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PREPARATI ON OF LANTHANI DE- CONTAI NI NG PRECURSORS AND

DEPCSI TI ON OF LANTHANI DE- CONTAI NI NG FI LMS Backgr ound
w@e@oaiosvhe serious chall enges the industry faPE€BUSEI09/046443

devel opi ng new gate dielectric materials for Dynam c

Random Access Menory (DRAM and capacitors. For

decades, silicon dioxide (SiQ2) was a reliable

di el BRERARABIONGF LANEHANIDE-CONT AINING RRECURSORS

£ anci 40 o REiBR oA HAWDE BN TANIRG Fis
reliability of the Si O2-based gate dielectric is

reaching its physical limts. The need for new high
di el ectric constant natdBackgrador ocesses is

i ncr i and .becom nore and nore critical as the

si zeésgroqgn? rehPye &Pﬁ'ﬂ%ﬁ‘%eg%/&]es'” Hﬁ%%’ﬁ‘?&. lsl\nglveloplng new gate
digRieeiat mansiald Rfl tRmanieeRankdbih PAS&EsOMemory (DRAM) and

| ant hani de-contai ning naterials are thought to give

canagiprs. daitdecgdlant sijeen idioxide 48iQarwas sowfiableddietectric, but as

i | di. tri ter] ) vert hel ess, «
eBRINER 218 o HBL GRS, SR BT DGR fom 5
tratididtor td tMatatl GaeayHIGH-RT irahsigiods, 1he ¢lsRiRy af the SiO,-based gate

increasingly needed. For instance, atomc |ayer _
diglestig isireaching iy nhwsicablmits JE neee foraevahighmshislectiin constant
mbhérfé# T I8LaYLdy fseﬁlaﬂéééﬂ?%fa% Bgc%rrrﬂﬁéerﬁ{)rreoﬁh& ore critical as
manuf acturing, relyling on sequential and saturating
theusizac éor eacenbrisciofiolagy eisnghiinidhy. apydw edeipsrations osfs oxides

ted by i t s, purging, The surface-controlled .
eSRELHIE Besat poBnBMBencRENBHINg STatRRlS fAPrdnaHaNing give

sighiflbaroRHQERRIGES Y irf Nh g4I thQkdY écﬁg@éﬂeh e é&ﬁ\}&[sﬁ‘ibﬁal dielectric

hi ckness control. The need to el op new AL
mptesiedssses for rare earth materials is obvious.

Unf tel h f i.nt t.i f d

R, A 00T bk S0 P Rl FRAHIES: anc
neWenatbAgIs@’ PlocBBEES HiemopsasingIPineabiby. PHOREREe, atomic layer

bet a- di ket gnat es and cycl opentadi enyls. The forner

dengsition @i Rdwmobaer identiéiedimsean upoktaet i film grpwthnteshnique
o HBHIRERR S e B ol DT, PS5 St spurang surcs
reptiédrisndich &frnatilelly applied precursors, separated by inert gas purging. The
surface-controlled nature of ALD enables the growth of thin films having high
conformality and uniformity with an accurate thickness control. The need to
develop new ALD processes for rare earth materials is obvious.

Unfortunately, the successful integration of compounds into deposition
processes has proven to be difficult. Two classes of molecules are typically
proposed: beta-diketonates and cyclopentadienyls. The former family of
compounds is stable, but the melting points always exceed 90°C, making them
impractical. Lanthanide 2,2-6,6-tetramethylheptanedionate’s [La(tmhd)s] melting
point is as high as 260°C, and the related lanthanide 2,2,7-
trimethyloctanedionate’s [La(tmod)s] melting point is 197°C. Additionally, the
delivery efficiency of beta-diketonates is very difficult to control. Non-substituted
cyclopentadienyl compounds also exhibit low volatility with a high melting point.

Molecule design may both help improve volatility and reduce the melting point.
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point is as high as 260 C, and the rel ated | ant hani de

2,2,7- trinmethyl octanedionate's [La(tnpod)s] nelting
w@eiont49332 197C. Additionally, the delivery effPCi/Esmg9/046443

of beta-di ketonates is very difficult to control.

Non- substituted cycl opentadi ényl conpounds al so

exhibit low volatility with a high nelting point.

HMeoek lig pissdsgroomaitionet thdsel dadgurr snRardlai havd Be@@roven to
reduce the nelting point.However, in process _
hauntmiteense. Fredstances $86P6EP hetassi rotsaliewven Hdéhregime above
zgige@/en to have limted use. For instance, La(JPrCp)3
oes not allow an ALD regi ne above 225C. Sone of the

| ant Baimiedsf henhaihaini:-psalnir predtiisdre rduriendy aiviafibble present
present many drawbacks when used in a deposition )
Mgny Eawbagky Whest usre In £ dRpqsitianearqegss Al instance, fluorinated

. - t. i .
R 1030800 BB o8 PEBSOHNEL TS procuct i
krizomrs &xjbe wiffigylt tohrermeovexi sts a need for alternate

f it f | ant hani de- t ai nj
P hec 6ﬁ§org+}%&s I&, t%‘%g%se%@tsgan Héﬁgifq?{n%{}eg%teeprggtrj]rsglrsn#orr]%eposition

of 1aRtAN AR Mg precursors of the general

fornmul a: Ln(Rl(E%%n(RZ-I\I—C(R@:I\I-RZ)n, wherein: - Lnis
a | anthani de netal having an ionic radius from
approximately 0.75 Ato aggroxi mately 0.94 A a 3+
charge, and a coordinati on"MM# of '6; - RL is

sel episefbsbH daréiReare1amtBasiaBdontdinBgPreEL@BE: & the-deperal
al kél chain; - R2 is selected fromthe group
‘S

fos®HE: sting of H and a Cl1-C5 al kyl chain; - R4 is
and m range 1 rom EAe P NCHRER GV sor has A
whetdin:ng poi nt bel ow approxi mately 105 C. The di scl osed
| ant hani de- cont ai nj ng precursors. nay optionally .
i ncluddén is alanthanide metal having an ionic radius from approximately
0.75 A to approximately 0.94 A, a 3+ charge, and a coordination
number of 6;
- R'is selected from the group consisting of H and a C1-C5 alkyl chain;
- R?is selected from the group consisting of H and a C1-C5 alky! chain;
- R*is selected from the group consisting of H and Me;
- nand mrange from 1 to 2; and
- the precursor has a melting point below approximately 105°C.
The disclosed lanthanide-containing precursors may optionally include
one or more of the following aspects:
- Ln being selected from the group consisting of Lu, Gd, Tb, Dy, Ho, Er,
Tm, and Yb.
- Ln being selected from the group consisting of Er and Yb.
- R’ being selected from the group consisting of Me, Et, and iPr.
- R?being selected from the group consisting of iPr and tBu.
Also disclosed is a method for depositing a lanthanide-containing film on a
semiconductor substrate, the method comprising:

a) providing a substrate,
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one or nore of the follow ng aspects: - Ln being

sel ected fromthe group consisting of Lu, Gd, Th, Dy,
wWOR00B1493T2In  and Yb. Ln being sel ected from t hePQr/osgw09/046443

consi sting of Er and Yb. Rl being selected fromthe

group consisting of M, Et, dnd iPr. - R2 bei ng

sel ected fromthe group consisting of iPr and tBu.

Al sopyli schrsgfing theadigBlbbed Idhasigee®ntdiRiigdrecursor and

| ant hani de-containing filmon a sem conductor

subs€) at edeponitingg hmdhaadprdostaigingdimproihediubgtrate.

" ant R ekl BKRAT Al BBIPATR B7G8e prgydupte dghg fotowing

aspavtsani de- cont ai ni ng filmon the substrate. The

di scl osed net hod y optionally include one or nore of
the f o|dqnnﬁnlggat%&ntaamde@@pt%nmg igniarethe substrate at a

| ant ha ! f t

tenpergata'q]?) egg%e\?\%en % odudt migggélf‘ gtgabbousbgo OC.
deposi tdepgsiting thatdritiaamide-cootdiringifivg dn thensubstrbte at a
substrate at %e ressure between about 0.5 mTorr and

about CSIVHE. %%abgvﬁ%émﬁ%rf@@ﬁt%wtﬁe ecur sor

b a’l
ant hary G AaEs ﬁ?ﬂéﬁ“ﬁ@é’ﬁ‘%‘é‘%ﬁ""@%‘ﬁg M 2 A Rpograture

terrperehedme?ﬁé(l:ow 400C. - the I ant hani de- cont ai ni ng

[h;ggb‘?lla%%n?ﬁl S f(e:(cj)n rom Lpr égjn@algsutlcli_aggiéwperature
(A, GfbeldthP‘@, Hf LnOx, and Zr LnO X, wherein Ln and
Ln' are different. - the | anthanide- contalnlngf|lm

bei ng dke¢ tantkanide santairing i peinshselectieddrasn thé graop, consisting
Zr Er O,

ot el Hn R s LRGinee RSOy tiReQn@lfa.

f or mul ais)ehest Hﬂ.rf@pﬁhtl 7Rl 9OQ uharerslLis th8 W nokre different.
Ln( RleI)te fanthanld()a -containing film being selected from the group consisting
of HfErOy, ZrErOy, HfYbO,, and ZrYbOx.

- the lanthanide-containing precursor having the general formula
selected from the group consisting of Ln(R'Cp)x(N-fmd),
Ln(R'Cp)o(N?-amd), Ln(R'Cp)(N*-fmd),, and Ln(R'Cp)(N%amd),,
wherein Ln is selected from the group consisting of Y, Gd, Dy, Er, and
Yb; R is selected from the group consisting of Me, Et, and iPr; and Z
is iPr or tBu.

Also disclosed is a second method of forming a lanthanide-containing film
on a substrate comprising the steps of providing a reactor having at least one
substrate disposed therein, introducing at least one lanthanide-containing
precursor disclosed herein into the reactor, and contacting the lanthanide-
containing precursor and the substrate to form a lanthanide-containing layer on
at least one surface of the substrate using a deposition process.

The disclosed second method may optionally include one or more of the

following aspects:
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Ln(R1Cp) 2( Nz-and), Ln(R1Cp) (Nz-fnd) 2, and
Ln(R1Cp) (Nz-and) 2, wherein Ln is selected fromthe

w@emap4sonsi sting of Y, Gd, Dy, Er, and Yb; RIPCBHUS2009/046443

selected fromthe group consisting of Me, Et, and iPr;
and Z is iPr or tBu. Also diéclosed is a second met hod
of formng a | anthanide-containing filmon a substrate

conpri si n%ré\h@inéta%@as@fon@rd%‘{/ggh REnGIKIRGFLRS inkAHeBadlor and
| east one substrate di sposed therein, Tntroducing at

| east one r%ﬁimathed@ﬁtbanrdarqmt@nmgemacwsor ditbdhe sxyigen
herei n intg Hl]e [ and contacting the
| ant hani d&28 'yrp% precursor and the substrate to

form a | amidarydisr sHtbininy rngdlb@wsél@ct@a fla e §RRIp
surface of the substrate usi eposi tion process.
r*gepznlﬁ

The di scl @@@asgre@:@ﬁ@zn@a Hda®, celimacinyfarmelindearene

or nore o o ér% Wﬁ%{@sﬁhgy‘é(’g‘l ng at | east

e2%h
one oxygen s aining react or and

reacting trlrteldnﬂrrididmrcdﬁtaoﬂn\g pravunsprErRCiesehctant Bpédigs
oxygen containing fluid. the oxygen containing fluid

bei ng sel Qstr@oelrheémtm@c@ﬂcﬁs&%mﬂ@llwﬁgﬂahawus@aas ina
H2O, H2O2 \
and conbi ﬁgtéﬁ]?ndsl, Q/ta JS%LdFP‘:)HgEte %iﬁr ré %t@aﬁﬁanﬁ%aﬁ
precur sor partdallyhsequeamalarrHs inpECatemit &Hyey depbheon process.
i nt roduced at, | east gr}oeﬁ\rtl ally sj rrul taneo sl [

preguns . Whegei dag metal
cheri cal VERUCHISR Si8lplgepYISeR KU the PHRID dagmeta
at |east paddurgdri¥ ofRAESNhLAIthY Iaﬁfﬁhérﬂdé'&oﬁ’éé?ﬁ%g |ﬂr@&’@r&or and

deposition process introducing a netal precurs into
t he react depositieg ef leashparef He metal precursostodiofmdhent
hani de- cont ai ni n ecursor, and

t han the

deposi t i n!;a%éfﬁa”' %§Pn rlllpgéqyetr%) {Oh€ YrBe(s spstiages.
form the hanétanof the- e pretungor FaIRY seRcldiEfr@Mehegroup
nore substrates. - a netal of the netal Erecursor

bei ng sel EeRYBLING Ot K, Ak & Mionldi 2. BigZofPthb,.dilg, Sr, Y,
MBa, Ea, 2 18nthBhideZand BBmMRatioM8 th&feot. Y

- the deposition process being a chemical vapor deposition process.

