S P 1
Ry Ra
I
wherein:

R1, Rs, R; and Ry may be the same as or different from the others, and each is independently
selected from among H, Ci-Cs alkyl, Cs-Cq cycloalkyl, C4-Cyg aryl, and -Si(R;); wherein each R;
is independently selected from C,-Cg alkyl;



G --- N \NR2 Rl Ge Precursors for GST Filns GeCd 2-LLi Nt -eu,
t-Bu N-Ge-N t-Bu GeC 2-L2Na( C5H5) Ge( C51-15)12NaCl RR NN
RN=C=NRLi RGeC 2-L Nzue\ ) RN R GeCl4
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VIl

wherein:

Ri, R, Rs, Ry, and Rs may be the same as or different from one another, and each is
independently selected from among H, C,-C; alkyl, silyl, -Si(R’);, C¢-Cyg cycloalkyl, C4-C)q aryl,
-(CH),NR’R”, and -(CH,);OR”’, wherein x = 1, 2 or 3, and R’, R” and R™ may be the same as

or different from one another, and each is independently selected from C,-C alkyl;

Rt ’
£ 3]
5 \ o
K | Ge R
*g SN
X

wherein:

R’ and R” may be the same as or different from one another, and are independently selected from
among H, C-Cs alkyl, Cs-Cio cycloalkyl, Cs-Cyo aryl, and -Si(R®); wherein each R® is
independently selected from C,-Cs alkyl; and

each X is independently selected from among C,-Cs alkyl, C,-Cs alkoxy, -NR'R?, and -C(R%),,
wherein each of R', R? and R’ is independently selected from H, C,-C; alkyl, Cs-C,; cycloalkyl,
Cs-Cyp aryl, and -Si(R"); wherein each R* is independently selected from C;-C; alkyl;

Ry Ry

N 7
G H e 2 ~—CH
A

R; R,

]



Otel-la/a EtaN CGe -EtskINCIL-N NC C(CH3)3 12LI -2LICl G --.1,4/
Ged 2-L C(CH2)-3 N Li C(CH3) 3 [Ilustrative Ge(ll)
conpounds that may be usefully enployed for CVD or ALD of

germani um containing filnms include the foll ow ng:
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wherein:

Ry, Ry, Ry and Ry may be same as or different from one another, and are independently selected
from among H, C-Cs alkyl, Cs-C)q cycloalkyl, Cs-Cyo aryl, and -Si(R®); wherein each R® is
independently selected from C,-Cg alkyl;

B3
R
E R
[ s
g Gea,
e N/
Ri {
R4
Xt
wherein:

Ry, Ry, R; and R4 may be the same as or different from one another, and are independently
selected from among H, C-C; alkyl, Cs-C), cycloalkyl, Cs-Cyq aryl, and -Si(R*); wherein each R®
is independently selected from C,-C; alkyl;

g8
Ry t’;3
3
N
/Ge.
I
R1 1
Ra
Xu
wherein:

Ri, Rz, R; and R4 may be the same as or different from one another, and are independently
selected from among H, C-C; alkyl, Cs-Cq cycloalkyl, C¢-Cy aryl, and -Si(R3)3 wherein each R®
is independently selected from C;-Cs alkyl;

R |R2R3R4GG
). 4% |

wherein:

Ry, Ry, Ry, and Ry may be the same as or different from one another, and are independently
selected from among H, C,-Cs alkyl, Cs-Cyo cycloalkyl, Cs-Cyo aryl, and -Si(R*); wherein each R?
is independently selected from C,-C; alkyl.



22 I n various enbodi nents of the invention,

di al | cyl am noi sopropyl germane precursors are used for CVD/ ALD
formation of GST thin films. Such precursors may be synthesized by a
reaction schene such as that shown bel ow.
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The synthesis of the above-described germanium precursors can variously be carried out
in a ready manner, utilizing synthetic preparations of the types variously shown below. In each
instance RMgCl, RMgBr, RMgl, RLi, and RNa can be used as alternative reagents. Further,
GeBry can be used in place of GeCly; LiNR; can be replaced by NaNR; or KNRy; and Na(CsRs)
can be used as an alternative to K(CsRs). Moreover, a multi-step synthetic approach may be
employed to generate mixed alkyl species through oxidative addition to a Ge(Il) complex to
generate Ge(IV) precursors, as shown below:

GeCl, + RM — R,Go —2X g R,R'GeCl

N

R,R'GeNR", R,R'GeR"

wherein:

R, R’, and R” may be the same as or different from one another, and each is independently
selected from H, C,-Cs alkyl, C,-C; alkenyl, Cs-Cyg cycloalkyl, Cs-Cyo aryl, and -Si(R;); wherein
each Rj is independently selected from C;-Cs alkyl, and M is Li, Na, MgCl, MgBr, or Mgl.

Germanium (IV) Precursors for GST Films

Cl Cl MegN Nite,
N\ {a) LINMe,
Ge 3o Ge
- or (b nButi , &
cr Cl + HNKa, thesN NMa,
or {¢} 2HNMe,

GeCl, + LiNR,

¢

Ge(NRa)y

R=0Ne, Et, iPr, t-
Bu or combinations



a,,d

\ /intAgG

RMgCl

Li NR, (R N) Ge
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. CLGe(R)ey

RRNG(R)yx

BahvigCl

LN;'R/ iLiAqu‘

HxGe(R:]4-x

Yy

and correspondingly a tetraallylgermanium complex

—

K A
Q ——
IQ

RMgX
————— R,Ge®)y

or R'Li

4-3;

can be formed from such tetrachlorogermanium starting material using a corresponding allyl

Grignard reagent R*MgCl, wherein R* is allyl

) i )
N N Cl N NR2
_— e N\ /S
GeCly + Ge Ge\
N N \cr rr/ NR2
|
R L R R R ' R-M R
L E
R
~. N/ :
/Ge\ g M =11, MgCl
N N p’q/ \R
I b
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Ge Precursors for GST Films

-Bu -Bu
GECIQ-L + LiNt—BUz — \N_GE_N’

£Bu *t-Bu
G&Cig-l_ + 2N8(05H5) ——— 66(05H5)2 + 2NaCl

R R
N\ /N
RN=C=NR + LR + GeCll — = x_<( o s
N

R

Cl:{CH’)S C(CHSJS
NH BN N o
- i
GeCl  + | ———— [ e
NH -EtsNHC ~y T
| I
C{CHalg C(CHa)z
lzu
ﬁf_C}Ha}s C{CH3ls
i : N
(" - 14
GeClyL + g\ —-—-—g-EI-CI—.- ( \GE M
C{CHalz Ci{CH;l3
SLC}Hak C(CHale
o1 N
GeClyl  + { L E “Ge®
L v
|
C{CHg) C{CHa)3

[lustrative Ge(II) compounds that may be usefully employed for CVD or ALD of

germanium-containing films include the following:

SiMe; SiMeg SiMea Sikes
N—Ge—N N—Ge—N H-C—Ge~C-H
. Sihley Sikles SiMeg Sites



HxGa- to form germani um conpl exes such as: NWwe,,
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In various embodiments of the invention, dialkylaminoisopropylgermane precursors are
used for CVD/ALD formation of GST thin films. Such precursors may be synthesized by a

reaction scheme such as that shown below:

cl cl —L .
./ iPmgCl LiNR,
6 < — 5 T

o’ vl \CI

N NG

{RzN)Ge

(%)

H, Gg—{~
4-x
to form germanium complexes such as:
b< 5
——I Niien —' NE#
|
.. “K /s__
64
j \N MeE+ T T Sikes

SiMeg

The above-described germanium precursors are useful for CVD and ALD applications, to

deposit germanium-containing films on substrates. Tetrakisamidogermanes and



23 triisopropylam nes useful for such applications and amenable to
transport with a heated bubbler include, for exanple, Ge(Nw2)4,
Ge(NEt M) 4, Ge(NEt2)4, iPr3Gd, iPr3GeNwe2, iPr3GeNEt M, and

i Pr3GeNEt2. The volatility of the germani um precursors of the

invention can be readily neasured by t her nogravi netri c technique
(e.g., by determning material transport under atnospheric pressure
in argon) and GC anal ysis. In specific enbodi nents of

ger mani um pisptopsianiaesafsefilher sas}e@plﬁvaudnwmeﬁz{um RdaRbét Weh @héﬁhéh bubbler
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nitrogen in fi respect,

Si - do
Tt e Cal's ARYSORETs FatanT siinb S50 ey SRABE MY e rdEes due o
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precursor s, th& &?“}‘el {oﬁfo%o%g erg;g,yesppe%urg&poa ted separately or in

conbi nation wth ot recur sor , th Sb and Te conpl exes
such as i Pr3Sb, Ths,tseml)l@ precywpopsTef tWavwmmy@tatrba Vide mariety ST liganil smscies

g?; | | ust rasthia@e FHeRDE. BHERIREAE $RY & tehd Kbvlﬁél&de?ﬂit&ut Ilr?ltatlon allyl, benzyl, ftt
riisopropy ed to sonetines herejnafter
as GePNEM "7 s 4 BJ ﬁg‘%’&ﬁ’r %& beﬁ)é% ”f’g JéfBEte GurhafitunionNa
substrate éml_k!sltthilalbcﬂlenldepmsalstob@use@rocess conditions, e.g., deposition
tenperature 1 n gl %}gﬁhﬁ}refﬂr&m P Qecheﬁx(?ere%‘r?lp %’lut&?gr s%pex%{o%%nsyﬁqmd & 14very of

rangi ng fromsu atrms super at
f r om about teghnisug gipg %%a@%SOéFWﬁ%eﬂﬁe?ré@yéF d?hﬁfﬂfef} for %’Pr 16@18 dewoslTahJIOéGb-

bel ow i s acdntafidgTmO by fsdhldmeﬁl@gpc@éhmq@éa 8L debcﬂbe’%irn&%él{a%@/lme!@;&é@@of R
varying tenperature and. pressure conditions, for deposition o

ger mani um SHTSTHRTFEPRE P IBYFE®e GePNEM precursor, delivered to t he
substrate in a Ioasy ase€CVDALD presnrsors, mymeq:g@ﬁrsgaﬁayaie d2p8itsd @pdacig of mbi C

centinmeter Sontbfrlatidl! v("int Sther precursors, e.g., with Sb and Te complexes such as iPr;Sb, Sb(NRy);,
iPr;Te and Te(NR,), to form GST films.

£

One illustrative germanium precursor of the invention is
Ge(triisopropyl)(methylethylamide), referred to sometimes hereinafter as GePNEM. This
precursor can be employed to deposit germanium on a substrate at suitable deposition process

conditions, e.g., deposition temperature in a range of from 300°C to 450°C, and at pressure



Table I. Film Deposition Rate of Gernmani um Deposited at Varying
Tenperature and Pressure Conditions Tenperature ( C) Tenperature 1/ T
(K) Pressure 0.8 torr Pressure 8 torr 300 0.001745201 0.14 A/mn 0.35
A/mn 320 0.001686341 0.45 A/lmin 340 0.001631321 1.32 A/lm n
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ranging from subatmospheric to superatmospheric (e.g., in a range of from about 0.5 torr to 15
atmospheres or more). Set out in Table I below is a listing of film deposition rate, in
Angstroms/minute, at varying temperature and pressure conditions, for deposition of germanium
on substrates from the GePNEM precursor, delivered to the substrate in a carrier gas flow of

hydrogen gas at 200 standard cubic centimeters per minute.

Table 1.

Film Deposition Rate of Germanium Deposited at Varying Temperature and Pressure

Conditions
Temperature Temperature Pressure Pressure
(°Cc) UT (K) 0.8 torr 8 torr
300 0.001745201 0.14 A/min | 0.35 A/min
320 0.001686341 0.45 A/min
340 0.001631321 1.32 A/min | 0.8 A/min
360 0.001579779 1.48 A/min | 1.28 A/min
380 0.001531394 | 2.4 A/min | 2.7 A/min
400 0.001485884 3.4 A/min | 2.3 A/min
420 0.001443001 6.8 A/min 10.5 A/min
440 0.001403 6.5 A/min

GePNEM deposition with 200 SCCM H,

In another determination of film thicknesses of germanium achieved by deposition from
the GePNEM precursor, deposition carried out for a period of 16 minutes gave the following
results: (1) temperature = 400°C, pressure = 800 millitorr, reactant gas Hp, film thickness = 57 A;
(ii) temperature = 400°C, pressure = 800 millitorr, reactant gas NH;, film thickness = 94 A; and
(ili) temperature = 400°C, pressure = 8000 millitorr, reactant gas H,, film thickness = 36 A.
These results evidence the suitability of GePNEM for forming germanium or germanium-
containing thin films on substrates by vapor deposition techniques.

In various specific embodiments, the invention contemplates a precursor mixture
including germanium precursor, antimony precursor and tellurium precursor, wherein at least one
of the germanium precursor and antimony precursor includes a precursor selected from among

the metal complexes of formulae (A), (B}, (C), (D) and (E){I)-(X V1) described hereinabove.



CDEO

8 Alm n 360 0.001579779 1.48 A/mn 1.
mn 2.7 kmn 400 0.001485884 3.4 A/'m
Amn 10.5 AAm n 440

28 kmn 380 0.001531394 2.4
n 2.3 AAmn 420 0.001443001

II. Antimony Precursors
To form antimony-containing films, one can use antimony-containing precursors, for
example, antimony precursors of the following formulae (A), (B) and (C):
Sb(NR'R})(R’N(CR°R%),NRY) (&)

wherein:

R, RY R® and R* may be the same as or different from one another, and are
independently selected from C,-Cg alkyl, Cs-Cy cycloalkyl, C,-Cs alkenyl (e.g., vinyl,
a]iyl, CtC.), C3-C6 alkylsilyl, C6-C]0 aryl,

each of R® and R® may be the same as or different from one another and are
independently selected from hydrogen, C,-Cq alkyl, C3-C; cycloalkyl, C,-Cg alkenyl (e.g.,
vinyl, allyl, etc.), C5-Cs alkylsilyl, and C4-C g aryl; and

m is an integer from 1 to 4 inclusive;

Sh(RHR’N(CR*R®),NR?) (B)

wherein:

R', R? and R* may be the same as or different from one another, and are independently selected
from C,-Cq alkyl, Cs5-C; cycloalkyl, C,-Cs alkeny! (e.g., vinyl, allyl, ete.), C;-Cs alkylsilyl, and
Cs-Cyo aryl;

each of R* and R® may be the same as or different from one another and is independently selected
from hydrogen, C;-Cq alkyl, C3-C; cycloalkyl, C,-Cs alkenyl (e.g.," vinyl, allyl, etc.), C3-C

alkylsilyl, and C4-C g aryl; and

m is an integer from 1 to 4 inclusive;

Sb(R")3..(NR'R%), (©)

wherein:



0.001403 6.5 Almn GePNEM deposition with 200 SCCM H2 In
anot her determ nation of filmthicknesses of germani um achi eved by
deposition fromthe GePNEM precursor, deposition carried out for a
period of 16 m nutes gave the followng results: (i) tenperature =
400C, pressure = 800 mllitorr, react gas H2, filmthickness = 57
A, (ii) tenperature = 400C, pressure = 800 mllitorr, reactant gas
NH3, filmthickness = 94 A, and (iii) tenperature = 400C, pressure =
8000 mllitorr, reactant gas Hz, filmthickness = 36 A These results
evidence the suitability, of GePNEM.for_.formn er nani.um or,

ger mani um E( on ﬁpénlﬁnrélajf l?1':|yﬂr11‘3 Y ﬁ%orgir}? feLTh EpP 3?%?%‘% E\’)ggr&md?%eﬁ%eﬁhf pelgted

t echni ques from hydrogen] @i-Geatkiyb @s-Cs prlbalkyl cC.eCiadanynéad. svinyt, lakvlj ata)esityl, @3-Co
cont enpl at Gy RIS RY Sk NI ShdhPlatSlb10 oAERTRUI RLACHERO and .
antinony precursor and tellurium precursor, ereln at least” one of

t he ger rranicdfr‘?f“i)r ecursor and antinony precursor includes a precursor
sel ected from anong the netal conplexes of formulae (A, (B), (O,
(D) and (E%n(isoa}l(ir?t(é/lm)frde&cr3i'b?d' her ei nabove. 25 IL Antinony Precursors
To form anti nony-contal Mi-Ag T17'ns, one can use antimony-contai ni ng
precursors, for exanple, antinony precursors of the follow ng
formulae (A), (B) and (C): Sb(NR 2122) (R3N(CRE6R6)", NO (A) wherein:
It', R2, R3, antheRavesugn Beanethes asnseferelatss tor gegidnylesnd rrilylf antimeryrgecansors ér |
and are i nggpengsnt!y selected from CL-C6 al kyl, C3-C6 cycl oal kyl,
C2-C6 al kenyl (e.g., vinyl, allyl, etc.), C3-C6 allcylsilyl, C6-C 0
aryl, each of ft.6 and R6 may be the sane as or different from one
anot her and are i ndependerbSyEgR'RERY)ed from hydr@gen, CL-C6 al kyl,
C3-C6 cycl oal kyl, C2-C6 al kenyl (e.g., vinyl, allyl, etc.), C3-C6
allcyisilyl, and C4-C10 aryl; and mis an integer from1l to 4

i ncl usi ve: wherein: .

R!, R%, R?, and R*may be the same as or different from one another, and are independently
selected from C,-Cg alkyl, C;-Cs cycloalkyl, C3-Cs alylsilyl, C4-Cyq aryl, and alkylamino of the
formula -NR’R® wherein each of R® and R® is independently selected from H and C,-Cy alkyl;

E is silicon (Si) or germanium {(Ge); and
n is an integer from 0 to 3 inclusive.

The foregoing precursors may be usefully employed for CVD and ALD of Sb, Sb/Ge,
Sb/Te and GST films.

Such precursors may also be used in low temperature deposition applications with
reducing co-reactants such as hydrogen, hydrogen plasma, amines, imines, hydrazines, silanes,
silyl chalcogenides (e.g., (Me;Si),Te), germanes (e.g., GeH,), ammonia, alkanes, alkenes and
alkynes.

‘When specific precursors are in a liquid state, they may be used for liquid delivery in neat
liquid form.

Alternatively, when such precursors are in a liquid or solid state, they may be employed
in suitable solvents, as a solution or suspension of the precursor. In specific applications, suitable

solvents for such purpose include alkanes (e.g., hexane, heptane, octane and pentane), aryl



Sb(R1) (R2N(Cl el ) MNR3) (B) wherein: R, R2, and R3 nay be the sane as
or different fromone another, and are independently selected from
Cl-C6 al kyl, C3-C6 cycloal kyl, C2-C6 al kenyl (e.g., vinyl, allyl,
etc.), C3-C6 allcylsilyl, and C6-Cl0 aryl; each of I1t.4 and | e may be
the sane as or different fromone anotfier and i s i ndependently

sel ected from hydrogen, Cl-C6 al kyl, -C6 cycl oal kyl, C2-C6 al kenyl
(e.g., vinyl, allyl, etc.), C3-C6 alkylsilyl, and C6-C10 aryl; and m
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alkyl; Eis silicon (Si) or germanium ( n 1 s an I nteger rom

0 to 3 incleRY fRid delivery dndpapopiger systsnepmiterseally atnilablorfigm Mg e 4 Dprpury,
enpl oyed f génneddutansh.ALD of Sb, Sb/Ge Sb/ Te and GST fil ns.

Such precursor al so_be use w t enper at ur e, degosi t j
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they nmay bEPEEH BEFHSPISHATY delivery in neat liquid form

The antimony precursors of the invention are readily synthesized, by synthetic routes
including those described below.

