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EARTH METAL BETA- DI KETI M NATE PRECURSORS This application clains priority
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The scaling down of integrated circuit devices has created a need to

i ncorporate high dielectric constant materials into capacitors and gates.
The search for new high dielectric constant naterials and processes is
becom ng 15 nore inportant as the mninmumsize for current technology is
practically constrained by the use of standard dielectric materials.
‘Dielectric materials containing alkaline earth nmetals can provide a
significant advantage in capacitance conpared to conventional dielectric

materials. FAT@MICHAYER REPQIITION RISINGREKALINE §ARTE MREAL di scl osed
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15 more important as the minimum size for current technology is practically

constrained by the use of standard dielectric materials. Dielectric materials
containing alkaline earth metals can provide a significant advantage in
capacitance compared to conventional dielectric materials. For example, the
perovskite material StTiO; has a disclosed bulk dielectric constant of up to 500,

20 Unfortunately, the successful integration of alkaline earth metals into
vapor deposition processes has proven to be difficult. For example, although
atomic layer deposition (ALD) of alkaline earth metal diketonates has been
disclosed, these metal diketonates have low volatility, which typically requires
that they be dissolved in organic solvent for use in a liquid injection system. In

25  addition to low volatility, these metal diketonates generally have poor reactivity,
often requiring high substrate temperatures and strong oxidizers to grow a film,
which is often contaminated with carbon. Other alkaline earth metal sources,
such as those including substituted or unsubstituted cyclopentadienyl ligands,
typically have poor volatility as well as low thermal stability, leading to

30  undesirable pyrolysis on the substrate surface.

New sources and methods of incorporating high dielectric materials are

being sought for new generations of integrated circuit devices.



The present invention provides vapor deposition nethods and systens that
i nclude at | east one conpound of the fornula (Fornula 1): RR R / R3
MYZLn_x N X RA RS 5 wherein Mis selected fromthe group consisting of a
G oup 2 nEPaP07/0826%F oup 3 netal, a Lanthanide, and com6TABRGARIer eof ;
each L is independently an anionic ligand; each Y is independently a
neutral ligand; each R, R2, R3, R4, and RS is independently hydrogen or
an organi c group; n represents the valence state of the netal; z is from
0 to 10; and xis from 1 tSUNMMARNYNOGHEHESPEYEN TIQNpr esent invention
provi des a nmethod_of form I-cont i ni.n a substrate
(e.g., a senicondtps Pfreseélﬁl?é’g‘?*t%é’r%‘ﬁ esé’ﬁ%tdgﬁ‘?sétwg’%@tﬁ%‘{%?)ng St hod

i ncl udes: pr%’tﬂm‘cﬁﬁe%l%&b‘%ﬁé&kﬁpouﬁd[Qﬁ/ﬂlélfdi‘ﬁmﬁ(FMﬁﬂﬁél)l ncl uding at | east
one conpound of the fornula (Fornula I): RR% R / R3 CWZLn x x R4
K5 15 wherein M L, Y, R, 2 R3r'R4, R5, n, X, and z are as described
her ei n above,; provi di ng at east Jone reaction gas; and contacting the

vapor including the at/ |east Ncympound of Formula | with the
substrate to forma rre(al i—m—rrg*MXyTeﬁx on at |east one surface of
t he substrate using an‘atom c r ‘teposi tion 20 process including a
plurality of deposition cycl gd’ sionally, the nethod further includes
provi ding a vapor including at |east one netal-contai ni ng corrpound

di fferent .t han Formul a - and/ or
Al - cont ai P n&'hgg lﬁﬁeéictédeiﬁgné%ﬁoﬁcoHas%%%O%a%Wp| ncéit ﬁe at | east
°”§ met al - ¢ aitadi a T anchaaidepaidrdmBidafietsahéredfheath Fois lﬂnﬂepeﬂdewl)taih t he
substrate. 2

anionic ligand; each Y is independently a neutral ligand; each R!, R% R3,RY and
R’ is independently hydrogen or an organic group; n represents the valence state
of the metal; z is from 0 to 10; and x is from 1 to n.

10 In one aspect, the present invention provides a method of forming a
metal-containing layer on a substrate (e.g., a semiconductor substrate or
substrate assembly). The method includes: providing a substrate; providing a
vapor including at least one compound of the formula (Formula I):
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15
wherein M, L, Y, R*, R% R R* R%, 1, x, and z are as described herein above;
providing at least one reaction gas; and contacting the vapor including the at
least one compound of Formula I with the substrate to form a metal-containing
layer on at least one surface of the substrate using an atomic layer deposition

20  process including a plurality of deposition cycles. Optionally, the method
further includes providing a vapor including at least one metal-containing
compound different than Formula I (e.g., Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, and/or
Al-containing compounds), and contacting the vapor including the at least one

metal-containing compound different than Formula I with the substrate.



WO 2007/ 002672 PCT/ US2006/ 024995 | n anot her aspect, the present

i nvention provides a nmethod of manufacturing a sem conductor structure.
The net hod includes: providing a sem conductor substrate or substrate
assenbl y; WBRBV'®%%y a vapor including at |east one cAEIOEAY6HI49 e
formula (Formula 1): RR R CR3 MyzLn-x N x RA R5 5 wherein M L, Y,
R, R, R3, R4, R5, n, X, and z are as described herein above; providing

a vapor including at | east one metal-containing co upnd_different than
Formula |; and diMP#hﬁbasPﬁ%’ %B’E?Felitﬁli’?‘ﬁf&ﬂnrﬁo‘flg@ %Pngﬁ%‘ggﬁ one conpound of
10 Formula | nﬁﬂﬂaéthﬁn%@%ﬁ{icdﬂaﬁ&tuﬂétﬂﬂtutr@el’lﬁtmétﬁé"cﬁﬁncﬂﬂ@s: pRE#ingPNt ai ni ng
conmpound different than Fornula Ito the sem conductor substrate or
substrate as&@ppIndueter subsirate ar ubsteate essernblyrpravidingyperereingndingast one
surface of tﬁgst%ﬁ&&ﬂ%@ﬁﬁwﬁleﬁ%ﬁ Q;% 9. substrate assenbly using an
atom c | ayer deposition process 1 ncludi ng)'a plurality of deposition
cycles. In sonme enbodi nents, durigg thel 15 atomic |ayer deposition
process, the netal-containing |ay isjformed by alternately introducing
t he vapor including the at <east o] ound of Formula | and the vapor

including the at |east one (metl f dIedppound different than
Formula | during each deposition cy *n anot her aspect, the present

i nvention provides a nmethod of 2 nutsact uri ng a sem conduct or
structured The nethod includes: providing a sem cgnductor substrate or
substrate assenbly within an atom c | ayer deposition chanber; providing
a vapor including at |east one conpound of the fornmula (Forrmula I): R2

Rt 1 R3 M¥hereit NN N R, R% R? RY, R® 1, %, and z are as described herein above;
providing a vapor including at least one metal-containing compound different
than Formula I; and directing the vapor including the at least one compound of

10 Formula I and the vapor including the at least one metal-containing compound
different than Formula I to the semiconductor substrate or substrate assembly to
form a metal-containing layer on at least one surface of the semiconductor
substrate or substrate assembly using an atomic layer deposition process
including a plurality of deposition cycles. In some embodiments, during the

15 atomic layer deposition process, the metal-containing layer is formed by
alternately introducing the vapor including the at least one compound of Formula
I and the vapor including the at least one metal-containing compound different
than Formula I during each deposition cycle.

In another aspect, the present invention provides a method of
20  manufacturing a semiconductor structure. The method includes: providing a
semiconductor substrate or substrate assembly within an atomic layer deposition
chamber; providing a vapor including at least one compound of the formula

(Formula I):




R4 Rs 3 WD 2007/ 002672 PCT/ US2006/ 024995 wherein M L, Y, R, R2, R3,
R4, R5, n, x, and z are as described herein above; providing a vapor

i ncluding at | east one netal -contai ning conpound different than Formula
| ; directVRgWWB26Gpor i ncl uding the at | east one comPSIAS2¢96/02499% nul a
Ito the sem conductor substrate or substrate assenbly and allow ng the 5
at | east one conpound to chernisorb to at | east one surface of the

sem conduct or substra{[ strate assenbly, and directing the vapor
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t he sem condugt or substrate or.substrate senbly, and directing the
vapor i ncl udf‘%’étr?tﬁg %’t%_sﬁr%%fse@hé” ﬁ%ﬁ‘é’fﬁg@ﬁﬁi"?ﬁoﬁ&“&@%%ﬁat 81 P& ent than
15 Formul a | fnetal-BentSigiNeCOMPUEAITi fisreRIhdnttRmala 134 Rttt @ndssgmdl y, are
repeated at | east once. In another aspect, the present invention

provi des a nBtREe of subgisie puemblyiang abowingthopt v ane cempargdudifferenthe et hod
 ncl udes: pr h hiiiRT oHIREORS B R e urkdel 8F 8 LERIbARRE MEr eon:
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of the substJE;ate' .
ormula I to the semiconductor substrate or substrate assembly, and directing the

vapor including the at least one metal-containing compound different than
15 Formula I to the semiconductor substrate or substrate assembly, are repeated at
least once.
In another aspect, the present invention provides a method of
manufacturing a memory device structure. The method includes: providing a
substrate having a first electrode thereon; providing a vapor including at least

20 one compound of the formula (Formula I):.
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wherein M, L, Y, R", R%, R%, R*, R%, n, %, and z are as described herein above;

contacting the vapor including the at least one compound of Formula I with the
25  substrate to chemisorb the compound on the first electrode of the substrate;

providing at least one reaction gas; contacting the at least one reaction gas with

the substrate having the chemisorbed compound thereon to form a dielectric



providing at | east one reaction gas; contacting the at |east one reaction
gas wwth the substrate having the chem sorbed conpound thereon to form a
dielectric 4 WO 2007/ 002672 PCT/ US2006/ 024995 | ayer on the first

el ect r odeWOr20¢¥8263bstrat e; and fornmi ng a second el ectRGIES2006/024965
dielectric layer. In another aspect, the present invention provides an
atom c | ayer vapor deposition systemincluding: a deposition chanber
having a substrate_ pgsitioned 5 therein; and at |east one vessel

i ncl udi ng at [vese the Hest elspiprsieand thersubsiuate; apdigrameepseondiclectrpde e 1 | © 3
N R MYzl - a- XfheMigfedtde Bpertherein M L, Y, Rl, R2, R3, R4, R5, n, x, and z
are as descri bed hereinh above. The netal -containing conpounds that

i ncl ude (3-di ket i ki anather aspgeintie preaent irventiavaonidescoumddnyicBeyetsapdr i n at oni ¢
| ayer deposi ti.00:.. . 1 it for I iLgh. dielectri.c filns.
In addition,E%%@%%?%Q%%ggpﬁgggggﬁa%gﬂﬁg5%§¢§ggwﬁW%$bﬁgg%Fﬁo? P9Gel ectri c,
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As used herein, flor rul as of the type: 15 <( Mare used to represent

pent adi enyl-ggr]"(‘?ﬁﬂatlgge ligands (e.g., (3-diketinmnate |igands) having
del ocal i zed el ectron density that_are coordinated to a netal. The

| i gands may be coordi nat ed tB\thelllmet al through one, two, three, four,
and/or five atons (i C ii'- N2y, n3-, 71 4-, and/or i15-coordination

nmodes). 20 As used herlei ng3t “vvhe, " and "at |east one" are used
i nt erchangeably and nean one O rexthan one. The terns "deposition
process" and "vapor depositiga process” as used herein refer to a
process in which a netal-containiRg |ayer is f’ormad on one or

wherein M, L, Y, R}, R% R®, R*, R®, 1, x, and z are as described herein above.
The metal-containing compounds that include B-diketiminate ligands can
10 advantageously be used in atomic layer deposition methods to deposit, for
example, high dielectric films. In addition, ceramic coatings can be deposited
for use in ferroelectric, piezoelectric, and/or heat resistive coating applications.
Definitions

As used herein, formulas of the type:

y o

are used to represent pentadienyl-group type ligands (e.g., p-diketiminate
ligands) having delocalized electron density that are coordinated to a metal. The
ligands may be coordinated to the metal through one, two, three, four, and/or
five atoms (i.e., -, -, -, n4-, and/or n°-coordination modes).

20 As used herein, "a," "an," "the," and "at least one" are used
interchangeably and mean one or more than one.

The terms "deposition process" and "vapor deposition process" as used
herein refer to a process in which a metal-containing layer is formed on one or
more surfaces of a substrate (e.g., a doped polysilicon wafer) from vaporized

25 precursor composition(s) including one or more metal-containing compounds(s).
Specifically, one or more metal-containing compounds are vaporized and
directed to and/or contacted with one or more surfaces of a substrate (e.g.,

semiconductor substrate or substrate assembly) placed in a deposition chamber.

5



nore surfaces of a substrate (e.g., a doped polysilicon wafer) from
vaporized 25 precursor conposition(s) including one or nore

met al - cont ai ni ng conpounds(s). Specifically, one or nore
met al - conVAi2M7M86¢bnpounds are vaporized and di r ect e@ATFAHENEHOS

contacted with one or nore surfaces of a substrate (e.g., sem conductor
substrate or substrate assenbly) placed in a deposition chanber. 5 WO
2007/ 002672 0 T t he substrate i.s_heated. These
met al - cont ai P’?t&a ‘Pt%@eflép?ﬁt%"g %eserﬁ?alr‘"é’éﬁa@?lﬂécwp%%f?ﬁﬂm ng) a

non-vol atil eg.d. mﬁcaamgfo@ﬂeaomhﬁ ya SRR, Bdn | @¥REmAfethDe surface(s) of
t he substrate For the poses of this i nvention, the term" vapor

deposi tion ppbEsss laysr %ﬁlﬁtsuﬁf%?efsh@fthéléub@mtﬁ Eercthe Q@EPO@S@ﬁ@éﬁr deposi tion
processes (i ﬂtgku’lt NGheRiHSRY &'H‘?:gasﬁ ‘f@o%?sr" i98RAR kS 1nBRide ’851:9%?1'@31%}?1) and

atom c | ayer epos tion pro ess teen "atom c layer deposition”
(ALD) as ijsetzlaplcoedq:nomtnoafpercsssta@(lmludzmnmﬂsed@hmlca]l \capoxpdepoa‘se;nl n whi ch

deposition cycles fera rality of consecutlve deposi tion
cycles, are ggﬁ%faisg%ﬁ?tﬂmé%¥%§g£%%@ﬂgﬁ%%§ e., a 10 deposition
chanber). Typi cal Tb{eteﬂnll"atﬂmlcﬁaﬁéﬂ depsitient Gﬁ_,lwaﬁﬁislécﬁﬁﬁ’relh%iﬁﬁftmsor bed to a
deposition surface a substrate assenbly surface or a preV| ously

deposi t ed un¥&er g‘?ﬂ?@m@ﬁ Progess 18 M’@Whéjép‘h‘%ﬂ(@rqyélles Predereblyprdvaliiy ot ALD cycle),
formng a mogakaitie 8potiiba TRIQ) @ﬁé%mtu%ti 11519 ﬁcég@tch&g@é# 1dh g, 4 eact wth

addi tional precursor (|.e., a sel ting reactio ereafter, if
necessar 0 adepgsitien chamirer) englcallmd@tmmacdeaﬂsqwreqursor Qaﬂ;ltzmwnrbgés) may

Subsequent | Vi ILEAPURRL. ( £ Oub 18 PLOGARS sARINEE i gloise 11

converting the chem sor cursor si're on the
deposi tion sdepbsitsd. undgrpyingburface tivhss meecibfidm iaprod@sieD ofcle)f ur t her

reaction with the precursor urth I ng ste so be utilized
during each P‘@atIBo? %@8‘7%5 ?%F%@&@B%Q‘Wm e fv)Wtaféess chanber
and/ or 20 r ey MERKSBESsIrEDE ] AR 1aREhSFeatRRG! TREeAR 10 el hOm the
process chanber after conversion of the chem sor bed precursor. Further,

t he ternm?® at GAstant(&ge AnothrsequEsPpH ey, reackien gas enaysEkseauently baurgtpdn@,estnt to
i ncl ude procgEses gﬂﬁéés%@ﬁlﬁ& B¥yse !:cﬁﬁz%n%ﬁ{e%eﬁﬁgﬁe %ec S0E) 9' vapor

atom c | ayer deposition” atomc layer pI t ax S Pat ent
No. 5, 256, 24desired m@tcea}mnf,he depwisidion BmfaCQeEml%lyeﬁnst lam;tar(t IlBEpablgaﬁ sour ce

MBE, or or gaﬁ?tﬂgrtr%llé oﬁ WIY%Ethe gﬁgur(s:or}e %‘uﬁﬁer purgtng steps may also be utilized

during each cycle to remove excess precursor from the process chamber and/or

20  remove excess reactant and/or reaction byproducts from the process chamber
after conversion of the chemisorbed precursor. Further, the term “atomic layer
deposition,” as used herein, is also meant to include processes designated by
related terms such as, "chemical vapor atomic layer deposition", “atomic layer
epitaxy” (ALE) (see U.S. Patent No. 5,256,244 to Ackerman), molecular beam

25  epitaxy (MBE), gas source MBE, or organometallic MBE, and chemical beam
epitaxy when performed with alternating pulses of precursor composition(s),
reactive gas, and purge (e.g., inert carrier) gas.