- the deposition process being an atomic layer deposition process
having a plurality of deposition cycles.

- the lanthanide-containing precursor having the general formula
selected from the group consisting of Ln(R'Cp)x(N-fmd),
Ln(R'Cp)a(N%-amd), Ln(R'Cp)(N?*fmd),, and Ln(R'Cp)(N?-amd),,
wherein Ln is selected from the group consisting of Y, Gd, Dy, Er,
and Yb; R is selected from the group consisting of Me, Et, and
iPr; and Z is iPr or tBu.

Also disclosed are lanthanide-containing film coated substrates

comprising the product of the disclosed second method.

Notation and Nomenclature

Certain abbreviations, symbols, and terms are used throughout the

following description and claims and include: the abbreviation “Ln” refers to the

lanthanide group, which includes the following elements: scandium (“Sc”), yttrium
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Ba, Ca, a | anthanide, and conbinations thereof the

deposition process being a chem cal vapor deposition
wWEe@oass71 he deposition process being an at on BCT/HY®N9/046443

deposition process having a plurality of deposition

cycl es. the | anthani de-contarning precursor having the

general fornula selected fromthe group consisting of

(vw(m Na Cgomﬂnlhariuﬂ( £0) Sérin ), p%‘s(e%ld?ﬁ?: rhlg pryp)

2, and Ln ) (Nz 2, wherein Ln'is se from
neddyngitauNd onsarsatiurg (¢ mYy, e@opiuby (“EEr), gaddhnﬂhm (F8d’%) ,sterblum

LA BT P EPREL 08 i (S0, o
ytterbiuRa[Yee: tRMtstreliaton fEm refas esic rtadiéfe; the abbreviation
A\@g&_l sing the product of the disclosed second nethod.

$ EhangsiroRsRioIeat Ur)ds aeed 4 indigste eviffareahepmponent than

rRYESE I AR AR SR, 4 QoY bbb Bl By g artern
lahthaihideeélenments thdrindtatiptaatictirogp’ Q@lﬂers\t@ aatn-Cadinggdesr
the follow ng elenents: scandium ("Sc"), yttriu

briagehed ghsip: GL'W' yroqpam%t@ﬁnnﬁwwoyp E?é‘?ﬁsd%set%@teﬁ funct?onal
gr?b§§ E?Ht’éiﬂd“%b,{(ﬂ%'(é'ﬁ S@méﬂddgﬁwroégn %1@&;{% 'aBBLewatlon ‘Me”
refershe . mdiylgbgroﬂpuhm\e(atibyéx)latldmlﬁﬁ mﬁen(s ‘tbl@h)etﬁ;drgmmpnthe
t
Gyl Tare oo 3 BRBLSToRP- e SRRy st EiRE rEEs to an
.s@a%@wgr@hbome a‘bbré\ﬁétﬁfns tBQ rRASYS ar{émaw l?]tﬁle (Tfrou thla ' s

to indicate a different conponent
atfbfewekmr‘p‘m ealndn Lefeysae Zhé@(@rstg)FNZawharmrm Zns aeieaﬁmed @Ikyl group

f d I - _the t .
s 4 ERRor B e fbbieSiph MR ES B4 ENA, Pietsing is o
destiidralijl gy updSWhRas PR tBY;the abkdvidtioRUely Drebrirs td &hemical
saturated functional groups containi n% excl usively

vapsr igRositien;:Hhe ebleayiatioont PCMEE rafsss &vlost preasummechemical vapor

degp%fsﬂfo?\ trﬁz ?DBTEVlQ%n %lﬂy’pre 2% gppﬁlg\fé)%&.dgﬁ ifibn; t{\Sf ers

the ab revia ers
abhremytlorng)@/D trbferaltrbpel\seatchemucal Paporf dfpesiiohpth@mabbreviation

P{EZKEbgF%gﬁgtggnﬁgﬁp%gg gggéjegtlo%clz %r;/er EieEzgpl)Josr(rloer}c (teﬁes atbgre?natlon
“MIM” refers to Metal Insulator Metal (a structure used in capacitors); the
abbreviation “DRAM" refers to dynamic random access memory; the abbreviation
‘FeRAM" refers to ferroelectric random access memory; the abbreviation “CMOS”
refers to complementary metal-oxide-semiconductor; the abbreviation “THF” refers
to tetrahydrofuran; the abbreviation “TGA” refers to thermogravimetric analysis;
the abbreviation “TMA “ refers to trimethyl aluminum; the abbreviation “TBTDET”
refers to tertiary butylimido, tris(diethylamino) tantalum (Ta[N(C2Hs)2]s[NC(CHs)s]);
the abbreviation “TAT-DMAE” refers to tantalum tetraethoxide
dimethylaminoethoxide; the abbreviation “PET” refers to pentaethoxy tantalum;
the abbreviation “TBTDEN" refers to tertiary butylimido, tris(diethylamino) niobium;
the abbreviation “PEN" refers to pentaethoxy niobium; the abbreviation “TriDMAS”
refers to tris(dimethylamino) silane [SiH(NMe.)3]; the abbreviation “BDMAS” refers
to bis(dimethylamino) silane; the abbreviation “BDEAS” refers to bis(diethylamino)
silane [SiH2(NEt,),]; the abbreviation “TDEAS” refers to tetrakis-diethylamino
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abbrevi ation "Nz-anmd" refers to ZNC(CH3)=NZ, wherein Z

is a defined al kyl group such as iPr or tBu; the
wW@biwpawidat i on "Nz-fnd" refers to ZNC(H) =NZ, wWheCEUS2089/046443

is a defined al kyl group such as iPr or tBu; the

abbreviation "CVD' refers to6cherri cal vapor

deposition; the abbreviation "LPCVD' refers to | ow

s.rern@smer@b&e@iah@@l‘mmvx@ ré@p@@ ttrllsé?ﬂnef%rﬁlhbf Sint tHen
ALD' refers to atom C deposition; the

AlBriaipal TOHASS rees to tstralkis-aty It pisesinal vapor

(SRESEOCR w eSS AS AT GBI Ay B Biane

[&M(MHtB@szrS to Metal Insulator Metal (a structure
used in capacitors); the abbreviation "DRAM refers to
dynam ¢ random access nenory; the abbreviation "FeRAM

refers to ferrgﬁégﬁé%ﬁﬁpgﬁrgfqﬁgmmgg;y; t he

abbrevi ati on ers to conplenment

met aFeox futtheramdeestdndihgrof thdaatupd aedichjecs of fHderesent
refers to tetrahydrofuran; the abbreviation "

invention reterenes sgd Perdaade o Hiedofleyving q’@{é"%fbﬂ?%mp&?r‘owken
in, %nctlbﬁfvﬁ rﬁthteoaécbhgﬁa:@m @a%g?&”ﬂhfr@ﬁ abbrevi ati on

ers to but

FIG i (idi et Hi@lAargrapi) demolad;tmhr(gT;b}[ne\I(mmr)tzpe[bC(v@Bl)t Joss with
theabreiatioF &% erstotantalum_ _
tenapgrg ?88‘38 Wﬁ P no%’in xi de; the abbreviation

FICE’ETS af‘lﬁtﬁng’i'a;Berd?emlﬁr@td)RWr hapal um the abbreviation
refers to terti Szﬁ%’ butyl i m do,

FtG BS§ aumhgr@m fos ) ErfVieSplutiPrNE( MedrNviPet i on " PEN"

Pl TR ARE R Bt e PR BN M PR e
FIG5Hik NNHZA@raph fdiir@@;ﬁxlFaiN@(M@%S'r) refers to
bi s(di met hyl ami no)_si |l ane; the abbrevi ati on " BDEAS"

FIGHds 3 F%A@r@mf%tﬁvwg@pw’ré\! %HM@PW( NEt 2) 2] ; the

F?%?pg ?%ﬂ-‘ am rg %f@ﬁ(ﬁ:’# t he aef)br evi atl on " TDVAS"
FIGBds a 'It@)Atgra;sm b (M Gk (te)-Ns Cl e g N-tBe). abbr evi at i on

PGB NG CBHD A O onYDLEHGP BT BV LF BV BTBAS ref 61 s 1o

Fii %t.%tT@MgYé@rmd?@&b?E{@@g BONBMENBIE 7] - B e

Descri pti on~of avvlnsFor a furt
Flﬁwdénsaéﬁﬁi@\@gamfarWé)(tﬁ%JEubzéle&CéHj)mﬂEr of t he present
i nvention, reference should be nade to the follow ng

detai |l ed description, taken

DESCRIPTION OF PREFERRED EMBODIMENTS

Disclosed are lanthanide-containing precursor compounds having the

general formula:
Ln(R'Cp)m(R?*N-C(R*=N-R?),,

wherein Ln represents the lanthanide group, which includes Sc, Y, La, Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu; R is selected from H or a C1-C5
alkyl chain; R? is selected from H or a C1-C5 alkyl chain; R is selected from H, a
C1-C5 alkyl chain, and NR'R", wherein R" and R" are independently selected
from a C1-C5 alkyl chain; m is selected from 1 or 2; and n is selected from 1 or
2.
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in conjunction with the acconpanyi ng draw ngs,
wherein: FIG1 is a TGA graph denonstrating the

wperersmsage of weight |oss with tenperature che@yeswho/ 46443

Y(MeCp) 2(NIPr-amd). FIG 2 is a TGA graph for Y(iPrCp)
2(NPr-amd). FIG3 is a TGA dgraph for
Er (MeCp) 2(i Pr-N-C(Me)=N-iPr). FIG4 is a TGA graph for