The antimony precursor of the general formula (A):

NR'R?)

can for example be synthesized according to the following reaction scheme (A):

NR'R?)

SbX; + LIINR'R?) + LiR*N(CR’R%),NR*) —



Al ternatively, when such precursors are in a liquid or solid state,
they may be enployed in suitable solvents, as a solution or
suspension of the precursor. In specific applications, suitable

sol vents for such purpose include al kanes (e.g., hexane, heptane,
octane and pentane), aryl 27 solvent§¥ge.g., benzene, tol uene),
amnes (e.g., triethylamne, tert-butylamne), imnes, hydrazines and
et hers. The choi ce of a specific solvent conposition for a
particul ar antinmony precursor or for a specific antinony precursor in
conbi nation with other germanium and tellurium precursors, my be
readily determned, within the skill of the art based on the

di scl osure herein, to select an appropriate single conponent or
mul ti pl e céMbratimorygrepaer offbelpanereifformulai(Bli d del i very vapori zati on
and transport of the specific precursor component(s) invol ved.

In various enbodi nents, where the antinony precursor is in a solid
state, a solid delivery systemnmy be utilized for delivery of the
anti nony precursor® such as for exanple the ProEVape solid delivery
and vapori zer systFnlconnercially avai l able from ATM, Inc., Danbury,
Connecti cut, USA.Sb___ antinony precursors of the invention can
be "fine-tuned" choyce of appropriate substituents, wthin the
broad for nukae—-Net out/ herei nabove, to provide desired
characteristics of TlogeiRr®|, stability, volatility and conpatibility

W th other co-reagents or conponents in a nulti-conponent precursor

system The antinony precursors of the invention are readily
synt hesi zed, by synthetic routes including those described bel ow. The
antinony precursor of the general formula (A): i NRLR2) Sb -

N R4 R3- N capdasyntesizr actpldiag ehsiphdvhigstaach saleasi(B) Nng to the fol | ow ng
reaction schene (A): INRLR2) 28 and the antinony precursor of the
general formula (B): RL Sb-N-R3

SbX; + R'MgX + Li(R’N(CR*R’),NR?) —

R1
/§b~—~N——R3
Rz“—N\ /
(CR'R)m

or by the following reaction scheme (C):

SbX, + mR%(CR*R’) R’NSiMe; —

I
/Sb—N—-R3
RZ—N\(cé‘RS)m



R2-N can be synthesi zed according to the follow ng reaction schene
(B): SbX3 + R MyX + Li (INCRAR3),,NR3) Rl Sh-N-R3 R2-N "MCR4R5),, or
by the follow ng reaction schene (C): SbX3 + nmR2(CR4R5) R3NSi Me3 -> X

Sb-NR3 / / /| (CRAR5)m 29 + 11.1h4gX R1L Sh-N-R3 R2- N
29
+R'MgX —
R1
/Sb———N——R3
RZ_N\ /
(CRR®)n

The antimony precursor of the general formula (C) can be formed by synthesis in a
corresponding manner.

The antimony precursor of the general formula (D), having the following structure:

(ER'RZR®)(3.ny2

Sb

/ \(ER1 R2R3)

E=GeorSi

(RH (3-n)2

can for example be synthesized according to the following reaction schemes (D), when n is zero,

or (E), when nis 2;

(ER'R®R®)3.ny2
NagSb /(LizSb) + (3-n)E(R'RZRIX ————> /Sb\
ER'RZR3
(nis 0) o(R) ( e
D)
(R
E(R'RZR%)X I
Sb(R*); +2Li — > Sh(R*),Li - Sb\
wis2) (R4)/ (ER'R?RY)

E=GeorSi
(B)



The antinony precursor of the general fornula (C) can be forned by
synthesis in a correspondi ng manner. The anti nony precursor of the
general formula (D), having the follow ng structure: (ERlL RZR3)(3-0/2
Sb (R4) (ER RZR3)(3_n)/2 E = Ge or Si can for exanple be synthesized
according to the follow ng reaction s mes (D), when n is zero, or
(E), when n is 2: (D) E=Ge or SI 30 wherein Xis halo
(fluorine, brom ne, chlorine, iodine). In the foregoing
synt heti ¢ evhemjplXas hald¥iyosina thorkiie, dniGrang, ilime))sed as al ternative
synt hesi s reagents.
In the foregoing synthetic examples, RMgX and RLi can be used as alternative synthesis
reagents.
As specific examples illustrative of precursors of the invention, the precursors
Sb(NMeEt);, Sb(CH=CMe,);, Sb(CH,CH=CH,); and Sb(NMe,); were synthesized and
characterized. The precursors Sb(NMe,); and Sb(NMeEt); were determined to exhibit photo-
sensitivity and therefore to require storage in a container protected from light exposure or in other
photo-resistant packaging, to avoid light-induced decomposition thereof. Similar considerations
are applicable to Sb(CH=CMe,); and Sb(CH,CH=CH,);.
FIG. 1 shows the nuclear magnetic resonance spectrum of Sb(NMeEt); and FIG. 2 shows
the nuclear magnetic resonance spectrum of Sh(NMe,)s.
FIG. 3 is a simultaneous thermal analysis (STA) graph for these two precursors,
Sb(NMeEt); and Sb(NMe,); in which percentage thermogravimetry (TG) is plotted as a function

of temperature, in degrees Centigrade.

Additional classes of antimony precursors can also be used. Such antimony precursors
are suitable for use in forming GST films, in conjunction with the use of suitable germanium and
tellurium precursors.

Such additional classes of antimony precursors include those of formulae (F), (G), (H),
@, (M, (K), (L) and (M), as defined below:

(F) aminidates, guanidates and isoureates of the formula:
R7,Sb[R'NC(X)NR*);.

wherein:
where each R' and R? is independently selected from among H, C;-Cs alkyl, Cs-Cyo cycloalkyl,
Cs-Cyg aryl, and —Si(R3)3 wherein each R? is independently selected from C;-Cg alkyl;

each X is independently selected from among C,-C; alkoxy, -NR*R®, and -C(R®),, wherein each
of R*, R’ and R’ is independently selected from H, Cy-Cs alkyl, Cs-Cyo cycloalkyl, Cs-Cip aryl,
and -Si(R*); wherein each R? is independently selected from C;-C; alkyl;



As specifirc exanples illustrative of precursors of the invention, the
precursors Sb(NMeEt)3, Sb(CH=Cwe2)3, Sb(CH2CH=CH2)3 and Sb(Nwe2) 3
wer e synt hesi zed and characteri zed. The precursors Sb(Nwe2)3 and
Sb(NMeEt )3 were determ ned to exhibit photosensitivity and therefore
to require storage in a container protgcted fromlight exposure or in
ot her photo-resi stant packaging, to avoid |ight-induced deconposition
thereof Simlar considerations are applicable to Sbh(CH=Cwe2)3 and

Sb( CH2CHH2) 3. FIG 1 shows the nucl ear nagnetic resonance

spect rum of @ 2 sho he, nuc gnetd c_resonance
spect rum of acﬁ%( ﬁk%%%dmﬁy Seﬁct%:?@ e ; %k%’ﬁ tl\gza%mr}g ?@e%h’ﬁ?crem cac
anal ysi s ( STR) Rged R’ if wepeiviontly stlptedgroaciir Gy s s1kyISB L Cli/eyetop Byl aBelCyo aryl, -
Sb(NVe2) 3, i) MHdCBeRE] FiRRkALE #2heh 91%81‘{15/@& fo forh@)-c, ﬁlc?g'a%t ed as a
function of tenperature, in degrees nt i gra tional

cl asses of antinony precursors can al so be used Such anti nony

precur sor s nayaa iseget fdd @of3pr use in forming GST films, in conjunction
with the use of suitable germanium and tellurium precursors.

Such additional classes of antinony precursors include those of
formul ae ( K9) tetfa@jkyl gupi)idates oy the fofpyla: (K), (1) and (M, as defined bel ow
(F) am ni dates, guani date s and isoureates of the formul a:

| e" Sb[ RI N g(%&NRJ,S rein: where each re and R2 is independently
sel ected f [Mﬁﬁc@ﬁ‘ ‘®Bbes al kyl, C5-CLO cycloal lcyl, C6-CLO aryl,
and -Si (R3)3 wherein each R3 is |ndependently sel ected from Cl1- C6

al kyl ; eachhé S independently sel ected from anong Cl-C6 al koxy,
-NR4R5 and -6 R6)2 wherein each of 116, R5 and R6 is independently
sel ect ed f rashoHR' B8 ROs indekgnentl 5l from ethoral H ¥h-Cs 64, 00-Carcydloaliah ds-
-Si (R3)3 i 1- C6 al kyl ;
3T cach 1200 Pt ko e L oy
-NR3129, and -C(RI9)3, wherein each of 12.8, RO and Rl is

i nd le pend g Ntdcy oS8 |aﬂﬁR43£imﬂdi)aﬂbﬂﬂy seﬁzbte@@oﬁﬂ(y,l Cs zﬁ?yi @1—@10(&)‘&621&34 bﬁl‘ nats- C10
aryl, - Si LN ependen y
sel ected f %n(?%g éi)z‘ erelfl I‘Eacgl R Hdie‘f?n egt yasﬁle?t?é]fé % ?@M 0to 3 (O

tetra-al kyl guani dat es of the formula: R5" Sb[(R1122) NC( NR3R4) NA3. "
wherein: eag oﬂ%{é tah e f

Cl- 6 al kyl ﬁ'Rolg ICE lze@degtlyagleét&iﬂ- ﬁ%@e@(, a l%i(§ }\Iﬁg{t eagd Id 3@15\%)@19%:&1”
each R9 i s°€3-1d%p"é Ble‘ﬁtnflﬁ)’e%déll“ééfﬂ%"&dfﬁio@rﬁ @19@{(354%5@003’@8%1?1' &-Crazland
R4 is i ndepefilesilge(®) ehdatleatii MR ikieptalieddd selbdiliom@-cCaRyicana! oal kyl ,
C6-C10 aryl, and -Si (R9)3 wherein each RO is independently sel ected
fromCl-C6 aI kyl; each R5 is independently selected fromanong C -C6
al koxy, -NR@R@,intmcrdron@(tR:B-) 3, wherein each of R6, R3 and le is

i ndependently sel ect ed fromH C-C6 al kyl, C6-Cl10 cycloallcyl,

C6- C10 aryl , - and RI9) 3 wherein each RI is |ndependently
sel ect ed f{:%ﬁ{ir@naé% ang tk19cfarba1§ﬁas o(f the formula:

R4,|Sb[(EC(X)E]3,n

wherein:

each X is independently selected from among C,-C; alkoxy, -NR'R?, and -C(R?);, wherein each
of R', R? and R’ is independently selected from H, C,-Cs alkyl, Cs-Cyo cycloalkyl, Cs-Ciq aryl,
and -Si(R’%); wherein each R’ is independently selected from C,-C alkyl;



nis an integer fromO to 3. (H) carbamates and thi ocar bamates of
the formula: 12.4"SbREC(X)Eb." wherein: each Xi s independently

sel ected fromanong Cl1-C6 allcoxy, -NAIR, and -C(R3)3, wherein each
of RI, R2 and R3 is independently selected fromH, Cl-C6 al kyl,

C3- C10 cycloal kyl, C6-Cl0 aryl, and -Si{R5)3 wherein each R5 is

i ndependently selected from Cl1-C6 al kyl'; 32 each 12.4 is

i ndependently selected fromanong Cl-C6 al koxy, -NRLR7, and -C(123)3,
wherein each of R, 12. 2 and 12. 3 is independently sel ected from H,

Cl-C6 al kyl ry and .-

wherei n eac ?1011%13 mdgl?en l létgci T as’%‘f“écf gﬁl llfdlx&m&]\%lR 93?(@? Whﬁe‘ §a°?‘

ei ther 0 orfR}Raamd Rnlsulgiemdqnm S@@etpd frorobh ©-GsalkSl, C((En): clsbhliaylofa@t aylat es,
di ket oi m ngLes; s t

O3 113) O i T B S A e oo B R BT il 14

[ RANC(R7) C(X) C(R7) N(RI' )] 3. " Sb( R6) , [(R3) OC( O)C(X)C(R7) S13Sb( R5) 8
where each of RI,R7, R3 and R4 is independently selected from anong
H, Cl-C6 alBdytither@berGlhdcycl oal kyl, C6-Cl0 aryl, and -Si (R6)3 wherein
each R6 is independently selected from Cl-C6 al kyl; each X is

i ndependent|y selected fromanong Cl-C6 al koxy, -Mle, and -C(R8)3,
wherein each of R6, R7 and R8 is independently selected fromH, Cl-C6
al kyl, 06- @1@“&‘3’%&%%‘!‘%9/103 C6- C10 aryl, and -Si (R6)3 wherein each R6
is i ndependent ly selected from C3-C6 aI kyl; each R5 is independently
sel ected from anong guani dinate, am nidate, isoureate, allyl, Cl-C6
al koxy, -NROR1l, and -C(R11)3, wherein each of 124, 12' and R' is

i ndependentd Yetasdikesenptes diketoimirdtes, @hd di&tithikapds, of @8 f@h@lag ycl oal kyl , CO- CLO
aryl, -Si(R6)3, and -Ge(R6)3 wherein each R6 is independently

sel ect ed fr[gé?Rg):C(X)c(Rq)o]x‘Sb(R%?d nis an integer fromO to 3.

[OCRI)CK)CRINR)]3..Sb(R),
[RNCR)CEYCRINR]3..SbR),
[R*)OC(=0)C(X)C(RHST3.SbR ),

where each of R',R?, R® and R* is independently selected from among H, C,-Cs alkyl, Cs-Cq
cycloalkyl, Cs-Cq aryl, and -Si(R®); wherein each R® is independently selected from C,-Cg alkyl;

each X is independently selected from among C,-C; alkoxy, -NR®R’, and -C(R®)s, wherein each
of RS, R7and R¥ is independently selected from H, C;-C; alkyl, Cs-C)y cycloalkyl, C¢-C)q aryl,
and -Si(R%); wherein each R® is independently selected from C-Cg alkyl;

each R®is independently selected from among guanidinate, aminidate, isoureate, allyl, C;-C,
alkoxy, ~NR’R", and -C(R'");, wherein each of R’, R'® and R"' is independently selected from H
C,-Cs alkyl, Cs-Cyg cycloalkyl, Cs-Cig aryl, -Si(R%)s, and -Ge(R®); wherein each R%is
independently selected from C,-Cs alkyl; and

e

n is an integer from 0 to 3.

() allyls of the formulae:



33 (i): RAnSKRINC(X) C(R2R3)]3, (ii): RInSb[ (R O NC(X) C(R2R3))] 3,
(iii): R4"SbaR1125) NC(X) C(R2R3)) 134, (iv): ab[(ONC(X)C(R2R3))] where
each RI,R2, R3 and R5 is independently selected fromanong IIl, Cl-C6
al kyl, C5-C10 C6-Cl10 aryl, and -Si (R6)3 wherein each R6 is

i ndependently selected fromC, -C6 al kyl, each Xi s independently

sel ected from anong Cl-C6 al koxy,-NRIRZ, and -C(R3)3, wherein each of
RI, R2 and R3 is independently selected fromH, Cl-C6 al kyl, Cs-Cw
cycl oal kyl , CrC w aryl, and Si (R6) 3 wherein each R6 is independently
sel ected fr(g Xﬁ,#(hlk each 124 is independently selected from
anong guani mht[e (a i sour eat es, bet adi ket onat es,

di ket oi mi néieR’ SW@NC(W(&R(%B;" Cl -Ca al koxy -NR712.5, and -C(R9) 3,

wher ei n ea . @F spiRr'RENEPdC i ndependently selected fromH, Cl-C6
al kyl , g) gc[(oiaglgé?g&%@% aryl, - Si(R6)3, and -CGe(R6)3
V\,herel n eali): RSOIENLRY B%?\d)éntly selected fromCl-C6 al kyl; and n is
an integer from0O to 3. (L) cycl opentadi enyl (Cp) antinony conpounds
wherein the Cp noiety is of the fornulae: wherein each of RI Ra,

EﬁchR.“sa.”ﬂa’eR@%;g Ry R Pl EOh b BT e BTty P

Cl-Cu al | cyYisikieCsCoamh mdapiR’): whareigeagh &? fzdndppen ﬂmleequnsm @/clalkyl
C2-Cl2 al kenyl, RIRZNNR3, wherein R, R2 and R3 may be the sanme as or

di ff fr h dependently 34 sel d
1 om C1. 06 Ry MocgEoB e o Gt i< e g Pt 100 BrRoLs)

pr FVI ?I ggf IR Riand Rb@mdepeatenmeltmedtﬂm 1 10t ACpratiayl, cc_;lem d’yallbzﬁ]@,}l ,@AC, AR
sel ecte . al ky
i m doal | cylré1 1‘%\%@gglelt%%ﬂ a FXJI%%\?I?%%%%%&@%% ‘h%¥or mul ae: ,s1117,

each R* is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiiminates, C(-C, alkoxy, ~NRRS, and -C(R?);, wherein each of
R, R® and R’ is independently selected from H, C;-Cs alkyl, Cs-C1o cycloalkyl, Cs-Ciq aryl, -
Si(R%)s, and -Ge(R®); wherein each R® is independently selected from C,-C alkyl; and

n is an integer from O to 3.