As compared to the one cycle chemical vapor deposition (CVD) process,

the longer duration multi-cycle ALD process allows for improved control of

30  layer thickness and composition by self-limiting layer growth, and minimizing
detrimental gas phase reactions by separation of the reaction components. The

self-limiting nature of ALD provides a method of depositing a film on any



epi taxy when perfornmed with alternating pul ses of precursor
conposition(s), reactive gas, and purge (e.g., inert carrier) gas. As
conpared to the one cycle chem cal vapor deposition (CVD) process, the

| onger duPV&x208#P0RATRti - cycl e ALD process all ows for i nprawestowontwsl of 30
| ayer thickness and conposition by self-limting |ayer growth, and
mnimzing detrinmental gas phase reactions by separation of the reaction
components. The self-limting nature of ALD provides a nethod of

deposi ting a SFit3blR pFtiyR yUBRopOnclyding serfsrowibitragan thppguies wikyi t abl e
reactive sur steh i f A b, t naphies, with
better step f:bg@grsgcgggiléﬁggn&ig%&%\?giﬁlﬁggl%%HV\A@YE @%ﬁgﬁingtoggf%ﬂfl i ne of sight"
deposi ti on nmdeprstpnsugthpdssuchaspyrparation opphystopkvapat dempition @YDkt i on ( PVD
or sputteri @?l)tterig )BRI EF DESCRI PTION OF THE FIGURES Figure 1 is a
perspective view of" a vapor deposition systemsuitable for use in

nmet hods of the present invention. Figure 2 is an exenplary capacitor
construction forned usj 10 a t hods of the present

i nventi on. DETAI LED @%&Eﬁ%&%@%&@&%ﬁ IEARES The present

i nvention provides. nmethods. _an stenms. for form.ng a netal-cantaining

| ayer on a subst rg e eulsltg%gf e% gﬁ‘ﬁ% vfeay%fra V&@%rods)ep?ﬁl%%’. SHiraL a%?‘ﬁods

i ncl ude pr oviusk ingnahodapdtheqlresaht ihamatdbn.one met al - cont ai ni ng conpound t hat

~includes at | east oneeré)B-di ketimnate |igand. |In _sone enbodi nents, the

metal conpounds AEEAORGRERETRIAYSAPACEEONFTucton formed MERE SYSeMSAhi ch t he

metal i s10bouRdmb@o@bMhOPRsdnY Reionl | gand) that include O-diketimnate
| i gands, which can be symretric or unsymmetric. In other enbodi nents,

the netal conpounds are 20 heterol eptic conplexes (i.e., conplexes in
'eact one (3 aREe Ay PIESGRIBTION OF CER VAR EMAGBIENIR et £ .
In sone enbodi mentBs prefi@t {ndestidn§irb A3 dds RNy stebRAToPRrhhelNe
nl 5- coordi nati on node. Suitabl e netal-containing conpounds "t hat include
one or nore metal-containing layer on a substrate using atomic layer deposition. The
15 methods include providing a vapor of at least one metal-containing compound
that includes at least one B-diketiminate ligand. In some embodiments, the metal
compounds are homoleptic complexes (i.e., complexes in which the metal is
bound to only one type of ligand) that include B-diketiminate ligands, which can
be symmetric or unsymmetric. In other embodiments, the metal compounds are
20 heteroleptic complexes (i.e., complexes in which the metal is bound to more than
one type of ligand) including at least one p-diketiminate ligand, which can be
symmetric or unsymmetric. In some embodiments, the B-diketiminate ligand
can be in the 1°-coordination mode.
Suitable metal-containing compounds that include one or more B-

25  diketiminate ligands include compounds of the formula (Formula I):

R R
l
; N
( R < MY, L,
N X
RY s

M is a Group 2 metal (e.g., Ca, Sr, Ba), a Group 3 metal (e.g,, Sc, Y, La), a

Lanthanide (e.g., Pr, Nd), or a combination thereof. Preferably M is Ca, Sr, or

7



25 di ketim nate |igands include conpounds of the fornmula (Formula 1): R2
RR 1 ~N R3 MYZL -x N X R~ 1lzs Mis a Goup 2 netal (e.g., Ca, Sr,Ba),
a Goup 3 netal (e.g., So, Y, La), a Lanthanide (e.g., Pr, Nd), or a
conbi natig} thg]r@eof. Preferably Mis Ca, Sr, or 7 WD 2007/002672

PCT/ US200 W8E72 Ba. Each L is independently an ani JiiTUSHEAAES each Y
is independently a neutral ligand; n represents the val ence state of the
nmetal; z is fromO to 10; and x isfroml1l to n. Each R, R2, R3, R4, and

R5 i s indepenge hy.dr. r._an .or.ganic, 5.grou e.g., an al kyl
group, and p?ggf g%%%‘ils?ﬁg?j%gg%)? ﬁ?ﬁ%ﬁ‘ 31,11051%%5?@)’/ Facﬁ'&; &15‘}3. eli“ﬁmﬂ% Brtain
enbodi ment s, neachlifdind; RPgprdBnts Ré,vakenck e bBthe Aoedend @kl §tdnodespen or  an

organi ¢ group.havi 1 to 10 carbon atons (e.g., nethyl, ethyl, propyl,
i sopropyl , b8€§ ?nggBPbutyl, tert-butyl). Such conpounds inciude, for

exanpl e, those des@rRORH RNRElankKRERIhdBEndRhtly hﬁr@%ﬂ%ﬁﬁ%@ahﬁs’
23:4995- 5002 (2004), and 10 U S. Application Serial No. 117169, 082
(entitl ed® " USKSYVUESRroaky] groupamiy g@%mbsforﬁgmmgangﬂmﬂmty). In

VETAL- CONTAI NN e MRAINDS, F RIDRSYST nORNB: I[E%%ﬁ SAME") ,
filed on June 28, #2005, 1 : cert éuRn’ ehgggflrrgnfssl\qg e Pgl-j\l%ﬁgg%%%rnat e
| i gand shownai orgiaic grdug hiaving 1 td 50 syrhoredtomne (4., methylRethel, Ropyland R2 = R).
I n some enbodj nent.s = R4 .= methyl . n _sone .enbodi nent s, =H In
sone enbodi rrgs APy le‘lut? 251 "b:utff'lst&r}?bdlﬁgﬁ' .Sulc;ﬁ co@BﬂE‘%WSg@F’%ﬁ?@fﬂ » = R5 =
tent-butyl. fHheshdesuiiadif EyKedsrpeuniordhomébrolion)|23:4095.3002F00H, ermpound in
which R2 = Rf_lI = mei,%] , R3 = H and R :,RS, = | sog/&_g}p | ; and a conpound
in whi chlfe U-Rrarelipgiogierialibo. 114169,982)(eptitled RENSYM Alputyl . 8
LIGAND SOURCES, REDUCED SYMMETRY METAL-CONTAINING
COMPOUNDS, AND SYSTEMS AND METHODS INCLUDING SAME"),
filed on June 28, 2005.
In certain embodiments, the f-diketiminate ligand shown in Formula I is
15  symmetric (i.e., R' =R’ and R® = R4). In some embodiments, R = R* = methyl,
In some embodiments, R* = H. In some embodiments, R! = R’ = isopropyl. In
some embodiments, R! =R® = tert-butyl. Such exemplary compounds of
Formula I include a compound in which R* = R* = methyl, R®* =H, and R! = R’
= isopropyl; and a compound in which R* =R*=methyl, R®*=H, and R =R’ =
20  tert-butyl.



WD 2007/ 002672 PCT/ US2006/ 024995 I n other certain enbodi nents, the
(3-diketiminate ligand shown in Formula | is unsymretric (i.e,, one or
nore of the following apply: RlL is different than R5, or R2 is different
than R4). In sone enbodinents, R2 = R4 = nethyl. In sone enbodi nents, R3
= H In SHRBVUARNHE ments, RL = i sopropyl 5 and R5 = t &AIUS0G0249%ych
exenpl ary conpounds of Forrml al are conpounds in which R = R4 =
methyl, R3 = H, Rl= isopropyl, and RS = tert-butyl. L represents a w de

variety of option ni oni.c | nds nionic |ligands (L)
include halides, ﬁ’i%@ .°8%315F18:‘3§§ %tg%ggﬁﬁﬁlﬁ‘?at%&ﬂea % groups,

cyani de, al kmeﬁﬂ@IJi@%nsﬁqﬁh&hB ’tce cﬁé@ﬂﬁs;e e o bwe@p gl"yoRpﬁ i soureate 10
groups, p-diketonate m noket pnat e groups, Igetll{n nat e

groups, and ’é@?ﬁ@i%ﬂ%@r@& h%@lé%l’ent than Rar {somermendimenis. R
(3-diketim ngtg orQup e YbaicheRtsSRT L qﬁgorh@ahbacﬁlﬁ t4S Fé‘anﬁoﬁﬁ%;; jhat of the

(|-d|ket|mnate i gan own I n or mul ‘certain enbodi nents,
L is a (35di kstRiw rmthutglr Guph ¢xemplary ceypaetls DﬁFarmulnrigymnpqunyls iaving a

structuretha di Ieret than,that of 55 i.mnate |igand
shown in For it bﬁﬁz 1% rglpﬂlé’%é?t afgl 015?}?%]%1"; ngﬁlé%t_r%ftlftiuit[ and Exenpl ary
neut r al (:\l:?ggands (IYYeprésasik ﬁdx&d@@d’rﬁ@mﬁopﬁ@@l %nﬁgxglbnlg?ﬂshelk@(lg%rpbmn| a (NH3),
am nes n|t sphj nes al cohol s wat er
(H2O), tetr aPﬂ}B‘PB Hegdh (Laﬁéud%%ﬁ’éﬁ PERs oREh @Bt grpEsempraRiide R

i ndependent | E%ﬂg sk 5%6%&13%%&%3(%&%@&@1:%&?& isdiigatpunber  of

optional neu ra nal?an S i's’ represent éd romO to 10,
“and pr ef &¢ abgipups; GralletensgtelzTompsy %-llpmek@@raltﬁ group.s, p<liletmingte gvsem afd .e., z =

0). As used BelighRiont S o N1 oA ARG HRNET 14 - URE At DL &0 U7 P02 g of

this inventron ocar
al i phatic grhmmgaéaﬁlcnyr@thlamsgtmme as)ﬁlat:@frtha prailietimirete lddang kiedwicinand cyclic

groups (e.g., al aral k ro n.the .context of the present
i nventi on, SEW?§%$£%8P§§’ %{ 8ﬁ$§gn?g$iﬁ§?h‘ﬁ%%WF%ﬁﬁgﬁﬂpé%ﬁpounds of

this inventlgymaétﬁcbf\ms@mh{mc)@awﬂgasw&@éﬁﬁmdlffér&ﬁttﬁdmhﬁt%mtﬂ on of a
nmet al oxi de | ayer. using vapor dep05|t|on techniques. In the context of

the preséht ihk%ﬂ]tﬂﬁféﬁlgmﬂ%@o%lﬂm%@#‘} phatic group" neans a saturated 30 or
unsaturated i nea‘?r&fre@ﬁ@@ﬁﬁﬁﬁ’oﬂﬂg&%ﬁ ha Bk ary-ﬁlgﬁt?althgéﬂﬁﬁg% used to

enconpass al kyl, al kenyl, foups, r exa e'term
"al kyl include carbonyl (CO), nitrosyl (N O), ammonia (NHj3), amines (N R3) nitrogen

(N»), phosphines (PR3), alcohols (ROH), water (H,0), tetrahydrofuran, and
combinations thereof, wherein each R independently’represents hydrogen or an
20 organic group. The number of optional neutral ligands (Y) is represented by z,
which is from 0 to 10, and preferably from O to 3. More preferably, Y is not
present (i.e., z = 0).
As used herein, the term "organic group” is used for the purpose of this
invention to mean a hydroc;arbon group that is classified as an aliphatic group,
25  cyclic group, or combination of aliphatic and cyclic groups (e.g., alkaryl and
aralkyl groups). In the context of the present invention, suitable organic groups
for metal-containing compounds of this invention are those that do not interfere
with the formation of a metal oxide layer using vapor deposition techniques. In
the context of the present invention, the term "aliphatic group” means a saturated
30 or unsaturated linear or branched hydrocarbon group. This term is used to
encompass alkyl, alkenyl, and alkynyl groups, for example, The term "alkyl

group" means a saturated linear or branched monovalent hydrocarbon group



group” means a saturated |inear or branched nonoval ent hydrocarbon group
9 WD 2007/002672 PCT/ US2006/ 024995 i ncluding, for exanple, nethyl,
ethyl, n-propyl, isopropyl, tent-butyl, anyl, heptyl, and the |ike. The
t erm " al KOTPOWID" neans an unsaturated, |inear or BITARMSA24Nhoval ent
hydr ocarbon group with one or nore olefinically wunsaturated groups
(i.e., carbon-carbon doubl e bonds), such as a vinyl group. 5 The tenn

"al kynyl group" nmeans an unsaturated, |inear or b{ancped nonoval ent
hydr ocar bon &g ieexgrplegnethys ethylapHEryk AOBERYL 9 HPUYhemds. The term

"cyclic groupe i aRbine1iks. Okthef MK HEBER RORs 3 Mk R8Y, linSadrassi fi ed

as an alicyclic group, aromatic group, or heterocyclic q%roup. The term
"alicyclic dravgtd menovslent hydoicabon geup saihlymn ogmetsrlefinically properti es
resenbling t -phat i ¢ qr he rm.a i c_group" or
aryl group Uia@ed By i 8G Bhbr Bl AP Roue ol fon 8 OTRYL Goli0 B ot
The ter m Shetlae ceychikongrgpatp” nivaas undatatatedclinetit ordbrivycdied aapdwaitent N Whi ch

one or nore of . the atons in . the ring is an .elepent oth t han car bon

(e g nitrodufrocal@RUD Wilheps o PR cprboRgaon IRIE boKS o THE SRy ng. t he

di scussi on angclib@rduBCinkatisiallosed riﬁghy&géhrbolaiigrwmﬂehmwﬁé@a%%t hr oughout
an

this applicatjon, the ternms "group “noiety" are used to
di f ferent i at eliystinemnp cempticgroun ot heterogyslic seauboWhe rms'akieclie ut i on or

that may be %‘lébhﬁ?gintg%seadc}@ﬂglgﬁ&%ﬁoogl%menv{ﬁ%&rcﬁ:%rt?els !ré%\éfnﬁgﬁg fgRsyd tution

or may not stItut us, erm"grou i'sS used to
descri be 18 chbphatialgrougsibBlid teme Peromébtivegroegs'ar i"irgtigrotygnheak amutner oml

i ncludes the unsubstituted.group, and 20 that group with nonperoxidic O,
NS S o PN et RSt ban Eoe e et Besth L B ony |
groups or ot helosédRvERdreuation St hdichlode bt Sore\WTeHentéheint tBE fihg ismi ety"” 1S
used to descrjbe a chem cal, conmpound or substituent, only an

unsubst i t ut edeBsahethethanpathon e -, aitiogens Auvaent Wi¥e cicne| uded. For exanpl e,

the phrase "al kyL\sgwﬂgoﬂ&n@m@%@dﬁ&sﬁ&%ﬂ% RRltatR0l of RE OPen chain
saturated 25 hydrocarbon al -k%/ Substituents, such as nethyl, ethyl,
propyl, tért tagminplogyansefl thivmghoutides applicatiing the adriog " group'sanidt 'wwidty’ bear i ng

et Sube L e SR b0, et S AR B0 YRR . e
"al kyl groupthat may e esbsttubedrand tioupthat dehaad hikyw for stbstitdhlkoy hiy not
Sﬁ; ggéyal kyl %é sohgu%gt?tﬁ%g.l lﬁﬁlls? ’whgxllJ Me?grlmk'élrgdp" 1est1§:séd ‘81 detspn eoat crlllgrrnicgland’ the
substituent, the described chemical material includes the unsubstituted group and
20 that group with nonperoxidic O, N, S, Si, or F atoms, for example, in the chain
as well as carbonyl groups or other conventional substituents. Where the term
"moiety" is used to describe a chemical compound or substituent, only an
unsubstituted chemical material is intended to be included. For example, the
phrase "alkyl group" is intended to include not only pure open chain saturated
25  hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, tert-butyl, and the
like, but also alkyl substituents bearing further substituents known in the art,
such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, amino,
carboxyl, etc. Thus, "alkyl group" includes ether groups, haloalkyls, nitroalkyls,
carboxyalkyls, hydroxyalkyls, sulfoalkyls, etc. On the other hand, the phrase
30 "alkyl moiety" is limited to the inclusion of only pure open chain saturated
hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, tert-butyl, and the

like.

