METHOD FOR MAKI NG ORI ENTED TANTALUM PENTOXI DE FI LMS
[01] This application clainms priority to U S. Patent
wo\p@itestpd on Serial No. 12/132,758, filed Junerpdl/uS08044084
which is incorporated herein by reference inits
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i ncorporate high dielectric constant (i.e., high
dielectric permttivity) materials into capacitors and
gates. The search for new high dielectric constant
materi als and processes is becom ng nore inportant as
the m ninmum size for current technology is practically
constrai ned by the use of standard dielectric
materials. [03] Tantal um pentoxide (e.g., Ta205) has
found interest as a high dielectric permttivity
material for [ ' . PRAM .1 QIS :
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directed to crystalline tantal um pentoxide for such
appl i EErensadn ithertEeSe thin filns of crystalline
tant al um pent oxi de have dielectric constants of 60,
whi ch i s about tw ce ' hCc constant of thin
films of anorphous tgi aFS%?%E%%ggide. However, sone
high dielectric constant materials have ot her
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I mproved performance of the materials and articles,
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construction having tantal um pentoxi de on at |east a
portion of a rutheniunctontaining material as further
[03]descri bed i nTahelyn pedoxidel(esg) aihsphas[fosld miegest es 2 high
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t ant apddAnsROTie RightSelectric constant (e.g., 30) and low leakage currents.
Even further interest has been directed to crystalline tantalum pentoxide for
such applications, because thin films of crystalline tantalum pentoxide have
dielectric constants of 60, which is about twice the dielectric constant of thin
films of amorphous tantalum pentoxide. However, some high dielectric
constant materials have other properties that may be improved, which may
lead to improved performance of the materials and articles incorporating

such materials.

[04] New methods of preparing the high dielectric constant materials
and new articles having high dielectric constant materials are being sought

for current and new generations of devices (e.g., integrated circuit devices).



havi ng different crystall ographic orientations, on at
| east a portion of a rather umcontaining material as
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DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[09] Polycrystalline materials generally contain a plurality of
individual crystals, or grains, separated by grain boundaries. Such grains
retain the characteristic structure of a crystal, but may be differently oriented
with respect to neighboring crystals (e.g. grains) by a relative rotation of
their principal axes. Grain boundaries in polycrystalline materials may
negatively affect, for example, physical and electrical properties of the

material. When grain boundaries align, some properties may be even further
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Therefore, a reduction in grain boundary alignnment

and, therefore, grain boundary induced | eakage in
w@eopstigd7bd ne hi gh di el ectric constant nateri al BCT/IS2009/044084

provide new articles, constructions, and devices. Such

articles, constructions, and devices may be useful in,
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a," and "at |east one" are used interchangeably and
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generator (WG, in sonme enbodi nents, uses a catal yst
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generAlse prvidedthersin srerastigies and| dssicaginghndine taaipbym perfiexides
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hydr dgEe s gl B S omR g an

oxygen-contai ning inletstream |In sone enbodi nents,

[11]t he hydr ogenopeatpectofithe bresadt didctosan is ameithvel afdermibgan
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t hereof, hr sone enbodi nents, the oxygencontaining
i nl etfugheraachudesprovidingdeyatérovapex genetator thatlisdudlesrone or more
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water and optionally molecular hydrogen (H;). The method further includes
contacting the ruthenium-containing material with the outlet stream under
conditions effective to form crystalline tantalum pentoxide thereon. As used

herein, “a,” “an,” “the,” “at least a,” and “at least one” are used

interchangeably and mean one or more than one.

[12] A water vapor generator (WVQ@), in some embodiments, uses a
catalyst for reacting one or more inlet streams that include molecular
hydrogen (H;) and molecular oxygen (O,) to generate an outlet stream
including water vapor. The one or more inlet streams can include, for

example, a hydrogen-containing inlet stream and an oxygen-containing inlet



nitrogen di oxi de (NO2), dinitrogen pentoxide (N2Cb),
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in the water vapo eney at.or qut,l et vapor.
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usage clearly 1 ndicates otherw se. L14] The ability to
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In some enbodi nents, nodifying the hydrogen-to-oxygen
[13]ratio for OnQ“h@h?rdlﬁg@l—bdﬁtﬁhingtﬂﬂeﬁﬂﬁeaﬂfmﬁhbe vRftgen-coapiming

generator may allow for selectjve forma%i on (e.qg.,
de posipleﬁ @jpganbcf,an each be controlled independently of the other with, for

example, mass flow controllers. Therefore, when the hydrogen and oxygen
are introduced to the water vapor generator in a hydrogen-to-oxygen atomic
ratio of 2:1, the water vapor generator outlet vapor is water vapor, generally
of ultra high purity and reduced contamination relative to pyrogenic steam
systems. Unwanted contamination of the steam can result in the
contamination of the substrate surface. If the hydrogen-to-oxygen ratio
differs from a 2:1 ratio, then excess oxygen or excess hydrogen may be
present in the water vapor generator outlet vapor. As used herein, the term
“or” is generally employed in the sense as including “and/or” unless the

context of the usage clearly indicates otherwise.
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water ampoule in some embodiments. A water ampoule evaporates water in

a constant and nonvariable atomic ratio of hydrogen-to-oxygen. Controlling
the flow rates of hydrogen and oxygen to the water vapor generator allows a
variable atomic ratio of hydrogen-to-oxygen in the water vapor generator
outlet vapor, which may optionally contain, in addition to water, excess

hydrogen or excess oxygen.

Water vapor generators may permit non-stoichiometric ratios of
hydrogen and oxygen for the one or more inlet streams (e.g., hydrogen-to-

oxygen atomic ratio not equal to two), but may also have limitations on the
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reaction gas (e.g., water), an inert gas, or other
[19]9ases. The hydrogen-to-oxygen ratio of the one or more inlet streams

feeding the water vapor generator may be controlled, as further discussed
herein. Therefore, in addition to water, the outlet stream may also include
hydrogen. When the hydrogen-to-oxygen atomic ratio of the inlet stream
exceeds 6:3, hydrogen in excess of the stoichiometric amount required for
water vapor generation will pass through the water vapor generator to the

outlet stream.

[20] In one or more embodiments described herein, a vapor deposition
process may be used. In such embodiments, the vapor deposition process

may accomplish the contacting of the ruthenium-containing material (e.g., a



In one or nore enbodi nents of the present disclosure,
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rut heni um contai ning material of 400C to 5000C, or in
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crystall ographic_ orientatjon. It is therefqgre,possibl

1 oY SRR AR AmAEIR b Eie o Reds OB g cHinES may be a

crystiglsk b¢ phAOhfrHfRn, at least 0.1 parts hydrogen, at least 0.5 parts
hydrogen, or at least 1 part hydrogen, using an atomic basis. The change

may be less than or equal to the maximum change in hydrogen-to-oxygen
ratio as allowed by the water vapor generator operating limits. For example,
for every 3 parts oxygen, the change may be less than or equal to 2.0 parts
hydrogen, 1.9 parts hydrogen, 1.5 parts hydrogen, or 1.1 parts hydrogen,
using an atomic basis. A change in the hydrogen-to-oxygen ratio, for

example, may occur once or more during the plurality of deposition cycles.

When a hydrogen-to-oxygen ratio is held constant during a

number of consecutive deposition cycles, the crystalline tantalum pentoxide
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st r egbih@l hhghavat £firsyapsullggasiiaboentatidee It is therefore possible
crystal | ographic orjentation of the cr stﬂ] line
t ant 4P GRY PERCEHGIAROdAgNtR & teleglively ?%ﬁ%’éf& foe tantalupg g 3)
and ( . Welal: ) i ;
33 dramddtay Rl 4P b ol iR by PSR e
st r egrrticamldr g drogeeto-vaymen rgeniarthe ovetrstrgam ég thietwater vapor
crystallinpe tantal um pentoxi de that has an orientation
Ut h uerBEo O A, ek BS A o elo g GhRer by ot B
di scl R§uELinttheinldtRELMA S HR8vAEr bol @dstatdrMhe crystallographic
hydr ogén-t o- oxygen rati os, the tantal um pentoxi de )
f or nedicatating of the cfystallindhipiabiye nentoxidg g e caaxisootamed (ie.,

have ryst raphi.¢c i ent at.i i { :

neve Ao SHIRP Biest] LSRRARY: HhbSHT s AR b o
f or mag)detsiengo- bR odhaa Bdinlty dir@@e o the waky gepor g@hérator ]
The difference 1 n orientation between the first and

secorfesulEntcaysipinraniglunypentoprge et basran giientptign guch as (200).

boundar r i :
pol y grﬁfé}bﬁbng‘%g &litg% ?{f??iﬂr%nd%%fnotﬂéllf it e .ugci?(%e%ste i(.)g at 1te ?isé two
gr ai rhydengedas-yxagdngaties) thenaytaluespdrtoxide foeed esing e first

boundary i nduced | eakage in the conbi ned tantal.um,.

pent dRIIRECT e BTt RIGH HeHGE P elioRARS SRBHaton different
Crys ttﬁ%u‘} HR%rys Bgiapfﬁcnﬁféhﬁi‘ibﬁl 88 tHEBYntH8m pentoxide formed using
crystal l ographically textured in a single orientation.

Mor edhiesgconth Bydogdiptoroxyfgen bagiof i r st and second
crystalline tantal um pent oxi des may i nclude nore than
one crystall qgr iC orientatiao t t
24170 he” ot her 187 SR SR e s AR PRRSET,
casesanthligh phididges MayoiffRnthatdrain Soheiane eliprinient bH\@ crystalline
materials may affect the grain_boundary alignnment and

may t(eer@plycrstaliiee) tandalgmaentonilen fel{Srting theoBain hoypeay
currept ' i f i :

S Pl RSB Sy S B e
Wi t h ddnitisod tamdiuaepent@xidy sOrsroiiotin of thtifivst anfl second crystalline

crystal |l ographi ¢ directions and pl.anes. An _expl anation
of | MR Reieddes gy eopualRErribisl erFedin feingt
"1 nt r QeiekioRN Mded<RE, ke ©F bothIFIRNErsERHd de8Fhnd ct9$thlline

tantalum pentoxides may include more than one crystallographic orientation

that is not present in the other crystalline tantalum pentoxide. In such cases,
the change in orientations between the two materials may affect the grain
boundary alignment and may thereby reduce the grain boundary induced

leakage current.

[25] The orientation of a crystalline material (e.g., tantalum pentoxide)
may be designated with Miller indices, a system of notation of
crystallographic directions and planes. An explanation of Miller indices may
be found in Kingery et al.; “Introduction to Ceramics,” Second Edition, John
Wiley & Sons, New York, NY, 1976, pages 44-56. For example, the c-axis



Wley & Sons, New York, NY, 1976, pages 44-56. For
exanpl e, the c-axisoriented crystalline tantal um

w@emwbosxs7oe nmay be represented by M| er indi ceBCHES2009/044084

[26]

[27]

[28]

(003) and/or (006). Other crystall ographic
orientations for the crystalline tantal um pentoxide
i ncl weienteB etystilitnenaiitatunthéreskill©may be rdp2€nted 62 0Biller indices

(220), and (102) orientations and .other ori ent&y ons...

[ 26] 29050 and/ept09Bhi @thsF senieHegrapiic srematigns et e crysialline
may 4 . . i

X ay Tl Ed: A ot b hollin AR, WIZDAE (UG {20
t hi n ahil (102) oriehtati@rssndgher beieatatarspl | shed by grazi ng

i ncidence x-ray diffraction (G XRD). Such diffraction
techniques rgsult in plot, of intensity versus.a.. ..
2-theta valu ;ys@ogr@p%'cgg@ma O, A mée’i‘ § 1y, pejdentified
and kppwingy dieraefistelcmiiqidie xdidyfdifcaoh BEMM cristalline
wavel ength of the incident x-ray beam |, and the

ang| enasérialn(ei gicthinefilofs arhieyexs) meay hecaeapmplished by ezaring

] 5 AL CTIED0 Pl PR i

d- spadtRgsntedityeeand 2thetp dtlueC Ushig Briayss dlalvognaphidsin 6,
orientations, depending on the_ subject material.. %ﬁg]
de

It shedikaoymeihe ayer abihe diiffactad beare 1 S HIFIENSEN?

may . C [ | S C jNe |
e R e T L
or i erhatalonlatelthe distahcecbewsen partlhdl plankeofateme fd-spacings) of a

di scl osur.e, .whe particul ar crystall ographi .
or i erff¥{d! i"ﬁ“%ee_. b dpesings F@Tﬁ%@?ﬁ torhagctis] epysipllographic
Cr Y SthQabAP Bl fen@loS Bt b@fedt nai@aNt to be broadly
interpreted to 1 nclude nonoCrystalline materials

having that crystallographic orientation and al so
pol ycryst al | Itiskowtd be npted shas casttlinsaartialpmpstergde may be

orientation,.wherein the predomnan rJ: en ' '

det orpiErbt T R bRl DA oo G W& rhdve ghan
i nt erlﬁﬂthysf&l@Fra}pﬁic'dﬂéﬁfaﬁdn.Oﬁl sudh ade8ywidhih filiegresemn disclosure,
scan. Peaks o esser_intensity may indicate other

cr ystdhenggraatisilar caystallogeaphisrrieniion fag- (D3pris sesrtiongl, guch
| esser 3 ; :

i ot 15 AR Al ioni O FEGRTR 68 bR MlorpiBied g fnclude

or i enhaidcontallas mawdsat datiap et cfy2@]logmplib otikatatien arat dsb
that a_particul ar hydrogen-to-0 en ratio need not .

r esulTOl ARG ateRR IS Ry emin e S Hedhal o ERRLpT-gHepyin the

the @%J&%&&%ﬁ%ﬁﬁhbﬁ@s detitnBld MRS Mo iR, vafld AEN Be

predom nant orientation may be present, the
highest intensity peak is located on an x-ray diffraction scan. Peaks of lesser

intensity may indicate other crystallographic orientations that may be present
to a lesser extent. Further, some peaks may not be distinguishable from

background noise rendering such orientations as nondetectable.