Er ( Wﬁméﬂ{thﬁﬁd&cﬁm@hmﬁtﬂr&\)mo% (Qfé Urifqide %%I&ﬂ%?ﬁ] éh(é’mical
Er (Et Cp) 2(i Pr-N- IS a grap
pPEpEEESHVRED remma&d-r)o:memm)rrespbmﬁglmrmlwm gorzmpbuﬁds Wthh

rgg{(%%g'% I\?é'éé |tuw @%%?%ﬂtf\%l P}r(\-l?%ﬁljf‘;aﬁcg ng'g %:5 %@Q&p)& tris-

agstaptidihafe B BS Gads, 20( FE’IN I@()EH)RE) bPtrs-fofthfmldnée a

TGA graph for Yb Et Cp FF% =N-iPr). FIG11 is
campaandgg, R NC( %TIN )@p)%ugmmppw:t@(s Hycinde petter control of steric
ol Rreh Gk otal g r L] M R bdh R S6iage faption or

thees\drsaiatd andntheredctio RWAP) Ar6ECorY (it Edth 8s anhRygem

Ln represents the | anthanide group, which includes Sc,

squrcey Indgpepgentlyfinegigning thecgy sWen@onp@ ligandsTiRcregses
v@étllgg]aggftgg r om?(ﬂ)ltgra‘?f@ (% ﬁ%efﬁﬁgﬁldﬁftl tog@? S%’lthg?llqwds

osleMemtaé@gfsodxds hadang h-rsltiag Ippl(ljntcmlﬂnvm aplarwlrﬁ?e;ﬁ’/ 105°C).
V\/n and i,ndependently sel ecte roma
o %{Pﬁp fo %Mﬁ?ﬁlzwasb'% nganideCPBIAINING Precuraerg Wth s
0
p%?’s?ﬁ%f%#“;e“g?* e P B R € B NPt ot thermally
sipblspéavider lowencltogpaliethawng aenelticg poid permw about 105°C)), a

R TR Gu SRR i nEilb L Aokl Frtie Lot 8faton
nlimbeasehia mAdLSPAR] REAMRBURESIC ffdtt, FfrahbGGC Kvo ﬁ@te?«)ﬂe%t.c %ands

tris-formam di nate conpounds, Ln(R N C(H) =N-R)
has Been pbeervedc IRiaerakly e reeia compornd tralides an Ionlc radlus

from approximately 0.75 A to approximately 0.94 A, with a 3+ charge, and
coordination number of 6. As a result, Ln is preferably selected from the small
lanthanide series of elements, which includes Sc, Y, Lu, Gd, Tb, Dy, Ho, Er, Tm,
and Yb. More preferably, Ln is selected from Lu, Gd, Tb, Dy, Ho, Er, Tm, or Yb.
Preferably R' is a C1-C3 alkyl chain; R? is a C3-C4 alkyl chain, and R*is H or
Me. Preferably the lanthanide-containing precursor has a melting point below
about 105°C, preferably below about 80°C, more preferably below about 70°C,
and even more preferably below about 40°C. Preferred lanthanide-containing
precursors include Ln(R'Cp)a(N*fmd), Ln(R'Cp),(N*-amd), Ln(R'Cp)(N*fmd)s,
and Ln(R1Cp)(NZ-amd)2, wherein Lnis Y, Gd, Dy, Er, or Yb; R"is Me, Et, or iPr;
and Zis iPr or tBu.

The synthesis of the Ln(R'Cp)n(R%-N-C(R*)=N-R?), precursor (where m =
2,n=10rm=1,n=2)may be carried out by following methods:
Method A
By reacting Ln(R'Cp)2X (where X = CI, Br or I) with M(R®-N-C(R*)=N-R?) (where
M = Li, Na, K) or by reacting Ln(R'Cp)X, with 2M(R?-N-C(R*=N-R?) (Scheme-1).
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crowdi ng around the nmetal center, which in turn
controls the surface reaction on the substrate and the
WO e@ot4sm Wit h a second reactant (such as an ORGIES2009/046443
source). |ndependently fine tuning the substituents on
the ligands increases volatiPity and thermal stability
and decreases nelting point to yield either |iquids or
low nelting solids (having a nelting point bel ow
approximately 105C). In order to synthesize stable
| setidmeide- cont ai ni ng precursors with properties
suited for the vapor deposition process (i.e, a

vol atile, yet thermally stable, |iquid or%wrrelting
splid (haying a neltjng point bel ow 5"C)), a
dir Bhrel ation Betvveen the prop of thg

cie tal ion (N ordl nati on nunber,—\onmw® r&di us)
a ands (s{_er R ratioyof two [

tic
| i'gandsy ‘has been o erved Pref erabl vy, t"hn taJ}‘R4
ely

0.75 A to appr oxi rmBer 0.94 A with a 3+ chakge,
coordi nati on nunber of 6. As a result, Lnis
MethedBabl y sel ected fromthe small |anthanide series

1 i ' Ho,
B ey R G il &6 el SRt r dimete ot £
CLR)=RR?, T yicly Ln(-l?lEfC;ﬁf(R2 NrC(Bf —NQRZHSrahﬂﬁ a@d;yéqﬁillakﬁt@of
C1C3alkl chg chai,n, 2,
iR lgRNEINCP PN AR W) KRG AR SN GIR )RR
(R ?ﬁg g has a nelting point bel ow about 1050C,
preferably bel ow about 80C, nore preferably bel ow
about 700C, and even nore preferably bel ow about 400C.
Preferred | ant hani de-cont ai ni ng precursors incl ude
Lﬁ%'P&'Eﬁ)ZZ( Nz-frmd), Ln(RLCp)2(Nz-anmd), Ln(R1Cp) (Nz-fnd)

2, and Ln(R1Cp)(Nz-and)2, wherein Liyis Y , Dy, FEr,
or Yo, RLis Me, Et, or iPr; and Z is tBu. The
synthesis of the L 2R1Cp)n(R2 N-C(R precur sor
(where m 2, n=10 or m=1, n camzrled

out f.ehl owi ng ndYkods: I\/EthodABy re ctl'ﬂ

Lin( 2X (wHer e X/ “RBr or—4>» wth

4)\= ) (where M =y Na K) or by react|

Ln( R1Cp W th 2|\/(FSZ N-C(R4) =N R2) (Schemel

. Scheme- 1Ln

Method C

In-situ reacting LnX3 (where X = Cl, Br, 1) (in a stepwise reaction without isolation

of intermediate products) with mR'CpM (where M = Li, Na, K) followed by
filtration, and reacting the filtrate with nM(R?-N-C(R*)=N-R?) to result in
Ln(R'Cp)m(R?*N-C(R*=N-R?), precursor (Scheme-3).
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Met hod B By reacting Ln(R1Cp)3 with one equival ent of
am di ne/ guani dine, R2-NHC( R4)=N-R2, to yield
WO (RIBY2( R2-N-C(R4) =N-R2) or with two equi vaPE&mnus2009/046443
am di ne/ guani dine, R2-NH- C(R4)=N-R2, to yield
Ln(R1Cp) (R2- N- C(R4) =N-R2) 2 (&chene-2). Schene-2 Met hod
Cln-situ reacting LnX (where X =, Br, 1) (in a
S%Wéﬁi@-§e reaction without isolation of internediate
products) with nR1CpM (where M = Li, Na, K) followed
by filtration, and reacting the fi{trate w thr?
nM R2- Nn®(R4 | to result in . N
L@gm ) R4) =N- B2)|n pToedrsior A
L( hene-3). S -3 The dil\s d precaFsonMéo nde
(hereinafter the "l anthani / mi ng precugsSor")
may be deposited to form | ant hanide-containing,filns
usi ng any deposition methods known ®B those of skill
in the art. Exanples of suitable deposition nethods
include without limtation, conventional chem cal
vapor deposition (CVD), |ow pressure chgm cal vapor
deposition (LPCVD), atom c |ayer deposition (ALD),

pul sed chem cal vapor deposition (PRCVD), plasna
enhanced atom c | ayer depositiaon (PR-ALD), or

conbi nations thereof. The t ubstrate upon which
t he | ant hani de-containing fI 'l /be deposited will

vary dependi ng on the final ntemded. In sone
enbodi nents, the substrate may be\c N<fr om oXi des
which are used as dielectric matektals iQP‘MR“ M
FeRam t echnol ogi es or gate dielectrics™r CMOS

n

technol ogi es (for exanple, Hfgq 2 baseq raterial Ti Q2
based materials, Zr2 based materials, FRare earth

oxi de based materials, ternary oxi de based nmaterials,
etc._?_ or. fromnitride-based filns (for exanple, TaN)

t hat

he distlesed REcasanapgueURde (heieinsdiendn lagbpeidesagtaining
eI 2Bl A (THPBPIAHER IaPFBER (4 B8
deposfticatmethods kdewnde shose of skill in the art. Examples of suitable
deposition methods include without limitation, conventional chemical vapor
deposition (CVD), low pressure chemical vapor deposition (LPCVD), atomic layer
deposition (ALD), pulsed chemical vapor deposition (P-CVD), plasma enhanced
atomic layer deposition (PE-ALD), or combinations thereof.

The type of substrate upon which the lanthanide-containing film will be
deposited will vary depending on the final use intended. In some embodiments,
the substrate may be chosen from oxides which are used as dielectric materials
in MIM, DRAM, FeRam technologies or gate dielectrics in CMOS technologies
(for example, HfO, based materials, TiO, based materials, ZrO, based materials,
rare earth oxide based materials, ternary oxide based materials, etc.) or from
nitride-based films (for example, TaN) that are used as an oxygen barrier
between copper and the low-k layer. Other substrates may be used in the
manufacture of semiconductors, photovoltaics, LCD-TFT, or flat panel devices.
Examples of such substrates include, but are not limited to, solid substrates such
as metal substrates (for example, Au, Pd, Rh, Ru, W, Al, Ni, Ti, Co, Pt and metal
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Exanpl es of such substrates include, but are not
limted to, solid substrates such as netal substrates

w@ bwp/1esanpl e, Au, Pd, Rh, Ru, W A, N, Ti, EOI/USL009/046443
and net al sui ci des such as TiSi2, CoS| 2, and Ni Si 2) ;
metal nitride containing sub®trat es (for exanple, TaN,
TiN, W, TaCN, TiCN, TaSiN, and Ti Si N); sem conduct or

sW@H@é ';%‘cﬁ efs@)?&f@%@) %nd$lh8 §' rf8tal ﬁﬁr’i\ée C(l)ﬁ‘tglnn‘i’qsmpates (for

; i nsul ators or exawp
e>$|lﬁ]Ne Hale TiINCaA TG  TaZiCeY, lCN D2SiM & @RTiSANY searicanductor

il B i) G Rl B b S s
(f@ﬁé)@bﬁhpléugﬁﬁ{ @3W4USKDNZHFD£T%2®5 SZrOEeFF@%j AYDN ahB®arium

SpeCI precursor nmbodi nent utilized n many
stroryivam bta@ate)oggﬁthef ﬁ@bfﬁ)’(f&\iﬁémaidn@ ude anmmmheirqu ge@nbinations

oihest B RGeS kot PPEd e R e DR B Al

sedifagiecarsot katrlime anttdizat ndn atarlyaipstaneas tisoupt, tras greferred
The reaction chanber may be_any encl osure or chanber

systratedijiized Wil hgnselectad pﬁw {f] i%ﬁm%astypaw@bptra@é
Suc*"{ﬁélan‘%érﬁ é“i:oh e{ﬁ bg%)r&fhrs& |Q"f'ﬁt%dtﬁcledqht%tf (%é/o‘?'én chamber
ype

reac a co eact or
car&amir(y at Iaastlcrr@ ajbmrfaeaaé ﬂ'bacremtlonachamhber-mail ée any enclosure
act or, other s p03|t|on syste

of
on ey qf |3o?le\6‘l:\%%\é‘ 'Cpf‘é{g ’t'ﬁ’ﬁlrﬂ? Pﬁééla'éet pécér%‘&lﬁ‘% without
Ilrﬁl@é‘tﬂjrp% 6dr8r%l%9&%tty;9e PedbloF b Q}éﬂ% p&bal@sr a rLdﬂ -walll type

addition, the tenperature W t e’reaction c

rema;prr arsg@lé mrﬁerabeotor%Oaﬂll-mf@rkreactoﬁomromwems:mﬂypes of

ordi.nar%&#kl inthe art will recognize that the
¥"ay be optinized through nere

expeTheriHclbh @Hameﬂﬁ{ygﬂi@mbhﬂalﬁéé af 8Pré S Fanglmefrom about

substrate nay be heate o a sufficient tenperature to
0.6b0 &t te nbouie%ﬂ Ted. Imaddition.dee &@ﬁpgramrﬁgvmm Hegfieagtion

o gnaR b IO ARLE2 0 1 A OB o Tinadl ifin e

art @ﬂgn%cbgn\é@ftﬁeh thé eerﬁyéa@wr@trﬁam opmireattRebUgRGhees
from150 C to 600 C. Preferabl he tenperature of

expesimantiaionaocachiave the desised fesit. or equal to 450 C. The
| am?ﬁepEgt?stFaQQtrﬁ’éWbQﬂmﬁ{e%ct%refguﬁlg@ﬁt %%geergt%g ftJ) oBPdn‘?the

state t0 & vapor s va
deﬁreldﬂtantbﬁutc@comamlﬁd‘lﬁlm ata@tsumnmhgrmah rate and W|th desnred
physical state and composition. A non-limiting exemplary temperature range to
which the substrate may be heated includes from 150°C to 600°C. Preferably,
the temperature of the substrate remains less than or equal to 450°C.