10



30 "alkyl nmoiety" is limted to the inclusion of only pure open chain
saturated hydrocarbon al kyl substituents, such as nethyl, ethyl, propyl,
tert-butyl, and the I|ike. 10 WD 2007/002672 PCT/ US2006/ 024995 Precur sor
conpositiogns that include a netal-containing conpound with at | east one
(3- di ket i MA@ Fand can be useful for depositing mRG/ULHKOAMH ng

| ayers using atom c | ayer deposition. In addition, such atomc | ayer
deposition nethods can al so include precursor conpositions t hat i ncl ude
one or nore 5 different netal - conbﬁlnln cogggunds Such precursor

conposi tions can Eecuﬁgrp‘iﬁ’gfpt"éﬁ lgﬂ‘rl 5PONEABIAG FRITPd Wi D process

di scussed noRrelchdtbhy p-daetiginatSkRSE 2t beadskdal fdrra%asﬁﬁ%%h!éﬁlycomaimng)
sequentially to, the precursor conpositions including netal-containing

conpounds wi tayeusingiomis fayepdepgsifien. i iiaddition, suginstamicriger depasitionof such
dlfferent me i nple, Ti, Ta,
Bi, , %gétho(ag B ﬁ%&@ﬁiﬁ&gg&n%f)% %élﬁgér%lss ik ﬁ]%&gggfo B%m @gl%l e different
met aI conﬁal dlfffgemmmmlnmgcﬁoumWnd&oSu@mm@x cothpasitidas sad bd ani um

i sopr opoxi de, tltalumt aghl ori orotitanium dialkylam des,
totrakis titdsm g}%@cfgiﬂ éSX"‘“i’pcei??“ éflﬁmaﬁ%f ‘W%ﬂ%"é e

trimethyl al @albwumbs@nmrymluﬁmf@bwslmltmi sdguenB N R th prdcanbal um et hoxi de,
and 15 conbi nati ons th r eof . ge nmetal -containing | ayer can be
deposi t ed, fﬁ?mB‘?@é{‘i‘ﬂ?Fé“W%am%fﬁ comfaatiag cquapqynds with atlpest perUEt or substrate

or substr at edﬁ(%ﬁx%ﬁﬁ{é’ﬁgana- hend SEER O%m%tlfrf&&ﬁ metalllc%ﬁm%

substrate," or "substrate assenbly" as used herein re e| t Sher

subst r at 80 or casintledn dercexempley B Te.aBieHE Suckb, 3B, Mg Adend epinbioatenst or | ayer
or a 20 sem C f one or St r uctures, or
regi ons for rreﬁ%% 'h%@éagﬁﬁﬁéﬂggéﬁetggcmn{églﬁ ufq(g Clu?% rﬂﬁ“@ﬁ ty the

| owest | ayer tetdakis itlleinumm1sopmpm1ﬁalt1tzmmrmtelvatﬂ&dindb§ trﬁhﬁardtitﬁ@mnl ayer deposited

Co a subst r bttt Frapafinglin okoleRt SPRAS iymabukbemiehr ovi ously

used to for mffietBffalid@infiB %iRBRuM(IV) sHGHdeOpshtakVethhtdtsh Gheded WhEeS or
features, and openi ngs such as tranS| stors, active areas, diffusions,

i mpl ant ed’ re@?@ﬁ@aﬁ%g@eoéont act openings, high aspect ratio openings,
capacitor plates, Tf?@lhéﬂaleé&tgl%g E@Q@&ht’ogrdl?posﬁé&f for example, on a substrate

(e.g., a semiconductor substrate or substrate assembly). The terms "substrate,"

"semiconductor substrate," or "substrate assembly" as used herein refer to either
a substrate or semiconductor substrate, such as a base semicbnductor layer or a

20 semiconductor substrate having one or more layers, structures, or regions formed
thereon. A base semiconductor layer is typically the lowest layer of silicon
material on a wafer or a silicon layer deposited on another material, such as
silicon on sapphire. When reference is made to a substrate assembly, various
process steps may have been previously used to form or define regions,

25  junctions, various structures or features, and openings such as transistors, active
areas, diffusions, implanted regions, vias, contact openings, high aspect ratio
openings, capacitor plates, barriers for capacitors, etc.

“Layer,” as used herein, refers to any layer that can be formed on a
substrate from one or more precursors and/or reactants according to the

30 deposition process described herein. The term “layer” is meant to include layers
spéciﬁc to the semiconductor industry, such as, but clearly not limited to, a

barrier layer, dielectric layer (i.e., a layer having a high dielectric constant), and
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"Layer," as used herein, refers to any |ayer that can be fornmed on a
substrate fromone or nore precursors and/or reactants according to the
30 deposition process described herein. The term"layer"” is nmeant to

i ncl ude 1'&QEPE/00p2cific to the sem conduct or i ndust r \PCTHHM6/EZIFut
clearly not limted to, a barrier layer, dielectric layer (i.e., a |layer
having a high dielectric constant), and 11 WO 20071002672

PCT/ US2006/ 024995 conductive | ayer. The term IS synonynous with
the term"fi oy ductivedayrent g tegg beyem I%WQOW‘EB‘H@Jé?Wl flstry. The term
rayer® 1S ali30udRaNled'i thel BidslBud iRI) CWRkend G6R RONQAUMAUST de Of
sem conduct or tec ogy, coatings on gl ass. For exanple, such

| ayers can béncllunllerhagwsdbmrehnltgchooiogy tgside ofsemiqoaductesttechnolalgy,chclagse

substrates other tha condu tor ubstr he | ayers can
be formed di F%aginlg§/°rbg[a?sh f BEE© Cr}ﬁSl %eﬁ%%ct gffo%%rf(% %?n{“?ﬁgs substrat e,
or they can Rkgrek &a&ﬂ&ﬁhlél{\ara@%s&ﬁteﬁoﬁhaﬂ’ thet senifondagter @bét&t@ Fughef aces) as

in, for exanple, apatt%rned ers or films, formed may ‘be in

the form of MeAYrLRLSIAMEY dﬁrle?tgison t{ig’v‘?ﬁ miconfucior wifachAfils et al
silicates, Mehitra@Xdr ’caﬁ'%te%mféﬂtoﬁ'aﬁiﬁﬁa@atrﬁt ﬁfla})@@é (e.c. %&f&%EﬁQisnat' ons

t hereof . For exanpl e, metal oxide l‘ayer may include~a single rret al ,
t he met al oxutdébﬂ%gmplenwtﬁemﬁwéertm or more different netals (i.e., it

' S a m xed netal TRE ffg&% Prﬁ{] safoﬂﬁédﬁjn apl%(é dlg%}llé A or idYal g@ﬁthﬁ%ldl%s be doped

with other netals ayer I nc or 'more
di f f er entl0 metsadhss rédueedmbtals metal sjbcamymetabcamdds,emetll titrelef, @tamoteldl | oys,

solid solutions, .qQr han tes Pr ef er t hese h di.el.ectric
o opor &1 co. | ThHSAIOng Serat | By erample 4 Pan sy g ues HREE oot 1| o
| ayer) prefegqabl T,Y[hé Relal6ie8e RHE By iNBlEe Wo JBaddrEBiffeRind hfekhls (i.6akidB,

(Ba, Sr) Ti 03i 206, SrBi 2Ta209 (SBT) SrHf 08, SrZr (08, BaHf O3, 20
Bazr O3, (Pb, Bamba@d ox{ds), opaymgsal oside fler may spfjosay Beieped ¥aibhgsherpSNT)
La203, Y203 103 YA103, Pr203, Ba(Li,Nb)j, 403-PbTi &3, and

Ba( 0. 6) Sr (0. }B MyO. Surprisingly, the nmetal oxi de |ayer forned

accordi ng5to th e Ifrthesmnﬂal oﬂidn/lamri indludes tes slanoﬁeaiiﬁfgremtnnﬁalafth@mpﬁab n.
Preferably rret oxi de r stem; nd. met hods of the
present i nvel%]i J‘F‘ygﬁceané’gé%ﬁ’t %% E’/{%g%)églf& Fi Orﬁgmﬁ Pa§En, hal i des,
phosphor us, Pulfémbly, thedehagedicletiric prapetisls Thé\ 5 ) f)deé\BayHIS(@drtlculaﬂy
if it is a dielectric layer) preferably includes one or more of BaTiOj;, SrTiOs,
CaTiOs, (Ba,Sr)TiOs, StTayOg, SrBiyTa;09 (SBT), StHfO3, StZrO;, BaHfOs,
20  BaZrOs;, (Pb,Ba)NbyOg, (Sr,Ba)Nb2Og, Pb[(Sc,Nb)o.575Tip425]03 (PSNT), La,0s,
Y,03, LaAlOs, YAIO;, Pr,03, Ba(Li,Nb)1403-PbTi03, and Ba(0.6)Sr(0.4)TiOs-
MgO. Surprisingly, the metal oxide layer formed according to the present
invention is essentially free of carbon. Preferably metal-oxide layers formed by
the systems and methods of the present invention are essentially free of carbon,
25  hydrogen, halides, phosphorus, sulfur, nitrogen or compounds thereof. As used
herein, "essentially free" is defined to mean that the metal-containing layer may
include a small amount of the above impurities. For example, for metal-oxide
layers, "essentially free" means that the above impurities are present in an
amount of less than 1 atomic percent, such that they have a minor effect on the
30  chemical properties, mechanical properties, physical form (e.g., crystallinity), or

electrical properties of the film.
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herein, "essentially free" is defined to nean that the netal -containing
| ayer may include a small amount of the above inpurities. For exanple,
for netal -oxide |ayers, "essentially free" nmeans that the above

i mpuriti eW02P¥/OPIEZent in an anmount of |ess than 1 atPEHES2H602489%% | such
that they have a mnor effect on the 30 chemi cal properties, nechanical
properties, physical form(e.qg., crystallinity), or electrical
properties of the film 12 WO 2007/ 002672 PCT/ U52006/ 024995 Var i ous

met al - cont ai ni ng ¥ BRPEIHIY RIS PERURds cga pe Beed 1B REAYat i ons,

optional |y %&ﬁblam‘ongrop@ieﬁﬁly%mecor%%y&%aﬁc cREd GeRllapykar  CVD

processes), to forma lgrecursor conposi tion. Advant ageously, some of the
met al - cont ai FViRyProessprsiel foral oo cmap@ltwnc a&dva@tamesiy,l semalobthsi t hout 5

addi ng. SO Vepl.b. o BLEGH S0 0. Ao BLEOHE S0 CORO I LOH iflSutised her el n,

refer to a COIMPOSI ornlng, sne 8P t h ot her
precursors cedfigsiolventss "Pmbumﬁa@h@vmsdursoacdmmoﬁn asmsed hedenateferassenbl y

in adep05|t|on rocess%f er, illed in the art will recognize
that the typg’ FHHQR 1S {‘ﬁ F%?‘ n?/\?"l‘i"lﬂag%érrﬂfe‘&‘?ﬁofhe content of

a |l ayer whi ctaomﬁosuiohk (@tr@dcfanisp ab@yel@nE@ﬁﬂmﬁiteldﬁeﬂﬂlﬁn‘é%ﬁéslﬁh%pos' tion

process. The pre erred precur sor onposi tions e present | nventi on

are pref er abpipogssqlpdhest Oflteﬁéﬂlﬁfépﬁhﬁ ﬁ_léwﬂéﬁfc@@ﬁ%tﬂl&fﬂh? type arrlamenst ef
preferably, Efe&ug’(g‘?fsﬁd@z %egleﬁtﬂbﬂ 8, @%E@?%ﬁ g/gpffu@fler i imdtefy t{;%gcur sor

conposi tions®  ma or sof ure preferably,
they arel0i qfumhsd asing hleapnariqmsﬁmmpmesse Hihe pﬁmael)precﬁyqor cahpogitionbey are
15 liquids sg}tt volatile_t ed u5|tgq%sknomm vapor

deposi tion t tﬁ#‘l%&fﬁ%&h %W?Preg?ﬁ’é%ﬁﬂlﬂgg{ﬁ VEREFAUGNIEIBEAW £ ci ent | y

vol atil e thaénd, heye prefifablf; aARefetabBAiquid £u4bdrh ftbedt@®) t he solid state
usi ng known vapor_deposition techniques. |f they are |ess volatile
solids, they are Eh%ﬂré?‘ﬁﬁﬂrfo@ﬁ?sﬁti%‘ﬁéfﬁb’lb? liquigp onsalids af rapmdergRaiatETes o] vent

or have mel t(ﬁ?&eﬁ@lynfh%y Qf%'lfh‘ﬁﬁds REinE vgﬁﬁﬁ%bﬁagé}%tu?e@ T$pRAlA i, e such

that they can be used in flash vaporization ng;. m-¢rodropl et
formatiomdt ebmnﬂsqwéfécleré}yorolaﬂéﬁr teiba emplgyed ufzmlkmla‘vapebdﬁpasmomg conmpounds

eyt sed L) S8 OANARRAL by M) b MERSLL RO BT,
mol ecul es or cmft&hiapg%dﬂibhﬂﬁ!ﬂieéﬁ;om the ysltkstatéasing known vapor deposition
techniques. If they are less volatile solids, they are preferably sufficiently
soluble in an organic solvent or have melting points below their decomposition
20  temperatures such that they can be used in flash vaporization, bubbling,
microdroplet formation techniques, etc.

Herein, vaporized metal-containing compounds may be used either alone
or optionally with vaporized molecules of other metal-containing compounds or
optionally with vaporized solvent molecules or inert gas molecules, if used. As

25  used herein, "liquid" refers to a solution or a neat liquid (a liquid at room
temperature or a solid at room temperature that melts at an elevated
temperature). As used herein, "solution" does not require complete solubility of
the solid but may allow for some undissolved solid, as long as there is a
sufficient amount of the solid delivered by the organic solvent into the vapor

30  phase for chemical vapor deposition processing. If solvent dilution is used in
deposition, the total molar concentration of solvent vapor generated may also be

considered as a inert carrier gas.
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25 used herein, "liquid" refers to a solution or a neat liquid (a liquid
at room tenperature or a solid at roomtenperature that nelts at an

el evated tenperature). As used herein, "solution" does not require

conpl et e wokabie26ty of the solid but may all ow for s&6EUSHEH/EHNSved
solid, as long as there is a sufficient amount of the solid delivered by
the organic solvent into the vapor 30 phase for chem cal vapor deposition
processing. |If solvent dllutlon is used in__deposition, the total nolar
concentration of 'Swirgast on noomeastivegast"ad v icEin ds By gas fisisder ed as a

nert car i eg Qasy .13 UD200H 0080/ARCHILR0RNARASI, Fhner L gas” or

"non-reacti ve gas; " as use I'S any gas t I's generally
unreactive Westampld)mectmapenestypichlly stevied fiom & grotipatchwditgnitrégen, exanpl e,
inert gases are typical |

| ected f | udi t
argon, hel i uffih umﬂeyﬁ,tlgﬁpgﬁ,gﬁgqp r“%ﬁg}ﬁg%r? arflgﬁgg%al?ﬂ & rogegnd

mxtures § thﬁfe%pfSucﬁkaféﬂtgb@@sra&e SRy Ak 1ﬁ©ﬁ@6ﬂhbﬁé pusgeﬂlgpﬂac@m or nore
purgi ng processes described according to the present invention, and in

some enbodi némxsbqqle@ymd@é to the PERsew IRvsntes pad In SAMgEbEsATsBgY SO
transport. S%Bttéasgﬂ?%lé)%cﬁrs%y{/&p%p{r&% certain enbodi nents of the

present invention nor e ‘the follow ng: aliphatic
hydrocar bons or 1Sb1wr$satfnmlra¢ mﬂtabl;cdmmstmb@n@o@lm}mmthmcbem eferably C5-C

0, cyclic, branched, ar |inear roc CS C20, and
preferably Cg“’@gtw may, e&d‘@ﬁé?’@ﬁ‘?éfﬁ@%@ga‘é{?lﬁoaﬁga%? %91? F\yrdr ocar bons
such as ah kylsdahud@Bhydeddaitlonb t@xen@%ndplteMMy csmloyeizdne,ramdhba et hers,
esters, lactones, nitrites, silicone oil % ounds, _cont a| ni ng