(L) cyclopentadienyl (Cp) antimony compounds wherein the Cp moiety is of the formulae:

wherein each of Ry, Ry, R3, Rq and Rs can be the same as or different from the others, and
each is independently selected from among hydrogen, C-C,; alkyl, C,-C), alkylamino,
Ce-Cyo aryl, C,-Cy, alkoxy, C3-Cy alkylsilyl, C,-C,, alkenyl, R'R®NNR?, wherein R', R?

and R’ may be the same as or different from one another and each is independently



N A CV, PI2R4 am noal kyl s wherein: the nmethylene (-CH2-) noiety could
alternatively be another dival ent hydrocarbyl nviety; each of is the
sane as or different fromone another, with each being i ndependently
sel ected from anong hydrogen, Cl1-C6 al kyl and Co-Cio aryl; each of Rs
and R6 is the sane as or different fr the other, with each being

i ndependent|ly selected fromanong Cl-Co al kyl; n and m are each

sel ected independently as having a value of fromO to 4, with the

]E)r ovi so that i nseadaﬁd frofmal) iy bilkAeard p@ﬁdaﬁth%alﬁﬁmluﬁingﬁmc@dﬁﬁ géodpﬁ) seligss ed
roml to 5; R

al kox
aryl oxyal kyl s rthe iRrE %‘ék R fmﬁﬁﬁﬁﬁﬂ“’)?mfaﬁgbrg seé%teggy ‘alaW‘égraé’H‘f°a]ll‘Vlom
one anot her, w alhoxeaa\bh alpdaxmajicyil, idid padint] emd doytylsleylcleig the Falowiagtongulac:
hydrogen, CI-C6 al kyl, and C6-Cl0 aryl; R5 is selected from anong
Cl-C6 al kyl, and C6-Cl10 aryl; and n and m are sel ected i ndependently
as having a value of fromQ to 4, with the proviso that mand n
cannot be 0 at the sar‘%1 ti%@ S5 RIR3 | kC nr7NFC=NRIl Ry R4 RS

aminoalkyls
wherein: the methylene (-CH,-) moiety could alternatively be another divalent hydrocarbyl
moiety; each of Ri-R, is the same as or different from one another, with each being independently
selected from among hydrogen, C,-Cg alkyl and Cg-Cp aryl; each of Rs and R, is the same as or
different from the other, with each being independently selected from among C;-Cgalkyl; n and m
are each selected independently as having a value of from 0 to 4, with the proviso that m and n

cannot be 0 at the same time, and x is selected from 1 to 5;

alkoxyalkyls and aryloxyalkyls

wherein each of R|-R4 is the same as or different from one another, with each being
independently selected from among hydrogen, C,-Ce alkyl, and Cs-C)q aryl; R; is selected from
among C,-Cs alkyl, and C¢-Cyp aryl; and n and m are selected independently as having a value of

from 0 to 4, with the proviso that m and n cannot be 0 at the same time;



and RIR3 N__/Al/R11 kkirN=C R21 R2 i m doal kyl wherein each of R, R2,
R3, R4, Rs is the sane as or different fromone another, with each
bei ng i ndependently sel ected from anong hydrogen, Cl-Cs al kyl, and
C6-Cl10 aryl; each of Rl ', R2' is the sane as or different from one
anot her, with each being independently,selected fromCres al kyl, and
C6-Cl10 aryl; and n and m are selected i ndependently fromO to 4, with
the proviso that mand n cannot be 0 at the sane tinme; R3 (Cyrffiql

I\ RS R2 R4 acetyl al kyls wherei nReacRsof RL-R4 is the sanme as or
different fromone another, with|each being i ndependentlty sel ected
from anong hydrogen, Cries aka& -cﬁeClﬂNaLyﬁg R5 is selected
from 36 anong Cl-Cs al kyl, dna and Cl-GCs al koxy; and n and
m are sel ected |ndependently fro lo 4R with the proviso that mand
n cannot be 0 at the sane tine; i

and
R R
1 ls Ry
\ { R
\Tfm \?n N==C
Rl
Ro Ry 2
imidoalkyl

wherein each of Ry, Ry R;, Ry, R; is the same as or different from one another, with each being
independently selected from among hydrogen, C,-Csalkyl, and C¢-C) aryl; each of R,’, R,’ is the
same as or different from one another, with each being independently selected from C;-C alkyl,

and C4-Cyo aryl; and n and m are selected independently from O to 4, with the proviso that m and

n cannot be 0 at the same time;

Ry Rz o
NP
\V/m \ I n
R, Ry Rs
acetylalkyls

wherein each of R|-R; is the same as or different from one another, with each being

independently selected from among hydrogen, C;-Cs alkyl, and Ce-Cyq aryl; Rs is selected from



wherein non-Cp |igand(s) of the antinony Cp conpound can optionally

i nclude ligands selected fromthe group consisting of guanidinates,

am ni dates, isoureates, allyls, beta-di ketonates, diketoi mnates, and

di ketiimnates; and (M al kyls, al koxides and silyls with pendent

ligands, of the formulae: (i): |e"ShbRI4R2)N(CL12),, C(RIR2)]3." (ii):

12.8"Sb[ (RIR2) N(CH2) Si (RER2)]13.. (iii): R5, Sb[(RIR2)N(CH2)nO 3. a

where each of R' and R2 is independently selected from anong H,

ICI -C6 al gy|am01@1@|35@1k§21}’c4‘©(@-51‘51y#n.d e ® 3 @ﬂ.&y;&lhiytarluﬂﬂdre's@él‘je@h HdefeedeRiyfr@aE h
e i s independs te romCl - a ., each R8 is

i ndependenltqcf @q‘g‘gﬁ‘éﬁ{%‘% ?’%%nrﬁnéifrlﬁﬁnémgﬁg%%?sﬁg 88% ani ni dat es,

i sour eat es, betadi ket onates, di ketoi m nates, diketiimnates, Cl-Ca

al koxy, - NR§did mo@@?li@a@ﬁ(@%} Be a%@%ﬁ%%ﬂchlﬂ%%fi Q;cr%s c{ﬁ%pngil}gin%élg%ﬁ s?lecé%q 10

i ndependent |y sel ected fromH,._ ! a . ,
aryl, - Si (“pdlegroup sepsisingoReupnidippies, apipdustcioureas alyls, heiepiketenetst | v

sel ect ed f Wikatoiniinatss, add diydtiimiRatésSan@n i Nt eger from O to 3; mis integer
fromO to 4. Anti nony precursors of a general type within the
foregoing classes (F)-(M include precursors having the foll ow ng
structures, wherein the various "R " groups in these structures are
not necessay &t i d i Lth the substituent
nunber i ngs@?ﬂnh%/yklléémabosiglfi S{?Vrlrﬁjlzﬂ1 gl%mﬁﬁtthrg%gﬁg?ﬂgfgg@gy% efl ect the
substituted positions in general fashion, which will be understood in
reference (ip tw[RBBNECHZICRIR®.QnNs of the substituents at the various

%osi tirons (&1:): tﬁ’,%bf?ﬁ'i%ﬁj(&%f&(ﬁ% 3&”' es. M R2C): ebR5n N3-n / \ |, R2
Gii): RSH[(R'RHN(CH,)nO 0

where each of R' and R? is independently selected from among H, C;-C, alkyl, Cs-Co
cycloalkyl, Cs-Cjp aryl, and -Si(R*); wherein each R? is independently selected from C,-Cq alkyl;

each R’ is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiiminates, C;-Cs alkoxy, -NR’R’, and -C(R®)s, wherein each of
R®, R’ and R® is independently selected from H, C-C alkyl, Cs-C)q cycloalkyl, C¢-Cyo aryl, -
Si(R);, and -Ge(R?); wherein each R® is independently selected from C;-C; alkyl;

n is an integer from 0O to 3;

m is integer from 0 to 4.

Antimony precursors of a general type within the foregoing classes (F)-(M) include
precursors having the following structures, wherein the various “R” groups in these structures are
not necessarily numbered in exact correspondence with the substituent numberings in the above
formulae, but nonetheless reflect the substituted positions in general fashion, which will be
understood in reference to the above definitions of the substituents at the various positions of the

associated molecules.



including the following illustrative conpl exes: 7(CH2CH=CF12) 2 Sb
(112C. --FI CHQC) 2N d. NNN(CH2CH=CH2) 2 anti nony am des of the fornul ae
antinmony (111) alkyl/am no precursors of the fornulae: 39 and

sti benes with germani um ani ons, of the fornul ae: The anti nony
precursors of classes (F)-(M are usefglly enployed for deposition of
antinmony at |ow tenperature with reducing co-reactants, e.g.,
reactants such as hydrogen, 112/plasma, am nes, imnes, hydrazines,
sil anes, silyl chal gbgeni des such as (Me3SQ2Te, germanes such as
CeH4, anmoni a, al kan | kenes, andyallcynes. - Th antmnn y
precursors may he d Ylve ed for such| deposi tN-onjvia liquid
t echni ques, in vhi€ ‘(pefe #5885 s t hat argepbi/qui dbsorBy be |usEd:
liquid form an preg 1 S that are| solids ) AqU|ds y
delivered in sol utighs or suspensions, in cohbination with SU|tabIe
sol vents, such as allcane solvents (e.g., hexane, heptane, octane,
and pentane), aryl solvents (e.g., benzene or toluene), amnes (e.qg.
triethylamne, tert-jutylam ne), |n1nes:ﬁnd hydr azi nes. The utlléay
of specific solvent C Qﬁ'tions for pa?éLEylar ant i nony pR cur gors
can be readily empiri

al |'y1det er m npd ct an appropr iz |l
si ngl e conponent ylet i c Rent |3 SHR?, { PRI
g np d . X & SoR,
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solvent nediumfor liquid delivery vaporization and transport of the
specific antinony precursor that is enployed. I n anot her
aspect of the invention, solid delivery techniques may be enpl oyed,
in which the solid precursor is volatilized, to forma precursor
vapor that is delivered to the dep05|té§W|chanber for formng an
antinony or antinony-containing filmon the substrate. The solid
precursor nmay be packaged for such use in a storage and di spensing
package of suitabl egchglacter, such as the OE-Vap solid delivery
and vaporizer unit cb rcially avail abl exirom ATM, Inc. (@anbury,
CT, USA). The /L goi ng precufsors/ be usef Iuy énp yed
for CVD and ALD| afH.6), eSipises, Sb/ Te pmgh,G§Tef BRI E eR [SbR®,
specific precurgors Are A" a iquid taté\ Yy may bk use

liquid delivery in ng¥{ T8guid form Alﬁbnnatlvely, when hch
precursors are in aRliqqlid or solid staﬂé mhey may be eﬁﬁloﬁéd in
sui tabl e solvents, as a solution or suspension of the precursor. In
specific applicationssy suitable solvents forBsuch purpose incl@de

al kanes (e.g., hexane, heptane, octane and pentane), aryl solvents
(e.g., benzene, toluene), amnes (e.g., triethylarnine,
tert-butylamne), imnes, hydrazines and ethers. The choi ce of
a specific solvent conposition for a particular antinony precursor or
for a specific ﬁ&L&HBﬂymﬁ&ﬁ&ﬂh§££mk@m&%&@ nation w th other germani um
and tellurium precursors, be readily determined, within the skil
of the art based on the dm@closure here|nELLQpéeIect an appropriate
si ngl e conmponent or nuIthIe conponent sol véh t medi um for |iquid
delivery vapori zation anﬁ transport of the % ecific precursor
conponent (s) invol ved. The anti nony ursors of the invention
can be "fine-tuned" S\B% gg appgpgy te s gtuents, within the
broad fornul ae set*®dit herel above, rovi de qgslred
characteristics of t#ernal Pgblllty, Y fatlllty and conpatibility

W th other co-reagents or conponents in a nulti-conponent precursor
system The anti nony precursors of the invention are readily
synt hesi zed, by synthetic roff@&CHrGHagdi ng t hose descri bed bel ow. The
anti nony precursor of the ge eral formula (A): 41 INRIR2) Sb-N-R4

REN / (CR5 R6 ),, can fo nple be synt hesi zed according to the
following reactjo C ne A) X3 + Li (NRIR2) +
Li (R3N(Cl VR 6) Mhaél‘*?c”" leN h-h;

antimony amides of the formulae

antimony (III) alkyl/amino precursors of the formulae:



and the antinony precursor of the general fornula (B): Sb-N-R3 R2-N
can be synthesized according to the follow ng reaction schene (B).
SbX3 RIMgX Li (R2ZN(CRAR5)", N e) -> 42 Rl Sb-N-R3 R2-N or by the

foll owi ng reaction schene (C): SbX3 + mMR2(CR4R5) R3NSi Me3 X Sb-N-R3 /
RMX--) Rl Sb-N R3 R2- N 39

The antimony precursors of classes (F)-(M) are usefully employed for deposition of
antimony at low temperature with reducing co-reactants, e.g., reactants such as hydrogen,
Ha/plasma, amines, imines, hydrazines, silanes, silyl chalcogenides such as (Me;Si),Te, germanes
such as GeH,, ammonia, alkanes, alkenes, and alkynes.

The antimony precursors may be delivered for such deposition via liquid delivery
techniques, in which precursors that are liquids may be used in neat liquid form, and precursors
that are solids or liquids may be delivered in solutions or suspensions, in combination with
suitable solvents,v such as alkane solvents (e.g., hexane, heptane, octane, and pentane), aryl
solvents (e.g., benzene or toluene), amines (e.g., triethylamine, tert-butylamine), imines and
hydrazines. The utility of specific solvent compositions for particular antimony precursors can be

readily empirically determined, to select an appropriate single component or multicomponent



The antinony precursor of the general fornula (C) can be formed by
synthesis in a correspondi ng manner. The anti nony precursor of the
general fornula (D), having the following structure: 43 (E RL
R2R3) (3. n)/2 Sb (R44)/ (ERIR2R3) (3_ny2 E = Ge or Si can for exanple be
synt hesi zed according to the foll ow ngqg eaction schenes (D), when n
Is zero, or (E), when n is 2: (D (R4) E(RIRZR3) X Sb(R4)3 + 2

Li Sb(R4)2Li (n is 2)

solvent medium for liquid delivery vaporization and transport of the specific antimony precursor
that is employed.

In another aspect of the invention, solid delivery techniques may be employed, in which
the solid precursor is volatilized, to form a precursor vapor that is delivered to the deposition
chamber for forming an antimony or antimony-containing film on the substrate. The solid
precursor may be packaged for such use in a storage and dispensing package of suitable character,
such as the ProE-Vap solid delivery and vaporizer unit commercially available from ATMI, Inc.
(Danbury, CT, USA).

The foregoing precursors may be usefully employed for CVD and ALD of Sb, Sb/Ge,
Sb/Te and GST films.

When specific precursors are in a liquid state, they may be used for liquid delivery in neat
liquid form.

Alternatively, when such precursors are in a liquid or solid state, they may be employed
in suitable solvents, as a solution or suspension of the precursor. In specific applications, suitable
solvents for such purpose include alkanes (e.g., hexane, heptane, octane and pentane), aryl
solvents (e.g., benzene, toluene), amines (e.g., triethylamine, tert-butylamine), imines, hydrazines
and ethers.

The choice of a specific solvent composition for a particular antimony precursor or for a
specific antimony precursor in combination with other germanium and tellurium precursors, may
be readily determined, within the skill of the art based on the disclosure herein, to select an
appropriate single component or multiple component solvent medium for liquid delivery

vaporization and transport of the specific precursor component(s) involved.

The antimony precursors of the invention can be "fine-tuned" by choice of appropriate
substituents, within the broad formulae set out hereinabove, to provide desired characteristics of
thermal stability, volatility and compatibility with other co-reagents or components in a multi-
component precursor system.

The antimony precursors of the invention are readily synthesized, by synthetic routes
including those described below.

The antimony precursor of the general formula (A):



Sb (R4) (ER1IR2R3) E=C or S (Ef wherein Xis halo (fluorine,

brom ne, chlorine, iodine). In the foregoing synthetic
exanpl es, RWgX and RLi can be used as alternative synthesis reagents.
As specific exanples illustrative of precursors of the invention, the

precursors Sb(NMeEt)3, Sb(CH=CMWe2)3, Sp(CH2CH=CH2)3 and Sb( Nwe2)3
wer e synt hesi zed and characterized. The precursors Sb(Nwe2)3 and
Sb(NMeEf |l a were determ ned to exhibit photosensitivity and therefore
to require storage(NR'R?)contai ner protected fromlight exposure or in
ot her photo-resistfnt packagi ng, to avoid |ight-induced deconposition
thereof. Simlar consideratjons are applicable to Sb(CH=Cwve2)3 and
Sb( CH2CH=CH2) 3. ___N”_$%(i | shows the nucl ear nmagneti c resonance
spect rum of _§b(NWeEt)3/and FIG 2 shows the nucl ear magnetic
resonance sBecter1%8§%$ Me2) 3. FIG 3 is a sinultaneous
thermal analysis (S gbh for these two precursors, Sb(NMWeEt)3 and
Sb(NMe2) 3, in which percentage thernogravinetry (TO is plotted as a
function of tenperature, in degrees Centigrade. I1l. Tellurium
Precursors The followi ng are representative tellurium

precursors that can be used in the nethods described herein: It, TeR
can for example be synthesized according to the following reaction scheme (A):

(NR'R?)

S$bX; + Li(NR'R?) + Li(R*N(CR’R?),,NR?) —

and the antimony precursor of the general formula (B):

R1
/Sb—/N-—-R3
R2—N
\(CR4R5)m

can be synthesized according to the following reaction scheme (B):

SbX; + R'MgX + Li(R*N(CR'R’),,NR?) —



X1l wherein: R and R2 may be the sane as or different fromone

anot her, and are independently selected fromanong H, Cl-C6 al kyl,
C5-CLO cycloal lcyl, C6-C10 aryl, and -Si (R3)3 wherein each R3 is

i ndependently selected fromCl-C6 alkyl; RITe(NRiIts) XV wherein:

R, R2 and R3 may be the sane as or dijferent fromone another, and
are independently selected fromanong H, Cl-C6 al kyl, C3-C63

cycl oal kyl, C6-00 aryl, and -Si (R3)3 wherein each R3 is independently
selected fromCl -CQQ?al kyl; RITe-Tellz XV wherein: RI and R2 nay be
the sane as or di fger ent from one another, and are independently
selected fromanong H, Cl1-05 al kyl, C3-Cl10 cycl oal kyl, C6-C10 aryl,

and -Si (R3)3 wher}S RS is | ndependently sel ected fromCl -Co
alkyl; 45 _,_ /" Qhef telluriumconplexes include those with
bet a- di ket | B nat &~ S, Which overcone the problens that many
tellurium precursors i deposition applications are very

oxygen-sensitive and light-sensitive, and have an unpl easant odor. By
base stabilization with betadi ketirninate Iigands, a tellurium
precursor is obtained of a highly stable character with inproved
handl i ng a |1 f haracteri stics, reduced odor, and sufficient
vol atili tyra?tgftpeg%%%vg{l%r?%ﬁmasﬁ% |egé [i ons. The tellurium

di keti mi nate conpl exes descri bed herein can be used for CVD)ALD to
form Te or Te-containing filns. These conpounds can be used in

conbi nat i orgLX £ AREER‘RAMINSGIMeScompounds to produce Te- Ge-, Te-Sh- or
Ge-Sb-Te filnms in varied conpositions. A general procedure to

synt hesi ze di keti mknate |igands has been described in the literature,
but such procedureéis di sadvant ageous, since very bul ky aryl
substituents on the coordinating nitrogen atons are required.

In contrast, we h rNcoRéred that snaller al kyl ligands as

i so-propyl, 1-b |, tértbutyl or am ne-substituted al kyl groups, as
for exanpl eRet_ﬁw‘enQ- et hyl am ne, can be advant ageously used to
produce superior tel ( ?{!’u%h di keti m nate precursors for CVD/ ALD
applications. Smaller substituents on the nitrogen donor atons

provi de suLfi,ci)gnt volatility to formgood filnms at |ow tenperature.
The IigandsRL 8an be used as the lithiumsalt or in a free imne form
to synthesize the sired Te conplexes. The lithiumsalt of the

| i gand can be reacted with TeX4 (wherein X = C, Br, |) to generate

LTeX3 by salt elimnation, which can then be reacted with either a
lithiumor a Gigrggrd neagent to produce LTeR3 (wherein R = al kyl,
aryl, amde, silyt). Alternatively the free imne formof the

i gand L caR2beNreactéd with a telluriumorgani c conpound such as
TeMe4 to produce t hgowreéRP),ed Te species LTeMe3 by net hane
elimnation. The diketimnate |igands provide very effective base
stabilization of the reactive netal center tellurium The invention
t her ef ore provi Hesanémos\vpreuBasSofafie J@erGORAMAXES a8t fRMeY bl §naeaines
stability ]#f |life, while retaining sufficient volatility to
form super?%gsrlsf’g(g §TME“via CVD/ ALD at | ow t enper at ur es.

The antimony precursor of the general formula (D), having the following structure:



Addi ti onal

tellurium conpl exes which can be used have the fornul ae

(I') and (H):

46 R4 (1) wherein R, R2 and R3 they be the sanme as or

different fromone another, and each is independently selected from

Cl- C6 al kyl,

C4-C10 aryl, silyl and Cl-Cl12 al kyl am ne (which incl udes

both nonoal I cyl am ne as well as diallcyiamne); and NL.7TeF" R3

R3R3

wherein RI, R2 and R3 they be the sane as or different

fromone another, and each is independently selected fromCCl-C6

al kyl, C6-C10 aryl, silyl and Cl (ER‘R@P}@,L)@m ne (which includes both
monoal kyl am ne as wel | as dial kyl am n The bet a-di ketim nate
l'igands may for exanple be synthe |zed by the foll ow ng procedure:
The tellurium conpl exes then ?Sb synt hesi zed by the foll ow ng

reaction:

(RY (ER'RZR%)(3.ny2

E=Ge or Si

can for example be synthesized according to the following reaction schemes (D), when n is zero,

or (E), when n is 2:

(ER'R?R%)3.1)0
NasSb /(LisSb) + (3-n)E(R'R?R3)X / \
ER'R?R®
mis0) (RY ( 3-ny2
D)
(R%)
E(R'RZR®)X |
Sb(R%); +2Li — > Sb(R*),Li \
(is2) (R / ER'RR’)

E=Ge or Si
(E)

wherein X is halo (fluorine, bromine, chlorine, iodine).