The lanthanide-containing precursor may be fed in liquid state to a
vaporizer where it is vaporized before it is introduced into the reaction chamber.
Prior to its vaporization, the lanthanide-containing precursor may optionally be
mixed with one or more solvents, one or more metal sources, and a mixture of
one or more solvents and one or more metal sources. The solvents may be
selected from the group consisting of toluene, ethyl benzene, xylene, mesitylene,
decane, dodecane, octane, hexane, pentane, or others. The resulting

concentration may range from approximately 0.05 M to approximately 2 M. The

metal source may include any metal precursors now known or later developed.
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Prior to its vaporization, the | anthani de-containing
precursor may optionally be m xed with one or nore

W@ 009332 one or nore netal sources, and a m RCTUS2009/046443
one or nore solvents and one or nore netal sources.
The sol vents may be sel ectedfromthe group consisting
of toluene, ethyl benzene, xylene, nesityl ene, decane,

dodegpaRatifg ,%@Iaﬁﬁéﬁﬂ%aco?ﬁéﬁhn X rlgeﬁrs%? hedyBoe wﬁorlizyed by

resulting cohcentration nmay ra rom approxi nat e
pdssiig dchaiagasdrionatehtpirer donidieingdhalardlbamide-coataining

PRGN 9559 0 PBl 11 EA11eT GRS I ok o o A1 g Precursor

TIRE BaHeY YasEMY IQﬁth‘éﬁWé&ﬁQinﬁ%%ﬁ%%ﬁPéw afe B INBHdA&&d into the
into a container contal ning the |anthani de-containing

rgacticn cbamber. Byeosassary nigetdontainer inay hgalkeatad to aHemperature
| ant hani de-.contai ni n recursor. The,.carrier gas and

tneEREAAS {1 EEMERI R AP BT bRZhrsah 85 pR3R o by Ehel and to

havd 8 sfiRidrR aabbOpregbarberhe bérri’éﬁ%% sadyinciude, Banisaiot dmited
may be heated to a tenperature that permts the

tol, At HenNzand orixtares grenfeclineslonthagidrecomaining pragyrepr may
o&ib%saﬂ}é;%%dm&%d qﬁYﬁeng?rﬁg@fe'rW t?\nél g&@&q{, Fﬁénﬁ}%zgﬁ(tﬂgl Jl%?ursor, ora

carri gas ‘ray i BU not
migureNResstsd. Mhstdonesinéheag dle. malntaihadah tarperaturet an thengange
recursor may optionall % be m xed in the container

ohWRMEXENRIL AP0 andhREe Sktedin Piecaitrasgnizs that thedemrerature
oﬁt@%{)c%ﬂtaingma? %‘é}ﬁi&ﬁ‘sﬁéﬂ gg)ﬁ o@?v@b@ﬁﬁé%dco{i‘ﬁr&l &hoeoalef)unt of

eratures exanpl e,
laftresdd eskohtbedhg pracduescaantapodezedini ze t hat the

Lﬁgp\,\],%r g t‘lrifg} ’t%]tC tgtegﬁ)rt‘if)gglf ﬁa\ix{i}ggr gﬂ@%dgﬁ@%%d%%gn%f.npngaprecursor
wlttlggtb{]\‘éﬂ"tsq %&Qﬁ?r@bﬂﬁsﬂ%, @r@%{ﬁﬁmiﬁeﬁé%% i@ BflroduBtigsl fHtb it
e

the optional mxing o e | ant'hani de- cont ai ni ng
regctien chambar tthe sathamds-comtainingmrecuseomgy enanixed with

el e ECER AU e heslbn SR Bty SR ibies
inBlugedwithblit IIBiddtioan H, Sipetd| @S tursbdesUdhead ERIKL biodther aluminum-

chanmber. Exenplary reactant species include, wthout
containing Pregurars. gibernlpnthasida-sontaining Rrassirsave, bBTEEed AT-

O SR8 OEN b SR NS gt 1oy

PET, WHghDe&\deBlEdd |anttehnideycontaimingafilimoalsbd lventais oXjiyen, such as,
fo%ggﬁlgﬁfel érﬂe}gwlltgglgtqi%}tla ISI-'],C grrtl)il;u% r(l)l)(lr(]j , ]’:Hel rrga%’lasﬁ sﬁgﬁéé" Im%SS/ include
an oxygen source which is selected from, but not limited to, O,, O3, H20, H,O»,
acetic acid, formalin, para-formaldehyde, and combinations thereof.

When the desired lanthanide-containing film also contains nitrogen, such
as, for example and without limitation, erbium nitride or erbium carbo-nitride, the
reactant species may include a nitrogen source which is selected from, but not
limited to, nitrogen (N,), ammonia and alkyl derivatives thereof, hydrazine and
alkyl derivatives thereof, N-containing radicals (for instance N, NH', NHy'), NO,
N,O, NO,, amines, and any combination thereof.

When the desired lanthanide-containing film also contains carbon, such
as, for example and without limitation, erbium carbide or erbium carbo-nitride,

the reactant species may include a carbon source which is selected from, but not
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for exanple and wthout |imtation, erbiumoxide, the
reactant species may include an oxygen source which is

waeteassm from but not limted to, O2, O3, HZELT/BRIOAY/ 046443

acetic acid, formalin, para-fornmal dehyde, and
conbi nations thereof. Wen the desired
| ant hani de-containing filmal so contains nitrogen,

Ilrﬁﬁéﬁ‘ t@%e{h%heeéﬁ%ﬂée?r%g}%nw BlhtgHE %t‘lpgletn% E@H’ S W lene,

ride or erbrumca nrtr Speci
lsnnbytyllemzd ey, cand am;og@nbmuonmemofch is selected from

b lim d , d kyl
cor i Whiarbe dekipd Gty R LANAING IR S50 CRBIANP3IGAsY such
a§ h%r sseémﬁg mwauﬂgnﬁﬁwnc@Lau&fé?ﬁc.a@%r rrgu?ﬁsm'co -nitfilde,

, amnes, and any I natio
eltmsneedfcate/\mhlunhelhd@sartﬁdnntram hlam r@t@t@mtrﬂpwcmsngay mainde a

h
Sfedif saieb e i EeRen Bicin. G ol Bfd 2arsEunBErruSs
THDMAS BOMAS, BIOEASS TIEAS, TOMAS, FEFMMUD! IHQWC M@E@h
is selected from but notlimted to, methane, hane

trisilypanies, disitoxase, isitylamine, disilepgl wisdane, ajualixmeysdane

ST A RN TRt e sl b Mt cit s AR el el St
pRIfbliabBNSi( SHYIDBSI); AP BNRNEEIBhE @iHi N\Rtmlﬂ% herebaikiog, 3, or
4R %Bé”t%“éréhﬁfw%zhﬁinﬁérg oot brangBed i@y ened 56 carbon

olffb T BBl TDMAST ETEAS SR SUERR) S Bl Sob B BfRE
trBMS T%ﬁ@team&awamaan\r&mtaqrsgesmawmnq &Eélﬁ;)lri@hlch
oAt S ARl BT b B kB nced by
GgLéﬁfﬁlﬁh%béta’th?é&fa@rab'y Si(OH)(OR1)3 ; nore

preferably Si an am nosi |l ane Si HX( NRLR2) 4
x (wWhdhes theidesired 2antBanide- oﬂanta‘?ﬂmgrfdmmgacentams another metal,

sl B TOLRR et o ha PRt B RGNS 7185 g
CBDEASBh, BNSnaPy, 606&MBRati6As thaeePthe F@é%térﬂr%b%@ rﬁw m

may al ternati vel y contain Germanium (CGe), in which
inghisle a metalsouecawhichdpsalesiectbamabht Aet lnaited tnimetal alkyls

s chw:% ggﬁcgo&l gnﬁ (%@kéﬂﬁ %%CH*( G% |88QE)&J1JEH?@/ %?Stlﬂgtar,

branched, or cyclic C1-C6 carbon chain), metal alkoxides such as Sb(OR'); or
Sn(OR'), (where each R' is independently H or a linear, branched, or cyclic C1-
C6 carbon chain), and metal amines such as Sb(NR'R?(NR*R*}(NR°R®) or
Ge(NR'R?)(NR®RY)(NR°R®)(NR’R®) (where each R', R%, R®, R* R® R® R’, and
R? is independently H, a C1-C6 carbon chain, or a trialkylsilyl group, the carbon
chain and trialkylsilyl group each being linear, branched, or cyclic), and any
combination thereof.

The lanthanide-containing precursor and one or more reactant species may
be introduced into the reaction chamber simultaneously (chemical vapor
deposition), sequentially (atomic layer deposition), or in other combinations. For
example, the lanthanide-containing precursor may be introduced in one pulse and
two additional metal sources may be introduced together in a separate pulse

[modified atomic layer deposition]. Alternatively, the reaction chamber may
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When the desired | ant hani de-containing filmalso

contains another netal, such as, for exanple and
worabows7i imtation, Ti, Ta, H, Zr, Nb, M), APCT/B82009%046443