()

conbi nat i onsliggen)asrpmetic hydsoeaskaps (G- Cﬁfp:ﬂlé P@CIBLPIY CHP, badoesngird t he 15
above. The cppm O#é.%%s afil a@éd%‘}dx%@%&%l slué’h &Oquéﬂa%se alitliceag Rurisher . so

that mi xtures var'i a e quantities of thé netal -contalning conpounds
will not i npdyebtrs,tthiostheps) éste@amctoye&:hm]gs silisene 01bhys¢0®ai0up¢30pert| es The

precursor co si.tions. .of the i ny nti

vapori zed an 188 CORRRRN & g‘%}' lhg’v? §r %xalﬂfscgf;an?%%{ggé;%t}gy with,
and in 20 thsvprEReREposids aﬁd‘uﬂsd)genﬁﬂal‘ljacdirﬁmiblmﬂg@e&hs)theﬁlsbﬁ{amatI vely,
the netal -containin Ia ers

precur sor cofFEEieE Pt quﬁlﬁ'@%F ég@; %{?F? Egl;gtcg{ﬁ’gp‘r’f{j; é‘ﬁt Hg{jggg(s:: []Igof’lhe
cycle. Such fragk 'tcpﬁgﬂﬁéﬁﬁly"éﬁéhge their physwal properties.
The precursor compositions of the present invention can, optionally, be
vaporized and deposited/chemisorbed substantially simultaneously with, and in
20  the presence of, one or more reaction gases. Alternatively, the metal-containing
layers may be formed by alternately introducing the precursor composition and
the reaction gas(es) during each depoéition cycle. Such reaction gases may
typically include oxygen, water vapor, ozone, nitrogen oxides, sulfur oxides,
hydrogen, hydrogen sulfide, hydrogen selenide, hydrogen telluride, hydrogen
25  peroxide, ammonia, organic amines, hydrazines (e.g., hydrazine,
methylhydrazine, symmetrical and unsymmetrical dimethylhydrazines), silanes,
disilanes and higher silanes, diborane, plasma, air, borazene (nitrogen source),
carbon monoxide (reductant), alcohols, and any combination of these gases. For
example, oxygen-containing sources are typically used for the deposition of
30 metal-oxide layers. Preferable optional reaction gases used in the formation of
metal-oxide layers include oxidizing gases (e.g., 0xygen, ozone, and nitric

oxide).
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typically include oxygen, water vapor; ozone, nitrogen oxides, sulfur
oxi des, hydrogen, hydrogen sulfide, hydrogen selenide, hydrogen
teIIuride hydrogen 25 peroxide, anmonia, organic amnes, hydrazines
(e.0., qglne met hyl hydrazi ne, symmetrical and unsynmetri cal
dlnethylh 8’3%%W@§3 silanes, disilanes and hi gher siiE@AER06@2438T ane,
pl asma, air, borazene (nitrogen source), carbon nonoxide (reductant),
al cohol s, and any conbination of these gases. For exanple,

oxygen-cont ai ni ng use d 03|t|on of 30
rre%/gl -oxi de | ayer guﬁ%; SRS %“5%%1% #1%‘% PRy fﬁvgﬂtl‘ﬂhlgﬁl?gggoé‘&u? et he
formati on of mateiai| seﬁxﬁb@iﬂu&tmemaeﬂaﬂu;bc;txgggtg?ﬁg%?%gggggﬁ%%%%s, cSJX_y?eBi
ozone, and nitric 4 2007 J ui t abl e
‘substrate naP@F%lSaF%nCE‘FﬁY%Betér V@Fne‘? nihsTubgRats orcvhide theapfialct i ve

‘materials, Sesi&ARGUS i’s%ﬂi?efd% p@fe%abw;&)me&ﬂd%@to}@irb@drate bltb§db9t‘?

conductive netals, conductive netal oxides he substrate on which
the metal S cewemblyi dgwideyeriety of semipendupter petefigs atsl opniamk’thedc ontiast or

t i ar et sem conduct or
| ?r;? ; |r gl g g; e&t:ég%g }foa?phgiﬁ‘?% é{e 2 S}%;?g Z’a?#pﬁog¥u%‘oqsbp%05ph05| licate
gl ass (BPSG porsﬁubm\ced))ndcqmd olgsilican, glonocrgzsnm‘llin&ath ytc A @srakis mﬁleﬁﬁﬂ :c con, f
o1 con are ERprys 7SS pEdfios wmbpirenh %“ats%"%ﬁ‘lc@&'iff%{%%n%ae Bhe f or m of
a sn licon waﬁ@rfomi@fmﬁ&dwﬁéﬁ ﬁ&ﬁéthjrl&ﬁ'&c%ﬂ{clﬁgﬁm@)(bﬂ@e spiRioR gfds 9! ass 10

(i.e., a th| n layer of SiQ2, opt| onal | y dope dep05|te by Ta spin on
process) 10 Ti fie., athin laygy of§iO2,ptiomily dﬁﬁ?ﬂa denpsited ey a siw on prosests); (Tt e

assenmbly mayr Qﬂ]sﬁ/’bgﬂ%ﬁ'{ﬂ 14 1?1¥t‘31rs ét@ %\s{l&?rla{’é%@ss e}‘;’l}n'g{(] g%ﬁrﬁ%ﬁq:aﬂtm henat e,

i ridium oxide hénium ox
| ant hanum ni tam thatdncludes @htmmnnnﬂnmd mdluﬁmmdaj thodinmt fithkgium,

tantal umsiljicon:nitr.ide num galllum15 ar seni de,
gl ass, etc., “ENER pEICS, @QP@H“N@‘%W?S‘”S&%@ Je tHeatepmdnde.ysed in
seni conduct ofanfOms hitids, ta@taa;m-sﬂiedsn-ﬁ;&l&yﬂﬁwrpdmﬁa@ qr&ﬁﬁ&ﬁsgnmr y (DRAM
devi ces, . static random access_nenory (S devices, and tferroelectric

menory ( FERAVpeTis, 2lass etcr, gpd %@%Fﬁl‘sémg oo @tﬁ?é’?lpmde@aﬁeﬁ@ﬁ ety
sem conduct OgensibbEBE @b?lst?&ctl%h'sb Shdhds @y@ﬁ‘u@?eﬁl‘aml debiis nfelBry @iehny can be

formed directly on the | owest $em conductor
devices, static random access memory (SRAM) devices, and ferroelectric

memory (FERAM) devices, for example.
For substrates including semiconductor substrates or substrate
20  assemblies, the layers can be formed directly on the lowest semiconductor
surface of the substrate, or they can be formed on any of a variety of the layers
(i-e., surfaces) as in a patterned wafer, for example.
Substrates other than semiconductor substrates or substrate assemblies
can also be used in methods of the present invention. Any substrate that may
25  advantageously form a metal-containing layer thereon, such as a metal oxide
layer, may be used, such substrates including, for example, fibers, wires, etc.
The precursor compositions can be vaporized in the presence of an inert
carrier gas if desired. Additionally, an inert carrier gas can be used in purging
steps in an ALD process (discussed below). The inert carrier gas is typically one
30 or more of nitrogen, helium, argon, etc. In the context of the present invention,
an inert carrier gas is one that does not interfere with the formation of the metal-

containing layer. Whether done in the presence of a inert carrier gas or not, the
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surface of the substrate, or they can be formed on any of a variety of
the layers (i.e., surfaces) as in a patterned wafer, for exanple.
Substrates other than sem conductor substrates or substrate assenblies
can al so ¥OY¥E2P1R net hods of the present invention. Poyuswbsiusse t hat
may 25 advantageously form a netal -containing | ayer thereon, such as a
netal oxide |ayer, may be used, such substrates including, for exanple,
fibers, wires, etc. The precursor conpositions can be vaporized in the
presence of aYfPPHEtED 1%%P§¥3@FY'@@§mﬁleg£®h¢eedpxmto impwidlokygenan i nert

R e

below). The inert carrier gas Is typica ne %'t r ogen,
hel i um ar gorexidation of prepireordn Hteamporghadetpeioptoesemtinto Mivedbpbgfion an i nert
carrier gas i fol that does not interfere with the formati on of the
‘nmetal - containing I)'ayer. Whet her done in the presence of a inert carrier

gas or not5 the ISheldaP0sbbt QE56TTidn RETHYSROAGHRA @epo‘éﬁi%ﬁr(hiﬁi)i on is
preferably' dong in th& absence of oxygen to avoid oxXygen ‘contam nation
of the |ayer ¥eMP YePgL{Ptifignrgpessss otien gmplyedioforn titeantivoxs,de or

oxi dati on of \RIEEHTEAAL-doRiiEe MFREbnB ' bRl he
~deposition chanber). 5 Ocr?eﬂn?}?gca. va%o?égfgglgdsdlct ?S%b%fr%)ﬁghg& Omic | ayer
deposi tion (ARPYr deppsitianpyocesp dypierdiyose i moreprarnesss esnodsttions aepl oyed t o

formthin, cqpid 3 Lfor -contai ning l.ayers onto

semi conduct o%%%%ggﬁ% dep %?ﬁ%&%q%ﬁ@rc}p%\?]é rCOH’é’%&?gi lﬁb‘?{‘eﬁf FOES s,

t ypi cal | y0onecastiomgases prdatitecedto aniipesithiten@itR AR suVARQ fod8ch i N a

~deposi tion chamber an(]:l%gﬁlgti onal | y. conbi neq with one or nore 10 reaction
gases and di PECtSANERIEAYSond et hwvithbe teadilyi apserent te oneskilbedm a

met al - cont ai i thg attahR theORpbh@epshst 58tls mhl bi¥hHanbE ¥-eag pparent to
one skilled in the art that tphe vaIE)or dep%si tli gﬁ prc?ﬁeglgg&}?{r% be enhanced

.

by enpl oyi ng VaRHsiteated fechmigues suele priilasragssisiatreashopd msivanas &isat ance, phot o

assi st ance, 'a%%nce,%%eﬁta%ﬂl%rte@l%ﬁéﬁﬁh' as other techniques. 15 A typical
CVD process nmaybe carried out In a chem cal vapor deposition reactor,

such as a’>deposi t Adbipietl4iR pravessithatiesatried ent inhechtmadevapdesi gnat i on of
oo, o CoRE k) Bl oL e e e
designation of 7000 from Genus, Inc. (Sunnyvale, CA), a deposition chamber
available under the trade designation of 5000 from Applied Materials, Inc.
(Santa Clara, CA), or a deposition chamber available under the trade designation
20 of Prism from Novelus, Inc. (San Jose, CA). However, any deposition chamber
suitable for performing CVD may be used.
Preferably, the vapor deposition process employed in the methods of the
present invention is a multi-cycle atomic layer deposition (ALD) process. Such
a process is advantageous, in particular advantageous over a CVD process, in
25 that it provides for improved control of atomic-level thickness and uniformity to
the deposited layer (e.g., dielectric layer) by providing a plurality 6f self-limiting
deposition cycles. The self-limiting nature of ALD provides a method of
depositing a film on a wide variety of reactive surfaces including, for example,
surfaces with irregular topographies, with better step coverage than is available
30 with CVD or other "line of sight" deposition methods (e.g., evaporation and
physical vapor deposition, i.e., PVD or sputtering). Further, ALD processes

typically expose the metal-containing compounds to lower volatilization and
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(Santa Clara, CA), or a deposition chanber avail able under the trade

desi gnation 20 of Prismfrom Novelus, Inc. (San Jose, CA). However, any
deposition chanber suitable for perform ng CVD may be used. Preferably,
t he vapor WdEP8E¥2¢8n process enployed in the nmethods OFCT/HE2006/M998Nt
invention is a multi-cycle atomc |ayer deposition (ALD) process. Such a
process is advantageous, in particular advantageous over a CVD process,
in 25 that it provides for roved control of atom c-level thickness and
uni formty téeaqlﬂ%t%ﬁﬁ@&fﬁeﬁ’n? gi1ds fdegreaseyjegradation of th‘?a?@?‘)rsqms provi di ng
aplurality Qhmpsiefitd, Ifapelxhrﬁﬂe IBRATHT fbc‘és)é@% es. The self-limting nature
“of ALD provides a nethod of dépositi ng afilmon a wde variety of

reacti ve surfaces Geneplidiiman ALBrpreseangsich reactouiris puleed seiyndntially egulaar
topographi es, e an, I l.e~30 with CVD or
~other "line S?ﬁ\dsbitlg]ﬂ{gg&%gp‘gﬁa?? a{:&:‘{r)g ﬁgﬂte;n(p raS]rgs %\?gipegéﬁla% |%’n and physi cal
vapor depési tpre:ferabhy aeleastl?WCbandsmufetpedffEﬂablbr at fedstt2001C. Bpitapporesses
‘typically ex gse. t -cont aini unds to Jower volatilization
and 16 WD 2 %%W&éffd’@e%f%% 8&&?%@4@%%?&5@&@5 whi ch
‘tends to decee@@ aﬂ@%eﬂdﬂdrbﬁféf&ﬁ H@gﬂﬁ@?tﬁ%ﬁ%oc’@s THRADE ANk & aré or

- exanpl e, typ| cal CVD processes. nerally, in an ALD procCess each
reactant is el lowguiamn thasq grewatlpused I%GVDaMP@eSSQ&b ﬁ@hmﬂcaﬂym cally at

“deposition t r st 150C, and
nmore prefer agli ae?ite P %s;ﬁz%nqg%g%aﬂuﬁﬁf ﬂéé%ﬁ% Q@’?chs? 1)cé)anS%IilSedrrp%{(;,}r atures are
no greatép t m:aﬂfembl&@t lepstéﬂ@’CaMQ/mm@ peferablgmat IehsiriSO‘{GBOK'ypnmth@/en nmor e

preferably n reater th 250C. Thes are enerally | ower
t han those pggéjéﬁlopsﬁﬁ%eé%uﬁeﬁa%gﬁ e&@@%@%&ﬁ f’l)}’pﬁoc%?%‘if 3¢l ude
deposi tion t 60PE, ahdiees niire ple€ersblPad prbier Sk fogre, of at | east 150C, 10

preferably at |east ,200 and. nore 15)ref erably at |east 250C. Typical CVD
deposi ti on t enper XRdfeuchyandtigng the fiw erqvrh Ry @ddtis tppiealsr sHitlimitiag gr eat er
than 500C, and anhdmA&ive SRS &Oalg{lﬁatu @P“I%Q er such
condltlons tﬁe fllmgrowtlh l:s)y SAI?D |satyp| cal ‘E éllkﬂ% %s%;@éj i.e., when
the reactpve dg@qsg@n(gﬁnqalbmmabensaneg m@@nlmccllﬂnacpnﬁmmaﬂltmsbp the 1
deposition g V. nl excel | ent ormal ity but
al so good | ggcgfeﬂaéreeaéé&um F%é]ﬁ%ﬁgg a’ﬂ8tac %éat%% %Os&t?Pa?Pg%Bg?Pﬁﬁg tion and
t hi ckness control. Due to alternate dosmg of the precursor compositions and/or reaction

gases, detrimental vapor-phase reactions are inherently eliminated, in contrast to
the CVD process that is carried out by continuous co-reaction of the precursors

20  and/or reaction gases. (See Vehkaméki et al, "Growth of SrTiO; and BaTiOs
Thin Films by Atomic Layer Deposition," Electrochemical and Solid-State
Letters, 2(10):504-506 (1999)).

A typical ALD process includes exposing a substrate (which may

optionally be pretreated with, for example, water and/or ozone) to a first

25  chemical to accomplish chemisorption of the species onto the substrate. The
term "chemisorption" as used herein refers to the chemical adsorption of
vaporized reactive metal-containing compounds on the surface of a substrate.
The adsorbed species are typically irreversibly bound to the substrate surface as
a result of relatively strong binding forces characterized by high adsorption

30 energies (e.g., >30 kcal/mol), comparable in strength to ordinary chemical
bonds. The chemisorbed species typically form a monolayer on the substrate

surface. (See "The Condensed Chemical Dictionary”, 10th edition, revised by G.
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control. Due to alternate dosing of the precursor conpositions and/or
reaction gases, detrinental vapor-phase reactions are inherently
elimnated, in contrast to the CVD process that is carried out by

conti nuou¥O8Y¥WLE2i on of the precursors 20 and/or remRAWEs0GAMSS ( See
Vehkameki et al, "Gowh of SrTiG3 and BaTiG3 Thin Filnms by Atom c Layer
Deposition,"” Electrochem cal and Solid-State Letters, 2(10):504-506

(1999)). A typical ALD process includes exposing a substrate (which may
optionally béjpﬁ%@‘tl‘?yeaiﬂélgk?ﬁc?%ya? NPSU@?‘EH'BWB?M\%&’ aNarloP2oF88E). to a

first 25 chenming@dchhiqua6CANDik sﬁe@&wﬁe%ﬁﬁaﬂ%%ﬂﬁffoﬁﬁh@ioﬁﬁ%isﬁﬁra%@t o the
substrate. The term"chem sorption" as used herein refers to the
cheni cal ads®t9plager Areactiupprepyen modesules by chamistrptiont i AP gneanpounds on

the surface og%ﬁr‘%}%{aﬁ r%cur%og&grgﬁégﬁ%p gldrei&eo ig%ies%éeiﬂ%%%%éal ly

irreversibly e su rat e surrace as Yrelatively
strong bi Adi myrodoceids. g palsadtiatn iazlepbsition khghbadad eidniienbaDob&egi €s (e. g.,

>30 kcal /i nol conparabl e i trength.to ordinary chem cal bonds. The
cher ni sor bed 5\215 &6 ggs)a %‘\?f}f%@ ]?%fﬁfsﬁq“ﬁ&éal FP&WSP%E?@P%%CE{CH@G SQIPRAGt e

surface. (See.gThe @@ﬁﬁiéﬁ&@ﬁks@b@ﬂ%ﬁﬁﬁo@aﬁﬂb@@@ﬁﬂigm rdd%ibn g&i’é?'i?n’ revised
by G 17 WD 2007/.002672 PCTI US2006/.024995 G Haw ey, published by Van
Nost rand Rei PRYIAHY egparatedely angnget cargier gag pwey.) Eachmsecursee hepesitianfcoALD i s
“based on t he;daridicddal § n8 at ' nol ayer of
reactive gr e(r:ur sor rml.gcuIaeds?lﬁgzlﬁcé:ﬁﬁég@rugl?idg%@wiai&%q%gog%oar nor e
appropri ae pudativowolid éayeosThe aydls irepsataldd igedughskemahedalrtehpat el y 5

i nt roduced . i nt deposj tion a r apd chem sorbed onto
t he surfac(e]éqno eSasplsféus?}g rgteélpg“lé%%de@%td@télhtcf“éiﬁ?ei”%‘?eiﬁaﬂgﬁ‘BWPES‘PC“§0F eactive

- conpound  ( ecgnpositive, whichty chepliseeisd SRl oA FaAGEd 420 \6hioh tbaid §/iIthéTOr €
reaction gasglse)n.' S pi.cal |y separated by an inert carrier gas purge.
Each precur sSFmugHb 8h co- reaction adds a new atonic |ayer to

previously deposi petidaBy hemtsdrdioh Wi t%Qt&ddﬁ?Jdrﬁéq;Y&ti&%'df%é ayer. The

cycle is repeated to gradually formthe desired llayer thickness. It
shoul d b& unérPositien suriass (o2 PevigvslnflepopitrdtAdl ) material)z Neyemhabesecur sor

composL L on, st SO A0SR ISR ILVBRRIER, Cor' ..o
on all portipmiesenbinvetton. In many applications, merely a substantially saturated
monolayer may be suitable. In one aspect, a substantially saturated monolayer is
one that will still yield a deposited monolayer or less of material exhibiting the
20 desired quality and/or properties. In another aspect, a substantially saturated
monolayer is one that is self-limited to further reaction with precursor.