In the foregoing synthetic examples, RMgX and RLi can be used as alternative synthesis

reagents.

As specific examples illustrative of precursors of the invention, the precursors

Sb(NMeEt);, Sb(CH=CMse,);, Sb(CH,CH=CH,); and Sb(NMe,); were synthesized and
characterized. The precursors Sh(NMe,); and Sb(NMeEt); were determined to exhibit photo-

sensitivity and therefore to require storage in a container protected from light exposure or in other

photo-resistant packaging, to avoid light-induced decomposition thereof. Similar considerations
are applicable to Sb(CH=CMe,); and Sb(CH,CH=CH,)s.



X R4 or alternatively by the follow ng synthesis reaction: 111,
R 2, R3 =- alkyl, aryl, silyl, alkylamne or by the follow ng

synt hesi s reaction: The tellurium conpl exes descri bed
herein can be enpl oyed as CVD/ ALD precursors for deposition of
telluriumcontaining thin films, e.g.,4py liquid injection of neat
precursor material, or in organic solvent or by direct evaporation.
V. Film Formation The precursors described herein can be used
t o f orm anor phoBES. g eliava tieunorl€:0 mbgietiti tegndntd spEctrums SNMeBS, aad FEt abtolviie

gernaniun}%%qLakg&Q 5&%%ﬂﬁmw9$9%@9§u%§ﬁ9§§he process conditions,

deposi tion cha onf'iguratiron, t’e conposition, etc. The
det ermi nati on of!G He&ea sratenseusyiherinalh kralysie BT A)egeit for Bheserdvie piFyurioksos e

of ~ordi nar Sp@nidet), ind SbMEY, tin which R4thiabtNEILGo X Ry WEEY ib1b@H as PARGE, ON
t he dlsclosgre her ei.n_and qgﬁ%qgrlate enpirical effort i1nvolving
varyi ng pr GtESERUGRdT tS86ACAREe€har act eri zing the resulting films, to
establish a process condition envel ope appropriate to a specific

filmform li'ﬁ i‘gmxlrfu?n rlegxrlls'ors
The following are representative tellurium precursors that can be used in the methods

described herein:

R(TcR,
Xy
wherein:
R, and R, may be the same as or different from one another, and are independently
selected from among H, C;-Cs alkyl, Cs-C) cycloalkyl, C¢-C g aryl, and -Si(R®); wherein
each R*is independently selected from C,-Cy alkyl;

R Te(NR;R;)
X1v
wherein:
Ry, R; and R; may be the same as or different from one another, and are independently
selected from among H, C,-C; alkyl, Cs-Cyq cycloalkyl, C4-C)q aryl, and -Si(R;); wherein
each R, is independently selected from C,-Cg alkyl;

R Te-TeR;
XV

wherein:
R, and R; may be the same as or different from one another, and are independently selected from
among H, C;-Cs alkyl, Cs-Cyy cycloalkyl, C¢-Cyo aryl, and —Si(R3)3 wherein each R? is
independently selected from C;-Cs alkyl;



The ger mani um conpounds descri bed herein nay be used with appropriate
co-reactants in a continuous deposition node (CVD) or pul sed/atomc
| ayer deposition node (ALD) to deposit filns of superior character.
For oxides, preferred co-reactants include 02 and N20 for CVD, and
nmore aggressive oxidizers for pul sed dgposition, e.g., H20, ozone,
and 02 plasma. For netal-like filnms, reducing atnospheres are
advant ageousl y used. For CVD nodes of filmformation, reducing
agents such as Hiher talhdiuiNd@ngleses peledeakiasedith &mﬂﬂmhﬁmﬁﬁ&g@ﬁs twhers Bvercome
co-reactan r AL
co-1 eact antﬂ% Ig%en%ghzg?xgg}é Cfﬂ‘fxrgfn'gn#)rgﬁnsogruéégul? Sd Ogll?lbn %[pchaﬁons a er \éaynoxygen-
utilizing @@H@Y%Fﬂddwbt sentitival mdt hawh ai qmsam dof- nBB’I‘I:esesmblilizat@fl “ithebegr t |

based on t fa@cetdhlﬁaé mg%.msea @mrrﬁinrhech@&@s &9%@&8& Whly SARCHRELAIRR Enﬁar%@a“
49 al so be us %‘ﬁﬁjd’g%dﬁ node Since co-reactants can be

separ at ed, hfﬂd W&@ré“‘?seéi?f’ﬁl?eé rfglor, g sukfiqiend yefatdlish £o5 rdepgsition
coverage i lapﬁhcagxhnsaspect ratl o structures, the precursor preferably
exhibits self-1i avi or one Ly at no

i nert or weakl re&éum ng ml ¥4 coraplaxaess deean| Crlg‘ﬁr?%en Ss’é)%sﬁ‘é%é((ﬁmgﬂ‘% 0
rapi d decofgyasietor d| ﬁ-cferttﬁlrfl@ﬁﬁhna Td!eS§|CPIGEDUﬁ¢SI°nm beusadintdambingtipp evith Ge- and/or

at nospher egg @erﬁbouncﬁ i @5r88sce $L-EONDLYD- ro?@@@b ﬁg/ﬁﬁﬁ‘s' iHvi89 rﬁ]ﬂ%ﬂtl&ﬁn ﬂ'}te
Anal ogous cat | Otﬂegpr ecursors can be advant ag eOUS? 0} for

CVD; whi | eP@F@wrﬁm% 158 djkgimipgte digandyhgs; bee r‘??s"‘fﬂ?eédﬁdhesb‘é@ Es Yutcweh pe
enpl oyed i propudinsdsl ddelpardgtdugince very bulkyl Bl pib&Ruehs @h Shed @S infRhifREei N
can be util] 5‘936%§Wteﬁw tenperature deposition precursors with

reduci ng cod-reac S such as hydrogen, H2/plasna, am nes, imnes,
hydr azi nes, si | Brrentrass e havechissbserg ehrt dualles alkyl 1msnd€ Me BSORPE, n@m’lrmrtes

such as Geb{ﬂyl SERRL Bubsthib L @mﬁs gro@;&skgpq& @)ﬂﬁp@l Jztﬁ))fé?l@%xmehfyﬁ}ﬁ;ng, can be
delivery fornul ati ons can be enpl oyed whi ch priecursors$s that are

li qui ds naf*vBuessesly vsd ﬁ%é’deF‘?eq?}‘ip‘EP"f d?“r\‘f‘“‘BrdﬂfeP’éﬂi’Pfﬂ R57eusesp jfor CVD/ALD
pr ecur sor s appiiyatibes. emyled yubetitieits Soni therhitreges Abnee Rtots prdvide WoliiBigntfvolatility to

exanpl e al k(o%g% 0%%%&[;%0%&5 inire. hexane, heptane, octane, and pentane),
aryl sol vents ? he of tol uene), amnes (e.g.,

triethylanne, ?@rltga@aiwaram vred as therlithinm salgr hwdiﬁzmmeiorrn'lfheynﬂmdq they

of specifi gesp&d 'Féedaﬁlpﬁm '11¥h§19rﬂ§]t oPlhe Bgarnﬁ ke 2ack® Wi SSH(SRES ﬁa—'yClbe
determ ned, to select an approp rlate SInT

Lgﬁglolngnte nglfs rl)'ntg gﬁ% e TEBnHoRE Fimingsios, atbich sedhenbe g pted Figh fithefifi [ghivm or 2
del i very vapgtaidaedgemn o lﬁmﬁlcetm%mérbmaf a1 a@pemldélsnylger mani um
recursor AL L SIRMANEH A8 gy R R0
using the FmPEIMaYChH| TeMed@I l?fﬁ)fblpg/thaldelﬂrvhﬁ@mezesrLEMet by mgdmerebmmhtioy
avai | abl e frOfkATMate 1] gﬁ'&is ro%@ QHF'ﬁszecge bzls@@t)lblhzatlon of th@re%@@ﬁ@tlal’ ceBtlgte

t hi cknesses_of nefal - cont al ni. ng ers in ractice resent
i nventi on EAH™MBk T8F FRFoR ferelom mods e "11?5%10% Wieéeséh%@m"ﬁéﬁfeaté‘f
t he i nvent staniljty tah@ shdf GieneBite efaidifpe suffdial velalitAitdifde uBMRE TeaflmP&id N

a range of Q0. .nm or nore. FIG 1 is a schemtic
r epr esent atcl{lfgﬁmgsatgbmtg'?%e§a "storage and di spensi ng package 100

containing a gef?&WWPajmllmmmbxes véish emdee nggd hove dredorambo) amd (): of t he

present invention. The material storage and di spensing package
100 includes a vessel 102 that nmay for exanple be of generally
cylindrical shape as illustrated, defining an interior volune 104

therein. In this specific enbodiment, the precursor is a solid at

anbi ent tenperature conditions, and such precursor may be supported
on surfaces of the trays 106 di sposed in the interior volune 104 of
the vessel, with the trays having fl ow passage conduits 108

associ ated therewith, for flow of vapor upwardly in the vessel to the
val ve head assenbly, for dispensing in use of the vessel. The



I n one enbodi ment, the precursor is dissolved in an ionic liquid

medi um from which precursor vapor is withdrawmm fromthe ionic liquid
sol ution under dispensing conditions. As a still further
alternative, the precursor nmay be stored in an adsorbed state on a
sui tabl e solid-phase physical adsorbenjg storage nmediumin the
interior volume of the vessel. In use, the precursor vapor is

di spensed fromthe vessel under dispensing conditions involving
desorption of the adsorbed precursegg_fro »the 9l i d- phase physi cal
adsor bent storage medi um Suppl yvess for precursor delivery
may be of w dely varying type, and may |i vessel s such as those
commercially available from ATM, Inc, N(Danf ry, Connecticut) under
the 51 trademarks SDS, SAGE, VAC nyﬁESb bﬁ and, Pr oE- Vap, as may be
appropriate in a given storage and dis pewsrqg application for a
particul ar precursor of the invention. The precursors of the

i nvention thus may be enpl oyed to forntprecursor vapor for contacting
with a substrate to deposit a germani um &bntaining thin filmthereon.
In a preferred whgrieR; R.lsed Rnthenbs b samei dsjoy didferetefrqmr ersiangtbersant @ach is
conduct at gatendeasleblePOsm &l @ﬂlikyy bﬁ‘«b@'af}g mﬁll-gtdfdl l@aﬂ&ianﬁ{&?@ﬁxk}pi:hcludes

confornallh that are unifo coated on the substrate wth
step cover égnﬁﬁﬁk@%ﬂf%?%%ﬁ*??“@ﬂ@ﬂmﬁﬁmﬂlgh aspect ratio structures.
Accordingly, the precursors and processes descrlbed herein enable a

wi de variety of mcroelectronic deV|ces sem conduct or
products, flat panel displays, e P@brlcated wth
germani um containing filnms of su rﬁr lity. The precursor

conmpounds and processes descrlbed hig reln can be used to form GST
films in conmbination wth any suit ~gani um and anti nony
precursors, e.g., by CVD and ALB"tec ﬂ#%éesﬂafor applications such as
PCRAM devi ce nmanufacture. The p¥ac ;g ‘Qggbﬁaons useful for carrying
out deposition of Sb-containing filNnms cafN“be readily determ ned
within the skill of the art by the $Iﬁp| expedi ent of selectively
varying the delivery and depositi P s conditions and
characterizing the resulting fifeis, to detefmi ne the process
condi ti ons envel ope nost appropriate gpr a given deposition
application. I n sone enbodi nents, antinony-containing filns

are formed on swsdd R, &5 an(ﬁl{l,dth@aﬁb tB€@sande QE oﬁéﬁﬁ@@ﬁt@sorr@-g ahdthdlBand each is
e_SbT. e ap lied,

anor phous S s al.li can

for exanpl egepﬁls({erﬁt{ g Ct?%fmml 'ééralkﬁfegbg‘i" VoY, b&ga'c(‘fr H‘g e @T‘Ch\/‘ Ghes
dep05|t|onbﬁlk@WM&ﬂmhmequeﬁaSQMEﬂmﬁbﬁe (e.g. Sb2Te3) filns may al so
be enpl oyed in thernoel ectric devices. In a further aspect of
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The tellurium complexes then can be synthesized by the following reaction:

Ry 2N Rz
o
| ! +TeX,
AN N
R4 \Li / R3
with X = Cl, Br, I x/| Sx
r h]
Y\E( A o RoMighs
{ [
\
Rs R, Ry, R3, Ry = alkyl, aryl, silyl, alkylamine
/ I
R4
or alternatively by the following synthesis reaction:
Ry R, R4 AN Rz
\ 'r/ \\'
1 ]
| + TeMe —>CH4 : =N
N HN
P ~ Rs/ A4 \R3
R3 R3 Te\

Ry, Ry, Ry = alkyl, aryl, silyl, alkylamine
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or by the following synthesis reaction:

The tellurium complexes described herein can be employed as CVD/ALD precursors for
deposition of tellurium-containing thin films, e.g., by liquid injection of neat precursor material,

or in organic solvent or by direct evaporation.

IV. Film Formation

The precursors described herein can be used to form amorphous germanium-containing
films, as well as crystalline germanium-containing films, depending on the process conditions,
deposition chamber configuration, substrate composition, etc. The determination of these process
variables can readily be made by those of ordinary skill in the art, without undue experimentation,
based on the disclosure herein and appropriate empirical effort involving varying process
conditions and characterizing the resulting films, to establish a process condition envelope
appropriate to a specific film-forming application.

The germanium compounds described herein may be used with appropriate co-reactants
in a continuous deposition mode (CVD) or pulsed/atomic layer deposition mode (ALD) to deposit
films of superior character. For oxides, preferred co-reactants include O, and N,O for CVD, and
more aggressive oxidizers for pulsed deposition, e.g., H,O, ozone, and O, plasma. For metal-like
films, reducing atmospheres are advantageously used.

For CVD modes of film formation, reducing agents such as H,, and NH; are preferred,
and plasmas of these co-reactants may be used in digital or ALD mode, wherein the co-reactants
are separated from the precursor in a pulse train, utilizing general CVD and ALD techniques

within the skill of the art, based on the disclosure herein. More aggressive reducing agents can
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also be used in a digital or ALD mode since co-reactants can be separated, preventing gas phase
reactions. For ALD and conformal coverage in high aspect ratio structures, the precursor
preferably exhibits self-limiting behavior in one type of atmosphere (e.g., inert or weakly
reducing/oxidizing gas environments) and exhibits rapid decomposition to form a desired film in
another type of atmosphere (e.g., plasma, strongly reducing/oxidizing environments).

Analogous metal cation precursors can be advantageously employed for CVD; while
dissimilar species (i.e., different ligand species) can be employed in pulsed deposition.

The precursors described herein can be utilized as low temperature deposition precursors
with reducing co-reactants such as hydrogen, Hy/plasma, amines, imines, hydrazines, silanes, silyl
chalcogenides such as (Me;Si),Te, germanes such as GeHs, ammonia, alkanes, alkenes and
alkynes. Liquid delivery formulations can be employed in which precursors that are liquids may
be used in neat liquid form, or liquid or solid precursors may be employed in suitable solvents,
including for example alkane solvents (e.g., hexane, heptane, octane, and pentane), aryl solvents
(e.g., benzene or toluene), amines (e.g., triethylamine, tert-butylamine), imines and hydrazines.
The utility of specific solvent compositions for particular Ge precursors may be readily
empirically determined, to select an appropriate single component or multiple component solvent
medium for the liquid delivery vaporization and transport of the specific germanium precursor
that is employed. In the case of solid precursors of the invention, a solid delivery system may be
utilized, for example, using the ProE-Vap solid delivery and vaporizer unit (commercially
available from ATMI, Inc., Danbury, CT, USA).

In general, the thicknesses of metal-containing layers in the practice of the present
invention can be of any suitable value. In a specific embodiment of the invention, the thickness
of the metal-containing layer can be in a range of from 5 nm to 500 nm or more.

FIG. 1 is a schematic representation of a material storage and dispensing package 100
containing a germanium precursor, according to one embodiment of the present invention.

The material storage and dispensing package 100 includes a vessel 102 that may for
example be of generally cylindrical shape as illustrated, defining an interior volume 104 therein.
In this specific embodiment, the precursor is a solid at ambient temperature conditions, and such
precursor may be supported on surfaces of the trays 106 disposed in the interior volume 104 of
the vessel, with the trays having flow passage conduits 108 associated therewith, for flow of
vapor upwardly in the vessel to the valve head assembly, for dispensing in use of the vessel.

The solid precursor can be coated on interior surfaces in the interior volume of the vessel,
e.g., on the surfaces of the trays 106 and conduits 108. Such coating may be affected by

introduction of the precursor into the vessel in a vapor form from which the solid precursor is
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condensed in a film on the surfaces in the vessel. Alternatively, the precursor solid may be
dissolved or suspended in a solvent medium and deposited on surfaces in the interior volume of
the vessel by solvent evaporation. In yet another method the precursor may be melted and poured
onto the surfaces in the interior volume of the vessel. For such purpose, the vessel may contain
substrate articles or elements that provide additional surface area in the vessel for support of the
precursor film thereon,

As a still further alternative, the solid precursor may be provided in granular or finely
divided form, which is poured into the vessel to be retained on the top supporting surfaces of the
respective trays 106 therein.

The vessel 102 has a neck portion 109 to which is joined the valve head assembly 110.
The valve head assembly is equipped with a hand wheel 112 in the embodiment shown. The
valve head assembly 110 includes a dispensing port 114, which may be configured for coupling
to a fitting or connection element to join flow circuitry to the vessel. Such flow circuitry is
schematically represented by arrow A in Figure 1, and the flow circuitry may be coupled to a
downstream ALD or chemical vapor deposition chamber (not shown in Figure 1).

In use, the vessel 102 is heated, such input of heat being schematically shown by the
reference arrow Q, so that solid precursor in the vessel is at least partially volatilized to provide
precursor vapor. The precursor vapor is discharged from the vessel through the valve passages in
the valve head assembly 110 when the hand wheel 112 is translated to an open valve position,
whereupon vapor deriving from the precursor is dispensed into the flow circuitry schematically
indicated by arrow A.

In lieu of solid delivery of the precursor, the precursor may be provided in a solvent
medium, forming a solution or suspension. Such precursor-containing solvent composition then
may be delivered by liquid delivery and flash vaporized to produce a precursor vapor. The
precursor vapor is contacted with a substrate under deposition conditions, to deposit the metal on
the substrate as a film thereon.

In one embodiment, the precursor is dissolved in an ionic liquid medium, from which
precursor \}apor is withdrawn from the ionic liquid solution under dispensing conditions.

As a still further alternative, the precursor may be stored in an adsorbed state on a
suitable solid-phase physical adsorbent storage medium in the interior volume of the vessel. In
use, the precursor vapor is dispensed from the vessel under dispensing conditions involving
desorption of the adsorbed precursor from the solid-phase physical adsorbent storage medium.