It should be noted that a particular hydrogen-to-oxygen ratio need
not result in a singular crystallographic orientation of the formed crystalline
tantalum pentoxide. Although a predominant orientation may be present, the
tantalum pentoxide may be polycrystalline having more than one crystal

orientation discernible by x-ray diffraction analysis.



tant al um pent oxi de may be pol ycrystalline having nore
than one crystal orientation discernible by x-ray
walrdobnessvd on anal ysis. [29] As nentioned above, PCT/US2009/044084
di fferent crystallographic orientations of crystalline
tant al um pent oxi de may be formed with different ,
[20] hydr ogen- t 00Xy aestibadd Meve Mitfeent diyehll@irapdicotiantitioas of
wat er vapor generator. In sone enbodi nent

cr ysteaystdllies teaatum pentpeide sy e Jommgd wigh éif#%iff‘é%t bydrogen-to-

cryst ' ' ' . i

o1 U e P A Bl e Wt Vg DRI Th S

gl ur aimbodirmdnts] epasillineonntalon pstosgtes myingdbfferent
epositiqgn cycles, During the first, b cycles.at .o

(oINPT S ioaRgan ek BF o HEnE L of fgposition

wat er, 0 sl t ' taNh& BB

i R e i

cr ystdepbsiomgiules. Gnirmgtthe fishb cT¢lenattahfarst hydrogen-to-oxygen

hydr ogen:to0-0 en ratio could be ch ed

subsé g%m t?’? “ﬁ%tlgta "glaeowg%mpoége%@%% Sraﬁ(%g[ CWS?&QHne tantalum
hydr Q@eRddR-RXY8efdrked haviflslh ifRd cfystdidtapRit@ricAttbe:s Thén
order to form'a second crystalline tantal um pent oxi de

havi ﬁge by &regamie-@ivgen tiosgplid chapgadeand subssquentiycheld
gtk . | . : |
t ho RopERYey § st SRRl ERY Bl AtndH M dioral s in

di f f ejresth Yoret 4 sstoed chiswlitnel thitalent wentaddehavirny osdcosds
may formtwo parts of an_article (e'@?l'@’ a devj ce)..
[ 30] omwstallngrpnbie eriratatioas d e sefoad chsillegraphicarieqfetion may

havi ' I : ' ' j

i e e T P R
di f f rakhtedrergstalise fantiluna pentokifléemey fprmetivat pavte of an article
proportions of crystallographic orientations. Thus,
mat er(e&-& 45%iffhg di fferent crystall ographic
orientations include materials having different

[30]Pr edom nant  aiysé@in tAQ hrB&It iseldsere! AbicPAR hatimg\Welifitre@s
mat eri al s having the sanme predom nant crystall ographic

or i ertrpttiltngraphdl¢riantations arg meaattsobropdly ircludegmaterigls imwhich
di scl psed herein. can_inch. 3 f | j

tant At oAt aerise Gl SO LAE gt P BbREof
pent oot siglldpRaphic dreasitions PO, autadfald iwwidg differehaint al um
pent oxl de, wherein the first_ tantal uEw pent oxi de has a
crystaiteipespmicorimiaions tcbiicrpaierials haing st prgRminant
the C{rﬁ%&l@g&}%?%@ﬁﬁ%&%%@ﬂ Rl favifs #RGame

tant a "ox
predominant crystallographic orientation.

[31] In certain embodiments, articles as disclosed herein can include a
first crystalline tantalum pentoxide and a second crystalline tantalum
pentoxide on at least a portion of the first tantalum pentoxide, wherein the
first tantalum pentoxide has a crystallographic orientation that is different
than the crystallographic orientation of the second tantalum pentoxide. In
one or more embodiments, the first and second crystalline tantalum
pentoxides may be in direct contact with each other. In other words, the first
crystalline tantalum pentoxide may be directly on the second crystalline

tantalum pentoxide. In one or more embodiments, one or both of the first
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one or nore enbodi nents, the first and second
crystalline tantal um pentoxi des may be hi direct

w@owbaet79i t h each ot her hi ot her words, the fPCEUS2009/044084

[32]

[33]

[34]

crystalline tantal um pentoxide nmay be directly on the
second crystalline tantal um pentoxide. hi one or nore
enmbodhdBeiond coieilidie ththiinOpertdieddd sy fond slagarneg., a thin
crystalline tantal um pentoxides may forma | ayer .
(e. g.film). Pre et fhe|cms.talﬁxaretamahtnh BeRipXidesmpy h%afl&fﬁcgmm

ent Qxi . a di £ s ' ' uel e.
o c P T a1 (T ients AR e e o sl
Crysteaydtillie taantuah pentpeadesace dedirart eontactgthe ¢aitalompeatixides

t he tantal um pent oxi des nma e.a dielectric materi al
(e.g .r{layabeoar %‘Fgﬁtﬂci"&m?‘ééé?ﬁ?: al%f‘Fl%%‘ﬂ%Faé( OEH TG %‘nt;‘?fﬁmems
whi chy, & 'c‘htfn@%d%%&&ﬂdcrfsﬁéllﬁh@{ahtdﬁﬁnﬁ)éﬁ%ﬁidem&%Hﬁé‘dtdeS

are in direct contact, e conbi nation may have a high
di el eottact theaosthémationmehyriwye hagh dieldcitie ¢oggtaitand may have

bounda L nduced | eakage onpar ed w t st al.l.i ne
¢ ant POHGFD D R BEERAD R e SRR ety R
or i enfhlufpeRiski ®RMMHVIR £8holk biyelaMesSphicdékntatiof 8id ai n
enbodi ments, articles as dETscI osed herein can be a
di el eguivelentdigsoessnt in a capacitor or a component in
a device that includes a capacitor. The article may be

a component Eﬁgm : 1.C Vo r
a menory dev?{:%?rgagﬂ% as gﬁﬁm%ﬁcﬁy&éﬁg%ﬁ n e d
cer t ali¢lecibocthpmiensin cdphcite 9r asottipsndnd sea déréceethat inalndes
include a firs el,e%t rode that incl

(gf S a
rut hé‘rﬁ"ﬁ‘Hi“i‘i&uif’_&n{r ¢ At rﬁ%}f'_é‘i"? gempegsat ?‘?f %m_ﬁlﬁyaf urt her
i ncl udi@nfrhdst dekfoesd alﬂlé_lﬁ&?td%o;ce,l S4Bk READRA MO At

| east a portion of the tirst el ectrode, wherein the
first crystalline tantal um pentoxide has a first
cryst al | ogr aphéertaty ¢rebrdiments,. artitles aprdiscdosed haseimgangnclude a

i ncl yde econd, crystalline.tantalum [ 0.

| casting BN FelRhh rBRibATERTE BRI Sbftifle may
pent quiRE inMh@ £ifst tHStal BeandalafySdnedxidesh dtagdsad poftion of
pent oxi de has a second crystall o%r aphic_orientation

t hat thefiet pleelredes whergin thadirticrystallins iaptaluny peripHle has a first
orie %&?stt%lg%ﬁp%g&e%&ﬁ%flt il Gt TR rg%#‘ I[iltsg ﬁ{c%ﬁcﬁcal RGP

second’ e on at least a p on of the second
crysteaydtallige taatatuah pentpeide on iatieast Blperts@cafithe ftsé ctysatime

may al so i nclude_a rutheni umcantainj.ng material .
(e?/g_tantﬁlgfqmtq;(gﬁlwhgm}r}t € SEeCOm cryste{H egtantaimn pentoxide has a

second crystallographic orientation that is different than the first
crystallographic orientation. Such an article may further include a second
electrode on at least a portion of the second crystalline tantalum pentoxide.
The second electrode may also include a ruthenium-containing material (e.g.,

ruthenium metal).

An article having at least two differently oriented crystalline
tantalum pentoxides that are on an electrode may be a component of a
capacitor device. Such an article on or between two electrodes may be a
component in, for example, a capacitor device or may be a capacitor device.

Such articles may have applications in, for example, semiconductor devices,

11



[34] An article having at least two differently
oriented crystalline tantal um pentoxi des that are on
wa@eooeliesy ode may be a conponent of a capacit oPCTHES1008044084
Such an article on or between two el ectrodes nay be a
conponent in, for exanple, a capacitor device or may
be a mapagidevicedi@w.,deRAMIclipa)l dnddthar demicehavehich capacitors
applications in, for exanple, sem conductor
devié@@ﬂ#@ﬁﬁfy devices (e.g., DRAM chi ps), and ot her
devices in which capacitors may useful. [35] In sone
[35] eMbodi ments, et @hbddiBedtd AMhPRRaRh PenthAde Bas a
hexagonal cl ose-packed crystalline structure (e.g., a
hex aderadonphdswe)packat crexaﬁipb strugtanet(ezgu mbesagoosl phaserayFor

be forned, on or directly on.a futheni uncontainin N
ot e FADlanRlpm pHESKSE R B R RS ol ithenium
or defcohRiriRs MatetiMBhing Nkexagiiad close-packe@sirG&ure in order to
as-deposited and/or after annealing, In sone

enmbodpre aystallingdantalymapentaxides eoderpsitprhgndyyr after annealing. In

as- deposi [ j .
SRR BBIEL g CRAFTAL b pL0F ROt
cr yst@lit%qiagnﬁnhé E@dlagofndl e%ﬂp@gced Sgetdtl)lﬁﬂa:tahtblpm pdmoxide may
crystal line tantal um pent oxj de, .

cr §s tbg| wlb,gfﬂpi?mly tﬁ{’"@}(? r %Jbecifli‘?aﬁﬁégﬁ 9%’§§a§me.tantalum

orie - . . . o . .
o) TRy o A S i .
cr ysteaddiogxapdd) c Qrysyaltiextantabun p¢R00)le oray @tsodieiaear)is or

may be crystall ographic t extur.ed, i n ot her

ori er?f%tit?ltv?ﬁgﬁpk’%gﬁ ?%E‘“?‘gh%?o) ?‘??%’P,Onb?r If‘?@b% . [36] In
an ard&diRethlcail Exuees irfothér senfaishsd, 3hdH K200 T2IOY Br
pent ox1 de having a first crystallographic orientation
and d18®cond crystalline tantal um pentoxi de having a
second crystall ographic orientation that is different
than the firgt_c [ ' ' 2
one of the c§§%%é¥?$§%h$§% a S%?%g%§%§1 %gﬂﬁggﬁﬁé@gﬁhe
t he (HAPdp aofirs{ @O cprystadliagatplind acetorgintrygdtaline tantalum
one or nore enbodi nents, at_|east one of tﬂe'f”fet or
secorentoxidethaying fesepensk Gy tiall qsEarbas gt gt A5 diffeprut than
(200) b € QL] alel

the a5 EHEHHRB0pARNL Brokiall 3t I8 on o URAT oo htalum
or i enteatoxates maythaié tHee003 )roati(@@&D cofstalR@Giphic(@20dfionr In one

t( %gzzﬂxé&gg ]tem"/t_\)o in%e?f?s? at ];asft 8129[“ op t%e %?st %)r( Iséjc%hd %rcy%t%ﬁgﬂencgnt%ﬁm

pentoxides may have the (ZOVO) crystallographic orientation. At least one of

[36

—

the crystalline tantalum pentoxides may have an orientation with Miller

indices of (203), (220), or (102).