A typical ALD process includes exposing an initial substrate to a first
chemical species A (e.g., a metal-containing compound as described herein) to
accomplish chemisorption of the species onto the substrate. Species A can react

25  either with the substrate surface or with Species B (described below), but not
with itself. Typically in chemisorption, one or more of the ligands of Species A
is displaced by reactive groups on the substrate surface. Theoretically, the
chemisorption forms a monolayer that is uniformly one atom or molecule thick
on the entire exposed initial substrate, the monolayer being composed of Species

30 A, less any displaced ligands. In other words, a saturated monolayer is

substantially formed on the substrate surface, Practically, chemisorption may not

occur on all portions of the substrate. Nevertheless, such a partial monolayer is
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15 deposition surface (e.g., previously deposited ALD nmaterial).
Nevert hel ess, such inperfect nonolayer is still considered a nonol ayer
in the context of the present invention. In many applications, nerely a
subst ant | MQA30EMWRTRat ed nonol ayer may be suitabl e. | nPGHES208924%5 a
substantially saturated nonolayer is one that will still yield a

deposi ted nonol ayer or |less of material exhibiting the 20 desired quality
and/ or properties. In another aspect, a substantially saturated

nonol ayer i s sSHandesgipod 9 beaymonolayer indhe eontext efithe present inventian tih pr ecur sor .
A typical AL ! I L4 ] a first
chem cal specl,?lll zg{g %gﬁ?cgugﬁkﬂngfkgg% gfb?@%ﬂrl]t isﬁtpﬁ%éac%lr)r%%@%g H%g%géggaﬁo%bed
herein) to dceusishiidly setuetedopmilayenisahe thaewilpsidl yisldardepodited layabst r at e.
Speci es A can éggct chS eahh,heﬁ/ovmth q&.he subg rat%&surface or with Species
B (descri bed BEPHRE PHHPURY hPReHFE dFHe #\}5\1 PYS) i n cheni sorpti on,
one or nose of t iThelfirgapetiesqé.gSpagiapttallir alliondhemlsafrd nieduRaef i Ve groups

on the substrate surfac Theoretjcally, the chem sorption fornms a
nonol ayer t haPe$ies %@%%5%@@??@6%{1%%%6@%@@ diom ¢er the subsirafeamdant i r e

~exposed init isé‘éon&'éf?&ﬁi'&ﬁtsﬁeciéspgpé&@@l @%Ea PEBY FQRNRRARShiRE ¢ hes 30 A

| ess any displaced |igands. I'n other words, a saturated nonol-ayer is
subst ant i al | T fesgiapiczaghis prwided s repeitvathsthe aoelayd@rodSpecies Ay Speckre M soi pti on

partial monol e Pobd G PR She KRS IR CRFrsie AL ShbIB TR " ©

“under st 0d@ t dhdpebyds niemdbaby@t andrfotnize secoidendnobdyet. HEhipseesadinohslygat i on. 1 n

many applications, nerely.a.substantially saturated nol r maybe

SuiLablo. A SIBUVSATTEP RN FRr B BHEIRRrS o NGHATEHRPORR] | ot 11 )

yi el d a deposipbees B2y evell a0 ¥itphidd N@ndId Uk biptodiill S ihdFaRRItdes desire

for such layer. 5 The first species ée., ., Substantially all ‘
widh g

non- cheni sor PR DEIEANE & stips arsgppepie oS of the Spciss Famerplpyegands are
purged from qyeginokib&l Shebies A@%tﬁﬂﬁly?the%@&ﬁ@gp&%r@aﬁ?éactsxpl?lﬂh%% rstSPECt es B
(e.g., a different netal-containing conpoun or reactant gas) is

provi ded 160 speeiss, it npt chismisednasiditicanl rodterS doirgde. That BptheisemnB typical |y
di spl aces th Lhgng | fr t he Species. A nonolayer and 10
thoreby i s CREATorbHas e Non P e aRE Ry il i 8 B

nonol ayer  dinspbhysr witimut foaningunothbr mendl@ecthiereen bt Yeating Srtvesicd.

BISB; 82321,[ zoggsgﬁgé&%%}%ﬁ}%n Eul%gclplenp glogdlg}%Lsé%ggtﬂe} gi%dgrogegges? z& her

third species or more may be successively chemisorbed (or reacted) and purged

20 just as described for the first and second species, with the understanding that
each introduced species reacts with the monolayer produced immediately prior
to its introduction. Optionally, the second species (or third or subsequent) can
include at least one reaction gas if desired.

Thus, the use of ALD provides the ability to improve the control of

25  thickness, composition, and uniformity of metal-containing layers on a substrate.
For example, depositing thin layers of metal-containing compound in a plurality
of cycles provides a more accurate control of ultimate film thickness. This is
particularly advantageous when the precursor composition is directed to the
substrate and allowed to chemisorb thereon, preferably further including at least

30  onereaction gas that reacts with the chemisorbed species on the substrate, and

even more preferably wherein this cycle is repeated at least once.
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then purged and the steps are repeated with exposure of the Species B
nonol ayer to vaporized Species A Optionally, the second species can
react with the first 15 species, but not chem sorb additional nmaterial
thereto. Y0¥ he second species can cl eave some PEHE$2006/03499% he
chem sorbed first species, altering such nonolayer w thout form ng
anot her nonol ayer thereon, but |eaving reactive sites available for

formati on of subsequent nol ayers, I n other, ALD processes, a third
speci es or nore _rrggrgf)régQf&g‘&e&g/}\%f’@eaﬁﬁéﬁ’ﬁ%éf%@d‘”’(‘%_r reacted) and purged
20 just as_ despssittarthtaisoipien bhtoalsubit@dieSRHORTISOE Chfidy offebihidlee
under st andi ng that _each_introduced species reacts with the nonol ayer

produced i madfilufing puinot fimited i, ronjagting thsdubstiatsrandtop mopalayenwith are second
species (or G Grfh SURRER WA, ' { ction gas
if desired. Thus, trru§§use of ALDg rO\S/Ifrgggﬂe?ﬂ’gt}%bqe#?s?@&lt%&%un%ﬁgve t he
control of 23eduné thksescsniratiomudgispecins costadingribhd abstrdty amglomet al - cont ai ni ng

| ayers on a ; For._exanpl deposi ti thin | ayers of

net al - cont ai %#%3‘5‘5@%%3 GRS i aépfégﬁf‘éaf??ﬁase&as@gsﬁﬁggﬁ Oé’éi jasingludg, o
accurate coniNzphr, &fe, etbt Adaitiondlly] parpink eleyesstead Thiledd ®ontap@dd theul ar | y

advant ageous Sgn th rec(ﬂrsor _(ﬁorrposi tion is directed to the substrate

and al | oned CYSEREAPYST HORMBYCE Fith 2pY gihstanss thatrallows ehemiserption iy at | east
30 one react pau@ato ddiab e Akidesthd SonblifirABEGE PRIBRABREIES On the
i

substrate, and even nore preferably wherein this cyc S repeated at
| east ond@. PP R yAnodsing apatien spedes T 40nBctingspgiiesgnay bexcess vapor

of each specig& j L4 i-a8/ cheni i on_ant substrate may
ol ve. a va e OP Hechia suaa AR B AnL AN Pk Rt Hih4T
cont acti ng t keths athdesed e tzampecificationofoayterproduchofapartiidrtdep@itidner gas

and/ or | ower| ressu t.o bel pw the de .tion pressure to_5 reduce the

concentr at i ohl%g?sga spe‘%ﬁ]e)és 3%%%8?4%@% %ge?éfﬁtﬂgﬁgﬂ%pe%m @‘P“-a’@ﬁ@m sor bed

speci es. Examphbs offitsakist &f a ghs@fe tawhich S UG- ARANS; fofB¥hémghiude N2,
purgi hg may instead I nclude contacting the

Ar, He, igc Arg]gi ionally, ]
subst r at & anB?Hs- hﬁrﬁ@?%&?épewstlﬂlggtrﬂﬁlk%@tvéﬂb@e syréace sreptsddroahdai sor pt i on
by-  product s cliei S AR &@@H&Esgaﬂdhﬁusgﬂlﬁﬁgl% B@Eélfﬁﬁmﬂin{gﬂ Siidfhict no

species 10 pr eﬁar atory to introduci ng another species. e contacting
speci es may Blthe fipidgpeaber of siteron g wibsiblearclimdeh withifost specigatiti al

pressure knopp: (R &083PncHohd fbther of the first species already bonded with the
substrate. However, process conditions can be varied in ALD to promote such
20  bonding and render ALD not self-limiting, e.g., more like pulsed CVD.
Accordingly, ALD may also encompass a species forming other than one
monolayer at a time by stacking of a species, forming a layer more than one
atom or molecule thick.
The described method indicates the "substantial absence" of the second
25  precursor (i.e., second species) during chemisorption of the first precursor since
insignificant amounts of the second precursor might be present. According to the
knowledge and the preferences of those with ordinary skill in the art, a
determination can be made as to the tolerable amount of second precursor and
process conditions selected to achieve the substantial absence of the second
30  precursor.
‘Thus, during the ALD process, numerous consecutive deposition cycles

are conducted in the deposition chamber, each cycle depositing a very thin

20



in the art based on the specifications for the product of a particul ar
deposition process. ALD is often described as a self-limting process,
inthat a finite nunber of sites exist on a substrate to which the first
speci es n¥WP 2PEIMCheni cal 15 bonds. The second speci earighvosondeys r eact
with the surface created fromthe chem sorption of the first species and
thus, may also be self-limting. Once all of the finite nunber of sites
on a substrate are bonded with a first species, the first species wll

not bond to &itdrcoypiningdayer (uspallipless than eemeenelaybomeh thahihetgrowib
substrate, HoueNgh 6530 § Nl i e Var i [ 1.Q pronote
such 20 bondi ng an\aér%rae.gger ?Aﬁ%q%log%ﬂr@gﬁé-}l%?%p)f }‘%tg,“g}.d% .o?tﬁro?\lgrgsel}ﬁ(ai ke pul sed
CVD. Accor diligingss inbbltrmmondhsoibstratoofiarsesa Brpdayee defaitivnig ot her t han

. one nonol ay B L cking. of. a .speci.es, formng a |ayer nore
‘than one at géﬁogl&)ll%oﬁhggﬁll tg%ﬁ%l}@%(mél}%glg&%t?’?%‘gﬂn%é?ﬁ%lﬁsof ndi cates the
"subst ant bal cerhpasitiva(s) afto tHealepestiivicthabertofRiniSOs subktrie, che@izeMheS peci es)
~during chem ajor tion of the.f% st gjreecursor sjnce insignificant anmounts
of the secon ed’?%cé‘fﬁc’%‘?m?ﬂsﬁwps as smgugiayer opfodlas Mbsigate srfaces, PWIBEW edge and

the pref er engRslepdsitidAHEmBEL theR ilHodadiNg B thé Eherlisdrb& REdursid det erm nati on
can be nmade as to the tol erabl e anount of second precursor and process

condi tions s&MBRASEIP{S) renetigregases and/os gther pracursdr caimpesiden(efinehe second 30

precursor. T : ' 1 g ; ; S.cGonsecutive .deposition
cycles are ?%ﬁ%@?ﬁﬁ%ﬁﬁg@éﬁﬁ?gﬁirgﬁgﬁégﬂ Oggtl%: meg[?c;’[é(fogya&gﬁ%si ting a
very thi A0 201aye i2 8¢ia@02 BikZerRGThidSRAAS bOD4 0Fal -comtaatinglapdrabthag | ayer
(usually les han one nonol.a such that the growth rat n average is
0.2 to 3.0 A rﬁé n?glr\fg&boélrar%§7téF%§,£ a‘ﬂﬁﬂcrfnp (g ’I%V@Preg‘?ral\?,ﬁiét é%i%r‘gdmdt hi ckness
is built up mordpreferibbsiticiel A, AatRIORALy, prEferel Fa thidRRAsHs ki i S
acconpl i shed by |ternately introducing (1,e, by pulsin precursor 5
conposi ti on( SPIRY BO Biratepdan sPY AOWOW?%@PIYW%tWth@@ podr at e,

cheni sor bi ngmotdiReRFBEUISHEatEAARPSIA 0N(S) as a nonol ayer onto the
substrate_surfaces, purging the deposition chanber, then introducing to

the chemi®orbed pHecinlsseluratiopwhprsceparsesipositents)and inprsesriamdd(es) iot her
LTS SO PO et kit FRRSLIGAD BYSLER ML (1o
pulse duration is at least 0.1, preferably at least 0.2 second, and more preferably
at least 0.5 second. Preferred pulse durations are generally no greater than 5
seconds, and preferably no greater than 3 seconds.
20 In comparison to the predominantly thermally driven CVD, ALD is
predominantly chemically driven. Thus, ALD may advantageously be
conducted at much lower temperatures than CVD. During the ALD process, the
substrate temperature may be maintained at a temperature sufficiently low to
maintain intact bonds between the chemisorbed precursor composition(s) and the
25  underlying substrate surface and to prevent decomposition of the precursor
composition(s). The temperature, on the other hand, must be sufficiently high to
avoid condensation of the precursor composition(s). Typically the substrate is
kept at a temperature of at least 25°C, preferably at leasf 150°C, and more
preferably at least 200°C. Typically the substrate is kept at a temperature of no
30  greater than 400°C, preferably no greater than 300°C, and more preferably no

greater than 250°C, which, as discussed above, is generally lower than

temperatures presently used in typical CVD processes. Thus, the first species or
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10 layer is achieved. Preferred thicknesses of the netal -containing

| ayers of the present invention are at |east 1 angstrom (A), nore
preferably at least 5 A, and nore preferably at |east 101. Additionally,
pref erred ¥ 1'% ¢2knesses are typically no greater tPEHUSOG:/084995Dr €
preferably no greater than 400 A, and nore preferably no greater than
300 A. 15 The pul se duration of precursor conposition(s) and inert
carrier gas(es) is eneral l.y .of .a duration sufficient to saturate the
substrate surfF&EEE0T RpRELn ,cqeﬁlésor?fgla% IYfemacRwEe. | e reagian o, 1,

preferably atthd 3sid HedeS@qRERMrsoRBEPBRIRNRES &LAR Mbstatiali§ ARls.Re> Second.
Preferred pul se durations are generally no greater than 5 seconds, and

preferably ndcgpwaitisras chapisayplienoifhe firspprepursarempmtiosaly tuoleshe

predom nant | ¥ &BahHRBI Vel ) [ r ) pant | hem.cal |y
driven. Thus??rALD %%&yéﬁ%ﬂ%%ﬁzﬁg‘ p'e%aguﬁgu(g?ag@, g@‘%cﬂﬁ%&b?n

t enper at uPes i1 FeawpeEUDe, Bindgad by thespbldrginayeki], cinhecmshibstili b& e t enper at ur e

may be mai nt gj erature sufficiently. lowto  maintain intact
bonds bet \Aee%bﬁer%%%ﬁf’%ﬁgﬁg Of 66 ﬁ?rg%errat&r&%’é%‘?‘ﬁlhaﬁ€§3a°5%raﬁ%e 25
under | yi ng subsiticallptirunheaaewaild obeur Bt BY eiperRGe TP R fritgRe@fsol he
. precursor coppositj. enperature, on the other hand, nust be

hon(ag . The t [

suf fi ci ent |y “AFgRoPEO™ _?faat%Y&Wdehf@aﬁqwnomdtSH@ew@émag@ns@mﬁéosition(s).
Typical ly thenststed aesbStandoploxitilythd GHRIAH GOl al | east 25G

pref erabl?s at least 150C, and nhore "prefera at Teast 200C. Typically
the substlPate is Keyr tyaicalyaperdspesition procss, tice ;38ssgresatids the agos£AC,
preferably n -8 -6 ref.er abl (2} eat er t han
D50C, aini o, AeERE 101006 s RIOERL Behorb it 2P lici 60t s
present|y us&e), prd myysireferablyDit prastcldS ses (1. TRUST PhIerubihes HesdRRohes or 21 WO

12007/ 002672 US2006/ 024995  precur C osi;tion i s chem sorbed at
this tenper ag %gs/eu.resﬁ? leglccélﬁf BABEREHER ?(?[‘i’ér (ggpc,’bﬁ@ Pay eesfesblymopr ecur sor
conposi ti on geateothan t@k (153103 VEPY)] z&id'rﬂor%@féf&%]?no?%&?ﬁﬁh%e iy

precursor or, optionall'y but less preferably,

chem sorptio the first I )
at a sub %annli?’g‘{ai)'yjil?i?lf’ql@r @ﬁldel?féiﬁ?@rcéﬁfﬂb@.lﬁ Ryrek Wigh am iness cemigt pasvari ation 5
I'n tenperat Uisr tiaSy Hﬁﬂﬁq)r@(lrsrop%ﬁpﬁéﬁoﬁ@ﬂ%ﬁé@%ﬁ?@h&hﬂceﬁ%ﬁo geur but still

be considered substantially the sa py providing a reaction
rate stati sehasdier gud/oraeastaddfoneachopilel Bodivert edrritrmsizesesearniliy e of t he

first precur3@bduced with the vaporized precursor composition(s) during each cycle.