Supply vessels for precursor delivery may be of widely varying type, and may employ

vessels such as those commercially available from ATMI, Inc. (Danbury, Connecticut) under the
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flow conditions and characterizing the resulting films, to determine the process conditions envelope

most appropriate for a given deposition application,

In some embodiments, antimony-containing films are formed on substrates, and can be,
for example, GST films, amorphous SbTe films, or crystalline SbTe films, and can be applied, for
example, using atomic layer deposition (ALD) or chemical vapor deposition (CVD) techniques.
Such SbTe (e.g. Sb;Te;) films may also be employed in thermoelectric devices.

In a further aspect of the invention, germanium butyl amidinate is employed, together
with a tellurium precursor, e.g., a dialkyl tellurium precursor such as di-t-butyl tellurium, to yield
amorphous GeTe by chemical vapor deposition or other suitable process. Amorphous films may
be formed at any suitable process conditions. It will be recognized that the specific process
conditions will be variable with respect to particular applications, and that varied types of
deposition chambers may be employed in the formation of the amorphous GeTe film using the
germanium butyl amidinate precursor of the invention. For example, vapor deposition of
germanium from the germanium alkyl amidinate may be conducted at temperature in a range of
from about 200°C to about 400°C, and at pressure in a range of from about 0.1 to about 20 torr.
In one illustrative embodiment, the amorphous GeTe is formed using germanium butyl amidinate
and t-butyl tellurium at a temperature of 320°C and 8 torr pressure, to form a GeTe film. In

another illustrative embodiment, Ge butyl amidinate and t-butyl tellurium precursors are utilized
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at a temperature of 350°C and 0.8 torr pressure, with an ammonia co-reactant, to form a GeTe
film.

Deposition of Ge from Ge butyl amidinate is rapid at low temperature, with a deposition
rate exceeding 50 Angstroms/minute. The GeTe deposition rate, when the Te precursor is
delivered by bubbler technique, depends strongly on the Te bubbler carrier flow, with higher
carrier flows yielding thicker GeTe films of higher Te content. Nonetheless, incorporation of Te
requires a relatively high deposition temperature and pressure, which tends to result in the
formation of crystalline GeTe. By appropriately controlling temperature and pressure,
stoichiometric amorphous GeTe films can be attained, which remain relatively smooth after
crystallization.

In various embodiments of the invention, smooth amorphous GeTe films can be formed
using other dialkyl Te precursors, such as diisopropyl Te.

In general, increasing the deposition temperature improves Te deposition and reduction
of deposition pressure avoids development of crystallinity, in the deposition of Ge from
germanium butyl amidinate (GeBAMDN). In one preferred embodiment, GeTe films are formed
by CVD from such Ge precursor, with ammonia used as a co-reactant and Te(tBu), employed as
the Te precursor. GeBAMDN permits increased deposition temperatures and reduced deposition
pressures to be used to overcome the problem of producing crystalline GeTe, when such Ge
precursor is used with a suitable Te precursor for co-deposition of tellurium, e.g., a dialkyl Te
precursor such as Te(tBu),.

The effects of pressure and tellurium delivery on GeTe deposition using ammonia as a
co-reactant, are shown by the data in Table 1 below. These data were generated in an
experimental reactor system including an oil bath maintained at a temperature of 100°C, and a
Te(tBu), bubbler maintained at room temperature (~21°C). The delivery rate of the germanium
precursor, GeBAMDN, was 20 micromoles/minute, and the ammonia co-reactant flow was
maintained at 200 standard cubic centimeters per minute. Pressure in the system was 800
millitorr (mtorr). Deposition times were fixed at 8 minutes, and the substrate was a 50

nanometers thick titanium nitride (TiN) coated silicon substrate.

Table 1
Run Temp (°C) | Bubbler carrier At% Ge At% Te Dep Rate
# flow (sccm) (A/min)
1170 350 25 81.4 18.3 34.4
1171 350 20 86.9 13.1 37.1
1173 350 15 88.1 11.6 29.4
1174 350 10 91.1 8.9 36.1
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1167 320 35 86.5 134 25.8
1166 320 25 86.8 13,2 27.2
1168 280 35 50.8 9.0 30.5

The data in Table 1 show that high temperature improved tellurium incorporation in the
resulting films, which were amorphous.
Table 2 below shows data for annealed GeTe films that were deposited at § Torr pressure

after one hour annealing under nitrogen atmosphere at 400°C, as compared to the as-deposited

film.
Table 2
Film Thickness (A) AT% GE AT%TE
AS-DEPOSITED 543.5 55.1 44.9
400°C, 1 HR 501.6 55.8 442
ANNEAL UNDER
N,

The data in Table 2 show that the film thickness and compositional characteristics of the
annealed and as-deposited GeTe material were consistent with one-another.

FIG. 2 is a scanning electron micrograph (SEM) of the annealed GeTe film, after
annealing one hour under nitrogen atmosphere at 400°C, and FIG. 3 is a micrograph of the cross-
section, in elevation, of the film, showing the SiO, substrate, TiN and GeTe layers. FIG. 3 shows
that the film remained smooth after heat treatment.

FIG. 4 is an x-ray dispersion plot for the annealed GeTe film of Table 2, of crystalline
character after 400°C annealing.

The foregoing show that germanium butyl amidinate, GeBAMDN, yielded smooth
amorphous GeTe at temperature less than 320°C, e.g., with an ammonia co-reactant, at 8 torr
pressure.

These experiments also showed that GeTe deposition rate depended strongly on the Te
bubbler carrier flow, with higher carrier flow yielding thicker GeTe films with nitrogen co-
reactant, but thinner GeTe films and less tellurium incorporation with ammonia co-reactant.

Annealing at 400°C in nitrogen crystallized the amorphous GeTe.

Next, deposition was carried out to determine the effects of temperature, pressure and
tellurium delivery rate on GeTe deposition using nitrogen as a co-reactant.

The experimental system included an oil bath maintained at a temperature of 100°C. A

tellurium (tBu), bubbler maintained at room temperature (~21.5°C) was employed and the Ge
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Table 3
Run # Temp (°C) Bubbler Ge dep rate Te dep rate Crystallinity
carrier flow (A/min) (A/min)
(sccm)

1127 320 10 11.8 12.0

1128 320 25 54.4 57.8 {003)
1131 320 40 53.3 57.5

1129 280 25 0 0

1130 280 40 2.7 2.5

The data of Table 3 showed that high tellurium delivery rate improved GeTe deposition
rate. No deposition occurred at 240°C. Deposition at 320°C yielded GeTe with a main
diffraction peak at (003), as shown in the x-ray dispersion plot of FIG. 5.

The effects of co-reactant on GeTe crystallinity are shown in Table 4 below, wherein
deposition was carried out at a temperature of 320°C and pressure of 8 torr, with Ge BAMDN
delivery at a rate of 20 micromoles/minute and the tellurium bubbler carrier flow rate at 25
standard cubic centimeters per minute.

As shown in Table 4, only ammonia as a co-reactant yielded a smooth film, while the

depositions using nitrogen and hydrogen as co-reactant species produced crystalline films.

Table 4
Run # Co-reactant AT% Ge AT% Te Crystallinity
1128 N, 48.3 51.3 Crystalline
1133 H, 48.4 51.2 Crystalline
1132 NH; 61.6 38.4 Amorphous

FIGS. 6 and 7 are x-ray dispersion plots for films produced in these depositions. The

film whose plot is shown in FIG. 6 utilized nitrogen as the co-reactant and FIG. 7 is the plot for

deposition using an ammonia co-reactant.

FIG. 8 is a scanning electron micrograph of crystalline GeTe, formed using hydrogen as a

co-reactant.

FIG. 9 is a scanning electron micrograph of the film produced using nitrogen as a co-

reactant.
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Table 5
Ge Sb Te
Sample % Wt Atomic% Yo Wt Atomic% %Wt Atomic%
GST _standard 13.99 22.00 23.45 22.00 62.57 56.00
GT_1132 17.71 61.64 0 0 19.38 38.37

For creation of the Ge,Sb,Te; standard file, it was assumed that germanium (Ge),
antimony (8b), and tellurium (Te) were the only elements present, and that their respect weight
percentages were 13.99, 23.45 and 62.57. In actuality, silicon, carbon and oxygen were also
present, but their peaks did not overlap with the elements of interest, and thus were considered
non-interfering in the determination of germanium, antimony and tellurium in the GST sample.

FIG. 13 is a scanning electron micrograph of GeTe on a microelectronic device structure,
at an estimated thickness of about 300 Angstroms, and a composition of 68.4% germanium and
31.4% tellurium as determined analytically.

Table 6 shows data on the effects of temperature on tellurium incorporation for GeTe
deposition with ammonia co-reactant. The data included temperature, deposition rate, percent

germanium, percent tellurium and crystallinity of the product film.

Table 6
Run # Temperature Dep rate AT% Ge AT% Te Crystallinity
(©) {A/min)
1137 340 61.2 44.7 54.9 crystalline
1136 320 29.2 60.3 39.5 amorphous
1143 300 26.4 75.6 24.4 amorphous
1138 280 24.5 83.3 26.6 amorphous
1139 260 23.0 87.20 12.6 amorphous
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These data in Table 6 show that the efficiency of tellurium incorporation decreases at low
temperatures, falling to 16.6% tellurium in films produced at 280°C and to only 12.6% tellurium
in films produced at 260°C. Amorphous GeTe was produced at temperatures less than 340°C.

FIG. 14 is a scanning electron micrograph of a GeTe film deposited at 340°C, showing
the crystalline character thereof, which is also reflected in the XRD plot of FIG. 15 for such film.

Table 7 shows data for annealing of amorphous germanium telluride films, as formed at
320°C and pressure of § torr, during a 16 minute deposition. Annealing was carried out in a tube
furnace under a nitrogen atmosphere for a time of 10 minutes, at a temperature of 350°C which

then was increased to 400°C. Annealing reduced the atomic percent of tellurjum in the film and

the film thickness.
Table 7
Thickness (A) At% Ge At% Te Crystallinity
As-deposited amorphous
350 °C, 10 min
400 °C, 10 min 436.3 53.1 46.4 Crystalline

The data in Table 7 show that the as-deposited film was amorphous and that annealing
for 10 minutes at 400°C induced crystallization of the film.

FIG. 16 is an x-ray dispersion plot of the 3 films for which data are shown in Table 7.
The curve for the amorphous film is identified as that of sample GT-1134A. The sample
subjected to 350°C annealing for 10 minutes was sample GT-1145A. The sample subjected to
350°C followed by 400°C annealing, with an annealing duration of 10 minutes, was identified as
sample G-1145B. The data show that the (202) peak at 20 = 30° increased after annealing,

FIG. 17 is a scanning electron micrograph of sample GT-1134, the amorphous GeTe film,
and FIG. 18 is the scanning electron micrograph of the film annealed at 350°C followed by 400°C
annealing, sample GT-1145B, showing tiny crystalline particles about 100 nanometers in size on
top of the smooth film.

The effects of tellurium delivery rate on GeTe deposition at 300°C are shown in Table 8
below, for a run carried out with tellurium carrier flow at 25 standard cubic centimeters per
minute and a deposition rate of 26.4 Angstroms per minute (run #1143) and a run conducted at a
tellurfum carrier flow rate of 40 standard cubic centimeters per minute and deposition rate of 23.0
Angstroms per minute (run #1144). The data show that increasing the tellurium bubbler carrier

flow reduces the germanium telluride deposition rate and tellurium incorporation.
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P telhgri e depogition at 286°C in 3 respective runs conducted at 280°C, a pressure of 8 torr and

with ammonium as a co-reactant. The tellurium carrier flow was 25 scem in the first run, 40
scem in the second run and 50 sccm in the third run, which produced deposition rates of 24.5,
28.5 and 24.2 Angstroms per minute, respectively. The data show that increasing the tellurium

bubbler carrier flow from 40 to 50 sccm reduces the tellurium incorporation and the GeTe

deposition rate.
Table 9
Run # Te carrier flow Deposition rate AT% Ge AT% Te
(sccm) (A/min)
1138 25 24.5 83.3 16.6
1140 40 28.5 72.9 26.9
1141 50 24.2 78.3 21.5

Thus, the present invention enables the production of highly conformal GST films by the
formation of smooth amorphous GeTe at suitable temperature and pressure process conditions.
By controlling temperature and pressure, amorphous germanium telluride films are produced,
which remain relatively smooth after crystallization. While demonstrated for germanium butyl
amidinate, Ge BAMDN and t-butyl tellurium, Te(tBu),, the germanium precursor can also be
used with other dialkyl tellurium precursors, e.g.,, TeR, wherein R is C;-Cs. Diisopropyl
tellurium is a suitable alternative dialkyl tellurium precursor to di-tert-butyl tellurium as a Te
source reagent. The germanium precursor can advantageously be [{nBuC(iPrN),},Ge].

The invention therefore contemplates the use of [{nBuC(iPrN),},Ge] as a precursor for
deposition of amorphous smooth germanium telluride films, with ammonia being useful as a co-
reactant in the deposition process at higher temperatures and lower pressures.

FIG. 19 is a scanning electron micrograph of a microelectronic device structure, as an

example of an “aggressive” substrate on which GeTe has been deposited by chemical vapor
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deposition, using a germanium butyl amidinate precursor and a dialkyl tellurium precursor. The
character of the GeTe material enables phase change random access memory (PCRAM) memory
devices to be formed using amorphous germanium telluride films produced by use of the Ge
BAMDN precursor of the invention.

By way of illustrative example, the GeTe film can be formed at temperature of 320°C,
pressure of 7 torr, 5 micromoles/minute of GeBAMDN, 20 sccm carrier flow through a Te(tBu),
bubbler, and 50 sccm of ammonia. In general, advantageous process conditions may involve
temperature in a range of from about 280 to about 350°C, flow of 1-10 micromoles/minute of Ge,
1-100 scem carrier flow, 1-1000 sccm NH; and pressure in a range of 1-20 torr.

It will be appreciated that the process conditions involved in forming smooth amorphous
films of germanium telluride using the [{nBuC(iPrN),},Ge] precursor of the invention may be
widely varied in practice, and specific process conditions for forming such amorphous GeTe
films can be readily determined by those skilled in the art, without undue experimentation, based
on the disclosure herein.

Pre-Reaction Control

The invention in another aspect involves use of control agents to combat vapor phase pre-
reaction of the precursors described herein, that otherwise causes uneven nucleation on the
substrate, longer incubation times for deposition reactions, and Iower quality product films. Such
pre-reaction may for example be particularly problematic in applications involving chalcogenide
films, related source materials (O, S, Se, Te, Ge, Sb, Bi, etc.), and/or manufacture of phase
change memory and thermoelectric devices.

Pre-reaction may occur when the precursor reagents described herein are introduced to
the deposition chamber, as in chemical vapor deposition, and may also occur in atomic layer
deposition (ALD) processes, depending on the specific arrangement of ALD cycle steps and the
specific reagents involved.

The invention therefore contemplates the use of control agents with precursors described
herein, whereby detrimental gas phase pre-reactions are suppressed, mitigated or eliminated, so
that deposition reactions are induced/enhanced on the substrate surface, and films of superior
character are efficiently formed.

The control agents that can be utilized with precursors described herein for such purpose
include agents selected from the group consisting of (i) heteroatom (O, N, S) organo Lewis base
compounds, (ii) free radical inhibitors, and (iii) deuterium-containing reagents.

These agents can be utilized to lessen deleterious gas phase pre-reaction of the precursors

described herein by various approaches, including:
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(1) addition to the precursor composition of a pre-reaction suppressant comprising one or
more heteroatom (O, N, S) organo Lewis base compounds such as 1,4-dioxane, thioxane, ethers,
polyethers, triethylamine (TEA), triazine, diamines, N,N,N’,N’-tetramethylethylenediamine,
N,N,N’-trimethylethylenediamine, amines, imines, and pyridine;

(2) addition to the precursor composition of a free radical inhibitor, such as butylated
hydroxy toluene (BHT), hydroquinone, butylated hydro anisole (BHA), diphenylamine, ethyl
vanillin, etc.;

(3) use of modified chalcogenide precursors, in which hydrogen substituents have been
replaced with deuterium (D) substituents, to provide deuterated analogs for vapor phase
deposition; and

(4) addition to the precursor composition of a deuterium source, to deuterate the
precursor in situ.

The pre-reaction-combating agents described above (suppressants, free radical inhibitors,
deuterium sources and/or deuterated precursors) can be introduced to any of the feed streams to
the vapor deposition process in which the film is to be formed. For example, such pre-reaction-
combating agents can be introduced to one or more of precursor feed stream(s), inert carrier gas
stream(s) to which chalcogenide precursor(s) or other reagents are subsequently added for flow to
the deposition chamber, co-reactant feed stream(s) flowed to the deposition chamber, and/or any
other stream(s) that is/are flowed to the deposition chamber and in which the pre-reaction-
combating agent(s) is/are useful for reduction or elimination of premature reaction of the
precursors that would otherwise occur in the absence of such agent(s).

The aforementioned suppressants, free radical inhibitors and/or deuterium source
reagents in specific embodiments are co-injected with the precursor(s), e.g., metal source
reagent(s), to effect at least partial reduction of pre-reaction involving the precursor(s) and
reagent(s).

The pre-reaction-combatting agent can alternatively be added directed to the deposition
locus, e.g., the deposition chamber to which the precursor vapor is introduced for contacting with
the substrate to deposit the film thereon, to suppress deleterious vapor phase pre-reaction
involving the precursor(s) and/or other reagents.

As another approach, in the broad practice of the present invention, the suppressant, free
radical inhibitor and/or deuterium source can be added to a solution containing the precursor
and/or another metal source reagent, and the resulting solution can be utilized for liquid delivery
processing, in which the solution is flowed to a vaporizer to form a source vapor for contacting

with the substrate to deposit the deposition species thereon.
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precursor and/or other metal source reagent.

The invention therefore contemplates various vapor deposition compositions and
processes for forming films on substrates, in which pre-reaction of the precursors is at least
partially attenuated by one or more pre-reaction-combating agents selected from among
heteroatom (O, N, S) organo Lewis base compounds, sometimes herein referred to as suppressor
agents, free radical inhibitors, and/or deuterium source reagents. Use of previously synthesized
deuterated precursors or organometal compounds is also contemplated, as an alternative to in situ
deuteration with a deuterium source. By suppressing precursor prereaction with these approaches,
product films of superior character can be efficiently formed.

The control agent can be used for combating pre-reaction of chalcogenide precursor in a
process in which multiple feed streams are flowed to a deposition locus to form a film on a
substrate, wherein at least one of the multiple feed streams includes a precursor susceptible to
pre-reaction adversely affecting the film, in which the method involves introducing the control
agent to at least one of such multiple feed streams or supplied materials therefor, or to the
deposition locus.

The pre-reaction combating reagent alternatively can be introduced to passivate the
surface of a growing chalcogenide film or slow the deposition rate, followed by reactivation using
an alternative precursor or co-reactant (for example H,, NH,, plasma, H,O, hydrogen sulfide,
hydrogen selenide, diorganotellurides, diorganosulfides, diorganoselenides, etc.), thereby
carrying out passivation/retardation followed by reactivation steps, e.g., as an alternating
repetitive sequence. Such sequence of passivation/retardation followed by reactivation can be
carried out for as many repetitive cycles as desired, in ALD or ALD-like processes. The steps
may be carried out for the entire deposition operation, or during some initial, intermediate or final
portion thereof.