[37] A method of forming an oxide, according to the present
disclosure, may include contacting a ruthenium-containing material with a
vapor that includes a tantalum-containing precursor. The method may
further include contacting the ruthenium-containing material with a second
vapor that includes hydrogen and water under conditions effective to form

crystalline tantalum pentoxide thereon. In such a method, the tantalum-
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di scl osure, may include contacting a
rut heni um containing material with a vapor that

WO pwbaebsss a t ant al um cont ai ni ng precursor. ThePOEURDAI/044084

[38]

[39]

[40]

[41]

[42]

may further include contacting the

rut henium containing material with a second vapor that
i ncl udewiniygpegesorandhashiecontaiitng matedal, anderysthilmet i ve
to form crystall ne tant al ent oxi de thereon. In
such tatREIRSYtOX ?3%@%Fﬂﬁ%%&¥ﬁpning precur sor,
rutheni umcontaining material, and crystalline

tant al um pentphfteentiBents Qﬁ@édc@ﬁ(ﬂvzﬁﬁ)‘i &al inch@Rk hidrogen
some enbodi ments, the second vapor that includes

hydr cgé watenanageieshe ratjetistreamh of awiafes AR ESAPTASE. wharpindhe

vapormBEEra Bt YREE R RORrBL AL GRS fh Mg b Flhe

st Oi Ghiji@iBhEtie rétes 6fhydtodeyids-0gegert xeqamwge rgeﬁ@qw\;m& to
generate water. Alternatively, for exanp an inlet

st r eaWiamRaivaly, forsrample; @th*é\ﬂert |SEC%%%%F SW%@@HC gaitp of

0Xyg

sone%gg%%%? gﬁ% )S%/ r 0%2% may e‘(%ggﬁ@@%ﬁ% out Qome
str ea:ﬂdi&ibﬁm Hylisngeahery beaydded gehepatlastreddh frem mmwdsvapor
of maki ng econd por. that includes hydroge nd

vt erESUSIBEF. WHIEF Msehods ghmakineasea Pobibal REfgeTRdrogen
i Nt hedfaker ﬁ(?r]m@'l)é%%)ﬁal hieh® Jn@%?@fdﬁﬁﬁr?@lﬁll(?ﬁ kigkearf, Or med

on a rutheni um cont ng material can
crystal l ographically textured (e g C- aX|s textured).
As used her eCrystalh@dautabﬂn pentoxidxformed on geniberinmycontaining

E?;gﬁqt%r?ﬂfggﬁgéz r th Lgl%ro aﬁ[ér & t%feld ntga%:_q iN] t%I{tuE As used

USSG 'S Nno

conf urRah, Widsdurther aextirae géﬁ&ﬂlyhﬂ&ﬁ&(ﬁhe bf}etallographlc
crystalline material. [40] I.n certain enbodjnents, at

| eastorgnighen phihe sFystabléne metEnl hemeisansadngndigoet tode i s
cr yStc% &f th 1 Sur 94: yrﬁ{)é‘(ﬁltxé%k of ﬁl%)cr}i%mlnlf@ﬁat@nal

hexagona ose-p ed crystallitne structure
Addi ti onal I y, at I east a portion of the
r ut heni um coht @irtaimgmineliments) at byt dogortion of the ruthenium-

tallo hically textured. T ,
?L%/ﬁéﬁp 1&%&1@%@ Y uqr £ %ﬁffs%h%eé and has a hexagonal
cr ys%%s'e%ﬁl@damrﬁ%l 1ﬂe Ligachie e@dﬁﬂwhﬂ@y ‘Elt Eéét% portion of the

orientation (i.e., c-axis textured). [41l] |In sone
enmbodihenivs)-canining mirserial maydwtcaystliographically sixturad: Hle

pure rutheni um ut heni rret al I N9
b odPiieEE- R A A R gt Bl et o
addi tthop.akia oFiehiagsi dre, cCaid ﬁkfm;réll) her

In some embodiments, the ruthenium-containing material may be
pure ruthenium (i.e., ruthenium metal). In other embodiments, the
ruthenium-containing material may, in addition to ruthenium, contain other
elements, including, but not limited to, oxygen. Ruthenium metal may also
be crystalline having a hexagonal close-packed structure. Further, ruthenium

metal may also be c-axis textured.

The ruthenium-containing materials in embodiments described

herein may be of any shape or size. Some ruthenium-containing materials
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el ements, including, but not limted to, oxygen.

Rut heni um netal may al so be crystalline having a
wheooages1ed cl ose- packed structure. Further, rur¢EOR2009/044084

metal may al so be c-axis textured. [42] The

rut heni um contai ning materials in enbodi nents

desCridRehdMificBnERYndRy&E whith BAAGEMBeY nsl bees blagkee film. As
rut heni um cont ai ni n% mat eri al sare rut heni um cont ai ni ng

| ay erusedihérein, arhlanket Tiiaymaobe sy wppsitermrd denosition thet may«gat

her ei n bl an L : er n.

depodt B YRS Basst SR 18 s BRI ubstate

sur f aafface Theeasid einbolintkingg tienutehiunecaitdisingataerial can be a

surface hi certain enbodi nents, th .

r ut hefven hrEBa eANAKIFSS FRlrem, 1&?)368.%0@%: Ythoygh fherhigkngss g20

thi ckpesR A af g&ﬁ@e&g{bﬁ) LA 3000t d AU L Rpehdihe b GRS

can be Selected as desired fromw thin of outside this

r ang eactméndpplication.t Bemp awthérduheontapphg oratdriels. m8obaye more

rut heni um.cont aj ni ng_materials may have npre. .

aggr églg}re‘?%ve( *6)’881.06@36 g_or pzi;e ilﬂﬁ)xl'%l}en{%-contmmng material may,

r ut hegi ui¢ Qitisthfel Ale PRt BIh AF ofdr mé daddties,¥ylinders,

substrate, take the form of one or nore cavities, . .

cyl i roetaners oiasaitanks sandvithes semicapfustordpaturesand combinations

sem ctgndu tor features, and conbinations thereof. [43]

The r'¥R%hi um contai ning naterial as described herein

may be used in a wide variety of applications where
[43jcrystall i ne Tashahemrpeohnkiinematyiabe deserited hieledn eay be

For exanpl e, . the rathemum contajnin eri al na%;enquiae

par t Wed B awileveRel, ol SpRNCEHRBUT P RS GHpRR
subst,p Al B ASRETReYeonOFor BRAMY, the Affhenium-containing material

rut henrrum contal ni ng mater| may be used as one or
nor e rehyebd 4 patesf i subsapacientconductgnsubstipiplor sehistraigsissembly.

oheC bl ap B b et Bl BBl Sy oM B
sem congatOn ABNIIRE or S48 RpPiafiodsRAWeGABAB, Y ruthenfi@ive

embodi ments, the rutheniumcontamng material is a
bot t crntigog matkaial maz be apaef mere desiedeyies 4 pAit of paats of a

Typi cal |. r ut heni. um cont aiH .y i al

ox| G EPEIP S T o e AP A R RGELtr 183 8h¢ cBROdfhehR,
enmbodhgRithénihMdotiain@ategiabls ativeoaxal@RIvde dink aipaciter
surface. The oxygen-containing surface may al so

cont adonsigeden. el ement s i ncluding, but not linited to,
ruthenium The oxygencont ai ni ng

[44] Typically, ruthenium-containing materials are prone to oxidation.

The ruthenium-containing surface in most embodiments includes at least one
oxygen-containing surface. The oxygen-containing surface may also contain
other elements including, but not limited to, ruthenium. The oxygen-
containing surface may include ruthenium oxide, RuOx (e.g., RuO,). In
some embodiments, oxidation of at least a portion of the ruthenium-
containing material can occur before, during, and/or after forming crystalline
tantalum pentoxide thereon, to form ruthenium oxide on at least a portion of

the surface.
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surface may include rutheni um oxide, RuOx (e.g.,

Ru®). ri sone enbodi nents, oxidation of at |east a
wWEeoniles190f the rut heni unctontai ning materi al CBCT/USI009/044084

before, during, and/or after formng crystalline

t ant al um pent oxi de thereon, to form rutheni um oxi de on

[45]at least a pPhd m@featibn bhe textiirb@cssfalibl tdhgumusneatdeoo a
of a textured crystalline tantalum pentoxide o

r ut hewtherrEorPnEARNG sRateriad is Very peasijive jo tesuilpg tﬁ% t he

surf t - ' Cc £ N ar ) al ;
Spect i B Haulithp St SO, SBFEARIcwel of oxygen n
0XY g @i -ox9gdnadonitaiging vuffaee fafrutheniutrhemitaining omterial immagy cause
mat erjal may cause diffjcul n formn .

crys ety nfeneme gy aletmblrely yafiset Preelingintehm
pent qxdle; t 8, MR eRAcrBhic,

M cr b6 %g%dkgﬁrcéméﬁée? eeerxibﬁ%{e,egggg 172320 (2005)). On

an atfmgireecon SO 17a120dA00Bs | On an atooric epnaeatritim ebis4®
atom c_per cent reater of oxygen in the.

oxy g SRRGHTATM ?fg‘[os%?%"c%ef%ﬁ& P’dg%égtﬁre? OXYZEILIn the PKYSSTY ¢ y

i N Nyeh@afihd\Girfics WoaldlildNeaukaaifatuly in@ntiextitiea trgyelline
thereon. On the other hand, a reduction_of ox

. ygen
c onc dantalami pentaxide Inger dhereem - @ theathar hgnd, arededsiop of ogygen

atom c_percent. | ess _al ' :

cr ys PR OO L bt GEFSaRob i at WA ER" 20 ahifpaerntor ks
cr ystafibive atélpitiovadflayeriseality Retalynd péntbxide mdéuh may dticmally
crystal line tantal um pentoxi de on a

r ut hesicayrdlogEphically fefeedal with at | east one
oxygen-containing surface, it is desirable to renove

[46] 2t |east song &E&@%Hﬂ%@ﬁuf&ﬁéﬁhﬁ]ﬁl ORYBENE PN AHIRE-

surface. This can be acconplished by contacting the
oxy genntontginatenigl with btleastywne hxygenrcoatainipe swigsosit isi on
under, conditions effective tp.renpve at l.east so .
oy g ISR 7 TEPBYE PHE aiD5 6f e GHee ey 4 gt Sontaining
exanphfacaVelifs cantitchodBhpRdEd b9 cohtasms the orfgdnaRataiEoge
oxygen from an oxygen-containing surface of a
r ut henifaen with 8 sienfitgcarenasitioal underecoafiions siertivg taremove at
Pat ent licationgSerial. No. . . fdl &d o
Dece ﬂ%aesFAg FIEER At e ﬁ%@%gopkéélﬁg%plﬁéé g?itfbll aer,
di sclpguwidhodzsfererRiviipds ldkswheseygthori ah oxygeeontsiathg
to prepare a surface of a, rutheni umg,o taini

1§

mat ersuERCq of omthepiu CoRiARNG TaTterd A5t ﬁ%eddaﬁgénl’ atent
ther e%pgfezh@(;ﬂ 8Lridi Riof P1/858955Sd & 1§ PRcd AR 30U Bhat et al.).

pent o
In the present disclosure, such methods disclosed therein may be used to

prepare a surface of a ruthenium-containing material in order to remove at
least some oxygen therefrom prior to forming crystalline tantalum pentoxide

thereon.

[47] Some embodiments allow the removal of oxygen and contacting
to form crystalline tantalum pentoxide to occur in situ. In such
embodiments, the methods to remove at least some oxygen from the surface
of the ruthenium-containing material and the forming of crystalline tantalum
pentoxide thereon may occur in the same deposition chamber. Optionally, in

other embodiments, the removal of oxygen and forming tantalum pentoxide
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cr ystmtbiiale t antal um pent oxi de provi des a materi al

wth a dielectric constant useful in any application

in which hig ons ant ter S a Sir I n .
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dielectric layers on substrates, sem conductor

substmateaals a@msmdo Jnpartisulps seyiiliiae tanglyrs pantoxide can be
gfgg%g@ﬁ? Biflk matgﬁalaesg% j CAMSGMbre 'ﬂ?él&;tﬂlcg ayers3n

ne or rIC part

sem GaBdktdsOsentieyiduetor Stlssrais, adcapacitd &erﬁbhegat(?eyétﬁliae
DRAM cel | . In certain. enbodi ments, the cr stal line

t ant ARANBEPATERIdR: 2h A Sisk-lirsteat ppieriab ikt Bwsegl a3 9n¢ or
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t ant al Um pent ox ayer a dieleétric constant
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tant aﬂalél rePd?e?c!‘:’]cttr?c):( Icgnestaglt 040 to 19> alo{hler certain embodiments, the
crystalline tantalum pentoxide layer has a dielectric constant of at least 50.
In certain embodiments, the crystalline tantalum pentoxide (e.g., crystalline
tantalum pentoxide material or layer) may have a thickness of 50A
(angstroms) to 2004, although the thickness can be selected from within or
outside this range depending on the particular application. For example, the
thickness of the crystalline tantalum pentoxide may be 50 A to 150 A or 90
A to 150 A. In embodiments in which a first crystalline tantalum pentoxide
having a first crystallographic orientation is formed on or in direct contact
with a second crystalline tantalum pentoxide having a second

crystallographic orientation, each of the first and second crystalline tantalum

pentoxides (e.g., materials or layers) may have any thickness, but at most
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a ruthenium-containing material. That is, the tantalum pentoxide may be
formed in a crystalline structure, not in an amorphous state. Thus, in one or
more embodiments of the present disclosure, one or more crystalline
tantalum pentoxides (e.g., first and second crystalline tantalum pentoxides)
may be formed without annealing. Further, in other embodiments, the as-
deposited crystalline tantalum pentoxide may be as-deposited
crystallographically textured crystalline tantalum pentoxide, such as in the c-
axis orientation (i.e., c-axis textured). When no annealing is required to
crystallize the formed tantalum pentoxide, the temperature of the surface

(e.g., the surface of the ruthenium-containing material) on which the
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ottty SRl By B8R apiefie) MileRieR GohEPRSe e more

crystaabldsfife topdlodlyUsicRan DRUAMEopS16#E Pheckhtaked pértoxide may

|l ayer. The el ectrode i ncluding a_rutheniuncontaining .
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electrode can include a wide variety of materials known for use as electrodes.
For example, such materials can include, but are not limited to, iridium,
ruthenium, niobium nitride, tantalum nitride, hafnium nitride, and

combinations thereof.