Ba, Ca, As, Sh, Bi, Sn, Pb, or conbinations thereof,

the reactant species may incldude a netal source which

is selected from but not limted to, netal alkyls

al?é’égg/ @tk Eﬁe I?Ea%fa@rége?%é ?ﬁgf gﬂ lﬂtrSﬁ&gloﬁ' ofitffe | ntréancigjle:-OG

endent | or cyc
cmrztabtm; mrlaauns))r Tie¢ adacihiepedies nsaycbe asssi BROYIH aplasma

sy_teratdaligtd RS eR omie ractBh haRHER, S mmysecing

. ARdNSs R 1
raggi( NRLR2XNR3 R4 %&R‘%%@(ﬁ%@%ﬁ%ﬁﬁ Bgagglﬁé%glﬁ%y o mthrso ducedto

thraeasti®n clEMIpEr, contidumssly Whllfh ommawqumses arectrauced by

pRE M ssieh dicBl yhdridsPosindl, B leaithasBmpid a G568 My be

fohowee |b9 dplﬂ@e Y @ba@datlo@rﬁﬂe@m/re@mﬁ@ Edek 8 Antdipteof theThe
| ant hani cont ai ni ngrbprecursor and one or nore

qu@a@rﬂ%mﬂntéq%@eds Inrggchexamplep theckidse may lastdor adivg eriod

ragﬁgg@gﬁé ! Z%bl%'t {?%‘i esofdsét?()ug qa%n]aﬁ&]nat{\?eggiro%e&?&gtd ? E)to about 3

atom c layer “deposi

s, Ctehnataklydrenm about @Kamalabom Res.| ant hani de- cont ai ni ng
precur sor é be introduced in one pul se and two

addi NieanorPRing S3gMRIRTY AgMIsdayerengstion tyRyyetacess.the
vé}lf?ﬂ%é‘b?a P &N HERERidisA *Bg%;ﬂ n%oe rlé‘}fﬁfod@@%’g\té 'tt?é‘}eactlon

natively, the reactio mayal ready contaln
chidmbercateent isspata@sd pithar suitablensulosdate.i Foress lartiieanide-

ol BRSPS el e EAShAT BBE puron
arﬂcﬁﬂpé\%dlaflﬁg R RACIRaR &@ﬁ@ﬁ aFhRde is IFbRREATMEIRE rddtion
radicals. Alternatively, | ant hani de- cont ai ni ng

charekerwhgrerfapapls with theqhsetbadlanthanideaprecursot inaaself-limiting

mEPBLAR Setet Bl ie FkRla R YRE e HRAHERF oy

pEyRIgArel/oteRiclagngriie leaction Liemabeh)f the plasiged filfn is a lanthanide
evacuatjon step to remove excess anpunts of 't

oxdefihdRis tvatsteRInESEss MaveRieMidetaasiesired filgn m@@sm may be
hEgisd G0 TR RR e aho

s, aAltenathtdly el thefdesiredffinis & ldmtisanide atsdaltox®esfilm, the two-
step process above may be followed by introduction of the vapor of a metal
precursor into the reaction chamber. The metal precursor will be selected based
on the nature of the lanthanide metal oxide film being deposited and may include
a different lanthanide-containing precursor. After introduction into the reaction
chamber, the metal precursor is contacted with the substrate. Any excess metal
precursor is removed from the reaction chamber by purging and/or evacuating the
reaction chamber. Once again, an oxygen source may be introduced into the
reaction chamber to react with the second metal precursor. Excess oxygen source
is removed from the reaction chamber by purging and/or evacuating the reaction
chamber. If a desired film thickness has been achieved, the process may be
terminated. However, if a thicker film is desired, the entire four-step process may

be repeated. By alternating the provision of the lanthanide-containing precursor,
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In one non-limting exenplary atom c | ayer deposition
type process, the vapor phase of a
wo a0vvhaasrde- cont ai ni ng precursor i s introducedPCHUS20DHGI6443
reaction chanber, where it is contacted with a
suitabl e substrate. Excess |Hnthani decontai ning
precursor may then be renpoved fromthe reaction
miSbATRGL ST, BHA BpgrPEClices, LHATHPdedIRd! A IR Pind fibiness
oxygen source is'Tntroduced into the reaction chanber
cavhbe depositesact s wi th t he absorbed | ant hani de precursor

ool A gEOREREY B HARBER R oy 1ERTp SFUifing
fr&r’ﬁ%éﬁéd’%sé@@is%@@é}%d é’éb\{é‘%ﬂﬂ?ﬁfoludéc LbJee, @eshned LhkdM n,0;

I's a lanthani de oxide fi his two-stép process may
LmSidVy, deGehOy,désiGadviniUn@st hilaiheax < ronOpalraierabbp s ed

til fi,l mhayi th t-hj h
oo R Rk AR AR RIS PR BEZRRS. oo
of GatRANEKIE i Beart @Hirdeodnikdnthdt g jhaibial SedtioPCsIBe appitdriate
may be foll owed by introduction of the vapor of a

lapitanidee@daindier preavisor Bad readantsipesieantier desimgd fiptcgmposition
m@&ﬁ%ﬁﬂﬁg% Hﬁll be sel ected based on the nature of the
Antde metal oxi de filmbeing deposited and may

i nclude a different |anthani de-containing precursor.

After introduction into the reaction chanber, the

nmetal precursor is cont aEKAMBIER t he substrate. Any

exce ; : V. ;

champe TRne LB AT ERaBRR AR Ao AT R AERE 1 hate
embadimesnts Ofitree mgantion.aHoweyge the examplasagrebet intended to be all
.iptroduced inta the reaction chanber to. react with th
inghisbiePbre Mo BEDReais TEICDe SRR gL P REoRsestriod
héipved fromthe reaction chanmber by purging and/ or

evacuating the reaction chanber. If a desired film

t hi ckness has been achi eved, the process nay be

term nate ver, if athicker filmis desired, the
Cgmqqrgi’iygfﬁx_ag'?é% ﬁr ocess may be repeated. By

(rdtt bartnsEtthisGnidigiony ovi si on of the | ant hani de- cont ai ni ng
precursor, metal precursor, and oxyé%n source, i

{ afilm Pr

of dAlemels warBoRRdRole anatherizekhaddColiNbeamedhosattdgP)I(N" -
I i\ JRPE i nj.ng L iPr_

o5 L EOIIEALR AR, 2EOLSLPTORRT oy, by rthod A and 8

desaitessnsheispedifisatibrabove avayl. iBadeddepdmib@Be failatbiaBpts, we

bépqzy%lé? p%ﬁ@ég% %l%(l)ylﬁtgo é (Pé‘/ntgé\kur%cowgikpn%gprewcbps%?(ﬁaving the

general formula La(R'Cp)m(R?*N-C(R*=N-R?), may be prepared using methods

described in the specification.

Comparative Example 2
(not part of this invention)
An isolable amount of a cerium-containing precursor having the general

formula Ce(iPrCp)x(N™"-amd) was obtained, but quickly decomposed.

Comparative Example 3

(not part of this invention)
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| ant hani de-containing filmmy include Hf ErOx, ZrEr Ok,
Hf YoOx, or ZrYbOx. One of ordinary skill in the art

wawdob/1#wsengni ze that by judicial selection of PEEUS2009/046443

appropri ate | anthani de-containing precursor and
reactant species, the desiret? film conposi tion nay be
obt ai ned. EXAMPLES The followi ng non-limting exarrpl es

are BLOYH 8R%hd Peé‘uﬁgtfrb% Cdnhpisy Faﬁ@é Exsﬁ‘ﬁ% 8RS A fd i {Sresults

i nvention. However, the exanples are I nt ende
prosided bélowlinExaen pesl1 €i2e NWilcamtvéamcﬂtct test the tlhebnethat

salBsRel IRGHIeS SRR bR e RokitoS RS fllong

g SAITERI0 MO frbed oy ke o

relsnuuadmtasz (Dijowmdwb@llQWAdaﬁdg BweermgrabmtmmanhleSIS indicating that
eci fl attl f% val I ased ?Lﬁ)on t hese failed
&y ”O\X?ee%%% RaePRb ?%%?”é B%"Stnt of a
Ni(@by(mnmm(mt:m-umrﬁmm gsdidig®r having the general
formula La )M R2-N-C(R4) =N-R2) n may be prepared

ngtcﬁ@)('m M BPDb2ef%i igstdve speci fi cati on.
N.@{fﬁ?ﬁ, rger% th;‘%erl)z S0Pt pRtd of this invention) An

cer'i um cont ai ni ng precursor
NifaBuUGo)( tFPTeNgB(Ih&r aN-iPoy. @8Pardstdud’r Cp) 2( N Pr - and) vvas

Obtcﬁl ned, but UI ckly deconposed. Conparative Exanp
Basetah these ?rﬁ@'iCﬁOEw”%%ﬁ@at%@dﬁ@ CO8[HS: §”d

I

AT AL PDE ARy v

mieda tpretreso tsetisglosérhhesmmibad mre aditableddraagosslepositioded
better conpl exes. Isolation of the foll ow ng conpl exes
was obt ai ned. However, each yielded a very high

E?ﬁﬁwt‘awe tﬁ)gﬁ!"dgﬁ{d ymess (provided bel ow) during
ermpgravi metric anal ysi s, indicating that

N"-amd-Li was prepared by reacting di-isopropylcarbodiimide (4.47 g,
35.36 mmol) in 30 mL of THF at -78°C by slowly adding 22.1 mL (35.36 mmol) of
MelLi ether solution (1.6 M). The solution was stirred at -78°C for 30 minutes,
then warmed to room temperature and further stirred at room temperature for 2
hours. The entire quantity of the freshly prepared N™"-amd-Li solution was added
to a flask containing Y(MeCp),Cl (10.00 g, 35.38 mmol) in 50 mL of THF. The
resulting mixture was stirred overnight. The mixture was evaporated to dryness
under vacuum. Pentane was added and stirred, followed by filtration through a
column of Celite brand diatomaceous earth. The pentane solvent was
evaporated to dryness under vacuum to obtain a pale yellow waxy solid. The
pale yellow waxy solid was sublimed at 115°C at 14 mTorr to produce 12.24 g,
which correlates to an 89% yield. The pale yellow waxy solid melted at 30°C and
left a 1% residual mass during TGA analysis measured at a temperature rising
rate of 10°C/min in an atmosphere which flows nitrogen at 180 mL/min. These
results are depicted in FIG 1, which is a TGA graph demonstrating the

percentage of weight loss with temperature change.
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each woul d not be suitable in the vapor deposition

process. N (Cp)(iPr-NC(Me)=N-iPr): 2 1%residue
WORQRNOBYL i Pr-N-C(Me)=N-i Pr): 20% residue PCT/US2009/046443

Ni (i PrCp)(iPr-NC(Me)=N-i Pr) 20% r esi due -

Ni (nBuCp) (i Pr-N-C(Me) =N-1i Pr)'6 25% resi due Based on

these results, Applicant concluded that the radius,

EXARTNE 2: F(PrepPNiPfnahifn nunber of the nmetal nust be
t ak élﬂgl nqgons??j){ratl ond)to devel op the netal precursors

di scTosadlaskr edmiairtirg \é(Me(?sw)t;tébl‘kél fgor2%@pommol) in 60 mL of

8RS a8 PR ol b, of NP R Bebneblt el 20 mL of

pérﬂtaﬂ@ Bhe 255 detl)lre' Wa@@tuﬂédo‘?&mﬁl’ﬁ 8bivents Q]@Volatlles were
sl OWl{egaddl ng 22.1 of MeLi et her

evasaiednunder vagumgn. Tmereésultlmg mﬁlomlsmsd iwasedistilied aBZO Cat8

i BB R LR, TR QRS B e

Ten ianalygi|nhebdsurell bbea f teesddritups ensingdrdte Pof aWd/mm in an
sol ution was added to a flask containing Y(MCp)?2 (
atmpsphe: Wmﬁowmﬂ)“ogw gb 18P mb/mmHEhewéeaité@uanei dgpicted in
{

PG 24 Wb T AP UEhRI Ao e Pl &ae 9 weighydgss win
teamxbrature chdngé ol lowed by filtration through a colum

of Celite brand di atomaceous earth. The pentane

sol vent was evaporat ed to dryness under vacuumto

EQ%®|@33EPW(§CM§ 'E’V\é,wa)l(y solid. The pale yellow waxy
solid was sublinmed at 115C at 14 mflorr to produce

12. 24 gsolmtipoh ©br r B aaew-Lio amas39%tye|per&ﬂ Tine pedasting  di-

syetopiianStiotoh (Tole Seraie, foBon o160 bl ot THF at -78°C by

slbWIYPeddhg 58 MLSI8RBE AnfolPbf LAY rétﬁbrlstbl@rbra(mn@werﬁe solution
which flows nitrogen at 180 niL/m n. These results are

wae stiged i M8 &30 whing thers wermer tgr raem temperaturgt amg further

stﬁ%gjngl:rroéxﬁméﬁée%fturgﬁvg gt @ptﬁgs tQnt @%@%Q@f@gﬂwly prepared

N baimwmlsogxtwhl\%aoz)dd?ed tdéﬂésl&c@ntaln?ﬂg Y M ))CI (IBOGAQS g, 83.36
nt ane, added a sol ution of N Pr-and-H
m(rpljggb 2%%)7@,70 I}S il e esytingomixture was stlrred overnight. The

mixture was evaporated to dryness under vacuum. Pentane was added and
stirred, followed by filtration through a column of Celite brand diatomaceous
earth. The pentane solvent was evaporated to dryness under vacuum to obtain a
pink solid. The pink solid was sublimed at 95-115°C at 12 mTorr to produce 34.3
g, which correlates to 87% yield. The pink solid melted at 36°C and left a 2.5%
residual mass during TGA analysis measured at a temperature rising rate of
10°C/min in an atmosphere which flows nitrogen at 180 mL/min. These results
are depicted in FIG 3, which is a TGA graph demonstrating the percentage of

weight loss with temperature change.