The invention therefore contemplates precursor compositions including the precursor and
the pre-reaction-combating reagent. Within the categories of pre-reaction-combating reagents
previously described, viz., (i) heteroatom (O, N, S) organo Lewis base compounds, (ii) free

radical inhibitors, and (iii) deuterium-containing reagents, suitable pre-reaction-combating
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One preferred class of heteroatom organo Lewis base compounds for such purpose
includes R;N, R,NH, RNH,, R;N(CH),NR,, R,NH(CH,),NR,, R,N(CR,),NR,, and cyclic
amines -N(CH3),-, imidazole, thiophene, pyrrole, thiazole, urea, oxazine, pyran, furan, indole,
triazole, triazine, thiazoline, oxazole, dithiane, trithiane, crown ethers, 1,4,7-triazacyclononane,
1,5,9-triazacyclododecane, cyclen, succinamide, and substituted derivatives of the foregoing,
wherein R can be hydrogen or any suitable organo moieties, e.g., hydrogen, C;-Cy alkyl, C,-Cy
alkoxy, C,-Cg alkene, C,-Cs alkyne, and C;-Cs carboxyl, and wherein x is an integer having a
value of from 1 to 6.

The heteroatom organo Lewis base compounds may be utilized in the precursor
composition at any suitable concentration, as may be empirically determined by successive
deposition runs in which the heteroatom organo Lewis base compound concentration is varied,
and character of the resulting film is assessed, to determine an appropriate concentration. In
various embodiments, the heteroatom organo Lewis base compound may be utilized in the
concentration of 1-300% of the amount of precursor. Specific sub-ranges of concentration values
within a range of 0.01-3 equivalents of the heteroatom organo Lewis base compound may be
established for specific classes of precursors, without undue experimentation, based on the
disclosure herein.

The pre-reaction-combating reagent may additionally or alternatively comprise free
radical inhibitors that are effective to lessen the extent of pre-reaction between the precursor and
another organo metal reagent. Such free radical inhibitors may be of any suitable type, and may
for example include hindered phenols. Illustrative free radical inhibitors include, without

limitation, free radical scavengers selected from the group consisting of: 2,6-ditert-butyl-4-methyl
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phenol, 2,2,6,6-tetramethyl-1-piperidinyloxy, 2,6-dimethylphenol, 2-tert-butyl-4-hydroxyanisole,
3-tert-butyl-4-hydroxyanisole, propyl ester 3,4,5-trihydroxy-benzoic acid, 2-(1,1-dimethylethyl)-
1,4 benzenediol, diphenylpicrylhydrazyl, 4-tert-butylcatechol, N-methylaniline, 2,6-
dimethylaniline, p-methoxydiphenylamine, diphenylamine, N,N-diphenyl-p-phenylenediamine,
p-hydroxydiphenylamine, phenol, octadecyl-3-(3,5-di-tert-butyl-4 -hydroxyphenyl) propicnate,
tetrakis (methylene (3,5-di-tert-butyl-4-hydroxy-hydrocinnamate) methane, phenothiazines,
alkylamidonoisoureas, thiodiethylene bis (3,5,-di-tert-butyl-4-hydroxy-hydrocinnamate, 1,2,-bis
(3,5-di-tert-butyl-4-hydroxyhydrocinnamoyl)  hydrazine, tris  (2-methyl-4-hydroxy-5-tert-
butylphenyl) butane, cyclic neopentanetetrayl bis (octadecyl phosphite), 4,4*-thiobis (6-tert-butyl-
m-cresol, 2,2-methylenebis (6-tert-butyl-p-cresol), oxalyl bis (benzylidenehydrazide) and
mixtures thereof. Preferred free radical inhibitors include BHT, BHA, diphenylamine, ethyl
vanillin, and the like.

Useful concentrations of the free radical inhibitor may be in a range of from 0.001 to
about 0.10% by weight of the weight of the precursor, in various specific embodiments. More
generally, any suitable amount of free radical inhibitor may be employed that is effective to
combat the pre-reaction of the precursor in the delivery and deposition operations involved in the
film formation process.

The deuterium source compounds afford another approach to suppressing pre-reaction of
the chaleogenide precursor. Such deuterium source compounds may be of any suitable type, and
may for example include deuterated pyridine, deuterated pyrimidine, deuterated indole,
deuterated imidazole, deuterated amine and amide compounds, deuterated alkyl reagents, etc., as
well as deuterated analogs of the precursors that would otherwise be used as containing hydrogen
or protonic substituents.

Deuterides that may be useful in the general practice of invention as pre-reaction-
combating reagents include, without limitation, germanium and antimony compounds of the
formulae R,GeD,., and R,SbD;, wherein R can be hydrogen or any suitable organo moieties,
e.g., hydrogen, C,-Cs alkyl, C,-C; alkoxy, C,-Cs alkene, C-Cg alkyne, and C,-Cg carboxyl, and
wherein x is an integer having a value of from 1 to 6.

The deuterium source reagent may be utilized at any suitable concentration that is
effective to combat pre-reaction of the precursor. Illustrative deuterium source reagent
concentrations in specific embodiments of the invention can be in a range of 0.01 to about 5% by

weight, based on the weight of precursor.
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The concentrations of the pre-reaction-combating agents utilized in the practice of the
present invention to at least partially eliminate pre-reaction of the precursors can be widely varied
in the general practice of the present invention, depending on the temperatures, pressures, flow
rates and specific compositions involved. The above-described ranges of concentration of the
pre-reaction-combating reagents of the invention therefore are to be appreciated as being of an
illustrative character only, with applicable concentrations being readily determinable within the
skil} of the art, based on the disclosure herein.

The specific mode of introduction or addition of the pre-reaction-combating agent to one
or more of the feed streams to the deposition process may correspondingly be varied, and may for
example employ mass flow controllers, flow control valves, metering injectors, or other flow
control or modulating components in the flow circuitry joining the source of the pre-reaction-
combating agent with the streams being flowed to the deposition process during normal film-
forming operation. The process system may additionally include analyzers, monitors, controllers,
instrumentation, etc., as may be necessary or appropriate to a given implementation of the
invention.

In lieu of introduction or addition of the pre-reaction-combating agent to one or more of
the flow streams to the vapor deposition process, the pre-reaction-combating agent may be mixed
with precursor in the first instance, as a starting reagent material for the process. For example,
the pre-reaction-combating agent may be mixed in liquid solution with the precursor, for liquid
delivery of the resulting precursor solution to a vaporizer employed to generate precursor vapor
for contact with the substrate to deposit the film thereon.

As mentioned, the pre-reaction-combating agent may be added to the deposition locus to
provide active gas-phase suppression of pre-reaction of the precursor vapor(s) that would
otherwise be susceptible to such deleterious interaction.

As a still further alternative, the pre-reaction-combating agent may be used as a
preliminary surface treatment following which the precursor and co-reactants (e.g., H,, NH;,
plasma, H,O, hydrogen sulfide, hydrogen selenide, diorganotellurides, diorganosulfides,
diorganoselenides, etc.) are delivered to the substrate surface to effect deposition on such surface.
For such purpose, the pre-reaction-combating agent may be introduced into one of more of the
flow lines to the deposition process and flow to the substrate in the deposition process chamber,

prior to initiation of flow of any precursors. After the requisite period of contacting of the
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tributyl antimony, triisopropyl antimony, tris(dimethylamino)antimony or other organo antimony

compound. The tellurium precursor in vessel “T" can be a dialkyl or diamido tellurium
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appr oaches ,antln]lcibﬁi' Ueld/eg tellureth precursors in(the r@gédlidd @ g e "Pr GGHIS O the
COITpOSl tion of a ressant C sin ne or nore
het er oat omc‘(rffsPOthQgsﬁ%%Eﬁegsﬁf 5 %31? %‘é’é‘ﬁ"’%ed’f‘ﬁé’g’ﬂn% gﬁﬁgé{%]"ef onoherdiewne,

t hi oxane, ewhdstsg cooloyatshigren. tri et hyl am ne (TEA) triazine,

di am nes, N, N, N, At <3 £150 Y. a

N, N, N -trimet hyl et hg%eg{rtlie | agrég ﬁ@%&%ﬂﬁgﬁ% me n%rmamum antnnoné and tellurium
(2) additi @W"‘tf%?fst% Wéﬁkwfowwﬁe@llmﬁ%ﬂsom and }2éere$pamvelal to the mixing

i nhi bi tor, cxubh 128 Buty taliegd pbe\éﬁ}s&wxr&r@the@fa@xo&é’dﬂ&n thbmamﬁan%apm in

but yl at ed ani sol e et hyl vanilljn,

(3) use of ?%{Foiﬁ% P FPERE %Hﬁ% ‘B%V%P ‘&“d Pfﬁ"“\‘m’f W“ﬁ‘f/d%@féﬁeam"“'
subst i t uententhangsgbe en volapilzahed:rmnabmldeauva@bn (The ﬁrE))urssuhspﬁrltﬁeueamm 1ihd
provi de de 2 Vs I bl

() addi t1 o0 p o EhaR e e s R0l RN SRRRS) e 30 s s o
deut er at e FHETHIECP "A’GfFf sobptratp {39, mounted on SUSPHIéOYﬁ%mrt@abNS@nn dembrat i ng

agents descri bethegpbRweor (/EoP RInRSEHR MeSwardr EldSiraictBh Ges 'tdﬁ?:b&&tttﬁ%rgévmamum
deut eri um sources an [ or de terg}ggg?sprecursors can he introduced to

any of the®1"&8W &t d & lpiem, ety 2% 50 L oW B Y SEeR R ERe Y h e
filmis totbheidoGIEDmatéral, c.exfomphrefactectia pag ch@Re tandCoehamhenngy dgrat s
can be I ntr Oducﬂgn%rgac%gwre\%{smgp%Hanlggde ﬁ Egrcoxﬁtgn?qs g Ec%ar?e%(ﬁ'so)rd ?I?]Qal%grt

carrier gas strea cogeni de precurs
reagent s aF@O%tEP@%@ﬂ’éWQPW lipg Ay agdgfovs fage Qfﬂ)“epwéatel‘eqm)mﬂt 13 n Iicthaefent

co-react anﬁbafeﬁx@xd whtr pRras) difchfpade @t bz@)oxd@spﬁ)&'teti' QQ hahiBling, @
any other st is/are flowed to ?Itl on chanber " and

in which t 8% ?ré ?%g%ﬁlfr?fﬁ%c}ﬁfﬁﬁtn@r Hyather( E’?““F /t%ll’ duadingy efflgnt that is
reduct i on dschggediionethé Zatemént prieintibaide. reactl on of the precursors that
woul d ot herw s e

af orenent i onedeﬁs Sliépw ggl%m;tgﬁh?t ?geg%gn haﬁ% %ﬁ)r s)’agordc}egosuﬁ SB{Sgefn um
source reatjernt & JI %Oplé@f 1 illuserniiys Ghamsier, gn@het ngperoys atlier exchnggntehts cowdd be

precursor ( ﬁt)lhzecﬁfogdeplo%&ﬁ hndSR4 bLCiBe ﬁr@-@éﬂ@cf&h-(c&hbahﬁé)ag@ritf RQhdidd th(Ls@ BRbiously

partial re reaction involvj recursor(s) and
reagent (s): ity g‘f‘ﬁlgseg HE™Pe a Y ﬁa”B’g‘fhﬁ!éﬁ gferf@a“é‘g‘e‘ﬁfnb@&ﬁ agent could be
al t er nat i vialrgdube duddiydo dier @ixing dhdntbet kR, e padibd OereinOGthSthe ﬁ:s;gcnvetdsa‘
deposi tion a t roduc

cont act i ng” e R puradl 1 bofaRiGR ARl LR opl be yRRY G moa
suppr ess d&l8epiedthes uixing prembeshblgnsler Pfé-: ifas xembivation it [thej mg=u1t8<brethat is being

precursor(@Qns@ngutgehqugbgﬁoﬁlg@gents As anot her approach, in the
broad practice of the gpese i nvention, the suppressant, free

radi cal i nhi bi tof S&FH IGr 29, APRley igeid deliveny of Mggestedtive Brepist dton
cont ai ni ngwillhe rpnbguwislw ifaolthhtsed prtdaeks méxﬂﬂloﬁaundﬁ&olﬁcﬁwedﬁ tectbRiflest he
resul ting sol,ut Ilzed far i ver.) in
whi oh the 2 BB EER e a iy Lt ok ST bl BLE T uste
for cont acmﬁtmjlwth the substrate to deposit the deposition species
thereon. 60 Alternatively, if the precursor and/or another
netal source reagent are not in an existing solution, the



The control agent can be used for conbating pre-reaction of

chal cogeni de precursor in a process in which nmultiple feed streans
are flowed to a deposition locus to forma filmon a substrate,
wherein at | east one of the nultiple feed streans includes a
precursor susceptible to pre-reaction gglversely affecting the film
in which the nmethod involves introducing the control agent to at

| east one of such nultiple feed streans or supplied materials
therefor, or tolt¥s cfapess devsmtingegsst as the pre-reaigp-comigting>aaettiin the FIG.20

combat i ng RaESBhe inidd srakd ééﬁha\fuuﬁaaﬁhtz%n)‘ MarQRHGS reEthoPsa&ﬁ'd\é@tsL% £da8n
surface of a growl ng chal ?enl de filmor slowt deposition rate

fol | owed byPer BECIFQEE 257 do#halge (oF AR HFYR gfﬁrf@&lﬁ% aptimgpy or tellurium
co-react antpre(nirmr exahp éydrisen N&thtu@itsasmc drigo nkyely Gas@Nbeshl dpld& with
hydrogen sglen % dlorganotellurldes di or ganosul fi des,

di or ganosel eni etc.), thereby carrying out

passi vati on/ret Ehﬂﬁpf@ﬁloﬁﬁpm@mrd@gcntsewbe\/mnla)'nd $it Eysshroad. acticeast tha

al ter nat i NgrekRPRLdntibiiS pRALLY SFEved FUS foSHRAMENEE RS of semlconductor rodu ts In
passivation/retardation followed by reactivation can be carfie

for as many*FBpefy PIeEcgtoabating 1gieents dgscribed herqm gpay pepwilizpds i in varions
processes. cdiiénasibieis speeific Gpliedss) tedulipté'ﬁs dr@liminfe pRAtAcidh deRYPdchk®@RAnd
operati on, rmediate or final portion

t her eof pg(lld%&{wnm%?uogﬁmi%élféel?q(?rm Bt enpl at es precursor

conposi ti ons i n¥higitheinvention has deanrhgobecm deicribhdhqpeie iy refachiean siedfibabéctg

reagent. Wdahifed addBusk@ive Qﬁﬁddf?&nﬁtf RE BvdnRSCH WnBeCa(BﬁgQ%;téd}gat BRABRD b e
previously, described, viz., (1) heteroatom ano Lew s

base corrpoﬁ’l‘f‘c’f’é“’“ (5708 ths Ligitepl. Ryt Father xRASP st Qoomsey Fynjeyous other variations,
deut er i um eodificdtitisragd sleageveiemboditdértsahy vaill Pliggest &ﬁﬁﬁd@@m&ﬁﬁl@&ﬁdr&lﬂary &in

tho ok 11 Oy o e e BRRA SRR bp e RISl CERatgs: the
Het er oat ominyentiongs hsl)em@ﬁtqg alaionedl svintendprits dre broadioesnsisiedrand iepekd, waintleding
type, e.g. all &R Abdbnd) ShodificAR aha ﬁt‘e)natme'eﬁﬂéﬁam@ltsn\!vlrt}ﬁxp%%&n{ zln'agco om or
pendant ami no or anide substituent, a sulfur 'ring atom or dant
sul fide, sulfonate or thio group, as effective to at | east partl ally
| essen pre-reaction of the precursor and other organo netal reagents
in the process system Illustrative exanples of heteroatom (0, N, S)
organo Lewi s base conpounds having utility in specific applications
of the invention include, without limtation, 1,4-dioxane, thioxane,
ethers, polyethers, triethylamne, triazine, diamnes,

N, N, N , N -tetranet hyl et hyl enedi am ne, N, N, Vtrinethyl et hyl enedi am ne,

am nes, imnes, pyridine, and the I|ike. The het er oat om or gano
Lewi s base conpound in various specific enbodi nents of the invention
may include a guani di nate conmpound, e.g., (Me2N)2C=N11. One

preferred class of heteroatom organo Lew s base conpounds for such
purpose includes R3N, RZNH, RNH2, RZN(CH2)"NR2, R2NH( CH2). NR2,
R2NCR2) , NR2, and cyclic am nes -N(CH2)x-, im dazol e, thiophene,
pyrrol e, thiazole, urea, oxazine, pyran, fungi, indole, triazole,
triazine, thiazoline, oxazole, dithiane, trithiane, crown ethers,
1,4,7-triazacycl ononane, 1,5,9-triazacycl ododecane, cycicn,
succi nam de, and substituted derivatives of the foregoing, wherein R
can be hydrogen or any suitable organo noieties, e.g., hydrogen,
Cl-C3 al kyl, G -Cs al koxy, C-Cs al kene, Cl-C8 al kyne, and Cl-Cs
carboxyl, and wherein x is an integer having a value of from1l to 6.
The heteroatom organ Lewi s base conpounds may be utilized in the
precursor conposition at any suitable concentration, as my be
enpirically determ ned by successive deposition runs in which the
het er oat om organo Lewi s base conpound concentration is varied, and



63 Thus, a deuterium source conmpound nmay be added to one or
nore of the feed streans to the vapor deposition process, and/or one
of the precursors or other feed stream conponents nay be deuterated
in the first instance. The congentrations of the
pre-reaction-conbating agents utilized in the practice of the present
invention to at least partially elimnate pre-reaction of the
precursors can be widely varied in Chalmsneral practice of the
present invention, depending on the tenperatures, pressures, flow
rates and specific conpositions involved. The above-descri bed ranges
of concenwnatis elaingd id:he pre-reacti on-conbati ng reagents of the
invention therefore are to be appreciated as being of an illustrative
character only, with applicable concentrations being readily
det er m napl ¢ 0

ner i, A bR 3o e b B ek A ) G s
pr e- r eactVaper-deposliRn iDFgeAgROmPrising mielhémg mgeena@mrrt brecufsertd form e gerapigm
the depos[srsalaar PO eaﬁonrr@ycoﬁernh@stﬂ@afé&mr YapBf whR b cE8por@Rt delBBY £&H the
exanpl e enp mass flow'controllers, flow control valves, netering

i nj ect or sgro‘%?r C‘??ﬁlﬁfé’rg Pl aRimeript hdroser, el arsPhgandonipegsensad pentachrg flicow