The following examples are offered to further illustrate various
specific embodiments and techniques of the present disclosure. It should be
understood, however, that many variations and modifications understood by
those of ordinary skill in the art may be made while remaining within the
scope of the present disclosure. Therefore, the scope of the present

disclosure is not intended to be limited by the following examples.
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construction 10 can include a surfag:e_of the rutheni um
cont aoniaigngneaterinb30. 30ayerst as used heredn, thapgant tq mglude layers
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crystal line tantal um pentoxide 40 on at |east a e
por t iapd cofiductive ket athe torm {lagert i yyapnYmeeowilathsitegn “film

mat erd_al havi Si a «1h Hgs
port iﬁoe u%‘%gft %388@%5?‘%&%88‘?&38&69@%@% g%gg%rrﬁ# a%ge ogs %ge
r ut hendanfrpontiatalayersfadirel inatchdblogy baykle, of saricoaddttor
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the to%s ‘r[Eeulgxiwlesrp Isemiconductor surface of the substrate, or they can be formed
on any of a variety of layers (e.g., surfaces) as in, for example, a patterned
wafer. As used herein, layers need not be continuous, and in certain
embodiments are discontinuous. Unless otherwise stated, as used herein, a
layer or material “adjacent to” or “on” a surface (or another layer) is intended
to be broadly interpreted to include not only constructions having a layer or
material directly on the surface, but also constructions in which the surface
and the layer or material are separated by one or more additional materials
(e.g., layers). As used herein, unless otherwise stated, a first material that is

“directly on” and “in direct contact with” a second material is intended to be
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frequently used in the sem conductor industry. The
term"layer" is also neant to include |ayers found in
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as coatings on glass. For exanple, such |ayers can be
formed directly on fibers, wires, etc., which are
subs threaddsingarprstedtth arelederdopgmptionwherginsat degsea portion of the
Further,, the.layers . i
ony - ce PR B R TRk Ofinecofl R .

or thayingap ikerefingeahterinl@batweén the\caniacling girtibmydithe two
(e.g., surfaces) as in, for exanple, a patterned

waf efbatgidalyised herein, |ayers need not be continuous,
and in certain enbodi mrents are di scontinuous. Unl ess

[56] Ot herwi se st ?ﬁ%ﬁnﬁ%?}@-%@&aﬁﬁ{g%%rﬁ PR GbrRRE &' 1 2l

"adj acent to" a surface (or another layer) is
i nt enldpabited, foeetsmydellon 4 substrate,dt.ed atsemiqootiuder substraie by

constructions ving.a |l ayer, or ter.d al digectly .o
The stbialcmSeaivh it e PlusrBRt st o epyihddor
sur f aaestARe dr FeulsBX asRinbIt Rhisdd h@eR rSRPE Akafichduene
or nore additional materials (e.g., |layers). As used

her eisnbstiatel ek apa haseemécontingteimatgrial oray sepagandeipr subgirate

Is "directly on" and ".i LI 1 th" c

mat ed PR of Perdiertfy Sk Bt §ORRRED sled infsdf RBse
I ncl yeLiceamsdtsluahteRilss Wipedatly thelowestaslicod na¢ridl oA ackafer or
the first material is in contact with at | east a

por t iagHicen maieial depnsiedan apther mafgyalnglich@s Shicer 9. Anpgire-
for . .

at or A Ere R SR e CARBEL BB, VA rolIE sibimay

can avé bafaque\dc)usxﬂyepsmditp éatm érafefiex acpgidres, junntiens, various

substrate, (e..g., a seniconductor substrate.or
S Ube sTrigiaros SF BMBires anGAPENTES SRS BT L S CHtE Fes.
Fi gur, jon: ] Shhtati®peRin § &dt @ati

substopeniegs gepacier plaiesdarrsania caphedotss eteat eri al or a
sem conduct or substrate having one or nore material s,

[57] structures, sﬂi%f%sirufggsat{a (I)Ilra?e?'l%,lst Jﬁﬁeﬁ 8{%%661@ Fg@ﬁ)glere in(ihlu%:eo N

sem conduct o S pical OWeST " Si

mat erchaductifte thaldialy, s@hicandiictiv€ patematseedraluctiienastil-gitkides,
another material, such as silicon on sapphire. Wen

r ef ercendustive meiake cprdustive mstal griden sice ntiiepubstints eansbe a

SRS 5 SRS et o o

f eat yemicondundorapatatislg aresvatengdated, anch a¢ for sxangde, ve

ar ea%orophosphosilicate glass (BPSG), silicon such as, e.g., conductively doped
polysilicon, monocrystalline silicon, etc. (for this disclosure, appropriate
forms of silicon are simply referred to as “silicon™), for example in the form

~ of asilicon wafer, tetraethylorthosilicate (TEOS) oxide, spin on glass (i.e.,

SiO,, optionally doped, deposited by a spin on process), TiN, TaN, W, Ru,
Al Cu, noble metals, etc. A substrate assembly may also include a portion
that includes platinum, iridium, iridium oxide, rhodium, ruthenium,
ruthenium oxide, strontium ruthenate, lanthanum nickelate, titanium nitride,
tantalum nitride, tantalum-silicon-nitride, silicon dioxide, aluminum, gallium

arsenide, glass, etc., and other existing or to-be-developed materials used in
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such lﬁgrgféq\l}gi it g LA {E%g iffenfitd e&hﬁmﬁgl RSk Sals Whd/6S .

etc. contain materials (e.
r ut hetantahmc pexttaidé- n@ltmahgmabmala)ndNenomqrsbcalhmMﬁé described

tantal u ento e-contal n
a' the]: Eresent élsglosure As uséc{]lgererzrl%t ‘eme’cgll Sc)nta?lﬁmg’e R urse(? 1eo refer

to a material, typically a compound or a layer, that may consist entirely of a

metal, or may include other elements in addition to a metal. Typical metal-
containing compounds include, but are not limited to, metals, metal-ligand
complexes, metal salts, organometallic compounds, and combinations
thereof. Typical metal-containing layers include, but are not limited to,

metals, metal oxides, metal nitrides, and combinations thereof.

[62] Various metal-containing compounds can be used in various
combinations, optionally with one or more organic solvents (particularly for

CVD processes), to form a metal-containing precursor composition. Some
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herein can be fornmed by a wide variety of deposition
nmet hods i ncl udi ng, for exanple, evaporation, physical

wQo apon4sieposi ti on (PVD or sputtering), and/ or REPUS2009/044084
deposi tion nmet hods such as chem cal vapor deposition
(CvD) or atomc |ayer deposition (ALD). [61]
Met alof @i thahPEdaiBing CYhpeindsalifdssed hereth @arbehigediBAL DO
formmetal -containing materials (e.g.,

r ut hevithowt addiegmsalyenis. wé”tr@cmrsalrsarai(n RAUIIOR PEPRTifion” as used
pent X1 A8 TERP AL Bt RESIRL Tor fofinthB HAKP JRADBLWIR Biifer
e present

I
described I'n I'sclosure. “As use erein,
" met gPrecuiesdl abmpoditionsYotieactaits), b @iateridl ona snbdtetd @skembly in a
typically a conmpound or a |ayer, that consi s
ent | Py AN BORBeaF i, Gy M Irchinde ot Ha oG @igsioat the e

ddi t - t aini .
a 'agg, %@rﬁf?{%@&&sorﬂ%& il de?;glfl@b&ﬁﬁ c%hféhf‘&fa‘&%ﬂéﬁbﬂn\gﬁwh

inclu not limted metal s, netal -1igan
conpliexkisatetp taabe fomned psing g yaporeteaddiiion pongssu isertazmnd

combi nations thereof. Typical . | -containing |ayers.
ol ol A gietadk Rt dgrerBEd fraeid e Pl sififions
et aladjiddil defhe vaPSHAN0R tddickA0e, AdtedoRthimek Gidhid\Vakdan's
nmet al - cont ai ni ng conpounds can be used in various

conbiterapérafiss. optionally with one or nore organic
solvents (particularly for CVD processes), to forma

[63] et al -contai gy n reegrggﬁ;{?n osglfsggﬁ%gtgg? uiégﬁaidstaggmm

met al -contai ni hg ¢ S erein can
used teMpéhfirsMahd Giitcertdidienthodivhatenirs ligufds et thesapdrization

"precursor conpositjion" as used herein, refer to a

conpdeMPFaREs 1%aan0T’h_ef’ él?enli‘%’é‘?s %’%‘H@i‘ﬂya‘fogﬁge i bs,Frpployed

ot he rusﬁ{g%%%%ggp@eﬁ%h %ﬁrl}rigﬁés. MEARERA S bolidk they may also
on a substrate asse

materi a y in a deposition _
pr oc éssuffiaiertlysro]atiethas thiey kadbé vapohigedor suitned from the solid

' that the t d at of
ecougze Dot e Lyhe a0t ammios O ALseur s e
ul ti n@iigd YhdyQal ®e OFIERGANY SbBledn UARAIantERORNE bitikve melting

process hi cCertain enbodi ments of the nethods as
des criois belewdheir dedemposision teperatorns sueh thaiihenean be used,

1 qu g et i AR, P Al Fpa R AR

conpasitnifis, i@y be liquids or solids at room
tenperature, and for certain enbodi nents are |iquids

at the vaporization tenperature. Typically, they are
[64]1 i qui ds suf f Fereamtvaporzsdapsiplecontpinag @ﬂ%\%\if@a 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 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 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 an inert carrier gas.
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usi ng known vapor deposition techni ques. However, as
solids they may al so be sufficiently volatile that

wWao b@y/1¢5399 be vaporized or sublinmed fromthe soP@UUSI08%/@14084

[65]

[66]

[67]

[68]

usi ng known vapor deposition techniques. If they are

| ess volatile solids, they can be sufficiently soluble

i n an or gani gn&® ¥ “abn-haavevdgdst RGisedhditis, Bein9was that is
their deconposition tenperatures such that they cap be
used genasplleimiepttive With the sempongsby it seinssoR coBiasblMithghor

m crQdr.opd.e 0 t.C I
Vaport 2 aBter et Rl S ple ey B aR o R o en R itogen
ei t hafgoal helfmg meoptkirgptah,| xenvn, tany wipo noz-echctivd gasyimel  of
other_netal-cogéanﬁ%ng conmpounds or_optionally with .

v apor B BrEh e IR LEAses BF EPRRPY fied Thane it e Pyrging
used grd%%sé& ﬁgd&%ﬁﬁéd‘hcr%}h,' £Hd il 'sofmB kRIbe din®en®s B9y kb BOuK to
a neat Trquid (a lirquid at roomtenperature or a solid
at r assisttie ppenabuvapot transpodl t s at an el evat ed
tenperature). As used herein, "solution" does not
requi re conplete salubility.of the .sali t

for sone undi @gg@t@ﬂgygrgls ’(E%Ibl%gorlcgrﬁ%mae%n bt% ﬁ%lrﬂeél tgiT(gfy%&hb&vgs

suf f igebeibed ABRUNhaPbe bheosabiethfdied foletvixth: Bliplidnie
organi ¢ solvent into the vapor phase for chem ca|

vapohydesabpns enunseiveasethysgocarhons 4£3€0, and inGeHAD; s
used i | Bl t - at. |

oo kIR £1200, gl A TlbeE SRk Abedbons
| ner {(C6a120, and FacerthbSdmbodiveerits §asC 10y hadlogenateé hgdriovarbons,

as," _as used herein, 1s a as that | Il .
8_nr edllyltrd hrrqratheas Sisthgo ALIDnes g@ﬁ’é@% i Etpracylic
Wi th.eqfepr %e%,ati@fr?] dfRh! THPﬁgwgln}%ﬁﬁ:rst, YRb& RS Yestdd, Sfctitds,

froma gr cl'uding nitro argon, helium "neon,

kr y ptnitnilesxsiicome cdlsyoraogoundscontdming vembimgtionsf any of the
m xtures thereof. Such inert _.gases a eneral | y_used
R R o e R T BT
and i3, &AMP cAAPAHITRRh SaditheY, SOtHREmERRs bovatdlsduahtities
precursor vapor transport. [66] Solvents that are

sui t alfithe metel-eentaining compoundrerillsnos interaetie gignificantly change
descrgbedhher in q% Sbe one or nore of the follow ng:

al i pHaeT BRI BORYSTs or unsaturated hydrocar bons
(C3-C20, and in certain enbodi nents C5-Cl10, cyclic,

branched, or Medtleiany deseribedhdreinhipel meed phensof Gon@Rdds. As

and in certain_enbodi nents C5- Clg,), ha ogePat ed
hydr Jsed b@ﬁ@; a “metal precursor compound™ is used to'refer to a compound

that can provide a source of the metal in an atomic layer deposition method.

D

Further, in some embodiments, the methods include “metal-organic”

precursor compounds. The term “metal-organic” is intended to be broadly
interpreted as referring to a compound that includes, in addition to a metal,
an organic group (i.e., a carbon-containing group). Thus, the term “metal-
organic” includes, but is not limited to, organometallic compounds, metal-

ligand complexes, metal salts, and combinations thereof.