The reactivity of a precursor composition can significantly influence the

20 process parameters in ALD. Under typical CVD process conditions, a highly
reactive compound may react in the gas phase generating particulates, depositing
prematurely on undesired surfaces, producing poor films, and/or yielding poor
step coverage or otherwise yielding non-uniform deposition. For at least such
reason, a highly reactive compound might be considered not suitable for CVD.

25 However, some compounds not suitable for CVD are superior ALD precursors.
For example, if the first precursor is gas phase reactive with the second
precursor, such a combination of compounds might not be suitable for CVD,
although they could be used in ALD. In the CVD context, concern might also
exist regarding sticking coefficients and surface mobility, as known to those

30  skilled in the art, when using highly gas-phase reactive precursors, however,

little or no such concern would exist in the ALD context.
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chem sorption. Alternatively, chem sorption and subsequent reactions
could instead occur at substantially exactly the sane tenperature. 10
For a typlcal vapor deposition process, the pressure inside the

deposi ti oWO22HWAMHHE? is at least 10-8 tort (1.3 x 10-6 HeA)US2pncmte99abl y at
| east 10-7 torn (1.3 x 10°5 Pa), and nore preferably at |least 10.6 tort
(1.3 x 10-4 Pa). Further deposition pressures are typically no greater
than 10 tort (1.3 refe any no greater than 1 tort (1.3 x
102 Pa), and nore eé aéfF’é }‘9 ‘?Pdl %%”é’ﬁtf%tﬁé'ﬁ anpraling procesEnay by Pa) .

Typi cal 'y, tbﬁldﬂl@}?@ﬁérfdrﬁiéd%ﬁmﬁrthd& &E‘ﬁcﬂ%aﬂo&ﬂn%%dﬂ&ﬁfé ingd Il er gas
after the vaporized precursor conp05|t|on(s) have been Ihtroduced into
the chamber Pa¥B%6F O}iié&?@tgeﬁmp@ﬂhe@a@rpfgryblb/ethe Tm@ahlrreiremp@amm mrat gas/ gases
can al so be of€ I osition(s)
during each %e?é@%&@@rﬁlg&? fgé}?lj\i}?gt l‘é%P B ér g@%?@%ﬁ@% emé’gr B can

signi ficahtl yrefmihlwamg@atehélan ZQOQSCQmes@rﬁaﬂ’ahlyeiogTSatd:rnhaﬁd_’EW@mﬁar typi cal
CVD process itian e conpound may react in the gas
phase gener ag‘png 053?9{ %%rﬁk?}g % Jﬁ% prematurely on undesired

surfaces, produciTig meafhnfglob&&tlolﬁi%@(‘%raﬂl&%kgblﬁ%dﬁ&% tim8 hEb(CS4Er age or
ot herw se yI§| di.n non uni form deposition. For at |east such reason, a

hi ghl y react i%4% 005y Hloﬁﬁlgﬁfer%@bﬁﬁlmé’@é@ﬁﬁfﬁﬂ@aﬂ@muéefor CVD. 25
However, SOnNgRd4&i8 NEhs 2R, recursors.
For exa Ie i f ?%ew},’f ﬁ?st }112%’bé%%i{oﬁéﬁé%e?ﬁ%@%ﬁn?g&;go{rIﬁ@ﬁeﬁﬁgt he second
precur sotd ) ﬁe&i@rfbm@muwtqsfandm@mmw}y@mtmnetpdmd&tﬁndsabl e for CVD,
al t hough t he Wetelll ‘% in ALD. In the CVD context, concern m ght

al so exist Tegar |ng St cKing coefficients and surface nobi lity, as
known to those 3(D1$d<sldllleeldnithe aﬂfmillaemgnimh&mtst&hm@nﬁérghﬂeyaﬂa@mphase
reactive precur sor s ver tle or ch concern would exist in

the ALD cont®XY S’?ﬁy 8r77‘ Wﬁm F@Zﬁ@’@!‘:‘na APRRENg gy er
formation onmbyiee ﬁdébsdnﬁcﬂll%eradﬁcﬁﬁmﬁak A bR HBES SR RYnd& ARk onal |y
performed in S|tu in the dep05|t|on chanber in a reducing, inert,

pl asma, BEERESEPRt nosphere. Preferably, the anneal i ng terrperat ure is
at |least 400C, I digoperature
is S preferabl %sg?tg%?geo?%tatﬁgﬁs 1 &%ﬁ%?@cﬁ%@ﬁé&ﬁ gﬁﬁ’é’l"g ater than
750C, and égﬁ preveat jnverttionalnd enaficigifent widetviadety 0 € film applications

in semiconductor structures, particularly those using high dielectric materials.

For example, such applications include gate dielectrics and capacitors such as
20 planar cells, trench cells (e.g., double sidewall trench capacitors), stacked cells
(e.g., crown, V-cell, delta cell, multi-fingered, or cylindrical container stacked
capacitors), as well as field effect transistor devices.
A system that can be used to perform an atomic layer deposition
processes of the present invention is shown in Figure 1. The system includes an
25 enclosed vapor deposition chamber 10, in which a vacuum may be created using
turbo pump 12 and backing pump 14. One or more substrates 16 (e.g.,
semiconductor substrates or substrate assemblies) are positioned in chamber 10.
A constant nominal temperature is established for substrate 16, which can vary
depending on the process used. Substrate 16 may be heated, for example, by an
30 electrical resistance heater 18 on which substrate 16 is mounted. Other known

methods of heating the substrate may also be utilized.
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The anneal ing operation is preferably perfornmed for a tine period of at
|l east 0.5 mnute, nore preferably for a tine period of at least 1 mnute.
Additionally, the annealing operation is preferably perfornmed for a tine
period 10Y2Mg0sRat er than 60 m nutes, and nore prefpeBobiod@booa ti me
period of no greater than 10 m nutes, One skilled in the art wll
recogni ze that such tenperatures and tine periods may vary. For exanple,
furnace anneal s and rapid thernmal annealing nay be used, and further,
such anneal s my BetRrpesstrtedurson sranpsitiontsk asidsseritred dlkieig 68 hadisr As

st ated above, gt 0 of form

the present |6r%v§§ts ?6?)&;11 lgfrvggsplgr?g :Tglggll% g‘? S&’L‘gm O%{éqorgéﬁreéﬁpog?ec?%dn fil m
appl i cat i ons sepanatelyiecaonflites 64 ahd 66:t¢ﬂ1edepopxabﬁbﬁamhwlwu§1hg)ser usi ng high
dielectric O 1 8XA0P such appl.i cations jnc]ude gate

di el ectri csnve&%{dég’p%cql For s e weh gé%“ﬂ)‘?”a@?ﬁ%&@’l@ supnlied @leng dipe 42 (e g.
doubl e si dewak hedde@nAnoC@mﬁgd: gams;) whith 3CHRE 8dahS as (6 idert ce&ﬁél%s V-cel I
delta cell, %gultl-fln I|n ri cal container stacked

capacitors), CAsTEEP§ SuR h‘ICI ag%g 1é1¥ef 28 negdeds AS slrw esedesof valvesy&t-8m t hat

can be used %@@ﬁéd}gnmcpdge@g 1grﬂl,eIdayer deposition processes of the
“present invention_ is shown in gure 1. The systemincludes an 25

encl osed vapor deﬁlﬁ‘ffﬂ ﬁl@“@ham@nplmfﬂlemhﬂlfommmaon/(afammdm’gauﬁ@g creat ed

using turboy e, or substrat es 16
(e.g., seni ¢t uct or s&% tﬁ%ﬂ%ﬁeggﬁ&gﬁ&@r}g@@p&%@ﬂw ‘E§?n53?‘81%5| ti oned
in chambéf 1Referdngiomigmar, apaiinatodseinpnha00iRhides abk@hk b SR ifor

ng on the process used, Substrate 16

substrate 16, ich var end]

may be heat e§2PHGF e‘ﬁ%ﬁ%‘l’“eal)éfbgpiﬁ Ot Subsirate 2K) epapledehfost er 18 on
whi ch subst r ak#nplé silkoADMALRHIat £r JG0OWR 5 g the
substrate may al%o be utili zec?l%?r?%V\rD 2007/ Ogggggd% Vﬂ%?aoglé/ 024995 In
this process UhsieedtSortheomsstonenpg 289 P&Bfldﬁééltﬁmbwdﬂﬁkslen acea@05.and/ or 61,

are stored | BokaRaek falRa OEIREEHESREELTROT LODLS) AT vapor i zed and

separately fed along Iines e deposi ﬁber 10 using,
for exahdl eexample, mengstes ar conénctgaty @Bed polyshan Qupgar Z&sﬁﬁcyuolﬂe suppl i ed

I I 7 ee ch is often the sane
gso?ﬁe : Egr i gC&alr ‘;é’iﬁld& @r@&apacfor élegtr&f‘é (ggotg)m electrod\(,a\snho a dlselectnc

layer 240 wh1ch may be formed by methods of the present invention, and a

second capacitor electrode (a top electrode) 250,
It is to be understood that Figure 2 is an exemplary construction, and
20 methods of the invention can be useful for forming layers on any substrate,
preferably on semiconductor structures, and that such applications include
capacitors such as planar cells, trench cells, (e.g., double sidewall trench
capacitors), stacked cells (e.g., crown, V-cell, delta cell, multi-fingered, or
cylindrical container stacked capacitors), as well as. field effect transistor
25  devices.

Furthermore, a diffusion barrier layer may optionally be formed over the
dielectric layer 240, and may, for example, include TiN, TaN, metal silicide, or
metal silicide-nitride. While the diffusion barrier layer is described as a distinct
layer, it is to be understood that the barrier layers may include conductive

30  materials and can accordingly, in such embodiments, be understood to include at

least a portion of the capacitor electrodes. In certain embodiments that include a
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68, may be supplied along line 76 as needed. As shown, a series of valves
80-85 are opened and closed as required. Figure 2 shows an exanpl e of
the ALD formation of netal-containing |ayers of the present invention as
used in anCe%EMi% y capacitor construction. 10 Refe®CIA20060FP%ure 2,
capaci tor construction 200 includes substrate 210 havi ng conductive
di ffusion area 215 formed therein. Substrate 210 can include, for

such as BPSG _is provided over

exanpl e, sil '(fﬁg\ho n_ nfa”' ating, | aysr 260, .

subst rate 218TUGPE RIESHEXE: b HRinetHgT 2 swaiics sleqweda s ingtudet o di f f usi on
area 215. Casidu@ivietarieriset dbtedd® fills contact opening 280, and may
i nclude, for 15 exanple, tungsten or conductively doped pol ysilicon.

Capacitor construction 200 includes a first capacitor electrode (a

bottom el ectr Ode)Tlgigllo@ingieﬁélﬁglg e ogln%x & ar O NOLGH %%u?%egi%r med by
met hods of the present Invention, and a second capaci tor ectrode (a
top el ectY odebaifoents and tschniquse ofithe presnd dnvettitat [Fshguldebe2intiastand,exenpl ary

constructio . of the j.npvention can.,be useful for formng
| ayers on ag@ovge&gggl‘fag{ng;ﬁ §O%?a§1103§a6{18|r90&6 °a§8ﬁ‘8@ﬁﬁg’&ig’?’ ﬂ%quﬂgtur es, and
that such apgtinestskiihia theat tee be GRPEGHIOFcmaSiedwaBinRhedddpe 68hé S, trench

cells, (e.g., double sid |l trench capacitors), stacked cells (e.g.,
crown, V- cel ¥resegEinventiog &ﬁlgﬁ?fﬂr?’ithq‘ﬁc%“e‘?fé > ingentiopys Rtdntprdst tebmt ai ner

stacked capaghf&d§)the &1008hd exdfhpld. Qs Egé%ﬁiedtoﬁl‘?e?ﬂs?,;aw g@nﬂ % ces.

Furthernore, a diffusion barrier |ayer y optiona orred over the
di el ect ri& |shpwp ipthg examplenerg pefcontager Ayrpreeght.i ncl ude Ti N, TaN, netal
silicide, or netal silicide-nitride. Wiile the diffusion barrier |ayer
is described as a distinct layer, it is to be understood that the
barrier layers may include conducEXueMIY Bgterials and can accordingly,
in such enbodi nents, be understood to include at |east a portion of the
capacitor electrodes. In certain enbodinents that include a 24 WO

2007/ 002672 3 200 4 I ion barrier .| a an irety of a
capacitor electro ?ga‘%/‘)%cc%a%reDg%ofﬁ%%tOf ?/éP ‘falrdfﬁ”é‘f}’Z’Fé?r%Pwﬁ%‘g“?it als. The
fol | owi nif exEmmplules! Af-eSrahfeded’ £ uktiteryli k3 s Rf FatanNaRr: ous xspecific 5

erbodi Nt AngyL ekl S Horklls BLETSRL | TVention. T shouldbe

A strontium oxide layer was deposited on bare silicon by ALD using
alternate pulses of the above-described strontium-containing compound (127 °C
bubbler temperature; 154 °C bubbler line temperature) and ozone (Os: 100

20 standard cubic centimeters per minute (sccm) at 11% in oxygen) at a substrate
temperature of 205 °C and a pressure of 10 Torr (1.3 x 10? Pa). Each cycle
included a 2 second strontium precursor dose, a 30 second pump down, a 1
second ozone dose, and a 60 second pump down. The film was deposited using
218 cycles, resulting in an approximately 250 A thick strontium oxide layer.

25
EXAMPLE 2: Atomic Layer Deposition of a Metal-Containing Compound of
Formula I (M=Sr (n = 2); R’ = R’ = tert-butyl; R* = R* = methyl; R = H: x =
2; and z = 0) to form a strontium titanate layer.

A strontium titanate layer was deposited on a physical vapor deposited

30 (PVD or sputtered) Pt substrate by ALD using alternate pulses of water (ambient
bubbler temperature; 50 °C bubbler liﬁe temperature), tetrakis titanium

isopropoxide (60 °C bubbler temperature; 112 °C bubbler line temperature),
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however, that many variations and nodifications understood by those of
ordinary skill in the art may be nmade while renmaining within the scope of
the present invention. Therefore, the scope of the invention is not

i ntended NP W87002673i t ed by the fol |l owi ng exanpl e. Unl epsr/eped/diwe
otherwi se, all percentages 10 shown in the exanples are percentages by
wei ght. EXAMPLES EXAMPLE 1: Atomi c Layer Deposition of a

Met al - Cont ai ni ng Cor‘rEOound of 15 Formula I (M:Sr (n =2); R = RS =
tort-butyl; RZo3e®s: LOGseemyat 11%Ran exygen)y and the abeyedlegeribed ptramiufror m a
stronti um oxi RWEK 1 I oW )0sited on bare
silicon by ALC%ﬁJﬁlsi ng omz;%)lotﬁlg ﬁ’g%ggfgg%g%&é% @f%llgz gg%&l)’gﬂé 1?8%%55‘1'[“”

stront i um cofdBhfnt e enpstratederng@atute of BOOBE end & properab I, Tokbd 3G bubbl er

| i ne tenperatur 3| 03:100 20, standard cubi c, centjneters per

i nut e (scen)lléatq) )a&i@%l? ;aﬁa%é%ée@ﬁlfmgtmc udfal??tf%?f’%“d Vafpsatuidescemd205 ¢ and
a pressurée ofpufi@4lo®aya 1 fooBd HtahmPpre@irsor Bage) ak£1 LsechMEhdhdiedhvwh, 2 second
strontium prfi%gﬁsor .dose, a 30 secon down, a | second ozone dose,

d pu
and a 60 sec SATHURSRRenepmcluieda hareond prsae dese, adP segondp@npycl es,
resul ting in defnaPPiRshdBiati¥mIrSulob i LNk 7 aygr, 25
EXAMPLE 2: Atom ¢ Layer ,Depolsi t%)i?on 8f %ggﬁlﬁglﬁ%%#gpﬁﬁﬁgﬁ&lmﬁ%d of
Fornul a | (Megsle ingluded? fitapiun:sqggences and 1 sirontilm sRpiencdRATTe fitmitagsl ;. R3 = H;

X = 2; and Zempsf iumtitanate re JA.strontium
titanate | aye?p c{/,\S/aésd 1?:?21 O%{O{ngle%tﬁésglﬂ%]ﬁ% ﬁ%aaqprmgﬁely%@d% P’t“@‘cﬁtm%m(l PVD or
sput t er edp Ptitaafedayent e by ALD using alternate pul ses of water (anbient
bubbl er tenperature; 50 C bubbler line tenperature), tetrakis titanium

i sopropoxi de (60 C bubbler tenperature; 112 C bubbler line tenperature),
25 WO 2007/ OBXGAMPEICT) USROG LA 4995si1i 82 §EMEABConRimEEm, oin
oxygen), andgi he above-descri bggﬁ%} rontium goniai ni"%g@coﬁraro%%%g’d (bubbl er
tenperature 6PMW9L BI=FuGLT k R imR T diepearat & & R'of me@yi; & =ol; m=subst r at e
tenperature of 5:200- ) aNRrd NS, Gz Torr (1.3 x 10-2 Pa). Each
titani um sequence in)cl pjg)go_l a 0.5 sec%ﬁg%%é{'er dose, a 15 second 5 punp
down, a 15second fistrentivamtijsnate laysowaiepesitednd a@VIhPsabsfde ppApDdown.

using alternate pulses of ozone (O3: 450 scem at 11% in oxygen), tetrakis

titanium isopropoxide (60 °C bubbler temperature; 110 °C bubbler line
temperature), ozone (O3: 450 scem at 11% in oxygen), and the above-described
strontium-containing compound (bubbler temperature of 105 °C; bubbler line

20 temperature of 123 °C) at a substrate temperature of 208 °C and a pressure of 10
4 Torr (1.3 x 10 Pa). Each titanium sequence included a 5 second ozone dose, a
30 second pump down, a 1 second titanium precursor dose, and a 15 second
pump down. Each strontium sequence included a 5 second ozone dose, a 30
second pump down, a 2 second strontium precursor dose, and a 30 second pump

25 down. Each cycleincluded 1 titanium sequence and 2 strontium sequences. The
film was deposited using 100 cycles, resulting in an approximately 50 A thick
strontium titanate layer that was analyzed to contain approximately 29% Sr and
12% Ti.