Example 4: Er(MeCp),(N"-amd)
To a flask containing Er(MeCp); (11.54 g, 28.12 mmol) in 60 mL of
pentane, was added a solution of N*"-amd-H (4.00g, 128.12mmol) in 20 mL of

pentane. The resulting mixture was stirred overnight. Solvents and volatiles were
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pentane. The resulting m xture was stirred overnight.

Sol vents and vol atil es were evaporated under vacuum
wab@onesm ti ng yellow liquid was distilled at POZUSI008046443
mrforr. Yield is 11.4 g (87% . The yellow liquid left a
1% resi dual mass during TGA Hnal ysis nmeasured at a
tenperature rising rate of 10C/ mn in an atnosphere

' | ' eR-Lat . 0 : | o
oAb TR Bl AR ST Vet A Aot o
12 heTrenGeldteae 104 g8 7h). | oss with tenperature change.

Exanpl e 3: Er(MeCp) 2(Ni Pr-and) A solution of

Nl Pr-and-1 i was prepared by reacting

b 0 Bl (10.65 g, 84.36 mml) in 150

Eﬁ?’i'%’g?sTﬁﬁ“gféHgg% E?ng)ovm y adding 53 nL (84.36 mmol)

of _MaLisodutioer afol NBf-amd-LiL wasMprefareds dbywt remstings 1,3-di-tert-

stirred, at -73C for .30 mn, . then 0., t.00 :
oituleptaticiiee Lrdsea olanmat) i Lfis O Baat b Cr &Y siowly adding
5D 28Ul TBEMRDT Bfier G8RAWI M .M rrhsslufseRasadired at -
N Pr-and-Li solution was added to a flask containing
T&EQ fpGY) rricutes3chars warngsl 86 reem| temperasioe rndofurthelF stirred at

The,resul tin Xt ure s stirre Verni - Th u
o 14t tohpialirg 16 chlitd BEen Y GGl prfpred N®-ama-
LiRentitade wae Sadiiddied @mldsﬁltdohfﬁrﬁingflﬂkM@@@%CDXBTOU §rasinanmol) in
t hrough a columm of Celite brand di at onaceous earth.

251el énthine g vesiltingisiuap ovas sired aveyrgRls Ihederixture was
oA PSR AR e Bon IR Par R g g, otowec

byMiltettionahrelght @ cotumi8 6%G4lied Branthdiapomicemls danrel Tl pentane
at 36C and left a 2, 5%residual mass dyring TGA ,
SQIYRILIS YRR BTeSOATY RS S BHRATMAGH M 10sqhiginragt @rapge solid. The
L1 i d fa i o it 0 .
oA DS BLABARKD. ! Ehel MO SEG046R, 8 24805, i
cardlgisgioapho4fénpealstt rTatel ogpngees@it owltedgat vHO0Meiaghtleft a 1.8%

|l oss,with te h . Ex le 4 : -
resp EPIOY KRRl Jouer MIERSWaHL % A1 KBRS/ RikRRing ate of
13° G ir¥ anZmb3pAERS Whidh ﬁQNéThitﬂfzgelﬁeétt%[ﬁmLm.aqfﬂ@ge Results
solution of N Pr-and-H (4.00g, 128.12mml) in 20 nL of
are depicted in FIG 4, which is a TGA graph demonstrating the percentage of

weight loss with temperature change.

Example 6: Er(EtCp)z(N*"-amd)

To a flask containing Er(EtCp); (20.00 g, 44.77 mmol) in 200 mL of
pentane, was added a solution of N*-amd-H (6.37g, 44.77 mmol) in 50 mL of
pentane. The resulting mixture was stirred overnight. Solvents and volatiles were
evaporated under vacuum. The resulting pink liquid was distilled at 72-74°C at 8
mTorr. Yield is 16.4 g (67%). The melting point was 18°C. The pink liquid left a
2% residual mass during TGA analysis measured at a temperature rising rate of
10°C/min in an atmosphere which flows nitrogen at 180 mL/min. These results
are depicted in FIG 5, which is a TGA graph demonstrating the percentage of

weight loss with temperature change.
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pentane. The resulting m xture was stirred overnight.

Sol vents and vol ati |l es wereevaporated under vacuum
wab@onesm ti ng pink solid was distilled at 95-BCTBSIB0H046443

12 mlorr. Yield was 11.4 g (87% . Exanple 5:

Er (MeCp) 2( Nt Bu-and) A sol utih of NtBu-amd-1_i was

prepared by reacting 1,3-di-tertbutylcarbodiimde ( 1

Exdftfble §; BHMEOR)N™.ARANT _ of THE at - 78C by slouly
adding 5.2 m _ (2 .31 ,Pmml) of MeLi ether solution ( 1 _
.6 M\. TFolutiool utdfon Nvadmeteliir r evhsat prep8@d orbBo reacting  di-

sEpRb Bt T CRE of ok BF EbH BB ST I b Rey stowly
adingt4.0 ympf(7face althyl) F aviar iesthbl BahAigH- (1L6 MPR! ThieOsblu@sn was

added to a flask containing Er(MeCp) 2C1 (3.00 g, 8.31
stitfesl Pt -8 25far 3G mimuyes, e westiedi tagroenk temeergddre and further

stifr er.ni h Xt ur e r to
s 8 SRRl oy LS, MR CHARR. St ot e sy
pifeplalevsl"-tyid L lsblutibhavas hddedto a flzek wantaihingetivieCp),Cl (2.81
brand di at omaceous earth. The pentane sol vent was

9e(-88¢PmeRdn £8 rak whd&d -y hbe residient mixtyre wesisired Qreamgat. The
id h | N 5 C
RUir PR e g VR B il 3 o anc

stirrezd, dfolldWwed dnafitieat®al thaough tee dolimrl @) 0Cel#adbriaatit diatomaceous
1. 8%resi dual ss. during TGA anal ysis nmeasured at a .
RS oeENe SONRG! 1o GPOTIRR it A8 nehuepHanaS obtain a
piMRi il TRWSHIAK sbRYGRsREudiBRadT bt BOBO ENEES sk thSRER 2.2 g,
depicted in FIG 4 , which is a TGA graph denonstrati ng
whics geralatedagea G2 %wigjtht Thes pinki sdiidt eepied st (8 Cchmadhdrft a 5%

SR g FToRh, s MRy Ron el Bl rete o
1 0% il e A naatsphiefn whiichMBlvs aifoder( 8t 389, mBif 7 TRE®E results

in 50 nL of pentane. The resulting m xture was stirred

argveepiripet in Bemthichidavbbat 9meel desnensdialiner theepercentage of
WHRPE SIS SHabHE0, 1 I 1 e et e

mel ting point was 18C. The pink liquid left a 2%
EXSRPMA §i YPORPCRIY allor 100 min T an at mospher e

whi ch T lsBKgioR! t PIeRRLMBL My88 N pEhes& T eyl tReacting  di-
isopropylcarbodiimide (6.88g, 54.54 mmol) in 100 mL of THF at -78°C by slowly
adding 34.1 mL (54.54 mmol) of Mel.i ether solution (1.6 M). The solution was
stirred at -78°C for 30 minutes, then warmed to room temperature and further
stirred at room temperature for 2 hours. The entire quantity of freshly prepared
N*-amd-Li solution was added to a flask containing Yb(MeCp),Cl (20.00 g,
54.54 mmol) in 120 mL of THF. The resultant mixture was stirred overnight.
The mixture was evaporated to dryness under vacuum. Pentane was added and
stirred, followed by filtration through a column of Celite brand diatomaceous
earth. The pentane solvent was evaporated to dryness under vacuum to obtain
an orange solid. The orange solid was sublimed at 120°C at 25 mTorr to produce
22.4 g, which correlates to an 87% yield. The orange solid melted at 36°C and
left a 3% residual mass during TGA analysis measured at a temperature rising

rate of 10°C/min in an atmosphere which flows nitrogen at 180 mL/min. These
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are depicted in FIG5, which is a TGA graph
denonstrating the percentage of weight loss with
wWao eqopresrur e change. Exanple 7 @ Er (MeCp) 2( Ni PrrETi$2009/046443
solution of N Pr-fnd-1_i was prepared by reacting
di i sopropy! f ormani dine (10.0% g , 7.80 nmml) in 40 m _
of THF at -78C by slowy adding 4.9 m _ (7.80 nmol ) of

re¥Biks &Eh%'épﬁ;@éd“ihoplé . 6hidh - isThe T$9A U§iaPR Wefonstrating the
stirred at -78 Cfor 30 mnutes, then warned to room
pereapEgataiveeighido$with éemperatuesdchngeoom t enper at ur e

for 2 hours. The entire quantity of the freshly

prepared N Pr-fnd-Li solution was added to a fl ask

Eﬁ%@é B ¥o(meCYRIRP 2mhd) 2. 81 g, 7.80 mol) in 50 m _
of THF. The resultant mxture was stirred overnight. =
The Ai xaolutonweef eNapamet-bid was diyerareduriter reagdingm1,3-di-tert-

Pent . | I\ I B [ ,
Rl A0 of Tanel Bt Rt S LAY acding
5. TheLrenisamensipbivivial i vger evRpiohat eVl 0 Theysistaorlaerstirred at -

vacuumto obtain a pink solid. The pink solid was

7&Gbfarns@ nainutss. doercwarmednio Feom depespiyre apdgfurier ghirred at
onyi ebd.. The ni lei Bu
e b for2 3L Tl e sty P LEad oo

Lirmﬂlstlttrred/aatacﬁietjﬁmﬁﬂaslubentlaﬁrﬁlh@g‘f{b(me@po{CI](G@(hgn&nﬁ rmmol) in
at nps r ic ows nitrogen at 180 nlL/.nm n.__These

28 i %'?-gwﬂaepir%%wq MiKies avasyaliced iy eRighia Tieapixture was
e Qt%ﬁrtﬁtdﬁﬂ?]é@Sn@@rr WM@&%’[@@%'VQ&@ al@SP AN tst'tirred’,Afollowed

tenperature’change. Exanple 8: MeCp) 2( NI Pr - and)
b 6iltratioorthafughl #icobumoi lof iCealiées bparebdiatembgequsaeaiitmglhe pentane

i i sopropyl carpodiimde (6.88g, 54.54 nmnol) | 100 nl,.
sqrernpes BrasebgbioayiiFs® dadbnincm b Sk an S r9re. The
odihg¥ebdliceWer seflingdd et {25tC @t Mo mfier 36! proade VB3 g, which

stirred at -78 C for 30 mnutes, then warned to room

careglptesaioud et /igldr t hlee osange ealiimeliashat AP andrleft a 1.8%

f . t] ' f_.f
ekl A B9 OB M BB Taf B BRSSP T rate of
104/ M) aRGltro2ph&R @hichdildws AIgkni at 1&0NTImaf. THEse results
The resultant m xture was_stirred overnight.

h
2 SeRiF BB IS B TS Do GPyaHER8 dABNSIAG IS percentage of
wERRt A2 Wit dt 28 Lhange.