Methods of making a ruthenium-containing material are well-
known in the art. See, for example, U.S. Patent Nos. 7,018,675 (Yang),
6,784,504 (Derderian et al.), and 6,074,945 (Vaartstra et al.). For example,
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silyl ated hydrocarbons such as al kyl sil anes,
al kyl silicates, ethers, cyclic ethers (e.qg.,
wao edopaksrely of ur an, THF) 5pol yet hers, thi oet her s, PEFUS2089/044084
| actones, nitriles, silicone oils, or conpounds
cont ai ni ng conbi nati ons_of any_ of the above or
mi xt H-8sPasentdire 7&18&85 &Y ane)disslogehy methpddoomming i s
are that
T xt Séltégmg@r}ggﬁ lg ffrctﬂﬁggé%ftl%s%éég}%x?g%%{Tlefﬁhﬂleﬁrecu}?or (Q@
et alselectad &ion thy gmpspxonmsl&mgmﬂ thca:rbd)nymt,bcyxdbhdxadwne

Vet nawbeatmbeeRy Batopa el Denera g PR ey

conp %Hﬁﬂédlo&ﬁe)%@ Q)xpgéneih"é ch8mbBRHabrR b $GHUER R oxide layer;
conmpound” 1s used tO refer to a conpound that can

pr oviadé heatmguhe nithehiurh exidetlzgier imthg mratmcrf al Ia/ylmgen-nch gas

ot haueoR R tispl SOF b rto Yol S B BT A Benityg Teta
The g/ FoRindtied ELEM1E, UISSPatBhteNs] @i)mzﬂaqvkamﬁﬂﬂ ef al.)

interpreted as referring to a compound that includes,

i n adéiclasema methed iat dncluden perviding @ sefnisepdyqtoresubstegte or
C ar b%ﬁBs‘Er%{g a%é}nﬂﬁ C}%{(jg@?g abl]-c?ﬂ& gretﬁ,gx? 9&5‘%05310{1 including one

“met al organi c
or gaeg miratdmhpotidspothe cfsr,mulrm(aiehe)@amogxgowhb&&e'aheﬂéétrﬁbrs

salts, .and conbi nati ons t.hereof. Met ho

maki QL 1&%&&%’%?%@6?&% igmesgbicug! @r %ﬂeSaméyaréa 40 1R8N
int U

8, 6721%6l ang %ge%%ﬁ%&%’a%%er dSelr |S§§1€ e@? Q\E{W) &t@ hetgr&&oms o
6, 07 4¢pMbmaiviasaoftssidriwtezoatainy; vaporizieg dlqiﬁ(puwpﬁcu@at ent

No. 7,018,675 (Yang) discloses a nmethod for f
ot hEHPRRING 1 TR R AP Rd prereh aED TG arh g ectng e

- rut h%{)éﬁﬁeﬁ 8&MFsdP EorhSosition t%%ﬁﬁh@ derthicBAAICRS sHp SRR or
consi sting of tricarbonyl-1, 3-cycl ohexadi ene

r ut henbsinafe dsbeehlyiyo fyel aotplélmamu aeldl fidmtears synfacepicthe
th te hanb
o e RGN OROL s 90 LA L, 2 Canber Lo

rut heni um oxi de | ayer in the presence of a

[69] hydr ogen-ri cCRuhaSiuinecon@ini@p imataialk cantbeebinkd Harhdewide
| ayer to a snpoth- surfaced rut heni um netal | ayer. For
anot W@Hetof Fheniumy-ogntappg AEECNISOT ¢IRPPANdYBSINE MH0F st r a

et lacofliathana, RARLHO dAtnhoElAes: QhhHiothdim in

seni conductor su stra e or su e assemnb
pr ovitleH argmaldde,q&)r danm}éﬁawrgamnuhﬂpmmcbmiamm s:lahdls ng one

Whe?gil cycgqr{)ggé lep xfélf}tgerﬁl%nfl &g&n&l 5)2 ( g c? ru?ﬁe u\&ncogr%onyls such
as Ru(CO)s, Ruz(CO)o, Ruz(CO)yy, tricarbonyl(1,3-

cyclohexadiene)ruthenium, tricarbonyl(cyclopentadienyl)-ruthenium, and

combinations thereof as described, for example, in U.S. Patent Nos.
7,256,123 (Derderian et al.) and 7,262,132 (Marsh), and U.S. Patent
Application Publication No. 2005/0238808 (Gatineau et al.). A halogenated
ruthenium compound such as ruthenium tetrachloride (RuCly), ruthenium
trichloride (RuCls), ruthenium pentafluoride (RuFs), or combinations thereof
could be used as described, for example, in U.S. Patent No. 7,256,123
(Derderian et al.).
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to |inear, branched, or cyclic dienes, bicyclic
di enes, tricyclic dienes, derivatives thereof

WO pwbadi7og halide, Si, S, Se, P, As, N, or O PCT/US2009/044084

[70]

[71]

[72]

[73]

het er oat ons, or conbi nati ons of said heteroatons;
vaporizing the liquid precursor conposition to form
vapori zed pregstasiie iestaR@spdnt@idesahidhdingeantalugn pdrgoxide-
vapori zed precursor conposjtion toward t

) h ..
sem con@iitbleyesrenbatemd e sryide ¥any ehispyFlmropRlaipin
aru . , i ..
e CASAT bobGinds bl Undt EOGAEEmeolil Tantalup captaining
Rut heinécursot oorhpdurids gmowh @ thalast inelndd) doif axampte, fantaiwm

wi de varie f eni um cont ai.ni recursaqr .
e S OV oSS P S LR ACE ik i
Rut h ?{‘T’b(;@B&)g)E“Faﬁta‘ﬂhﬂ BalMR RO RENRXI ¢whéeRWach X khe
art includé;” for exanpl e, organorutheni um conpl exes

such iadepbidsidly elhelide)s suthesydnfalumifieriden Taks), Gutglymchloride

R ( G4BT dARRR e (A SR apb i,
t ri cagfapyiayebreeshadiosmahmi, tif@mhamanitert-

conbi nations thereof as described, for exanple, in
U. S. besilispino)gsalum; other teplynmsprfainingpregursgr cpmppynds as

pun ea e R Ropal Bosh R VLB Y RRHEE A b

hal ogeamiedonsitheenot.um conpound such as rut heni um
tetrachloride (RuC 4), rutheniumtrichloride (Rud 3),

e e S S BB e e
u. S. fgﬁtl&ﬂ;y A\'O?PJ A& RitibAnétRSd G8hs et oAd tahtalilcontaining

Crystalling tantal um pentoxi des, Tncluding tantalum
pent gréaiesso noapeindgandaptiosallycs teastorfegeasignizasay desenilrsl, for

variety of t um cont.al ny ursor c d .
o el SRR e RS e eI By
Pr eC LRANCHRHRAIMIHaK DO MImeh bs/rt@amaeﬁng A ¢éadtiene thiethlum-
exanpl e, tantal um met hoxi de s a(Owe)5); tantal um

et hoxdod@irimaPERErfon Compag Py geleqst apersgyison gas on at
tant gL um hal i f f or . ' X

| e peERApidy A p bl O e Bperal B St BRI o
( TaFapactioaphaisuvatehilapot, deore] aCtombinativths tiemécaf] um i odi de
(Tal 5); pentaMs(di nethyl am no)tantal um

tris(diethylam no)(ethylimno)tantal um . .
tris(diethyl g}:ﬁcH@?x( etee} ()émay[s A %?ge&lherem can, optionally, be

vaporized and deposited/chemisorbed substantially simultaneously with, and

in the presence of, one or more reaction gases. Alternatively, metal-
containing materials may be formed by alternately introducing the precursor
composition and the reaction gas(es) during each deposition cycle. Such -
reaction gases can include, for example, oxygen-containing sources, which
can be oxidizing gases. A wide variety of suitable oxidizing gases can be
used including, for example, oxygen, water vapor, ozone, hydrogen peroxide,

alcohols (e.g., isopropanol), and combinations thereof.

The precursor compositions can be vaporized in the presence of

an inert carrier gas if desired. Additionally, an inert carrier gas can be used
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tantal um other tantal um containing precursor
conpounds as described in U S. Patent No. 7,030,042 B2

w@ Ymanssvra et al.); and conbi nati ons thereof . P¢TLH20091044084

[74]

[73]

certain enbodi nents, crystalline tantal um pentoxide

can be forned by a vapor deposition nethod using at

| eastin piigingastépslinoah adm processddisciessed sddowy chponerd camidr gas
optignal |y at. |east one reaction gas as descri bgﬁl f or
exanp$ BPIEHY pitegeem g hRIEm 71698 KFRION SEENO YA RGr JOR
al .) -rga%ki% 4 54 Alpkifes HedUradtk MP@B Lok ee fTRY pleSent
fornmed by gont acting at | east one tantal um:on%al ni ng

pr ec ulisbrsurep apericdanivd gapisiona shat goes nat éxferfere yath the

reactj on gas .gn at, ] east. a portiqonaf .a .
Ut netnoR o i AR aPedrael ietts dpasin s presenge of

I eactzhGherf@sribSo W@t B6t, HRPAPorif#ioN @an bE deMTRiIthaibsomS of
thereof. [72] Precursor conpositions as descrjbed

her eioxygemto aypidi axyaen Wntg@ma‘g%{q. & .cQKidatign of silicon to form
deposit ed/ chem sor. Lad | ' .
oo A BB RO o PRSPy
gaseshe ddgosttipaichabat). metal containing materials may be
fornmed by alternately introducing the precursor

conposition and the_reaction gas(es) .duri each »
deposi tion cgyg‘i’ s ¢ OEIQ&EPF‘%ﬁSSg%ésVipé’ﬁgfgﬁ’f’éﬁ{f@é’,m(fe@? as
examlseq hQEHIERT FPNpRICEsRY whRH £88tal- ¥t t&Rirg3Rathial is formed

oxi dizing gases. A wde variety of suitable oxidizi n%r
gas e onaae openans et facas biaisubgirate ¢¢.g.e & dapidepolpsijepariyater) from

wat er vapor,, ozone, hydr. peroxi de, al cohal ;

e opr B PrR LORBr AR OHC Piibe car of g e bSiifining
Pr ec WosHousMEP BijetifiR Ay, ©ab ob froy@petal-2@ktainthgt ddenpounds are
presence of an inert carrier gas if desired.

Addi tviaperazadyand direptad ta andderrdoatacigd svithhenetss mpge gykaces of a
purging . .steps in_ a

i ner tsu@%tfa?el Qerg"ggaégu&sl,ﬁi’ 58?%:%%%%@ r? |g ?‘%bg’gg%,sﬁ%%lg’ gﬁ%ced-mg
hel i WepodigeNchatibept DypicalBn die, substyatoisheatedo Theseandtele

gas, and m xtures thereof, etc. In the cqontext of the

pr es 1oNIAHNBE FapRuds &3 for@(g-2e &V Fa_é’f‘mé 8% decompsing)a pon-
does %‘?{Itih%ﬂﬁiﬁr f S EmMet bR S RbAARN & thE B&rface(s) of the
met al -cont’al ni ng nat eri al . etther done in the
pr esesnbstravd. Bor therpurposeaof ihes digeloswe, thotermt tvepor deposition
vapori zation can be done i he. absence of..oxygen to
avoi B el At fﬁﬁ?‘ﬁﬁ&f PJ‘HH (:%f_.’lﬁ‘.c? 6R PH‘E?HOEWOB %/’9%*?%_65 on
to f C{'iﬂ@hﬁiﬂl%ﬁlﬂﬁbdddh‘éﬁﬁ&? vEor @pStAt driqossdR) BEdHtERlic lafer
t he vapor phase prior to entry into

deposition processes.

Chemical vapor deposition (CVD) and atomic layer deposition
(ALD) are two vapor deposition processes often employed to form thin,
continuous, uniform, metal-containing materials onto semiconductor
substrates. Using either vapor deposition process, typically one or more
precursor compositions are vaporized in a deposition chamber and optionally
combined with one or more reaction gases and directed to and/or contacted
with the substrate to form a metal-containing material on the substrate. It
will be readily apparent to one skilled in the art that the vapor deposition

process may be enhanced by employing various related techniques such as
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the deposition chanber). [74] The terns "deposition
process" and "vapor deposition process"” as used herein

WO edoendd7ew a process in which a netal -contai ni NBCT/US2009/044084
material is formed on one or nore surfaces of a
substrate (e.g., a doped polysilicon wafer) from
vaporilaath gesisandes photo anyisiside] lasdraysistandeuad well anether
nor e tal - contai ni ng conpound(s). Specifically, one
or mdf &l - cont ai ni ng conpounds are vaporized and
directed to and/or contacted with one or nore surfaces

[76]0f @ substrat@nhdnficsl-vapSEdBpbAHENTICOVD FasaREd Bér@indefers to a
substrate assenbly) placed in a d§§)05|t| on chanber..

Typi cabpsdeppsition pipsessavlereis theedpsiver laypreis deposited on the

met al cpnt ai pi ng _¢o n f. '

or USSPV ROA TR BB i A AEAIR
met al gas&nisad)nivifign ARlepsditddn eHantbeewith mbate(tanadefto tséyearate the
substrate. For the purposes of this disclosure, the

t er MTeAGHEB CORBRRATIS | 18rsoprest kna "simpler A prasessibtypeplves
bot h D EHftlia ARRHarlERONC r B REQLER 6 géiasﬁ%md% .
pul sed” chem cal vapor deposition processes) and atofrc
| ay erreattion $hidsopupedtEVEraterfiafdy palsenibesd matapals into the
deposjtiqn (CQVD), and atom ¢ .| ayer. depqgsition. (A are
bp VipRGer e it Aok seS o5ty GrOR BBy B o r m
thi n, 5 6QRr BHOHScti S dsQAm TR & tySRANA UMY a0 AyRL S
ont o 'sem conduct or substrates. USing ‘either vapor

deposieppsitioperos BB distyssed il groatemdetal baelowk precur sor
conpositions are vaporized in a deposition chanber and

posi ti ons are vapor zed | .
(Mgka airect eactaranayiset faRpRioRee T et FRE' SERehRRfReg o

f or miBe pRbadaticw of Mktal-bentamirgrlhgdrs, aich alislobist layess, id t

will be readily apparent to one skilled in the art

t hat SERECOPEPRIPT RIEpRFSINE DEFRUS? BLiksabikiyo BEovadf ronEamabgnd

el qyi ) e '

oD YD L3h P SEROL TUESrSul i rpicas

wel | ths dediteé prdcasbneapsitidng Gie vapharddcald thapimtroduced into a

deposjtiaqon" (CVD) as used herein refers.to a vapor..

depo _ePP%Horp?le?&g% C%@P@g&%%d&@éﬁtﬁgwf%wm@ keacion

deposak&dindfor ifler SRS a8dstin s RIPI/@PREiki6R dycle. In a typical

met al™= contai ni ng conpounds (and any reaction gases

used)CWDtosess vappired prasnrsobearb eontegtedhwith redfction gastesd et the

tos es%ggt%tee sutrPa%e to form a material (e.g., layer or dielectric layer). The
single deposition cycle is allowed to continue until the desired thickness of

the layer is achieved.