30 EXAMPLE 4: Atomic Layer Deposition of a Metal-Containing Compound of
Formula I (M=Sr(n=2); R' =R’ = isopropyl; R? = R* = methyl; R’ = H; x =

2; andz = 0) to form a strontium titanate layer,
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Each strontium sequence included a 5 second ozone dose, a 30 second punp
down, a 2 second strontium precursor dose, and a 30 second punp down.
Each cycle included 2 titanium sequences and 1 strontium sequence, The
filmwas WOSPHIEH usi ng 250 cycles, resulting in an rguprsesticnzossd y 250 A
thick strontium 10 titanate |ayer. EXAMPLE 3: Atom c Layer Deposition of
a Met al - Cont ai ni ng Corrpound of Formula |l (M:Sr (n=2); R =R =
isopropyl; R2 = R4 = neth =H x = 2, and z =0) to forma

;7 R3
strontiumtitanat é sfrgpispm %Il?ﬂatﬁ\l@é’?ﬂﬁ?ﬂﬁfiqu?ﬁiheﬂpaﬁé‘[\@ Phspbstraigby 4&posi t ed on
a PVD Pt ‘s Ubﬁ&ﬁ@&l@en%e @h&s o¥84dhQ (8):1480 R4 bS fﬁsoéqgée(ng zt&%ﬁ%s( 03: 450 seem

at 11 % in oxygen) rakis titaniumisopropoxi ubbl er
t enper at ure; tlt@mmnosmmmxede (69 fie bubtdergempéraimes) | 1020 heb@3ine450 seem at 11

% in oxygen),, crib oStronti [ C ound

((E)ubbl er terrpe % g ?&%é %%6 T?tg#/s]lnr%y%’taé‘ éer%’ ﬁ?ggsS’Flg%‘ZPS O at a

substrateSt estpmltlambn’oatanrhngélﬂn}ﬁuﬁmdawbw &ﬁf{aufaalr@f)f 1d3->C4 bisblér 1nk. 3 X 10-2

Pa). Each t| ani um segﬁ%gﬁ ncluded a 5 second ozone dose, a 30 second
i

punp down, Im SEEBRY ah?r?%s“é%tﬁ FWMHHE 81 21278 5°C apdargisure purrp
down. Each Scbif mﬂTdimzlsﬁﬂ wehps. imaeh Hﬁﬁl%ﬁ(?éue%@@ﬁi@ﬂld@@&’ 9%‘6(% & ‘320

second punp down second strontium précursor dose, second
punp 25 downdosegcH) W@ndepqlmqmealliqunﬂélﬁﬁnm‘ﬂﬂB@qmci@Samddzlétrontl um

sequences. igond hnff 6. d@a%ﬂ%fn%xﬁf&n}’%qﬁ&c&&%lq%ggl Spconi dorte il ! 20

approximately 50 A strontium ana I yzed to
cont ai n Hppr dkserendduympddvitn 2aacbnd 52ehtRim pri&alrEX/WEﬁ,Endla 30sahe Layer

Deposition ofa Mtal- tai.nin udof For mu MESr (n = 2); Rl=
RS =i sopr opy, RE I'«]‘ﬂc.a%ﬂcng:ﬁﬁf C%ggg iYm gequencss a‘éifn]ds"ko“gu@) to forma
strontium tidegodice Thygln waﬁdé@@sl?e%z{n@%@Z%lé%%&i&ﬁ@ﬁl%ww% A

strontiumtitanate | ayer vvas deposited on_a PVD Pt substrate by ALD using
g, Y

alternate puiRPEXimpiel7 00N thisk straninm Hionntalayen Bey wassepkyeed to coteinaki s

titani um i sogpeRexhie 1(9@931 Grawhb) gy tenperature; 110 C bubbler Iine
tenperature), ozone ? 450 scorn at 11 %in oxygen), and the

above- dekxribed 5 strontl um cont ai ni ng conpound (bubbl er tenperature of
105 C bUbblﬁkAMljl% 5: Atomic Layer Deposition of a Metal-Containing Compound of

FormulaI M=Sr(n=2); R' =R’ = tert-butyl; R> = R* = methyl; R> = H; x =
2; and z = 0) to form a strontium titanate layer.
A strontium titanate layer was deposited on a PVD Pt substrate by ALD
20  using alternate pulses of ozone (Os: 450 sccm at 11% in oxygen), tetrakis
titanium isopropoxide (60 °C bubbler temperature; 90 °C bubbler line
temperature), ozone (O3: 450 sccm at 11% in oxygen), and the above-described
strontium-containing compound (bubbler temperature of 136 °C; bubbler line
temperature of 153 °C) at a substrate temperature of 200 °C and a pressure of 10”
25  *Torr (1.3 x 10 Pa). Each titanium sequence included a 5 second ozone dose, a
30 second pump down, a 1 second titanium precursor dose, and a 15 second
pump down. Each strontium sequence included a 5 second ozone dose, a 30
second pump down, a 2 second strontium precursor dose, and a 30 second pump
down. Each cycle included 2 titanium sequences and 1 strontium sequence. The
30 film was deposited using 250 cycles, resulting in an approximately 200 A thick
strontium titanate layer that was analyzed to contain approximately 21% Sr and
19% Ti.
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tenperature of 137 C) at a substrate tenperature of 212-215 C and a
pressure of 10"4 Torr (1.3 x 10.2 Pa). Each titanium sequence included a
5 second ozone dose, a 30 second punp down, a | second titanium
precur sor YOYRT0367d a 15 second punp down. Bach stronPCUHS0eu2¢996 €
included a 5 second ozone dose, a 10 30 second punp down, a 2 second
stronti um precursor dose, and a 30 second punp down. Each cycle included
2 titanium sequences and 1 strontium sequence. The filmwas deposited
usi ng 250 cycles, resulting in an approximately 100 A thick strontium

titanate | ayeEXANPLERS4BAR NAedD I I %,Sr and 21
% T 15 EXANELE DLbaAnaR MEED: ngzg?tfof 4 et G OUnilE ?%%‘t”é’ﬁ%n' ng

aye
Cormpound of SR ILM=S NieSrI){ R = RO Y= tebuty; 6 =Rt srethpiit §l= HR2 == R4 =

met hyl ; R3 = H,,.x :2022;0((9)9,;1 - forma strontiumtitanate |ayer. A
strontium titanat e Igl ol was é%np%t%t%?:fzr%{‘\zy%{"P VD Pt substrate by ALD 20

using al térnate pul Semtion ttamtedayedd 3as d5dsseioon APV Pt ¥olisfaeby QgD |
tetralis titaniu;pi er, tenperature; 90 C bubbl er

sopropoxi de (60 C bubbl . .
line tenperaturé m%?é’ﬁ%%@?@ﬁ%@% Orsegp 2% 41%q1 oxsEegeHekis and t he
above- descr i higghiurs i5opRipbxitle CAIMCRHUBLRE aPRRARE D 5(UhBbRE 1henper at ure of
136 C, bubbler |ine PﬂJtprrperature of 153 ¢ at a substratle t enper at ure of

te
200 C and a pFBREYPES).GrongtOsp8pOscamat 116 31 exypen)ammkthe alRwetdesdribedi um
sequence i nclg4g@fing : ' ) down, a 1
second ti tanisum pr egﬁ}tilg@gggrgg?ﬂgﬁ(g&%?%%e@géﬁgrg%?ggér]rgc’g’gl\f\qn& S Edch
st ront i uriVs ederapreaiviend|l GHAQ) a abubweiricnpaane of82e °C an® preseeoc opunp

down, a 2 sea r O I rsor dose, .and 30 second down.
Each cycle i nglragrgé X(Z){q iIlt’él ‘nlgﬁc;?ﬁ%él{%rﬁﬁ%ﬁﬁaé’?méeﬂaaﬁd%tar%?WP‘EF?H@@EH%C%. The 30
filmwas depdfisteddpsinpgoRhla L yebedtitafi@siréduf@r HoseaihdaPry Ruédmt el y 200 A
thick strontiumti ta%ate | ayer that was anal yzed to contain

appr oxi mat el YU3P doFv8, Eachstropgypppquenee ‘WW FoomozopeEpgspd6/ 024995

EXANPLE 6: Al phity @bwRapDsdchidfronfiug plehabs &R0t Alnis d_of
Formula I _(M=Sr (ﬁ :12‘2)' R = R5_:.te1rlt-pbutyllg RZ = R4@%e%eﬁtaﬁjgﬁ? R3 = H,
x = 2; and z dewp) Epch gyisferineludsdrigienivmsequeaseeand 1l srpetivm sequence. The

film was deposited using 300 cycles, resulting in an approximately 200 A thick

strontium titanate layer that was analyzed to contain approximately 29% Sr and
12% Ti.

20 The complete disclosures of the patents, patent documents, and
publications cited herein are incorporated by reference in their entirety as if each
were individually incorporated. Various modifications and alterations to this
invention will become apparent to those skilled in the art without departing from
the scope and spirit of this invention. Tt should be understood that this invention

25  isnot intended to be unduly limited by the illustrative embodiments and
examples set forth herein and that such examples and embodiments are presented
by way of example only with the scope of the invention intended to be limited

only by the claims set forth herein as follows.
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5 Astrontiumtitanate | ayer was deposited on a PVD Pt substrate by ALD
using alternate pul ses of ozone (03: 450 seemat 11% in oxygen), tetrakis
titani um i sopropoxi de (60 C bubbler tenperature; 95 C bubbler Iine

t enper at uMé) 20089BAB (03: 450 seemat 11 % in oxygen), BOTVUSI886/024995
above-descri bed strontium containing conpound (bubbler tenperature of
136 C, bubbler line 10 tenperature of 151 C) at a substrate tenperature
of 220 C and pressure of 10- ' Ton (1.3 x 10-2 Pa). Each titanium
sequence incf@@@dsgwﬁkéé%ond ozone dose, a 30 second punp down, a 1
second titani um precursor dose, and a 15 second punp down. Each
strontium sequence included a 5 second ozone dose, a 30 second punp
down, a 2 seclorftimsthodef foringreanerkentduselayanth asubfirae condethodrp 15 down.
“Each cycle iqgh#ggg_l titani um sequence and | strontium sequence. The
filmwas deposi ed’%éing 300 cycles, resulting in an approximately 200 A
thick strontium tprdvadiag ®sdbayse; t hat was anal yzed to contain
‘approximately 29% Sr.,and 12% Ti. 20 The conpl ete di scl osures of the
patents, patent dBEq}’Hg?ﬁ 3 VaDoR OIRKIG & Resime cempeigndindiths fermyla

‘i ncorporated (Bynfu®f Brence in their entirety as if each were individually
‘incorporated. Various nodifications and alterations to this invention

wi || becone apparent to those skilked Rh the art without departing from
the scope and spirit of this inventNonl] It should be understood that this
invention 25 is not intended to,be ¥ limted by the illustrative
enbodi ments and exanpl es set K here%gMﬁfdmtxhat such exanpl es and
enbodi ments are presented y way o anple only with the scope of the

invention intended to be limted Rénly‘by the clains set forth herein as
follows. 28 WD 2007/ 002672 PCT/ U82006/%24995 What js clained is: 1. A
nmet hod of formng a netal -containing |ayer on a substrate, the nethod
conprising: providing a substrate; providing a vapor conprising at |east
one conpound of the fowhabia: (Fornmula 1): R2 R

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal,;

z is from 0 to 10;

x is from 1 to n; and

each R!, R% R®, R* and R%is independently hydrogen or
an organic group;

providing at least one reaction gas; and

contacting the vapor comprising the at least one compound of Formula I
with the substrate to form a metal-containing layer on at least one surface of the
substrate using an atomic layer deposition process comprising a plurality of

deposition cycles.

2. The method of claim 1 wherein each R!, R?, R®, R*, and R® is independently

hydrogen or an organic group having 1 to 10 carbon atoms.
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R3 CN ( MyzLhn-X N X R4 RS wherein: Mis selected fromthe group
consisting of a Goup 2 netal, a Goup 3 netal, a Lanthanide, and

conbi nati ons thereof; each L is independently an anionic |ligand; each Y
i s i ndepeM@0TY2d2neutral |igand: n represents the VRUBH®E0#R#E of the
metal; z is fromO to 10; xis fromito n; and each R, R2, R3, R4, and
R5 i s independently hydrogen or an organic group; providing at |east one
reaction gas; and contacting the vapor conprising the at |east one
compound of Formula I wth the substrate to forma netal -contai ning

| ayer on at leagfe nieoddficladng wHerdihR! =Ribglartegisi ng an atomc | ayer
deposition process conprising a plurality of dep05|t|on cycles. 2. The
met hod of claiml1 wherein each R, R2, R3, R4, and R5 is independently

hydr ogen or i_t rbon atons. 29 WO

2007/ 002672 %cﬁu%g%’g/ c““vg%ﬁ iy I%Prg l?cl aim| wherein R = R5,
and R2 = R4. 4. The nethod of claim3 wherein R = R5 = isopropyl. 5.
The net hod of ai m.3 e S =stert- butyI 6. The net hod of
clai m 3 wher e ﬁjhﬁ?’e‘ﬂwﬁf {%Bﬁmml%ﬁd B3 <2entrbutyy. The method of clai m 6
wherein R = R5 = isopropyl. 8. The nmethod of claim6 wherein RL = RS =

tert-butyl. 9. The method of claiml anreln one or, nore of the follow ng
apply: Rl is 6 Themethod of claim 3 wherein R = methyl, and R* = H.

7. The method of claim 6 wherein R! = R’ = 1sopropyl.
8. The method of claim 6 wherein R! =R’ = tert-butyl.

9. The method of claim 1 wherein one or more of the following apply: R’ is
different than R®, or R* is different than R*,

10. The method of claim 9 wherein R' = isopropyl, and R® = tert-butyl.

11. The method of claim 9 wherein R* = R* = methyl, and R® = H.

12. The method of claim 11 wherein R! = isopropyl, and R® = tert-butyl.

13. The method of claim 1 wherein at least one L is independently selected from
the group consisting of a halide, an alkoxide group, an amide group, a
mercaptide group, cyanide, an alkyl group, an amidinate group, a guanidinate
group, an isoureate group, a B-diketonate group, a p-iminoketonate group, a p-
diketiminate group, and combinations thereof.