Ci rcui tr YorbcQisBi Vigor wieh SQUSHRR B vabhedepdstioh @Rk igernfaRiiaohtiding GERA kheWoh N
the streans being flowed to the deposition process during nor nal

filmfor nVIFF bPE FEMAUET PRAESE FURBEES ARFERaB T Ay digale ramngHad 9t yoPmet ude
anal yzers, nonitors, controllers, instrunentation, etc., as may be
necessary or appropriate to a given inplenentation of the i nventi on.
In |ieu d& Thetnethddiof ¢lam brwhadoh the garmadiurhloentpnmg &b fuirter @ophiss itallgrium,
agent to t.h a

orocess, s?ﬂgmégllliogr%oe gﬁﬁgoﬁéﬂ'aglg%%gw taﬂlhgrﬁg)?ecﬁlgor to efor%m P %ﬁlargu%??%!:&rso? Vﬂaor
in the fiandontasting e dellugem grosyrsgr tvapng wﬂéalgﬁewbstrmt felr Vagpbr dewsutoh@f the film
process. {fQtnexanple, the pre-reaction-conbating agent may be m xed
in liquid solution with the precursor, for liquid delivery of the
resulting precursor solution to a vaporizer enployed to generate

pr ecur sor or_for con he substrate to posit the fi

her eon. 3 1R metxad g i %rr@aremttﬁeete mrpé%fasrrdﬁs%%gfprnﬁfge By senskye e
added t o ttlheiusiepmpdsitioddofltiefisnulae: pr ovi de active gas- phase suppression
of pre-reaction of the precursor vapor(s) that woul d ot herw se be

suscepti bl e to such del eterious interaction, As a still further
alternative, ?Ipre reaction-conbating agent may be used as a
prelimnary surface treatnent follow ng which the precursor and

co-reactants (e.g., H2, NH3, plasma, 1120, hydrogen sulfide, hydrogen
sel eni de, diorganotellurides, di organosul fi des, di organosel eni des,
etc.) are delivered to the substrate surface to effect deposition on
such surface. vhefeirsuch purpose t he pre- reaction conbat i ng agent may
be i ntroduced 'ntg one q§ Eore of tﬁf flo ines to the depo |t|on
process and fl & (P ReUBR £ & o niffgent 875 3ngfren, AL A dndep

prior to init isaédtmm athdn@\M, @ -Ca alYylpPC £C 4 kicbdatkyl, Af-CQrariilad rsa@;ﬂ)s szhézem

period of conta th such

pre-reaction- 3 %mgggﬁysﬁggﬂﬁﬁg%& gﬁ%* the flow of the
prereaction- conbatlng agent can be ternlnated and nor mal feedi ng of
flow streans to ggﬁ |tion chanmber can be initiated. It
will be apparent fr e foregoing description that the
pre-reaction-conbating agent nmay be introduced in any of a w de
variety of ways to effect dimnution of the pre-reaction of the
precursor in the deposition system I n one enbodi nent of the
i nvention, a vdpem: phase deposition systemis contenpl ated,
conprising: a vapor deposition chanber adapted to hold at |east one
substrate for deposition of a filmthereon; chem cal reagent supply



second flow circuitry arranged to deliver the pre-reaction-conbating
agent fromthe pitreaction-conbati ng agent supply vessel to the first
flowcircuitry, to said chem cal reagent supply vessels and/or to the

vapor deposition chanber. Ref eggi ng again to the draw ngs,
FIG 20 is a schematic representation of a vapor deposition system
100 in one enbodi ment thereof. In this illustrative system a

pre-reaction- cRyrBasidrRy meayewtthd sume an badiffenti fromporsapghey, arﬂmhdeb&aﬁicnﬂ&he
pre-reaction-c i e OfTpr |-Se ctlon 4s sant

a free radical %@%%@?aﬁ&g’ﬁﬁ Gaﬁc ﬂ?ﬁ s cqoaﬂ(ygrcr gao S %lﬁg WFtwo
or nore of suGhda@eﬂméqamhﬁmwwkw@@ﬁmoﬂl§udhﬂagents. The
pre-reaction-conbati ng agent supply vessel is joined by respective
flow lines 112, 114 and 116, to germanium antinony and tellurium
reagent supply vesgelser,) abeled "G " "S" and "T," respectively. The
germani um precursor in vessel "G nmay be a tetraal kyl or tetraam do
ger mani um conpound, such as tetramethyl germanium tetraethyl
germani um tetgaahl.yl gernmanium tetrakis(dinethylani no)germane or

ot her organo germani um conpounds. Furthernore, precursor "G may be a
ger myl ene conpbuAte RaHBpvehenthe samg aner §ifferentdrpicerq anpther gng é@clﬂdqpﬁld%b’

gas- phas aeltkd 16 ahGRAEIT, 1, BKYE QTS chdlodie RRSER CandLSiR R FlieleRiRd 1ON
suppresant, The antlnon%ﬁprecursor in vessel "S" can be a trial kyl or

triam do ‘SREFRRIRILSIFpEHTm CeGeAkds tri but antlnnny, triisopropyl
anti mony, tri séidiicRichyplatss Mah Bak-UKenYindé li@hder organo anti nony
conpound. The tellurium precursor in vessel can be a dial kyl or
diami do tellurium 65

conpound, suchasdi i sopropyl tel | uri ug di butyl tel kurium

bi s[bis(trimethylsilyflamno]telluri o] g r organo tellurium
conpound. The pre-reaction-conbati ng:jagent therefore can be
added to any of the germanium antino geand or tellurium precursors
in the respective "G" "S" and "T%qvés Isf via, t he corresponding
flow line(s), which for such purpose npyi*have T ow control val ves or
ot her fl ow nodul ati ng conponents thePﬁlnl R In the specific
process enbodi ment shown, the gernmani um™antinony and tellurium
precursors are flowed in liquid formin eed lines 118, 120 and 122,

respectively, vereld®, M, %hd'A, GBABD S sihéd as @ﬂﬂff&r@;ﬁ ffoﬁﬁbﬁetdn&ﬂerpﬁrﬁlcé&l’:ﬁ Qr
m xt ure th nis flowed fromthe m xi ng chanber li.ne

vapor i zer2Epgdently selpgled fiam G i-GeAtkyliGol 19 argiilol 496 €¢ &nz@&ylamus&w@h H’ﬁ]d!des

pr e- r eactbotint@idklRglamige a&g0@litas dlalkyMmina);iahd zed to form a precursor

vapor. The precursor vapor then flows in line 130 to the showerhead
di sperser 134 in vapor deposition chanber 132, for discharge of
precursor mxture onto the wafer substrate 136 nounted on susceptor
138 in the deposition chanber . ®1- 7= %fcursor vapor contacting
t he wafer substrate 136 serves to 1 the germanium antinony and
telluriumnetals on the substrate, to fo ma thin film of

germani um anti nonytel | uri um ( T}f te ahmﬂe g., for manufacture of
a phase change random access fory ¢eVice. The cont act ed
precursor vapor, depleted in nBtal s/c pr%sls di scharged fromthe
vapor deposition chanber 132 in |i'he 14 and flows to the effluent
abatenent unit 142. In the effluent abat ment unit 142, the

di scharged effluent vapor is tre L by scrubblng, catal ytic
oxi dation, el ectrochem cal treBtment, or i nfsot her manner, to yield a
final effluent that is di schar ged frg@1the abatement unit in line
146. It will be appreciated that the schematic representation
of the vapor deposition systemshown in FIG 20 is of an illustrative
character, and that nunerous other arrangenents could be utilized for
depl oynent and use of the pre-reaction-conbating agent, including




Wil e the invention has been has been described herein in reference
to specific aspects, features and illustrative enbodi nents of the
invention, it will be appreciated that the utility of the invention
is not thus limted, but rather extengs to and enconpasses numerous
ot her variations, nodifications and alternative enbodi nents, as w ||
suggest thenselves to those of ordinary skill in the field of the
present i nventwlgngin BadndR; thee beitlecdams us er tidéeentnfronCotia asher) dhdedcly s
t he i nvent| ' r ~Clal i s.dnten 0 br oadl y.
const  uod SRS Bh € c R b A PRERR G SR @K nctues
nodi f i cat batinmompalylaimine aneell asaliadyybodhedent s, within its spirit and
scope. 67 CLAIMS What is clained is: 1. A nethod of formng a
snoot h, anor phous gernmani um containing filmon a substrate by a vapor

deposi ti 0N ™HOMBHS of QIR 125 1WHgreO Rt debhaiudd fhd IEIFRI- MR HBCHILS rthtO
forma germani um &rqecurs_ r vapor, qptionally conbining the precursor

vapor w t PTRTISS ARttt sue mstiod Popprtng Flettirhe 3 caHEPSE PRETOF (afiipnta,
hydr ogen, anfigbhyfecuddog @ihor,2nd cOitidiing &8, an@fchyCREdua6t Vdpgr WHE tHer 8B4k Fbr

vapor with a substra or _vapor deposition of the
ger mani un‘(aB%rﬁjt%%‘?sﬁ‘ioﬂﬁhg?%lthﬁﬁ on, wherein the germani um precursor

conpri ses a germani um am di nate conpound or conplex. 2. The nethod
of claim1, wherein the germaniumcontaining filmfurther conprises
tel | uri um- Thaimdthae vhdadmcio whereisitregantimbmt prédqupsonig seledtel franr ihe gropp ewistigr

to form aoftagégléhg,icyxg%&{tggwf lfodh@RQr, and contacting the tellurium
ursor vapor wt th ]

prec e substrate for vapor deposition of the film
thereon. 3. The nmethod of claim2, wherein the tellurium precursor
is selected fromthe gr SHNREWRMERR BANRR! | uri um conposi tions of
the fornmul ae:;: RITeR2 wherein: R and R2 may be the sane as or

di f f er ent™¥¥%# one another, and are independently sel ected from anong

H, El-RB C6 al _kyIdR‘, @5,&@@ ﬁwckbliaﬁm ,the]g:@alﬁ@ as'itro)éIG diffié‘éklﬂlfroﬁixR(lo_?@%aﬁlng%g%ﬁ‘d Rre

eac i.s,i ndependent S cte rom Cl- al kyl ; e 3

wher ei n: m%"@“ﬁfel{?ﬂyﬁ?e ?ddt)‘/‘i-’??sghﬁyauﬁ’g Goifes C’é‘i‘f‘?@‘%&"&? algenph QP'gﬂflkﬁsrﬂdinC@ﬁ@

anot her, aygd are independently selected fromanong H, Cl1-C6 al kyl,

C5- C10 cycl oal | gyl , G6- s ar yl nd -Si (R3) 3 erein each R3 is

i ndependent | y eéé{%tReoa“%Igrﬁré-%G%ﬁﬁWf’;agﬁ% g‘%%g"m one another and are
independently selected from hydrogen, C,-Cs alkyl, C;-C¢ cycloalkyl, C,-Cy alkenyl (e.g., vinyl,
allyl, etc.), C;-C alkylsilyl, and C4-Cyg aryl; and

m is an integer from 1 to 4 inclusive;

Sb(R)(R*N(CR*R®),,NR®)

wherein:

R', R% and R® may be the same as or different from one another, and are independently
selected from C;-Cq alkyl, C;-Cq cycloalkyl, C,-Cs alkenyl (e.g., vinyl, allyl, etc.), C;-Cg
alkylsilyl, and C¢-Cyy aryl;

each of R* and R®> may be the same as or different from one another and is independently
selected from hydrogen, C;-Cs alkyl, C;-Cs cycloalkyl, C,-Cg alkenyl (e.g., vinyl, allyl, etc.), C;-
Cs alkylsilyl, and C¢-Cyy aryl; and

m is an integer from 1 to 4 inclusive;

Sb(RY):..(NR’R?),



wher ei n: Rl and R2 may be the sane as or different from one
anot her, and are independently selected fromanong H, Cl-C6 al kyl,
C5- C10 cycl oal kyl, C6-C10 aryl, and -Si (R3)3 wherein each R3 is
i ndependently selected fromCl-C6 al kyh; telluriumconplexes with
beta-di ketimnate ligands, AC' T RAR4 R4 (1) wherein RI, R2 and R3
they be the same as or different fromone another, and each is
i ndependently selected from Cl-C6 al kyl, C6-C10 aryl, silyl and
Cl-Cl12 al kyl am ne (which includes both nonoal kyl am ne as well as
di al kyl anjpne).-. and 69 wherein RI, R2 and R3 they be the sane
as or different fromone another, and each is independently sel ected
from Cl- C6 al K&/} R* @g-Rbayadreythe sasie|aor diffidre@1fr@1 Bneadniibroanid aee ipddpemiantly
i ncl udes i 1 1 LAl i.ne) . ) od
el pdes Sakly RAOROULATLRS ooy MEId, S, G AR . eI TELY
further copFi-Sedkanbl, aryd AR NRER by iterein 9gnhio§ Rnapd\Ro issseleted fromy ampns
antinony pL&EULSOingt © form an antinony precursor vapor, and
contacting the antjnony precursor vapor with the substrate for vapor
deposi tion of RiR&" miepThiopd}tiadinclusye. The nethod of claim 4, wherein
the antinony precursor is selected fromthe group consisting of
anti nony conpositions of the fornulae: Sh(NRI R2) (R3N(CR5146),,, NR4)
wher ei n:

(R):SHER'R'RY)s.,

wherein:

R!, R% R} and R* may be the same as or different from one another, and are
independently selected from C;-Cs alkyl, C;-C¢ cycloalkyl, Cs-Cs alylsilyl, Cs-Cyo aryl, and
alkylamino of the formula -NR’R® wherein each of R® and R® is independently selected from H
and C;-C, alkyl;

E is silicon (Si) or germanium (Ge); and

n is an integer from 0 to 3 inclusive;
aminidates, guanidates and isoureates of the formula:
R, Sb[R'NC(X)NR]s.,

where each R' and R? is independently selected from among H, C;-Cg alkyl, Cs-Cyo
cycloalkyl, C4-C)g aryl, and -Si(R?); wherein each R? is independently selected from C;-Cg alkyl;

each X is independently selected from among C;-Cs alkoxy, -NR*R’ and -C(R®),,
wherein each of R*, R® and R® is independently selected from H, C;-C; alkyl, Cs-C,, cycloalkyl,
Cs-C o aryl, and -Si(R*); wherein each R® is independently selected from C,-Cs alkyl;

each R’ is independently selected from among C,-Cs alkoxy, —NR®R®, and -C(R")s,
wherein each of R®, R’ and R'’ is independently selected from H, C;-Cg alkyl, Cs-C o cycloalkyl,
C¢-Cyp aryl, -Si(R3)3, and -Ge(R3)3 wherein each R? is independently selected from C,-Cs alkyl;

and



R, R2, R3, and R4 may be the sane as or different from one another,
and are independently selected fromCl-C6 al kyl, C3-C6 cycloallcyl,
C2-C6 al kenyl, C3-C6 al kylsilyl, C6-C 0 aryl, each of R5 and R6
may be the sane as or different from gpe another and are

i ndependently sel ected from hydrogen, Cl1-C6 al kyl, C3-C6 cycl oal kyl,
C2.-C6 al kenyl (e.g., vinyl, allyl, etc.), C3-C6 alkylsilyl, and

C6- C10 aryl; amdamintegercfroni itodger from 1 to 4 incl usive;

Sb(RI') (R2ZN( CR4R5) ", NR3) wher ei n: R, R2, and R3 nay be the sane
as or different fromone another, and are independently selected from
Cl- C6 al kyl, @8wazgkyd gednolaickyfthe 08m@8 al kenyl (e.g., vinyl, allyl,
etc.), C3-C6 alkylsilyl, and C6-Cl10 aryl; each of R4 and P.5
nmay be the sane as or d| fferent fromone another and is independently
sel ect ed RrDMRBMNGRRMEL-C6 al kyl, C3-C6 cycloal kyl, C2-C6 al kenyl
(e.g., vinyl, allyl, etc.), G- Cb6 al kyl silyl, and C6- C10 aryl; and m
is an integer from 1 to 4inclusive; Sb(111)3 "(NfeR3),, 70 wherein:
R, R2 and R3 WhsiFibe the same as or different from one another and

are lndepender&&}yofs@a%eke%lﬁae%nd@m@rs@lg&mfr&h an%gai bybs al @6c

cycl oal kyl , -C6 al keny él 9% vi ny I'lyl, etc 't3-cs
al kyl si | yﬂycloébY éﬁ&la%rylb aﬂéﬁn ® Rﬁﬁ?anéF wd@ae%n@rseme%ﬁ@n%cp glkyl

sel ected fromauiR’ thdartds edepbitionBN@leted SordH, €1t LUSH, dfCQJ%yQoil@l e

Irrg3C/| EZ' ol éﬁ agl '595 %%?@%W ??ﬂ’@?ﬂe&f’ﬁaﬂya%ftﬁ%ﬁom Ehﬁs

i ndependent | y cae I'ds ﬁdepfeﬁdemlﬁ!e}e@@d frbik Yiinpn g3 -(GRIkoYE LNB.?FKydnd -CRH6

cah of Pt Reo Tl RC ey DR ot s ExCeuiil T E

is silico®- Q@ar)/l cﬂl(Ré)e,ramFGq(lﬁh%)g( @adrein aavtl R’ is independently selected from C,-Cs alkyl;

and
n is an integer from O to 3;
carbamates and thiocarbamates of the formula:
R*,SH[(EC(X)E]s.

wherein:

each X is independently selected from among C,-C4 alkoxy, -NR'R? and -C(R?),,
wherein each of R', R” and R? is independently selected from H, C;-Cq alkyl, Cs-Cy cycloalkyl,
Cs-Cy aryl, and -Si(R5)3 wherein each R is independently selected from C,-C, alkyl;

each R*is independently selected from among C;-Cg alkoxy, -NR'R?, and -C(R%)s,
wherein each of R, R and R? is independently selected from H, C,-Cs alkyl, Cs5-C,, cycloalkyl,
Cs-Cyy aryl, and -Si(R5)3, -Ge(R5 ); wherein each R’ is independently selected from C,-C; alkyl;

E is either O or S; and

n is an integer from 0 to 3;



nis an integer fromO to 3 inclusive; am ni dat es, guani dates
and isoureates of the fornula: 12.211Sb[ RI NC(X) NR13, wher e each
Kt and R2 is independently selected fromanong H Cl-C6 al kyl, C6-C10
cycl oal kyl, C6-Cl10 aryl, and -Si (R3)37nherein each R 3 is

i ndependently selected fromC -C6 al kyl; each X is

i ndependently selected from anong Cl-C6 al koxy, -NR4R5, and - C(R6) 3,
wher ei n each dfetaRdketdRBteq AetRBninases; and dixetiivhénatel, pf gelffembled from H, Cl - C6
al kyl, C5-C 10 cycl oal kyl, C6-C10 aryl, and -Si (R3)3 wherein each R3
i s independently selected fromCl-C6 al kyl; each le is

i ndependeAE)SEDER)E:-Sp@B M anong Cl - C6 al koxy, -NROR9, and - C(RI 9) 3,

wherei n @j@j@R R2 smis independently selected fromH,
Cl-C6 al ﬁ[ I (-X&b?i%{ %?Q%é&é C6-Cl10 aryl, -Si(R3)3, and -CGe(R3)3

wher ei n RANCERICCIGRRIBMSHRDy sel ected from Cl-C6 al kyl: and 71 n

is an int C bﬁf@(% SB: Sh(R® tetra-al kyl guani dates of the

forml a: 5,,S%[(R1 gRer RIRCS,RA)f)I\I)B, wherein: each of RE and R2 is

i ndependent |y sel ected firom,amnpng. H,. C1-C6 al kyl , C5-Cl0 cycl oal kyl ,
C6-Cm aryl, an ezeﬁat*ﬁg)“e%ﬁgqo s qdrporgenfly Sqlﬁ?éeﬁf@wagww ¥ Sefdbd
from Cl- G6-@) kg¢loalkyl, Cs-C)o @84 AndISi(RY; wiikgeih each R® is Mdiepaaaiantdiasted goact, &4
fromH, Cilggiﬁ al kyl, C5-C10 cycl oal kyl, C6- Cl10 aryl, and -Si (R9)3
wher ei n ¢ RO is independently selected fromC -C6 al kyl;

each R5 is i ndegexdéntebendenly sditced fforromoapongs loxgh-NHRYxyd -C(RIRG 1 e,
and - C(R8).3. .wher ei h,of .R15, 'R/ and 3 S, endent |

sel ected hre(r)erlﬁl gh%f{b (%aaéfl &yF ,ln%lf%qneﬁrﬁagf/%?cgél%ﬁ?%%’%@fgg %@a@?ﬁf’ Cxcéiakl%) 3,
and - Ge( FE)Qo awblesrd-Bi(RucrheRin dash R Hislmdependenty selested o €6-CE rlbyh CnCo

al kyl; and n i . e t:hi r tes
of the forml - iy (BRb ARl b dhor RRARAS S AL W RSRT RGH™

i ndependentGoplkery, bR, PRI Do dieein-cagh Rk dYyand R\ ipindependeatly: siered 3,
wherei n eaghpaf, & ayRe, NG % d.= ndent| { 6: Cl- C6
alkyl . CorCi0 cydéglaogl’l c%& vk o Gart?%e/a?ﬁ gﬁg ’i’é?f%?%ﬂz’?%?ﬂa@agh R5
i s i ndepdpisesndeiily selpededien €romiakacs al kyl ;

n is an integer from 0 to 3.