[78] Typical CVD processes generally employ precursor compositions
in vaporization chambers that are separated from the process chamber
wherein the deposition surface or wafer is located. For example, liquid
precursor compositions are typically placed in bubblers and heated to a
temperature at which they vaporize, and the vaporized liquid precursor
composition is then transported by an inert carrier gas passing over the
bubbler or through the liquid precursor composition. The vapors are then

swept through a gas line to the deposition chamber for depositing a layer on
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reaction conponents. In contrast to a "sinple" CVD
process that involves the substantial sinultaneous use

wW@Ro0vhes7py ecur sor conposi tions and any reacti oPCHSEE9/044084

[79]

[80]

[81]
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b ory SEp TS bl SR R S PR EE
conpositions are typically placed in bubblers and
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The vapors are t swept through a gas line to the
deposiapbodepokitinh PEC YD), dep wslltor ngldavdlbngectowss ahy pthat e
surface(s),.therein..M t echni s have be

dovel SRR LG Gerisul T TOHPQT o QE06a g can be
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self-limiting (discussed in more detail below).

7 The term “atomic layer deposition” (ALD) as used herein refers
to a vapor deposition process in which deposition cycles, for example a
plurality of consecutive deposition cycles, are conducted in a process
chamber (i.e., a deposition chamber). As used herein, a “plurality” means
two or more. Typically, during each cycle a precursor is chemisorbed to a
deposition surface (e.g., a substrate assembly surface or a previously
deposited underlying surface such as material from a previous ALD cycle),
forming a monolayer or sub-monolayer that does not readily react with

additional precursor (i.e., a self-limiting reaction). Thereafter, if necessary, a
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passed over the reservoir. [79] A typical CVD process
may be carried out in a chem cal vapor deposition
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pr oc esxtivhgad)and purge (¢.gaimtdpasidr) gas. chanber). As used
herein, a "plurality" means two or nore. Typically,
during each cle a . precursor is m sorbed to.a
deposi tion sﬁ{? e (igpo&nmndargcaas%?qx ];% e‘iglssé)mﬁ methpds of dhe
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Wi th @\9‘6 c%nsglr eﬁ)faf ft :ﬁgosv(i)c?es(fbr okd %Hro Afrgt(;I%IEQCvel

reacti on nece sar ar eact an
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conv éreviagealualiyaiselhuyiipg denpsiion cyeles.hEhqeedf-lging

reacrae BEALEBARAS) B HOARRingr g Bh e Mty of

pr ecuestive sitircet arcludng, domegample, surfaces with irregular
topographies, with better step coverage than is available 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 reaction

temperatures, which tend to decrease degradation of the precursor as

compared to, for example, typical CVD processes.

Generally, in an ALD process each reactant is pulsed onto a
suitable substrate, typically at deposition temperatures of at least 25°C, in
certain embodiments at least 150°C, and in other embodiments at least

200°C. Typical ALD deposition temperatures are less than or equal to
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steps may also be utilized during each cycle to renove
excess precursor fromthe process chanber and/or
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advant ageous, 1 n particular advantageous over a CVD
process, in that it provides for inproved control of
[84] at oni c- | evel Atthipicklelsl paongsuimicludenexppsing atshestuiggpydiiclenay

mat er i al d., dielectric |layer) b rqvidin

ot ur aprepBrysp Pt cREL ol e B0 e et
sel f -chimiidal fothcBathplish dhemokbtRinQfitBkesheni o toARkhe kubstrate.
depositing a filmon a wi de variety of reactive

sur f ddegernniyhgaisagptions s asedsrein refarsta dreschgmigql adsorption of
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deposlteiadsorbed ttatsicdle ag.typieal Bpioreatrsibly bowhdpb yis subbtrate
vapor deposition, i.e., PVD or sputtering). Further, .
ALD prEaessasasesuihpiaglafiyely fga%bmﬁ@grfﬁw C %5 ?@ high
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t enper at ur es, rease degradatron of
t he pheminabbondas The njxanisdrbed chdnuicale kygmqlly, fotny pinwcanolageDon

rocesses. . [.83] .Ge [y, i AL h
P BT HE L. oo K e o) B BB e chl
typi qﬁuwnaﬁe,” d@@%’aﬂdmp&ﬁ&mw@t@ Meswiey, pablisiRadly VaC,

in certain enbodi nents at |east 15Q0C," and in ot her
enbodVesiand Ramhplddse., He@0ork,1B239i(¢38 DALD AleB@sk of gigre
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tenperatures are generall L . i
surfaces of a substrate. Each sequential introduction of a reactive compound
(e.g., one or more precursor compositions and one or more reaction gases) is
typically separated by an inert carrier gas purge to provide for deposition
and/or chemisorption of a second reactive compound in the substantial
absence of the first reactive compound. As used herein, the “substantial
absence” of the first reactive compound during deposition and/or
chemisorption of the second reactive compound means that no more than
insignificant amounts of the first reactive compound might be present.

According to the knowledge of one of ordinary skill in the art, a

determination can be made as to the tolerable amount of the first reactive
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| ower than those presently used in CVD processes,
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Rei n .Co., New York, 225 (1981)). |In ALD,one or .
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+ eubst Rt ifE e e Aot e ool Lot chdbical 4. fes
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reacti ve conpound neans_that no nore than
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m ght be present. According to the know edge of one of

[87]°" dinary ski bllb%ﬂlti%ﬁ? afthbn-cBemisorbed molecules of chemical A as
well as displaced ligands are purged from over the substrate and a second
chemical, chemical B (e.g., a different metal-containing compound or
reaction gas) is provided to react with the monolayer of chemical A.
Chemical B typically displaces the remaining ligands from the chemical A
monolayer and thereby is chemisorbed and forms a second monolayer. This
second monolayer displays a surface which is reactive only to chemical A.
Non-chemisorbed chemical B, as well as displaced ligands and other
byproducts of the reaction are then purged and the steps are repeated with
exposure of the chemical B monolayer to vaporized chemical A. Optionally,

chemical B can react with chemical A, but not chemisorb additional material
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determi nation can be nmade as to the tol erabl e anobunt
of the first reactiveconpound, and process conditions
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substrate surface or "'Wwth chem cal B (described

bel oviigludest lerst one reiactionsgak if deviieh chemical A is a

met al - cont ai ni ng conpound havi ng |igands, one or nore

of the Iigan LS pical |y displace r t]

groups on th r%cﬁ‘ﬁ%]'ﬁ%acb émlss B%glgggﬁgﬁtrrlmga %ﬁé)%%g o p?(?ngr? f the
Theordgposiadd yurfath . € npravvaslpidepositt® WD marepiad)| ajewertheless,
that is uniformy one atom or nolecule thick on the

ent i sEcleigResEat manelayar issidkeangidgredaponpdsist Hybe cprteriPt
conp L.cal [ [

ot hore pregnt BRELGR, Lmahf S5piRaod SRIGTECEARET sathflcd
f or megomiayehmag bbstitdie kumkasgect,[a8dbstSitbdly aatiradd vy

all non-cheni sorbed npl ecul f chemical, A as well as

di splTBRneEser @%éﬁ%ﬁ@”ﬁ stif gg@f # feweed oppaY BT 4 e

and 3,8664 @%ﬁhﬁ@tﬁ@hesh@g §UAIRR bndof froPertie® B drlbfilee _Q;Ia)eeat, a

net al - cont ai ni ng conpound ‘or Teaction gas) is provi
t o r eabstantiaill setheatevomohalgyer indnecthaiis self-limitedhefirbat B

typical l.y di.spl aces the renmaining |ligands fromthe
chemrg%ltl%ﬂ“ﬁ@’r%?%%qr' and thereby is cheni sorbed and
fornms a second nonol ayer. This second nonol ayer

di spl ays a swUhé ah. gl byiSLID @agbiculRy ssM-Hmbtengoheryindiah the
A. Non-chenm sorbed chem cal_ B, as well as displaced,
| i garerstixp sitestaned SUBkREe i@ deplstedfin ap ALLR grocewsnths depesiieon

purg eggné‘gﬁy gtjaﬁs);c’{lvﬁf?:ﬁ cdh Srorv?cféef@f fbsthntity deposition conformity

within a wafer and deposition thickness control. Due to alternate dosing of

the precursor compositions and/or reaction gases, detrimental vapor-phase
reactions are inherently diminished, in contrast to the CVD process that is
carried out by continuous co-reaction of the precursors and/or reaction gases.
(See, for example, Vehkamiki et al., “Growth of SrTiO; and BaTiO3 Thin
Films by Atomic Layer Deposition,” Electrochemical and Solid-State
Letters, 2(10):504-506 (1999)).

ALD is often described as a self-limiting process, in that a finite
number of reactive sites exist on a substrate to which the first chemical may

form chemical bonds. The second chemical might only react with the surface
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exposure of the chem cal B nonol ayer to vaporized
chemcal A Optionally, chemcal B can react with

w@baoilesaho A, but not chem sorb additi onal PCT/US2009/044084
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materialthereto. That is, chem cal B can cleave sone
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deposited ALD material). Neverthel ess, such inperfect

monolteigkr is still considered a nnnolayer in the
context of the present disclosure. In many

appl i cati onsy. hlggg dxgl{ﬁé{gt ﬁg%ﬂﬁ %:;?o@éésalulu}{eﬁﬁ% Hc;rﬁgcqgwe deposition

nonol ayer may ne as
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exhi bebi i mael-gusaingg layra Kl.lself)ﬁ&k‘a? ben gpg ponplager suph that

anotﬁ %‘?&ttef ?@? Qget@@to‘zq{; bYs E)HlE@f ,gﬁaﬂa?ﬁﬁf is
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pr ec unsgeatal of 82]deTine thidknesyriobwikt dpwnAh@sulstrm;cpif d:fabﬂeyt The
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gene p?éédso?%&ﬁ?&mhdﬂ@)%o(%ﬁ@déﬁo@iﬂoﬁ%h&%er%éﬁﬁlhﬁﬂ h 8hbstrate,
deposition conformty with waf er and deposition

t hi clkchesisortong thclprecm@r tompositémigitas adesriotayeppntplike substrate
pr ecu r co Si t| . nd/lgé) & tz'l%%:o 9ases+

detri® ‘i%p@&ﬁ%lihep eé’%l P& at‘?%ﬁ ar & °n er%natﬁhy

di mi %&hﬁdxbea@»r&@fgof ashpbstidne) readlon rg@@s@%ﬁd/bhaﬂhet Precursor
carried out gmé) continuous co-reaction of_the

pr ec ¥PBIPPSt iora plumbity offlegasiien cydnsamtiy e degizgdthickness
Vehk%'f?l}i%' tal @An‘tfﬂmngn%&lj?al ?sf ﬁfc@e&B and BaTi @B Thin

Fi |l ms by om C 0s1 i on,  El ectrochem cal and
Solid-State Letters 2(10) 504-506 (1999)).
Thus, the use of ALD typically provides the ability to improve the

control of thickness, composition, and uniformity of metal-containing
materials 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
precursor composition(s) are directed to the substrate and allowed to
chemisorb thereon, optionally further including at least one reaction gas that
can react with the chemisorbed precursor composition(s) on the substrate,

and in certain embodiments wherein this cycle is repeated at least once.
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alte : pul si ng) precursor
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[94]as a nonol ay@hc pusodirhgorsofyztoase compbsitien(s) puligem garrier

t he de i.tion t hen .Lntroducin o th
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and/ ofypall9r the 5@1@&1 B&@tiofs AR Ak 0. P8Ecohdd, in SerRlin'E@bbdidhents
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precursor COﬁ'pO It1on are directed t
and alohdweell dtanuch 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 chemical(s) and the
underlying substrate surface and to prevent decomposition of the chemical(s)
(e.g., precursor compositions). The temperature, on the other hand, must be
sufficiently high to avoid condensation of the chemical(s) (e.g., precursor
compositions). Typically the substrate is kept at a temperature of at least
25°C, in certain embodiments at least 150°C, and in some embodiments at
least 200°C. Typically the substrate is kept at a temperature of less than or
equal to 400°C, in certain embodiments less than or equal to 350°C, and in

other certain embodiments less than or equal to 300°C, which, as discussed
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[96]

[97]

and in certain enbodi nents wherein this cycle is
repeated at | east once.[93] Purging of excess vapo

each 2REmiCEAReTAY| %W%%@H&@FWE%P’%@W&“SC n typﬁaer%
chem 0

cne fﬁ‘??.e%éﬁ OTnR? ;ﬁ&c e e %ﬁﬁéﬁgﬁmm@mﬁa@cﬁ BehbRfisdrbed
cont at tifingy t«trhpaersmtfs tndthe sarfadexeactionaif dlyeesecond ¢hearcal or

inert carrier gas.and/or |owerl ure to bel ow
the. JEFROIOF COMPRRUALEANP P ALatbr e tiAlE TiecHms PPREFBIE O
a cheypieadll g@@é ﬁﬁ)tsﬂaﬁeaHMffmaﬁefr@bﬁuﬁe d@l@&rlﬁ Reiesalhiied
chem cal . ampl es of inert carrier gases,

di scuzsetdomindemperraye,ian judgde by rthqsggénrdumgdﬁll @ degi but

cont abtiisgopnaes pePRR ARt RNy P cipg r rescion

substraleaitishiallyahd @it HResils et adthe Bympporadtecd fhé first
desorb and reduces the concentration of a cantacti ng

chenichamis} eprrperrsnmchemisomtiond ddicmptiaply: ehemisqratonad
The

cu t i b ABRN R s Bk BFUBERAAN ARy the same
t hosaempérhtuedd i n the art based on the specifications
for the product of a particular deposition process.