14. The method of claim 13 wherein the at least one L is a -diketiminate group

having a structure that is the same as that of the B-diketiminate ligand shown in

Formula I.
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different than R5, or R2 is different than R4. 10. The nethod of claim?9

wherein R = isopropyl, and R5 = test-butyl. 11. The nethod of claim?9
wherein R = R4 = nethyl, and R3 = H 12. The nethod of claim 11l wherein
R = i sopwopee7/002672l RS = tort-butyl. 13. The net hod ofP@/ed2men24aper ei n at

| east one L is independently selected from the group consisting of a
hal i de, an al koxi de group, an amde group, a nercaptide group, cyanide,
an al kyl group, an am dinate group, a guanidinate group, an isoureate
group, a ] 3- dbk&hemathed gf daix 1 hwhesimthnalesoommtleisgriodisstiminpte ggiuget i ni nat e
group, and c nbl nat ons e t f clai rein the
at | east one r?ftucffa ﬁlj[ ‘ﬁ&eter]fﬂfhan Paeco UPailkghmﬁltaélg?%drg%l\é? is the
sanme as that i@FoﬂﬂmLS di l ketimnate Ilgand shovvn in Formula I. 30 WD
2007/ 002672 PCTUUS2006/ 024995 15. The nethod of claim 13 wherein the at
|l east one L is a (3-diketimnate group having a structure that is
different thag, frhéthle%dto@aain?)iWh%ﬁlﬂéﬂlé&@tt&elya%eﬁc@@mth@grlaeprml al. 16,
The nethod of claiml wherein at |least one Y is selected fromthe group
consi sting ofcomfwagbﬁmyﬂtrbma’l,rﬁ Ritresyls|ammanifp A ANINENNIEREHe 2 PAYSPRBGen, a

hosphi ne, I r conbi nati ons t her eof .
5)7 ‘Fl)'he met hdi aﬁf’ﬁ@r‘%‘tﬁ% Wgrrgfunénf %W&E&F%glg{}stgrg\%greactl on gas is
selected from the group consisting of oxygen wat er vapor ozone,

al cohols, nitro i des,, . sul fur i des dr oge sul fide,
hydr ogen sel éHi gﬁ %8838%“? Sfhetrin %‘8aﬁﬁéﬁaf’%“gfé’ﬁat?8r%§<i/s @#8% a;
organi ¢ am nehe GbPesisBhSof XYLen, Riaghh @spor,zbie) @Rohdlk, bﬂf@@ﬁoxﬂb@smﬁ air,
and conbi nations thereof. 18. The nethod of claim 1 further conprising

provi ding a vabsroxadssrEeay hydrogepadtide hudragan-elenidat idMETH compound
different thag uﬁ%rﬁyd gkn ga%deoa%ﬁ&ﬁa BekantciniNA RPncC AR Shiik- t he at

| east one rreta con conpound di'fferent tRan Formula T with the
substrate. 1%ilamEhglieetepdlagha,ciradnd cognbiviatipes therebie net al  of the at | east
one netal - containing conpound different than Formula |I is selected from

the group consisting of Ti, Ta, Bi, H, Zr, Pb, Nb, My, A, and
conbi nat i ons 18haheeafethod of claim 1 further comprising providing a vapor comprising at

least one metal-containing compound different than Formula I, and contacting
the vapor comprising the at least one metal-containing compound different than

Formula I with the substrate.

19. The method of claim 18 wherein the metal of the at least one metal-
containing compound different than Formula I is selected from the group

consisting of Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations thereof.

20. The method of claim 1 wherein the metal-containing layer is selected from
the group consisting of BaTiO3, SrTiO;, CaTiOs, (Ba,Sr)TiO;, StTaxO,
SrBiyTa,09 (SBT), SrHIO;, StZrO;, BaH{Os3, BaZrOs, (Pb,Ba)Nb2Os,
(S1,Ba)NbyOg, Pb[(Sc,Nb)o.s75Ti0.425]O03 (PSNT), Lay03, Y203, LaAlOs, YAIQ;,
Pr,03, Ba(Li,Nb)1,403-PbTiO3, Ba(0.6)Sr(0.4)Ti03-MgO, and combinations

thereof.

21. A method of manufacturing a semiconductor structure, the method

comprising:
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20. The nethod of claim 1l wherein the netal-containing |ayer is selected
from the group consisting of BaTi O3, SrTi(O3, CaTi (3, (Ba, Sr)Ti 03,
SrTa206, SrBi2Ta2( (SBT), SrH 03i SrzZr(03, BaHf O3, BaZr 3, (Pb, Ba) Nb206,
( Sr, Ba) No¥E00HYEESc, Nb) 0. 575Ti 0. 425] 03 (PSNT), La203, POAIZUR006/03499803,
YA1Q3, Pr203, Ba(Li,Nb)1i403-PbTi G3i Ba(0.6)Sr(0.4)Ti B3-Mw0O, and

conbi nations thereof. 21. A nethod of manufacturing a sem conductor
structure, the nmethod  conprjising: 31 WO 2007/002672 PCT/ U32006/ 024995
provi di ng a seni c¥FIidinS? sepipendugionsubstrae pstubsitate agsemblyl v; provi ding a
vapor conprisin : &E@? rpula 1) R R
I I03 R - rr;) - MYz Lg- %}Odlﬁﬁ%g X%Eﬁ %%&é%%t éﬁ%ﬁﬁgggﬁg cgé}tléefépﬁpﬁgm t he group
consi sting of(Fan@aDp 2 netal, a Goup 3 netal, a Lanthanide, and

conbi nations thereof; each L is indepeggently an anionic ligand; each Y
i s independently a neutral |igandg? n presents the val ence state of the
metal; z is fromO to 10; x is from1lto n; and each Rl, R2, R3, R4, and

R5 is independently hydrogep ors a rgani up; providing a vapor
coMekan
5

conprising at | east one netal-Contaxln
|

r* R
)
wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand,;

each Y is independently a neutral ligand,

n represents the Valence state of the metal;

z is from 0 to 10;

x is from 1 to n; and

eachRY, R?, R}, R* and R’ is independently hydrogen or
an organic group;

providing a vapor comprising at least one metal-containing compound
different than Formula I; and

directing the vapor comprising the at least one compound of Formula I
and the vapor comprising the at least one metal-containing compound different
than Formula I to the semiconductor substrate or substrate assembly to form a
metal-containing layer on at least one surface of the semiconductor substrate or
substrate assembly using an atomic layer deposition process comprising a

plurality of deposition cycles.

22. The method of claim 21 wherein each R’, R%L R, R and R%is

independently hydrogen or an organic group having 1 to 10 carbon atoms.

32



different than Formula I; and directing the vapor conprising the at |east
one conpound of Formula | and the vapor conprising the at |east one

nmet al - cont ai ni ng conmpound different than Fornmula Ito the sem conduct or
subst r at eV6}2087H3¢Rat e assenbly to forma netal - cont abli/ugpodeapens on at

| east one surface of the sem conductor' substrate or substrate assenbly
using an atom c | ayer deposition process conprising a plurality of
deposi tion cycI es. 22. The nethod of claim21l wherein each R, R2, R3,
R4, and R5 | &3 ihaapdindericlam Ry dirdge aoraprisine mrevidineet lsaope Fradtiong 1 to 10
carbon atons.,,;32 WO 2007/ 002672 PCT/ US2006/ 024995 23. The net hod of
claim21 further conprising providing at | east one reaction gas. 24. The
nmet hod of claim 23 wherein the at | east one reaction gas is sel ected

i 17 ogen oxi dos 1 Hedistieio o & VARt U oo DR ith gl fisBeceRy or bgen

sel eni de, hyd“fcmgen “telluride, hydrogen peroxi de, ammoni a, organi ¢ am ne,

si | ane, dISI| gher., sjl anes, diborane, plasm, air, and
combi nati ons %@PBP)FOHS@Bng YRS, ST §APCE] QFPoRe, 2B ohplpmairegensidas, | east one

reaction gas shBumSgi®s!BAro fgﬁ in?diio@%n &boh?&*ﬁgéﬁieie%eq{,%’df’fggﬂe and oxygen.

26. The nethod of claim2f whérein cont al ni yer is a netal
oxi de | ayer .telpride frydragen herdxige, aa;rlrawma,mgmemmn@ stlire, duelﬂemle ligindrai ni ng

| ayer has a th lﬁFnd?&sfn hlagin agr ogabgl ﬁ?@ﬁ%@rﬁ? t hod of cI aim 21

wherein the rre con | ay | ayer. 29. The net hod
of claim 21 wherei n the nmet aI of the at |east one netal - containing
el ected fromthe group consisting

conmpound di ff mu
of Ti, Ta, Bi%> gt QI@ECMNBE?WE‘“%" e 3 lgAst oRATRRAAICR BASISERlESted! . 30. The
met hod of cl ai'olfﬁﬁggvmrc@hﬁstﬁqg%fﬁﬁrﬁbnggﬂ}g@h'm ng layer is selected from

26. The method of claim 21 wherein the metal-containing layer ié a metal oxide

layer.

27. The method of claim 21 wherein the metal-containing layer has a thickness
of
1A to500A.

28. The method of claim 21 wherein the metal-containing layer is a dielectric

layer.

29. The method of claim 21 wherein the metal of the at least one metal-
containing compound different than Formula I is selected from the group

consisting of Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations thereof.

30. The method of claim 29 wherein the metal-containing layer is selected from
the group consisting of BaTiOs, SrTiOs, CaTiOs, (Ba,Sr)TiOs, SrTa,04,
SrBi;Ta;O9 (SBT), SrHfOs, SrZrO3, BaHfO3, BaZrO;, (Pb,Ba)Nb, O,
(Sr,Ba)Nb,Og, Ba(Li,Nb)403-PbTiO3, Ba(0.6)Sr(0.4)Ti03-MgO, and

combinations thereof,
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the group consisting of BaTi 03i SrTi O3, CaTi O3, (Ba, Sr)Ti03, SrTa206,
SrBi 2Ta2® (SST), SrH 03, Srzr03, BaH O3, BaZr 3, (Pb, Ba) Nb206,
(Sr, Ba) Nb206, Ba(Li, Nb)11403-PbTi O3, Ba(0.6)Sr(0.4)Ti B3-MWM0O, and

conbi nat i VP20 HWRERT .

33 WO 2007/ 002672 PCTI US2006/ 024893US2806/02408& net hod

of claim 21 wherein during the atom c | ayer deposition process, the

net al -contai ning | aye

r is formed by alternately introducing the vapor

conprising the at | east one conpound of Fornula | and the vapor
conprising the at |east one netal-containing conmpound different than

Formul a | durdingyeaehoddgeRsh b %eﬁxfd&m aténmléﬁgg?@fsnﬁﬁg%@&tu“ ng a

sem conduct or structu

re, the nethod rising:

sem conduct orthembigi-ecntaniog layatis forated baslftemibly imrdducing dlre vagbomi ¢ | ayer

deposi tion ch
the formul a ?g@“ﬁﬂ%

ot R PR 58 GBI,

sel ected frontcag oge aispl-contsinBigicogpoindali FerentPhah dehml duﬁn&éwlp 3 netal,

a Lant hani de, and co

ngl nations thereof; each L is independently an
anionic |i garﬁiﬁ POSIIORqYCe: i s i ndependently a neutral ligand; u represents
the val ence state of the nmetal; =z is fromO to 10; x is from1 to n; and

each R, R2, R3, R4, and RS is independently hydrogen or
32. A method of manufacturing a semiconductor structure, the method

comprising;

providing a semiconductor substrate or substrate assembly within an

atomic layer deposition chamber;

providing a vapor comprising at least one compound of the formula

(Formula I):

provid
different than

1

R2
|
. N
( R (——)—MYZL,,_X
N/
RY s

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof:

each L is independently an anionic ligand;

each Y is independently a neutral ligand,

n represents the valence state of the metal;

z is from 0 to 10;

X is from 1 to n; and

eachR', R R* R* and R is independently hydrogen or
an organic group;

ing a vapor comprising at least one metal-containing compound

Formula I;
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an organi c group; providing a vapor conprising at |east one

net al - cont ai ning conpound different than Fornula I; 34 WD 2007/ 002672
PCT/ US2006/ 024995 directing the vapor conprising the at |east one
compound WO 28674474 1to the senmi conductor substrate orPGIBRIICHR®IRSSEND] Y
and allow ng the at | east one conpound to chem sorb to at |east one
surface of the sem conductor substrate or substrate assenbly; and
directing the vapor conprising the at |east one netal -containing
conpound di f f er entdire¢iing thesyapor eomprisingtiks af dewstoameganpomdsefFormualad tor

substrate aspahlidondidoAlb@hag Gl SRS L IHAIPAY AL LT ent than

Formula Ito chem sor east one sur sem conduct or
substrate or Cgmpsundeto ehenaiserb b htyledsbordesurface ofelicedentantiadctod substtayar on at
| east one sursfﬁgr teQ e}]%? S?ih m conductor substrate or substrate assenbly.
33. The net h8d of crarm 32 herei n each Rl, R2, R3, R4, and RS is

i ndependent |y hydﬂﬁgﬁﬂng(ﬂﬁe@@oﬁo@i}ﬂsﬁaggﬁe(wnbambﬁ}ggta{l cbﬁtaﬂﬂ%g:ar bon at ons.
34. The nethod of clajim 32 further corrpr|5| ng provi ding at | east one

‘reaction gaSomperndeiiferaalthand asnulalde thesemigpadustos sestrateor sepstrale vapor
conpri si ng t hgeAbly a‘%@%ﬂowﬁ@%&ﬁ %}% cgfn gﬁfd’ﬂfff&eﬁttﬂar}ﬁ%nﬁﬁm ggonduct or
substrate or substrate assenb an P

ectin e vapor conprising the
at | east one Ch@tlmrbé@mlaﬁshpmﬁgﬁur QﬂnfthImhoﬁlﬂmtmbﬂmﬂ%ubmaka lto the

R i e o
sem conduct osemisoBitoatwbstrate stibdktiat essagblgnbly is 25C to 400C. 37. The

nmet hod of claim 32 wherein the atom c | ayer deposition chanber
contai ning the sem conductor substrate or substrate assenbly has a

pressure of 310784 @ethod oBclinl THRALMQRaIOR ORE (R, BX JL,ORPS) - 38. The nethod
of claim32 further conprising purgi ng excess vapor conprising the at

| east one coisERFRdeBEY InEFoash 8T wn ¢rganic gloup Hepes| td Yhearbedens. 35

34. The method of claim 32 further comprising providing at least one reaction

gas.

35. The method of claim 32 wherein directing the vapor comprising the at least
one compound of Formula I to the semiconductor substrate or substrate
assembly, and directing the vapor comprising the at least one metal-containing
compound different than Formula I to the semiconductor substrate or substrate

assembly, are repeated at least once.

36. The method of claim 32 wherein the temperature of the semiconductor
substrate or substrate assembly is 25°C to 400°C.

37. The method of claim 32 wherein the atomic layer deposition chamber
containing the semiconductor substrate or substrate assembly has a pressure of

10” torr (1.3 x 10 Pay to 10 torr (1.3 x 10° Pa).

38. The method of claim 32 further comprising purging excess vapor

comprising the at least one compound of Formula I from the deposition chamber
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WO 2007/ 002672 PCT/ US2006/ 024995 after cheniisorption of the conpound
onto the sem conductor substrate or substrate assenbly. 39. The nethod
of claim 38 wherein purging conprises purging with an inert gas. 40. The
met hod of WOI2ZA0M03T2wherein the inert gas is sel ected frams2be/ogsesip
consisting of nitrogen, helium argon, and m xtures thereof. 41. A nethod
of manufacturing a nenory device structure, the nmethod conprising:

provi ding a substrate having a first el ectrode thereon; providing a vapor
conpri si ng atafteiedhemisongion@ffeiohpotind duto the sermicenduckosmhstrateloy: R2 R 1 3
R Myzl - wherein: Mis selected fromthe group
conS|st|ng ocmkﬁ%?gh%mgﬁ§netal a Goup 3 netal, a Lanthani de, and

conbi nati ons thereof each L i s independently an anionic |ligand; each Y
i's |ndependenbl tr I gg g n represents the valﬁlce state of the
met al zis % Iai%n WEPTSIA PETEIBE FOMBEGS Byginewith ginetky R4, and
R5 i s indepe @ntly hydrogen or an organic group; 36 WO 2007/002672

PCT/ US2006/ 024995

40. The method of claim 39 wherein the inert gas is selected from the group

consisting of nitrogen, helium, argon, and mixtures thereof.

41. A method of manufacturing a memory device structure, the method
comprising:
providing a substrate having a first electrode thereon;

providing a vapor comprising at least one compoﬁnd of the formula
(Formula I):

MY, Lo«
X

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;

x is from 1 to n; and

eachR!, R, R®, RY and R’ is independently hydrogen or

an organic group;
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contacting the vapor conprising the at |east one conpound of Formula I
with the substrate to chem sorb the conpound on the first el ectrode of
the substrate; providing at |east one reaction gas; contacting the at
| east oneWP2A¥TWHI2gas with the substrate having the ROITEFR2806/0BAES

conpound thereon to forma dielectric layer on the first electrode of
the substrate; and formng a second el ectrode on the dielectric |ayer.
42. The nethod of claim4l wherein each R, R2, R3, R4, and R5 is

i ndependent | y hydfeesiing theaveper epmmitising tha as lessianegompeundid Forrwad at ons.

43. The met oy Ghe Glnidfh tlonealfl e bfipdABN HOARI LiskRls bPggat | east one
ormula | further g g i

conpound of conprises a nonreactive gas. 44. The net hod
of claim43 whistrefen t he nonreactive gas is selected from the group

consisting of nitrg ?dﬁ?%%%a%%%ﬁ?%ﬁﬁlggﬁand m xtures thereof. 45. The
u 0

met hod of cl ai m 48" t ovi di ng a vapor conprising at

| east one met al - costadting g £ CARMAB deadiidd Siseth thaibstrae MiNiAg the and
contacting the ,vagor conpri st ng t he at east one netal -cont ai ni ng

conpound di f CRFRIERTPEHEHIPOEBE fhFrean o firmp ditlectde ey oy the firp electrode

of the substrate; and

forming a second electrode on the dielectric layer.

42. The method of claim 41 wherein each R, R%, R®, R* and R’ is

independently hydrogen or an organic group having 1 to 10 carbon atoms.

43. The method of claim 41 wherein the vapor comprising the at least one

compound of Formula I further comprises a nonreactive gas.

44. The method of claim 43 wherein the nonreactive gas is selected from

the group consisting of nitrogen, helium, argon, and mixtures thereof.

45. The method of claim 41 further comprising providing a vapor comprising at
least one metal-containing compound different than Formula I, and contacting
the vapor comprising the at least one metal-containing compound different than

Formula I with the substrate.
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