Example 10: Yb(EtCp)z(N""-amd)

To a flask containing Yb(EtCp); (15.90 g, 35.15 mmol) in 250 mL of
pentane, was added a solution of N*"-amd-H (5.00g, 35.15 mmol) in 40 mL of
pentane. The resulting mixture was stirred overnight. Solvents and volatiles were
evaporated under vacuum. The resulting orange liquid was distilled at 110°C at
10 mTorr. Yield is 15.00 g (85%). The melting point was 39°C. The orange liquid
left a 3.5% residual mass during TGA analysis measured at a temperature rising
rate of 10°C/min in an atmosphere which flows nitrogen at 180 mL/min. These
results are depicted in FIG 9, which is a TGA graph demonstrating the

percentage of weight loss with temperature change.
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stirred, followed by filtration through a colum of

Celite brand di at omaceous earth. The pentane sol vent
wor®IgvEspDr at ed to dryness under vacuum t o obtBETIUS2009/046443

orange solid. The orange solid was sublinmed at 120C at

25 mlorr to produce 22.4 g, #hich correlates to an 87%

yield. The orange solid nelted at 36C and left a 3%

Ex&fpieiah : YBEStOPIS(INTI-fif@) anal ysis neasured at a
tenperature rising rate of 10C mn in an atnosphere

whi cho &l ﬂaak qmnﬂam@enY@(Et@Bla (F100ng .1 3. 26 eapel 4 RDgNIg O toluene,

d |
Wik fietc sl e soial e N Tl O 7 a2t (nRoiEggnt of
to@@ﬁh‘épWﬁegres_ﬁ’ﬂﬂﬁb’ﬁﬁmurg(M@Mtr%ﬂjbvé%n@it USbIQGn’@fand volatiles were
Nt Bu-and-1 i was pr egar ed by reacting

e\@p@r@{ﬁedtlmdéwayuwar ) gurewltm erangeistyid wasslistigrat1g0"C at 6

Ael f g % 8 8 q |oalg é‘q ]re@dﬂ m‘ra@ during
? he/r }fl e SBIGE O

T@As ethtalysi‘s%dnaésureaS@t f@rteaﬁbdfamne eEismghm‘teWaf mMEPQ/min in an
roomterrperature and further stirred at room

atmaspOeER Whc!T Bows Nimgen atrtRD.edhepe regsidis @'ieyd‘%H'Cted in FIG 10,

ESE % PORBEABlamil 70 Y5k aass digicrae i

teRiperhtuoé chalige. The resul ting m xture was stl rred
overni ght. The m xture was evaporated to dryness under
vacuum Pentane was added and stirred, followed by

Ej‘(é,wpliélﬁQO?b ,bng?zhl(N'ar ﬁﬁayrm of Celite brand

di at omaceous ear The pent ane sol vent was evapor at ed
to ﬁqummmalnmtabﬁtﬂo)w@@@@ @ermmgjélrsaDmL oft@uene,

wib ohtiee” Rl o Soin FoRr et L 078 Bas k) inngo mi o

toRiedRo g h%%bdltlghﬁ&fb rétwéwﬁﬂfécﬁﬁdeﬂnﬁj H. Qollleﬁf@ érﬁﬁve‘léﬂﬂes were
mass durin analnl_]y5| s nmeasured at a tenpera

eyapsiraigdr dpderofacupay. nihe fasulinda@apspHisuis \Masd:hstf"leévﬁ 140°C at

Z(Ehgcgpeﬁﬁ?‘f;'ﬁ]fg g';z%fpgﬁf‘gpg&ﬁé@%é ‘ﬁﬁglltdtrlg t%rf"/odr%@o‘a;a?%dsg during
TEAr ceal\aie méasw’eg htt | a)s&nmetrlaturerrpemgt mte oha’n@’é:/min in an
atExa or \1/\81%?{58 Crgt)roz( le_:t g8ﬁ.rmf_,5rmpn gggﬁés@?sngrael gep%ted in
FR?“H aﬁ/ﬁlch\"@% ?@%egraﬁ){ﬁ%d‘léhé}%tmg NeF¥ergdftabl (07 v¥Sht loss with

5 mol)
temperature change.

Example 13: Er(MeCp).(iPr-N-C(Me)=N-iPr)

The lanthanide-containing precursor of Example 3, Er(MeCp),(iPr-N-
C(Me)=N-iPr), and the reactant O3 were used to deposit a film of Er,Oz on a
Si0./Si substrate. The SiO,/Si substrate was maintained at a temperature of
275 °C. The pink solid precursor was vaporized in a bubbler maintained at 115
°C. The ALD cycle included a precursor pulse of 10 seconds, followed by a 5
second purge, followed by a reactant pulse of 2 seconds, followed by a 5 second
purge. The Er,O3 growth rate was observed to be 1.2 A/cycle. The ALD regime

was assessed up to 275 °C with a deposition rate as high as 1.2 A/cycle.
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pentane. The resulting m xture was stirred overnight.

Sol vents and vol atil es were evaporated under vacuum
wab@onesnt ting orange |iquid was distilled at BAODUTSH09/046443

10 nforr. Yield is 15.00 g (85% . The nelting point

was 39C. The orange liquid |Z8ft a 3.5%residual mass

during TGA anal ysis neasured at a tenperature rising

E%%tn‘i,é%f] Ef#ﬂtg%ﬁ:rq@(ﬂ snhpp)e whi ch flows nitrogen

ese re ts are depicted in FIG 9 ,
whi chhe slaath'aaﬁdegcarpﬂalrdmgmpmcueetarngf t Brapplec éht &gdEtGP ) (iPr-N-

CW%%M S%}%ﬁﬁ?ﬁé?&gg{ ?3?@%@23%%&?%%%%&!'[%%&9 ég) E3r203 on a
S@/@Oslﬂ)straﬂe?’ THe SR 9i éstﬁthe'ﬂan%élﬁt'ay%&eat é/"t%ﬁn@é*@ﬁﬁe of 250

a solution of NPr-fnmd-H g,
G nTBe mmk tuidgiraewsor Wae \raemmlzed iy anbuhbhererrmalsredratdﬁ °C.

TR BLD Sle, e deR rdlifaariiyis of o SEhenfSu RIBARLSY a 6 second
lﬂ‘ﬁét fdllbﬁ/édady é2@a(§t‘/aﬁﬂ p@s&@bPrsectngb! dfo'lléwéd %y% 6%&¥bnd purge.

e’ orange liquid left a 1.4%residyal mass during T

The&iryQs grqvﬁbsrataewa@toasqrw@é@ DeuP S Moyrieg TheeAld? regime was

sl Pedfi S T RGBT s S YR o3 PERARE. T

gr aph dermnst rating the per centage of weight loss with

t t h 12:  Yb(i PrCp)2(Ni Pr-fnd
Exmpl T8 XboBnCR PR ARy BrY 3. 00 g 6. 07 rmol) i n

S Pﬁ?%ahﬂe&ﬁ&eco%ﬁgﬁggﬁgc@@Wéﬂ‘ %éﬁkﬂ’é 'EPnY? MeCp)s(iPr-N-
C(IIWIe)%rRrI)tTmtgthn réaotantwdsgO sﬂe&rerwsaédotoedepcg#ﬂa fl30|0erﬂl2Q3 on a
. atile a t ed under. v
SREEATibRels: e i SHORRatMEE M Tt e St aperatire of 250
O“quﬁe or\é'nﬁledsdha Freeusor $59 vapdieear lﬁnﬁ%dbb%#'rﬁai'n%lﬁe@ at 115
% residual mass during TGA anal ysis neasured at

°@ ender ALDY eyclé smcrigde@taeprﬂcumm/ prlse ioh Capecandss pﬁ@ﬂémed by a 5

sti@iFpligd Toltg 1 anfeahtin IR 7 AROalolbRaf fy = 10

sédﬁfhdpﬁjrgénﬂ?@eY@ng b@lm rét@sfﬁasl\bbéert/@drmeb@t1ua) A/ gFhe ALD
npl e 13: FEr %IPI‘- C(Me) =N-i Pr)
reglme was assesse to 275 °C with a deposition rate as high as 1.0 A/cycle.

Example 16: Yb(EtCp),(iPr-N-C(Me)=N-iPr)

The lanthanide-containing precursor of Example 10, Yb(EtCp)(iPr-N-
C(Me)=N-iPr), and the reactant H,O were used to deposit a film of Yb,O3; on a
Si0,/Si substrate. The SiO,/Si substrate was maintained at a temperature of
250 "C. The orange liquid precursor was vaporized in a bubbler maintained at
115 °C. The ALD cycle included a precursor pulse of 10 seconds, followed by a
5 second purge, followed by a reactant pulse of 2 seconds, followed by a 10
second purge. The Yb,O3 growth rate was observed to be 1.0 A/cycle. The ALD

regime was assessed up to 250 °C with a deposition rate as high as 1.0 A/cycle.



The | ant hani de-cont ai ni ng precursor of Exanple 3,

Er (MeCp) 2(i Pr-NC( Me)=N-iPr), and the reactant O3 were
waiz@d1ss7deposit a filmof Er203 on a Si O2/ Si PCT/US2009/046443

substrate. The SiQ2/Si substrate was maintained at a

tenperature of 275 C. The pﬁﬁk solid precursor was

vapori zed in a bubbler nmaintained at 115 C. The ALD

cycl B/Hil8 EnistRfim@nty &QHfsSﬁ\r/elﬁ}Hrﬁ‘\’a\%f bddh SEGANERd described,

followed by a 5 second purge, followed by a reactant
mpdifisetiais mes@cnfma@sbe mdledw/yemeaykl&ecslrs‘@@cﬁrﬁwﬁh@lgtedepaﬂ@ng

t Yo d
frsweé%ﬁurﬁg A BRI FEe B §lfEsEropferein
?‘&’ﬂ y @hd l}o¥ liRitf e | Paky ERASorAgtand modifications of the
Er(Et )2(i Pr-N-C(Me)=N-1Pr) The | ant hani de-cont ai ni ng

c@npesiticn andmethedpre pessible(@dpithin(thescree ofe-iNvertion.