94] Th I d t f t
and i nor t ool EpPgaL ey s araiery o autr Ao e

SUffid-éF&ﬁﬁOﬁ Qlaﬁﬁ)tei"ﬁﬁiﬁe éth@asﬁl@%fo 163 B Y0P RERal, “Pa”), in
Typically, the pulse duratjron is at Least 0.1 seconds,

in ceertainenhetimknteattieasai 0 tas(l. x 203 Bk aad inetheri qgrtain

AR R A T T

M Nutestypasatly idds qﬁhb@le@uaemm@itdafm"sxlle%sa); hegertein equal
to 1 mnute. [95] In conparlson to the redom nantly

t her reaboglinants/leps Eomor gqual {os> tori@oht Alnka)yanda gihes perain

driv t 0

much Fiedtiins RERS: BIMEN PGS 1 TR SP TIRAES o
pr ocekposititrectntiet isgivegddenitie ainettearriy gheafomithnd ‘aipnaded
at a tenperature sufficiently lowtq. in.intagct
bond PTEHE APt Bhaye sgﬁmsﬁﬁ'?ﬁeaaweél? iggnben@idior
under, t 8

doc oo LR BIeE THAGE Srifhab Bali U Bl be introduced

conpositl therveporizet grecermoe c«anmsa;lonﬁs) dunipg ettherycleand,
must be sufficiently high to avoid condensati on of t he

chemi cal (s) &"Eé %abti\%{yegfu cf psrce)gursor composition can significantly
influence the process parameters in ALD. Under typical CVD process
conditions, a highly reactive chemical (e.g., a highly reactive precursor
composition) may react in the gas phase generating particulates, depositing
prematurely on undesired surfaces, producing inadequate films, and/or
inadequate step coverage or otherwise yielding non-uniform deposition. For
at least such reason, a highly reactive chemical might be considered not
suitable for CVD. However, some chemicals not suitable for CVD are
superior in precursor compositions for ALD. For example, if the first

chemical is gas phase reactive with the second chemical, such a combination

35



conpositions). Typically the substrate is kept at a

tenperature of at |east 250C, in certain enbodi nents
w@roobeesspd 150C, and in sone enbodi nents at | eaRCT/ESDE/044084

Typically the substrate is kept at a tenperature of

| ess than or equal to 400 I N i n enho
| ess AfKAFMKAISERRI ngtde gw@g’le R inRush ey eauid be used in

enmbodign H?ﬂlm
d|scussedg%g%g?ﬁngg%ﬁg?% %ﬁ?ﬁgggﬁtﬁgﬁggféﬁﬁFgé
pr es entfficieantseahdi snrfagqmmob]ﬂlt)C‘demm tsthese skilkeel ifiithesart, when

A S e A R R
t he W@gXlgmmlé:ALDogon%@cursor conposition can occur

at substantially the sane tenperature or, opti onal ly,
at a substantially different tenperature. C earl

[98lsorme smal | vahe axeihods Phforainganaaidede. %gstailta@geﬁewude) and
t hos
o el B BB R B i iy ot i
pr oviftimngpplcatidas in smnitedddcdi sinictties, alatticuldnly thaamlsafg high
vvoul d.qccur at .the tenperat ur e of the fir Slt chenj

Kl PO B ST e, Ton ek amal: purbiapplications nofude gate
Chemd?éiéd%hé Ao SHRS SN S blahBAEHE Ao OUl [ clonShoRBN

occur at su tan y exac y t he 'sane t enpe at ur e.

[ 96] skipwall tteylpln caglaciap) stadieplo=ils (g, povne¥sgellf Adta cell,
pressure e th Z ft de SItIO chamber can.be

e as thG-rgRrec O o il sgRBEET taqRA\CEPIRRIOt 6 gTEH A Held
enmbodireitmsatorldedists. 10 7 torr (1.3 x 10 5 Pa), and in
ot her certain enbodinments at least 10 6 torr (1.3 x 10

4 Pa). Further, deposition pressures are typically
[99]1 ess  t han . or FEgZaillusteaterpntastigle (20 haying g clogtyods 130 (e.g., 2

cert BN

10 s ERRERRRD iRl 3 U FANE abBuity bRIGxE 140 on
or  eqitiRasttadportioroof the Zleétradel (B drd)havibigpi fixat drystalldpgaphic
deposi tion chanber is pur

th t
af t erorlleﬁfé‘UQ%r%‘Fllaf@%PDSr%ﬁﬁ?%%? o @H’H’Z gpéthxheﬁ ] E}%i@gfeagén
intr g)@ heithe Brst BSsGNRRS al ea{oxﬁ@eaﬁo% ﬁ%;a a6

cycl e inert carrier gas/gases can also
intr @d}tsdzéhbgmphic drimtamapo Airtzeel lp(i) eptivmsty imodudes sistéomd( s)

ConpGGerP O B PSP S0P PP e R R B e
parameters in ALD. Under typical CVD process

[roopondi tions, @hbrh@henyurhRestainte: HBRARCH, thefel&trodd 1B0,aRE Y
reactive {Jr ecur sor
crystalline tantalum pentoxide 40, and the first and second crystalline

J

tantalum pentoxides, 140 and 150, are depicted as having uniform thickness.
While these materials (e.g., ruthenium-containing materials and/or tantalum
pentoxides) may have substantially uniform thickness, materials in the
present disclosure may be of nonuniform thickness. For example, some
ruthenium-containing material 30 or electrode 130 may contain
topographical features (e.g., vias, trenches, etc.) (not shown). Crystalline
tantalum pentoxide 40 and first crystalline tantalum pentoxide 140 may be
respectively formed on such ruthenium-containing material 30 or electrode

130 having aggressive topology and may fill in such topographical features.
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conposition) may react in the gas phase generating

particul ates, depositing prematurely on undesired
w@obaessey produci ng i nadequate fil ns, and/ or PCT/US2009/044084

i nadequat e step coverage or otherw se yielding

non- uni f orm %osn tion, For at |east,such reasaon

[101hi ghi'y react MOmeERPRIEMER- e &S TSR Sfptervening
S ui t é‘@ét%zﬁ%xa%@dm?@%%ﬁveeﬁoﬁ e&hBpleCRk %utﬁ&hm%%cﬁl?a%ﬁg
for CVD are superior recursor conpositions fo
ALD. negeria3QrapH ¢he firfst lah‘almm psittoxide A calbeiveceg dlse mh@gels

Cons et b PG e Eaf Rl hatrodd  Elhi by By gvieliye
al t hagghiubhgntsedd g Héﬁ)@ééﬂ'tﬁ’e A¥sPeryballing @arfeMbin pentox1de

context, concern mght also exist regarding sticking

coef flBiaed the sependsurystalliae taptslum pgntoxisle LABMFIGS. ﬂh%@@d 3
ski | la?e nét 5\91? to c%le a#a%ﬂoﬁia InQ?bethlP%HL&/ th%l%%yp%gi le the
reacti ve em ca owever e Oor no’"suc cér n

woul dhlekmcsgesldﬁtﬁdl@atehﬁls ¢c@pt axhenifrf &bnﬂihﬁlgmhﬂeﬁdls aﬁﬁ
' t ant al um pent oxi de) and

form an oxi de .

't GRS PoPl s S SISH T Se QgRADeThg RS Bebreet rithout

for qilﬂyltdaql% pvariety of thin filmapplications in

sem conductor structures, particularly those using

high dielectric permttivity materials. For exanple,
[102buch appl i caligores3 shostsuaexgapke ditikd AEDr formatamdof metal-

capacitors such a | anar, cel.ls, trench cells
Gon breat ity BF s aReeapGRToSre i SE i R radulf esbatitor
(€. 9.confuebn. Neffidg tod8hird 3CpacitdPebhitrdctind 20@ theldes
cylindrical container st acked capacitors), as well as

fi el guledtragec? 10 raying @mductt}fé\ﬁa@@son fromp 1 Ffamneg therein.
il u%tu%gtlra%éc' gﬂpca%rﬁclﬁdg f%r 99; 1081[1] ﬁ)n%gu'i cgﬁjl% e?ignal 260,
(e.g., aru enlumcoﬁtalnln eria FHedy

crys tsatH asBPI@)ik @tmd@emeﬂmbdﬁaté 200 omlat:oﬂtaﬂ@perang 280
portion of the_ electrode 130 and havi.ng

cr y s tPaVidest hptsinctoshiffesiomarca 415 aﬁancalcgé% m&rr@} %%Q flly gongact
tant g

v s PTLERE Uy oo (BB, ylhablih of il dlP doped
seco mdlysﬂ;csna[lhpagmap l:nnstroctlcemmtmdndesmﬂiﬂst:ct@admo@ havmg a
option ncl udes a se ond _.el e (not s

t he 5@3 ﬁmc?%wg PRETAL A A Eﬁhe%gﬁ?%a adetiomcplc fée) 220, 2
The rathan pumR@Id AL1RERE n@érﬁa!l bad whtbh rhﬁsﬁbeefo%tedi Bg ®ethods

130, the crystalline tantal um pentoxi de 40, and
f i r stas desgribed berding aryka sdcbndeapaaiteralestmoge (et topiettetrodg) 250.

and g tane%arllﬁmdpee%{oxn% dlglectplg\r/ﬁa?eqlalll 94(5 gnraym bte 61(1:1%(6:% a3 described

herein on at least a portion of the ruthenium-containing material of the first

electrode 220. The second capacitor electrode 250, formed on at least a
portion of the crystalline tantalum pentoxide dielectric material 240, may

optionally include ruthenium metal.

[103] FIGS. 1-3 depict example constructions and methods that can be
useful for forming materials on any substrate as described herein, for
example semiconductor structures, and that such applications include, but are
not limited to, capacitors such as planar cells, trench cells, (e.g., double

sidewall trench capacitors), stacked cells (e.g., crown, V-cell, delta cell,
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Wil e these materials (e.g., rutheniumcontaining
mat eri al s and/ or tantal um pentoxi des) may have

waipsties™e al |y uni form thi ckness, materials i nP€TES2009/044084
present disclosure may be of nonuniformthickness. For

exanpl e,. sonme rut heni_unt.cont ai ni n terial 30 or

ol e e Bty dn gy UBRREH! CORBG AR Capaciigin ol as field
(€. 9.effe¥d Bsistor @BGiRES, etc.) (not shown). Crystalline
tantal um pentoxi de 40 and first crystalline tantal um

fentoxide 140 may be respectively formed on such
[104} ut heni um coheheninges, Adiférsic bagdergnatetiddnotsbiewnpmay

t opooPBLAR pYed FRE MR AN PE bl Hisleirhififleral 249 ana
or nMehsy, forteRAMPBIY RickideTiINNT AN MastaNglictaé, & nddtd sithyddadtride.

di sposed between, for example, the o .
r ut heWhilgrihe sifizsion brarigremeterialiis descrer agwedisiing material, the

t ant ' r ' : .
depi PSR Ay HltucoR e holod1 i Tah Ardingy. in
and tsheh émbatdimentgsihelluti¢ atdedshatpattiom qichnt cphdeor Eldtrodes. In
between the first crystall.ine. tantal um pentoxide 140

and CREAEEEBRATERGSE prHES £ Siffusl o hageT AP KR, Areirety of a
FI GS.cadacitér el88itbdd cah SncliRle Bh@WMiive Batied hitdags, shoul d

not be limted thereby. For exanple, the thicknesses

of the materials (e.g., rutheniumcontaining nmaterials
and tant al um pent oxi des) EXAMRIGES1 and 2 may be the
sane or different, without limtation. [102] Figure 3

[1osphows an exapRAIPLE i hey Mdgdsitioh ¥RarhBd Haling a water vapor
net al contai ning | ayers of 'the present disclosure as

used geperatier Exaiepyapor apgtiten coemed thetestithomas Refemithng
to Fi sure aci.t or copst I Uct.i onP%OO i ncl udes

Subs PRAPEeSsT R IRy omHE PUEST PRSI SEoE 53 seguentil

f or meghnhBe MHirbe reS6is irRedddtCitd chiifbdi@Bntafred hydrogen,
exanpl e, silicon. An insulating material 260, such as