allyls of the formulae:

(): R*.Sb[R'NC(X)C(R*R?)]5.0

(ii): R%SH[(R'O)NC(X)CR’R*)]s.n
(iii): R%SH[(R'R)NC(X)CRR*)) 50
(iv): R*Sb[(ONC(X)C(R’R*)]

where each R',R%, R* and R’ is independently selected from among H, C,-Cs alkyl, Cs-
Cyo cycloalkyl, C-Cyp aryl, and -Si(R®); wherein each R® is independently selected from C;-C
alkyl;

each X is independently selected from among C,-Cs alkoxy, -NR'R?, and -C(R%),,
wherein each of R!, R? and R%is independently selected from H, C;-Cs alkyl, Cs-Cy cycloalkyl,
Cs-Cyo aryl, and -Si(R®); wherein each R®is independently selected from C;-Cg alkyl;

each R* is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiiminates, C;-Cs alkoxy, -NR'R®, and -C(R®);, wherein each of
R7, R®and R%is independently selected from H, C,-C; alkyl, Cs-C,, cycloalkyl, C¢-C) aryl, -
Si(R®%);, and -Ge(R®); wherein each R® is independently selected from C,-Cg alkyl; and



each le is independently selected fromanong Cl-C6 al koxy, -NRER2,
and -C(R3)3, wherein each of RE, R2 and R3 is independently sel ected
fromH G -C6 alkyl, C5-C10 cycl oal kyl, C6-Cl10 aryl, and -Si (R5) 3,
-Ge(R3)3 wherein each R5 is independengly selected from Cl-C6 al kyl ;
Eis either O or S; and nis an integer fromO to 3; 72
bet a- di ket onates, di ketoi m nates, and di ketiimnates, of the
formul ae: [ OC(rRS}OMXRE(fRE) We3; oSh( R5) .
[ OC(R3) C(X) C(R7) N(R513_11Sb(R5),1
[RA1?1C(R3) C(X) C(R2)N(RI)]3."Sb(R5)" [(R3)0C(-0)C(X)C(R 2)S] 3Sb(R5) "
wher e each of oRfopentagienyReCra aefinRnyg compqupdberierstiethe Cymgietyérefdlt Hmoine:
anong H, Cl-C6 al kyl, C5-Cl10 cycloallcyl, C6-00 aryl, and -Si (R6)3
wherein each R6 is independgently selected fromCl-C6 al kyl;
each Xi s independently sel gé¢ted fromanong Cl-Co al koxy, -NR6R7, and
-C(R8) 3, wherein each of R 7 and le is independently sel ected
fromH C-C6 alkylﬁ6 cycl oal kyl, C6-Cl10 aryl, and -Si (R6)3
tly-Ral ected from ClL-05 al kyl ;
ted from anong guani di nate, am ni date,
isoureate, allyl, C-C6 & -NROR1, and _c(R11)3, wherein each of
RO, le and 1271 is ipde&p ly selected fromH, Cl-05 al kyl, C5-C 0O
cycl oal kyl, C6-C10 aryl, -Si(Rg)3, and -Ge(R6)3 wherein each R6 is
i ndependently selected fromCl -Co alkyl; and n is an integer fromO
to 3. allyls of the formulae: (i): R40SH[RI NC(X) C(R7R3) 13" (ii):
12411Sb[ (RIO)NC(X) C(R2R3) ) 1311 (iii): le"ShbRRI I ONC(X) C(R2R3))] 3,
(iv): | eSbRONG(hem dr2RF)R) Ry, Rs, Ry and Rs can be the same as or different from the others, and

each is independently selected from among hydrogen, C,-C;; alkyl, C;-C,, alkylamino, Cs-Cqo
aryl, C,-Cy; alkoxy, C;-Cs alkylsilyl, C,-C,, alkenyl, R'R’NNR?, wherein R!, R? and R® may be

the same as or different from one another and each is independently selected from C;-Cs alkyl,

each R5 is independentl

and pendant ligands including functional group(s) providing further coordination to the antimony
central atom, and selected from among aminoalkyl, alkoxyalkyl, aryloxyalkyl, imidoalkyl, and

acetylalkyl, having the following formulae:

Ry Fa
Rs
.f{lzj {:J:: v
n Fm \
Ra Ry e
=] B Hx
|1 ) fﬂi‘\( \
—foifotn FCHa |
] | n | fm w&\ /J';. Ex‘;x
& CHa

aminoalkyls
wherein: the methylene (-CH,-) moiety could alternatively be another divalent hydrocarbyl
moiety; each of R;-Ry is the same as or different from one another, with each being independently

selected from among hydrogen, C;-Cg alkyl and Cs-Cj aryl; each of Rs and R is the same as or



where each RI,R2, R3 and B2 is independently selected fromanong H,
Cl1-05 al kyl, C5- Cl10 cycl oal kyl, C6-C10 aw, and -Si (R6)3 wherein
each R6 is independently selected from Cl-05 al kyl ; each X is

i ndependently sel ected from anong Cl-@% al koxy, -NRLR2,” and - C( R3) 3,
wherein each of 121, 127 and R3 is independently selected fromH,
Cl-Co al kyl, C5-C10 cycl oal kyl, C6-C10 aryl, and -Si (R6)3 wherein
each R6 id&ff¢remd élp@ﬁhl@@thdrwishedaelthem ifidepmmd @itly 8decgeld Kol among C,-Cealiofly Fand 61
is indepe I i

| Sourcat cat ha AP FARERel AR AR A i Bl B S gy
al koxy, qqmmseoemhpsa@em}f@ndwpleﬁ?d%an:hwo? R7, R8 and R9 is

i ndependent|y selected fromH, C -Co alkyl, C5-Cl0 cycloallcyl,

C6- C10 aryl, - %RG)‘% and - Ge(R6)3 wherein each R6 is |ndependently
sel ected from CL]05 Sky and 73 nis an integer fromO to 3;

cycl opent adi enyi | 6Cp) a,ntl nony_conpounds wherein the Cp noiety is of
the fornul ae: * 'er & n each of R, R2, R3, R4 and R5 can be the
sanme as or diffe ent romthe others, and each is i ndependent |y

sel ected from anfBng rﬁd’drogen Cl-C12 al kyl, Cl-C12 al kyl anmi no, C6-00
aryl, Cl-Cl12 al koxy, Ca-Co al kylsilyl, C2- C12 al kenyl, RI R2ZNNR2,

wher ei n F@lkoxmkmdhlé'quﬁq}km the same as or different from one

anot her mre@r@%gcﬂ of 'an@plgntﬁl@ @51&1&’ as eclre&:&"fﬁgntf G cgi;lz zg‘i@th@ll kxyllth e?cﬂdbemg

pendant |igands including functional grou { % provid “further
Ky

coor di natipgrendgntiyrislegted from aypopehdregen. &t 6‘m éndsed- @1@ ta@/ Rsrippplagien Aigm
am noal kﬂmon@ blﬁ-@%(éd@}l'l ka\ﬁld Cé-@ﬂoydrﬁxéfﬁlnl%\ﬁh m dr&iRal llrfe‘l)!ﬂendéﬂﬁﬁj a@%eitng L abikybs

havi ng t he ow n or mul ae: am noal kyl s wherein hyl ene
(- CH2-) nfm%?3?wabﬁlearqvwﬁgtw%cl?C%mé?ﬁs}ﬁ%&?saawaﬁent hydr ocar byl

noi ety; each of R1-124 is the sane as or different from one another,
wi th each bei ng i ndependently segg ec d from anong hydrogen, Cl-C6

al kyl and C6-Cl10 aryl; each of a R6 is the sane as or 74
different fromthe ot her wlth ch (_ggl dependently selected from
anong C1-C6 al kyl; n and are( fﬁ?d\‘ d¥pendent |y as havi ng
a value of fromO to 4, wnth th visg that mand n cannot be 0 at
the same tine, and x is sel ecte(ﬂizfrdﬁm 1 Rso 5;

and
Ri R
I1 3 Ry’
[ ~\ { —_—
\T/m {9g—N—=C
Rl
R, Ry 2
imidoalkyls

wherein each of R, R, Rs, Ry, Rs is the same as or different from one another, with each being
independently selected from among hydrogen, C;-Cgalkyl, and C4-C, aryl; each of R;’, R, is the

same as or different from one another, with each being independently selected from C;-Cg alkyl,



al koxyal kyl s and aryl oxyal kyl s wherein each of Rl-124 is the same as
or different fromone another, with each being independently sel ected
from anong hydrogen, Cl-C6 al kyl, and C6-Cl0 aryl; R5 is selected
fromanong Cl-Co al kyl, and C6-Cl0 arybk; and n and m are sel ected
i ndependently as having a value of fromO to 4, with the proviso that
m and n cannot be 0 at the same tinme; RIR3 C=NR' | R2 R4 R5 and
RLIR3 kLi f#nd- Q€ \arylRed 1 apid doark kejdeted vkepeadantly &om 0gb 4.1@ith thRBroviRBthatRd andR5

is the safE A% v0h atthe {&l®Rfe; from one another, with each being
i ndependent |y sel gct ecil fr om anong hydr ogen, CI -Co al kyl, and C6-C10

aryl; each of Rl', R2'" is the sanme as or different from one anot her,
with each being i ndependent ly sel egyed Rgrom Cl-C6 al kyl, 75 and
C6-Cl10 aryl; and n and m are sel ectled |ndepe//?9ently fromoO to 4, with
the proviso that mand n cann tinme;
p o_tJL% -
T N

R2 R4

acetylalkyls
wherein each of Ri-R, is the same as or different from one another, with each being
independently selected from among hydrogen, C,-C alkyl, and C¢-C)q aryl; Rs is selected from
among C,-Cg alkyl, C4-Cg aryl, and C,-Cs alkoxy; and n and m are selected independently from 0
to 4, with the proviso that m and n cannot be 0 at the same time;
wherein non-Cp ligand(s) of the antimony Cp compound can optionally include ligands
selected from the group consisting of guanidinates, aminidates, isoureates, allyls, beta-

diketonates, diketoiminates, and diketiiminates; and

(M) alkyls, alkoxides and silyls with pendent ligands, of the formulae:

®: R%Sb[(R'R*)N(CH)mCR 'R ;.0

(i): R,SHI(R'RH)N(CH)mSi(R'RH)]5.0

@iii): RZSB[(R'RHN(CH,)nOls.

where each of R' and R is independently selected from among H, C;-Cg alkyl, Cs-Cyp
cycloalkyl, C4-Cyq aryl, and -Si(R?); wherein each R? is independently selected from C;-C alkyl;

each R’ is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiiminates, C;-Cq alkoxy, —NR®R’, and -C(Rs)g, wherein each of
RS R’ and R®is independently selected from H, C,-C; alkyl, Cs-C, cycloalkyl, Cs-C ) aryl, -
Si(R?);, and -Ge(R?); wherein each R® is independently selected from C-Cs alkyl;

n is an integer from 0 to 3;

m is integer from O to 4.



RR3 --ECnHt...fir \ RS acetylal kyls wherein each of R1-124 is

the sane as or different fromone another, with each being

i ndependently sel ected from anong hydrogen, Cl-C6 al kyl, and C6-C10

aryl; R is selected fromanong Cl-C67al kyl, C5-Cl10 aryl, and C -C3

al koxy; and n and mare sel ected independently fromO to 4, with the

provi so that m and n cannot be 0 at the sane tineg; wherein

non- Cp |igand(s) ot the anti nmony Cp conpgupd can optionally |ncI ude

| i gands sel ect ed fr}mm t he group congisti ng of ani di nates, . }/
SSRA,

am ni dates, ispure -al | {s, bet adi ket ondt-aes| di ket0|mn dg
di ketiininates| &n %g s, al koxizgesr-dnd spdogf,s wit en

| i gands, of th for a(1): RS"S RRIRS) "C(RL )134&’(/ }-n
| enSbRRI R2) N( CH2) "=?’Si (R1R2)] 3." (iiiD: R 5"Sb[ (R™R2) N(CH2) . 0b-n
where each of 12. 1 and 122 is |ndependently sel ected from anong H,
Cl-05 alkyl, C5-C10 cycloal kyl, C6-Cl0 aryl, and -Si (R3)3 wherein
each R3 is |ndepen gntly selected fromCl- CG al kyl ; each |§4I S
i ndependent|y sel eCted from anbng guanidj nat es, anini dat es®’
i sour eat es, bejadl ket onatés, di ket ginina

i ketiim npates, - D
¢I@0f Rggs 12. 7 28 1 S wps
vl.. C3-C10 cycl § Hor

al koxy, ~NR6R7 {@(R SQRSEWher
i ndependent |y gel ect'gd-f H Cl- al -
aryl, - Si(R3)3, ang (R3)™ wherein e i%n i ndependent }y—N" " 3n
sel ected from CL- CB? aI kyl; n is an integger fR@mO to 3; mgs |nt‘§ger
fromO to 4. 77 4 /R3

R! R'O "R5RN ©
\N \N \N O\
N
[X ]SbR“n [X {o ]SbR“n [X { ]SbR“n —{e | sorY
\\~_ 3_n o \\\-_ 3_ \\§- 3_n
R2 R2 3-n RZ n R2

A B C D




M H2C) ; ebRSNM(H2C) ( e DSbR511 V-- N3-nN3-n R2 RIR2 RL A n(H20);

ebR5n -N3 n / \ R2, 12! antinony am des of the fornulae antinony
(rr1) alkyl/am no precursors of the fornul ae:
77
3 3
R4 R4 B
\C} \S| O
[ m(HC), © 5
m(Hzc)\\\e bRS_ m(HzC)\\.e bR, 200 bR”,
N - N ; N 3-n
N 3-n /N 3-n 2/ \ 1
R2 1 R2 Rl R R
A B C

antimony amides of the formulae




and stibenes with gernmani um ani ons, of the fornul ae: 78 6. The
met hod of claim 1, conprising conbining the precursor vapor with a
conponent selected fromthe group consisting of ammoni a, hydrogen,
helium argon, and nitrogen. 7. The nmgthod of claim1, wherein the
substrate is also contacted with precursor vapor of an antinony
precursor and wi th precursor vapor | | ecursor, so that
t he germani um containing filmconp m and mhereln
the method is carried out so as t re-reaction of
at | east one of said germanium a m pr ecur sors.

8. The method of claim1, wherein h, anor phous
GeTe or a GeShle. ' The nme rein the
telluriumpre npound sel ect ed
from anong di - 1, o [lurium 10.
The met hod of sai di j@ited inafil

trench or via thod of claim1,
conprising fo y device
including a g : of snoot h,

anor phous character. 12. The method of claim11, conprising conbating
pre-reaction of precursor by introducing to said process a

pre-react g I St

(1) (0 1 T B M e S E Rt e Blehlity O B ISt b e

i nhi bi t origom @i‘ﬁéro(lli’ fanyisting of apinems. dphegendichgnraegegemd sitrogeng 13, The

met hod of claim1, for formng a snooth anorphous germaniumtel |l uride
film conprising volatilizing the germani um precursor and a di akyl
tellurium mhe(ﬁu;ﬂﬁﬁ)rof wm{ of Whérdig tmrsasd&a@qg a¥@ PéitacRd GvithiORéaLbl Vigot bean

precur sor va W t thgﬁbstrate to t he snoot h aﬂndﬁhous
ger mani urf™f 18 rfyu?rf’cdlg'of 1 PIEHESOE Y1P8t P ? ée uriuf ProqyiRor, 0y TS dhepgermgniymy
1, for fommmm@g&hphaﬁmmahaﬁgﬁﬁeﬁmd@miah@aﬁﬂwnmmnﬂysdmuﬂ@mmo&@ﬁpmmﬁmng

form ng ermani um.te us character,
i nel udin g:ursor pr%reeactlon o{' %li]ea% fone otj sa1d r%ermam rlnbarxrl]h;sngxll dang ée?lﬁ%fﬁn Brﬁ,fursors

precursor, mhereln sai d vapor dep05|t|on conpri ses use of a dialkyl
teIIuriun1 recursor, and is carried out with a co-reactant conprising
armoni a. 8 T mathed afeleiin b vWrre th fmiina sgeds amerpbes GeBi erlalgesbTestilngr i um
precursor is selected fromthe group consisting of di-tert-butyl
telluriumand diisopropyl tellurium

9. The method of claim 2, wherein the tellurium precursor comprises a dialkyl tellurium

compound selected from among di-tert-butyl tellurium and diisopropyl tellurium.

10. The method of claim 1, wherein said film is deposited in a fill trench or via structure on the

substrate.

11. The method of claim 1, comprising forming a phase change random access memory device

including a germanium- and tellurium-containing film of smooth, amorphous character.

12. The method of claim 1, comprising combating pre-reaction of precursor by introducing to said
process a pre-reaction-combating agent selected from the group consisting of (i) (O, N, S) organo

Lewis base compounds, (ii) free radical inhibitors, and (iii) deuterium-containing reagents.



16. The method of claim 1, wherein said germani um precursor is
contacted with said substrate in manufacturing a phase change random
access nenory device. 17. The nmethod of claim 16, conprising
contacting the substrate with vapor ofigan anti nony precursor
conprising a trialkyl or triam do antinony conpound. 18. The net hod
of claim 17, wherein the trialkyl or triam do antinony conpound

conpr i sesl3 riihs (méthast bf laim o )enformingya smddth afohowt grodanddm gélhiride Ty,

o e STBEL U0 56y gL RRSHY OB SOERGPRRRD, PR h
conpoundsgreqisp) vinoeand adlitestins ifishprbiursor gapoardth( fhp shbstrate to form the smooth
deut eri unyeoRLA! ARG IERIGHE Fiim o Ble S%tget hod of claim 16, wherein

sai d germani’'um precursor Is contacte th said substrate at
t enper ature not exceedi ng 350C.

14. The method of claim 1, for forming a phase change random access memory device,
comprising forming a germanium telluride film of smooth, amorphous character, including vapor
deposition of germanium from said germanium precursor, wherein said vapor deposition
comprises use of a dialkyl tellurium precursor, and is carried out with a co-reactant comprising

ammonia.

15. The method of claim 14, wherein said dialkyl tellurium precursor is selected from the group

consisting of di-tert-butyl tellurium and diisopropy! tellurium.,

16. The method of claim 1, wherein said germanium precursor is contacted with said substrate in

manufacturing a phase change random access memory device.

17. The method of claim 16, comprising contacting the substrate with vapor of an antimony

precursor comprising a trialkyl or triamido antimony compound.

18. The method of claim 17, wherein the trialkyl or triamido antimony compound comprises

tris(dimethylamino)antimony.

19. The method of claim 16, further comprising the use of a pre-reaction-combating agent
selected from the group consisting of (i) (O, N, S) organo Lewis base compounds, (ii) free radical

inhibitors, and (iii) deuterium-containing reagents.

20. The method of claim 16, wherein said germanium precursor is contacted with said substrate at

temperature not exceeding 350°C.