SR SRRl I EBIEb Rl L e

hevah, et ¥ @iipéchitat by thergkamatwisieh @cﬁllo%Qhélst;b@of)which shall
i qui d precursor was vaporized in a bubbl er maintained

inglude &4l QF@'V%@S,QL@%WW@CH mattaoelths Grigsur sor pul se of
10 seconds, followed by a 5 second purge, followed by
a reactant pulse of 2 seconds, followed by a 5 second
purge. The Er203 growmh rate was observed to be 0.3
Al cycle. The ALD regime was assessed up to 275 0C with
a deposition rate as high as 0.3 A/cycle. Exanple 15:
Yb(MeCp) 2(i Pr-N-C(Me) =N-i Pr) The | ant hani de-cont ai ni ng
precursor of Exanple 8, Yb(MeCp) 2(JPr-NC( Me)=N-iPr),
and the reactant H2O were used to deposit a fil m of
Yb2O3 on a Si 2/ Si substrate. The Si 2/ Si substrate
was mai ntained at a tenperature of 250 C. The orange
solid precursor was vaporized in a bubbler nmaintained
at 115 0C. The ALD cycle included a precursor pul se of
3 seconds, followed by a 5 second purge, followed by a
reactant pul se of 2 seconds, followed by a 10 second
purge. The Yb2O3 growh rate was observed to be 1.0
Al cycle. The ALD regime was assessed up to 275 0C with
a deposition rate as high as 1.0 Alcycle. Exanple 16:
Yb(Et Cp) 2(i Pr-N-C(Me)=N-i Pr) The | ant hani de-cont ai ni ng
precursor of Exanple 10, Yb(EtCp) 2(JPr- N
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Me)=N-iPr), and the reactant H20O were used to deposit
a filmof Yb2G3 on a Si2/Si substrate. The Si Q2/Si
wGeaipstis|sre was mnai ntained at a tenperature of PSDUS009/046443
The orange |iquid precursor %?s vapori zed in a bubbler
mai ntai ned at 115 0C. The ALD cycle included a
precursor pulse of 10 seconds, followed by a 5 second
WHhat geclafroéd @nved by a reactant pul se of 2 seconds,
foll owed by a 10 second purge. The Yb2O3 growth rate
was observed to be 1.0 A/cycle. The ALD reginme was
asse ; Wt 0S1 L] [
155 TR e s RenER G e Aihd FikSufier gr
géaerel foeminlszshown and descri bed, nodifications thereof
can be made by one éﬁ jlled jn the art J thout

departing fromt heNgpiGR) tn(%rNth(fel)lTNtﬁdf this

Whgyeqﬁltl on. The enbodi ments descri bed herein are
exenpl ary only and not limiting. Many variations and
nodi { i datis arfanthiantdeemetahhasingi amioaitdradiishfoomaapproximately

p035|ble within th of the invention.

Accor di9 g?éq?l?é’pg%'ﬁé %Yapﬁ/g?e%ﬁ cﬁ?‘qr%erﬂﬂ 2 CRPEdinAtoR
the embedigg@nke: described herein, but is only limted
by the clains which follow, the scope of which shall

i ncl ud®'ds selegtad/momrthe gmum henSeﬂU}@cftHrmﬂtaanBS ey chain;
cl ai s,

Pt T seleBtsl AbMg'Bowd o ST ST H g EATES MM Enain
for mul ®* i§8ERBEER) MEMAhBHE I Lohki St of Maile; - Ln is

a | anthanide metal having an ionic radius from
apprDX|”nQﬂdeWa@)9¢5r0mt1dog7p|§‘ﬂdX| mately 0.94 A a 3+

Cer et f PRy DB e e gniftal dpsig

al kyl chain; R2 is sel ected from t he group consisting
of and a Cl-C5 a chain; - R4 is selected from
24 heHHﬂ%egmeeﬁ@pgtqf ﬁbalraﬂ Whﬁﬁa'f‘l\l@ isrelprethiioan e gogm 1

cdftishing AN, G, ", BRLHY BT THASNE VEE! LI ng poi nt_bel ow

appro |rmtely 105 e conposition of claim1,
wherein Ln is selected fromthe group

3. The composition of claim 2, wherein Ln is selected from the group

consisting of Er and Yb.

4. The composition of claim 1, wherein R' is selected from the group

consisting of Me, Et, and iPr.

5. The composition of claim 1, wherein R? is selected from the group

consisting of iPr and tBu.

6. A method for depositing a lanthanide-containing film on a semiconductor
substrate, the method comprising:

a) providing a substrate;

b) providing the lanthanide-containing precursor of claim 1; and

c) depositing a lanthanide-containing film on the substrate.
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consi sting of Lu, Gd, Th, Dy, Ho, Er, Tm and Yb. 3.
The conposition of claim2, wherein Ln is sel ected

WO e@onid3e2 gr oup consisting of Er and Yb. 4 . TPET/US2009/046443

conposition of claiml1l, whergin Rl is selected from
the group consisting of M, , and iPr. 5 . The
conposition of claiml1l, wherein R2 is selected from

71 he Proumthonof slkirh®, AlrthdPcopiptisingdefositirty et |Bathahfle-
deposi ti ng a | ant hani de- cont ai ni ng filmon a

cetpintthiiint oo the gukstraie @t attﬁ@p@éathrﬁb@tme@nu ahiqng1585C and

tP drg@ Ry a substrate; b) providing the
anthanide- cont ai ni ng precursor of claim1; and c)

depositing a | ant hani de-containing filmon the
substrate. 7. The pethod of claim6, further conprising
8 depo‘sﬁh% mejhedher Flakp ﬁiamr&@émrwrrggdﬂpcrsfwr&qtneﬂanthanlde-

cSHBRIEif 8h i SAREIE LY b DB e l%g@@gﬁgpaéﬁgg Afr and
atomrtp?ro Bomg depositing the I ant hani decontai ning filmon

the substrate at a pressure between about 0.5 mflorr
and about 20 Torr. 9. The method of claim®6, wherein

othe Tﬁ@hﬁaﬁw@f st & Wh@z%nﬁ“tﬁ%%ﬁl@%maéc% odéﬁgP% uror is a

t enper at ure bel ow abou alm
liquid wharteinpetdiard alowaaticdé 7080t ai ni ng precursor is a

liquid at a tenperature bel ow about 400C. 11. The

met hod of claim6, wherein the | anthani de-cont ai ni ng

16.1 | N"ThS nf2h&€ bEElalh OMWhieeid g Rarﬁlﬁ’é\ﬁﬂélcbﬂﬁhlr%%llp'ﬁ@@sor is a
(LnLn")O 3, Ln2CB- Lr V208, LnSi xOy, LnGe

liowid ehetempefatiebelawdput AR, wher ei n Ln and Ln' are
different. 12. The nethod of cI aim1l, wherein the
| ant hani de-containing filmis sel ect ed fromthe group

1t.onsTisé meghed ofEIBMOGX whérdin %dladtﬁéfhﬁbéconwwn@ﬂ%@ ¥elected
13. The nethod of claim6 , where
fr@'@rﬂf‘ﬁQﬁ‘P%C%'?J?\’?tﬁigﬂ@fﬂgbﬁﬁe@ﬂﬁ@dpmb@% L” 203, LnSixOy, LnGe,Oy,

(Al, Ga, Mn)LnOs3, HfLnOy, and ZrLnO,, wherein Ln and Ln’ are different.

12.  The method of claim 11, wherein the lanthanide-containing film is selected
from the group consisting of HfErO,, ZrErO,, HfYbO,, and ZrYbO,.

13.  The method of claim 6, wherein the lanthanide-containing precursor has
the general formula selected from the group consisting of Ln(R'Cp)2(N*-fmd),

Ln(R'Cp)2(N*amd), Ln(R'Cp)(N*fmd),, and Ln(R'Cp)(N?*-amd),, wherein Ln is
selected from the group consisting of Y, Gd, Dy, Er, and Yb; R' is selected from

the group consisting of Me, Et, and iPr; and Z is iPr or tBu.

14. A method of forming a lanthanide-containing film on a substrate, the
method comprising the steps of: providing a reactor having at least one substrate
disposed therein; introducing at least one lanthanide-containing precursor of
claim 1 into the reactor; and contacting the lanthanide-containing precursor and
the substrate to form a lanthanide-containing layer on at least one surface of the

substrate using a deposition process.
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the general fornula selected fromthe group consisting

of Ln(R 1Cp)2(Nz-fnd), Ln(R 1Cp)2(Nz-anmd), Ln(R 1Cp) (N
w@2doo)9322 and Ln(R 1Cp) (N z-anmd) 2, wherein LPCT/BS2009/046443

sel ected fromthe group cons%iti ng of Y, &, Dy, FEr,

and Yb; Rl is selected fromthe group consisting of

Me, Et, and iPr; and Zis iPr or tBu. 14. A nethod of

form ng a | anthani de-containing filmon a substrate,

the nethod comprising the steps of: providing a
1?eacﬂ3@ nh%tb@ﬁ@f glaimdds furbifs comyising eoﬁ'@@%@gd

ther é)%w@ﬁg%ltn@asqtoneergalztaﬂpg?em?s into $he reactar, wherein

| ant anld con recursor o he

reactor; aaill eactatspegietieah @myg@mcdmawm@ aundr, agd
to forma

precursor and the substrate fc , )

| ant Bhani d&€ACHRAY sAiG 'ﬁ@%aa@ﬁ{@rcwamng pERCUrsH Vit $3id seagiant

t he substg&%& -dsi ng a deposition process.15. The

nmet hod of claim 14 , further conprising the steps of:

a) providing at |east one reactant species into the
16.eacTioe ,methedevhn ckdndl 5 eabbrdih thpest I@ast PnaNre@Xidr Nspecies is

cont ai fluid; and b) reacti ng sai d
s¢l ﬁﬁtteﬁa{] BEHPHP rfioRgiSHPe fr QorOwi 40 s He@2.r agaticaasid, formalin,

?r%%‘rrﬁérdei‘w de 1A %B%t.eﬁs%&baﬁ 15, wherein the at

ast one reactant species Is ected fromthe group
consisting of @2, @3, H20O, H2Q2, acetic acid,

17.0r nehé metpod af Elaimalsgalmgesin tm%mmﬁu@@bhmng wes&fbor and
17. The nethod of c¢claim 15, wherein
thedrpRiRRt BRST8RH A RithRS ipiradurashat Iaast namaliyeamﬁﬂeously asin a

Cmﬁ@% r%e%'o‘sl?l‘éhldré%éélﬂ B?Sije ﬁﬁ@'gggga gP@a*st plggpéuy

sl nu eousl em ca eposi

sqruectialy asin anatomicrlegercésbogitidneasteparti al |y
sequentially as in an atom c | ayer deposition process.

18. The method of claim 15, further conprising

18.nt rpeliRicio@oPBlafh 18T -
L PTG 18 APy 2y RECHOOR 8 et precursor

infcathehgarwecwhersimthegmptal puecusorindlifferpotinainte danthasise-

ccﬁﬁ‘%%wgg?%gursgetagprﬂo Ir;%% {5@%’( l%e%t{p%g czmge g?etﬁbﬁ)rgcursorto form
theudsthapidescort@ininthayses ek ehe 6 Aldie E8bstiesei n a
nmetal of the netal precursor is selected fromthe

group consisting of H, Si, A, Ga, W, Ti, Ta, Bi,
1%r > Mpthod of claim 18, wherein a metal of the metal precursor is

selected from the group consisting of Hf, Si, Al, Ga, Mn, Ti, Ta, Bi, Zr, Pb, Nb,

Mg, Sr, Y, Ba, Ca, a lanthanide, and combinations thereof.

20. The method of claim 14, wherein the deposition process is a chemical

vapor deposition process.

21 The method of claim 14, wherein the deposition process is an atomic

layer deposition process having a plurality of deposition cycles.



My, Sr, Y, Ba, Ca, a | anthanide, and conbi nations
thereof. 20. The nethod of claim 14, wherein the
wale@odidsron process i s a chem cal vapor deposiPECDNS2009/046443
process. 2 1 The nmethod of c]aim 14, wherein the
deposition process is an at offi ¢ | ayer deposition
process having a plurality of deposition cycles.22.
27he TRE Asthed of bRIM 144 whaheihehd Iérﬂl@anide-containin? precursor has
| ant hani de- cont ai ni ngﬁ precursor has the Q%ener 5
theqgengral foamnele: saleqted fiom theggroup copsistisgiohgnR Cp)2(N“-fmd),

RSP, LR IR 0 B s L

selacted|ferh éte Group ¢drssigingui YCWS BY,iFgafd YH; RCds sB¥cted from
Er, and Yb; Rl is selected fromthe group consisting
thergmep cepsisting of Me, EanandriRrsangy igiPragfBup3. A
| ant hani de-containing filmcoated substrate conpri sing
the product of the nethod of claim 14.

23. A lanthanide-containing film coated substrate comprising the product of the

method of claim 14.