BPSGOXY£etp il tenalins fuprids JeF pat hesubstrajg wes gbepndipxide

openi ' ' . [ f1f . USi 0
Condiarga bl b Fheh Bt ind Wl B ALER 300 1C
may idepdsititen, offooystdlaemahlunt pergstide. or conducti vel y
doped polysilicon. Capacitor construction 200 includes

first capagjtor, having a rutheniumcontajnin
(1060 0 or i al a5 Lhg RYEPECDIB0 oRBER Votie gt BRISE T PR gpnerator
220, iRa hdopiy- R¥ictfc Gt §:T {9 BhSthAdard fibic
whi ch may be formeéd by nmethods as descri bed herein,

and senftndend peapanite)or hytwgen aatb4 Y scemopf aiyegen)r dde tantalum
250.

fluoride and the outlet stream from the water vapor generator were then
alternately pulsed into the deposition chamber to form the crystalline
tantalum pentoxide. Each cycle involved a 5-second pulse of tantalum
fluoride and a 5-second pulse of the water vapor generator outlet stream.
The tantalum precursor and water vapor generator outlet stream were
introduced with helium carrier gas, using mass flow controllers set at 100
sccm. After 100 cycles a tantalum pentoxide film 100 A thick was obtained.
A subsequent grazing incidence x-ray diffraction (GIXRD) scan of the
tantalum pentoxide revealed a major peak at 2-theta equal to about 23

degrees ((003) orientation) and a minor peak at 2-theta equal to about 46
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The tantal um pentoxide dielectric material 240 may be
fornmed as descri bed herein on at | east a portion of

W0 b@ones7heni um cont ai ni ng material of the firSPCT/US2009/044084
el ectrode 220. The second capaC|tor el ectrode 250,
forme east a ort| of . the crystall

t ant ea?ﬁ%Z@P@ﬁr&@taaw P daPingicedhg ap %Gryﬁ?g graphically

opt i qBakld thitglubdsentaidteni um metal . [103] FI GS 1-3
depi ct exanpl e constructi ons and nmethods that can be

useful for form mat eri al s on any substrate as
[107fescri bed heE&AM%LEQ Semeisd2X6AMPd dnbwgeant the hydrogen-to-

ar o by i Bt Rl SN e BRI R

t r engRn&idesevdatedd majde pedkeat SLtﬁetwahhalttdS albtﬁiﬂ 28 degrees §(200)
capacitors), stacked cells gte. rown, V-cell, delta

cel | ,ispiation) %‘éwar pesks at 2-thedp %@l tocabietta? hdseress 42BN
oD AT, P A 105 581 AL EKLin antu

mat erpeatox(cfmmﬂsinpwd)mlmyxt apkis onahtagiomne for msd over the
tant al um pentoxi de dielectric naterial 240, and may,
or exanpl e, .j ncl ude N, TaN, taI ci de, or

110801 &3 Gt 1 ThBEoT e s arbrtof Pt arEraiociaete: aid

I's deselitdRMs aﬁe@l@élﬁtatdﬂﬁ&o@ma@éd@ reféraﬁ;e%ﬂfeir%mety asif
materials may include conductive materials and can

acco reaclnglesﬂ indiyidughiy ineetnogated nY eriousmeodifieations padalterations

| . .
B SAPAE B G 1SEr g et
an enhé arettholit depadipgdidn®theab@sd dnddpirh i tl;gb%ﬂﬁdisclosure.

conductive barrier materials. EXAMPLES [ 10 EXAVPLE
1 Albehould be Wilestnadgbat this disslpsurevianelintzagest toermduly

(vat qf ¥R/ img ﬁﬂﬁfr@ﬁ&r Im ALY aﬁ(? léJ‘se h3fREeit! Bn

Wi t h pneundtic val ves un er conpu ntro o pul's
val vebatapdneiampdesgme rivibatinmmtneat pre'Ebmtedz by e&gof exa‘rﬁple only

. CAH BRI 454 G (R Byered b e A DR s se

si | i gofn HiRi ASohewd. Nl ﬁseﬁ%télﬁ‘%ﬁé te% “@OBPRALAY which is
rut heni um and was maintai ned at” 400 OC for deposition

of crysergimdus evitafindnding’ b@ntcomameng,’f s06¢1udike dpguendpelnand

nycr GpEnat saugg afarhieeer iR GonfREBLmiBRtLtey "

(standard cubic
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centineters per mnute) of hydrogen and 45 seem of
oxygen). The tantalum fluoride and the outlet stream
WO caoi#d189 wat er vapor generator were then alt ePCHUS1099/044084
pul sed into the deposition chanber to formthe
crystalline tantal um pentoxide. Each cycle involved a
5-§Q%Mlﬁme§§3of tantalum fluori de and a 5-second
pul se of the water vapor generator outlet stream The
tant al um precursor and water vapor generator outl et
st i eam Wemethpadf fodmoechnvextife ¢rehprismgsar ri er gas, using
mass flow control L ers set at. 100 seem. After 100 . .
Cycl es. OSSR THHBRRE DS THET IR TS0 Lt ik HRRE comprising
obg@ﬁmﬁQﬂ4ﬁnﬁgQ§§E#@@&ograzing I nci dence x-ray
diffraction (G-XRD) scan of the tantal um pentoxide
r eveal egroxidieg »wajpe FRpAtgeRerplon compyting OngOomborgtin2gstreams
degr ees 03) ori.entation d a mnor peak at '
o BhE R0 Ll Srhnt S e Bee R F AR e, oy
t her eby comgitmatthd@itinamasbstaiingSiatetigon P theakibystream
textured tantal um_ pent oxi de.@hjlqO?] EXAMPLE 2 : Sane as
Exander conditignscedisetivhie TRy cogtatinedantplyenreexide thegson.
changed to 8:3. The G XRD scan of the tantal um
pent oxi de reveal ed a maj or peak at 2-theta equal to
abdut 2¥helagtiwdof cladQ)winsreianhadutizn traand furtheocornyaddes
at 2-thet qual _to about 50 degrees ((220)
orF@#FHF?g Ogﬁd}gé degrees ((102) orientation),
thereby indicating tantal um pentoxide with a
predom nant a-axis orientation. [108] The conplete
di 3¢l osThemetiodtolielapatlewhereimptht erstatiowuaenplus) parekide has an
publi,cations cit.ed.herein are incorporated by
re?gpgﬁ%@m'HQFWEFPHSW?*@%ty as if each were
i ndividually incorporated. Various nodifications and
alterations to the enbodi ments described herein will
betone &bpmeted of elaithds wheiein the gryistpllinedagtplunyperioude is
departin [ .ne scope and spirit of the present
di gséiﬁ%)soal?ee.cr?{&ﬁslﬁgul d be understood that this
di sclosure is not intended to be unduly limted by the
ilLustrative enbadj ments_and exanples_set forth herein

an® t hat hemethod,of slsimad . whereanihs matasidoes pat ipeladesr ed

bye‘ﬂ‘?é{' anple only with the scope of the
di sc ols%%ta?('ntended to be limted only by the clains

set forth herein as follows. As used herein, the term
"conprisging, " which.is synonynous.w th "including" or
" cont ai%i‘ﬁ%b"d%%opﬁﬁgﬁ’i%‘é‘?e SUlfded, and

contacting a ruthenium-containing material with a vapor comprising a

tantalum-containing precursor;

providing a water vapor generator comprising one or more inlet streams
and an outlet stream, wherein the one or more inlet streams comprise molecular
hydrogen (H,) and molecular oxygen (O;) and wherein the hydrogen-to-oxygen
ratio in the one or more inlet streams is controllable; and

contacting the ruthenium-containing material with the outlet stream

under conditions effective to form crystalline tantalum pentoxide thereon.
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does not exclude additional unrecited el enents or
nmet hod steps.What is clained is: 1. A nethod of

WO e0opilegJ9an oxi de conprising: contacting a PCT/US2009/044084

nt heni um containing material wth a first vapor
conprising a _tantal um containing precursor; providing
a wat er Thapsthodof slezm & whevebt the oHbetHeas comprises Watet and
stﬁigﬂgkﬁand an outlet stream wherein the outlet
streanrconpri ses water; and contacting the

rat heni um contai ning material with the outlet stream

under conditions effectiye to formcrystalljne ..
t aft al UF}F?)@W% iof efaerﬁép wbfreincontactng ey iearm: pathining

whey, ei g |
il by Iﬁ_ékgk_t&pg{ c%%ﬁ%g% § Bt Gh-PRARGAS SR ciRbed! ar

hydr ogen hod of claim1] wherein the
cr yattadting iee tughenalmyopeininganalteriflawitlathe (00 8) stream are
crystal l.agraphi c orientation. 4. The nethod of claim
1, AqEP U VPPEASTONORRI%EPum pent oxi de | <
as-deposited crystalline. 5. The nmethod of claiml1,
wherei n the net hod does not include an annealing step.

6. 9A nefThemetiodfodclaim, aersil de veparsiepedition Pioeesatal ng

a rutheni nt.al njn rdal w -a .

c o IE g SRRl Pl TRh kRl i LRBbion evee,

a wat er vapor generator conprising one or nore inlet

streans_and an out]| et stream _wherein tge one or gpre
& s

i nl@t sThemethodorslaind. whpeautha PIHYHY 94 EpPISHEDN R
MOL GEMAE ALY A BRe Qﬁlé Wi G, fﬁ@ﬁ;ﬁ&%gﬁhng-ox%%en ratio Ia.nd at least

hydrogen-to-oxygen ratio in tHhe onhe or re 1 nlet
st omackld with aségont hyttogen-tmdxygentratod, iwigrdim ¢he second

raf heni um cont ai ni n erial wt e . outlet strea
OB oo RS s A epent Stpmriat Bk Pupten-forizes b
tant al um pent oxi de thereon.7. The nethod of claim6,

wherein the outlet stream conprises water and _
hydit.ogethe Bictibde@f whithd @, wherelndhertadtalyh eenionide donmaask using

LN RO -
COPHaAeld EgsthllSraphid SR HQITHRS RhAGIABEREkidb fotiricl vsihg the

outlet streamare )
second hydrogen-to-oxygen ratio.

12.  The method of claim 6, wherein the tantalum-containing precursor is of

the formula TaXs, wherein each X is independently a halide.

13.  The method of claim 12, wherein the tantalum-containing precursor is

TaFs.

14.  The method of claim 6, wherein conditions effective comprise a
temperature for a surface of the ruthenium-containing material of 400°C to

500°C.

15.  The method of claim 6, wherein the crystalline tantalum pentoxide has a

thickness of at least 50 angstroms.
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acconpl i shed usi ng a vapor deposition process. 9. The
nmet hod of claim 8, wherein the vapor deposition
wWEe@eass9d s an atonmic | ayer deposition processPCT/US2009/044084
conprising a plurality of deposition cycles. 10. The
met hod of claim9, wherein the plurality of deposition
cycles conprises at |east one cycle with a first
hygg oge - : atd Qan I ' . A
caesnd uuPeAdf el aneRih B nEREnREG RS shonll lidhs
hyelrlegpe 3t 0- oxygen ratio is different than the first
hydr ogen-t o- oxygen ratio. 11. The nethod of clai m 10,
wherein the tantal um pentoxi de fornmed using the first
hy gly 0gefhé RrelheMIRRIdidlY, ¥hBRS fe %&Mﬁ?%k@@iﬁéh!a&nﬁc ratio is
orientation different than the cfystal | ographic
or flenoeiin of the tantal um pentoxide forned using the
second hydrogen-to-oxygen ratio. 12. The net hod of
claim6, wherein the tantal um containing precursor is
of 18.he AchembaofrRIngMIesEddca@atsing:i s i ndependently a
halide. 13. The nethod of claim 121?& wherein the .
t ant al upeEHHDgaAPhgLivreeqniaBingimatqrgtsvithafirstiapofseRpdsing
of 1.0, € @ﬁgg ' Ltkons effective conprise a
teﬁ%%@%@%ggn or §b§ﬁ§$§%8£%f t he rut heni um cont ai ni ng
mat er i atordctih@@e tuthenBdContdmingheatetinit wititla eécoad ahpor6,

wherein the crystalline tal um pent oxi de . has )
t hPRRFAERE @Pfeatﬂa{ Pg@o@ﬂ@ﬁ Ve U .rcerirfﬁt%tq#%aﬂ‘& to
Cl A GystiifE Bhiid Peft¥SiRYRR:0- OXygen atom ¢ ratio

is at least 6:3. 17 The nethod of claim®6, wherein
t he hydrogen-to-oxygen atonmic ratio is at nost 8: 3.

18. A nethod,of form ng an oxide conpri sing:
com'ac?gﬂd“gl‘?ﬁ‘flﬂ%?ﬁ% containing material with a

first vapes elefdd Sonlidisthgl ARitRhUIh-COMhRidY Mbterial;
precursor; and contacting the rutheni um containi ng
mat er i a# fipit erystellinedemtalupnporoddnen dtdpasya pottivof ge first
hydr age . ter. wunder nditio fectjve to
R e A
crystallographic orientation; and
a second crystalline tantalum pentoxide on at least a portion of the first
crystalline tantalum pentoxide, wherein the second crystalline tantalum
pentoxide has a second crystallographic orientation that is different than the first

crystallographic orientation.

20.  The article of claim 19 further comprising a second electrode on at least a

portion of the second crystalline tantalum pentoxide.
21.  The article of claim 19 wherein at least one of the first crystalline

tantalum pentoxide and the second crystalline tantalum pentoxide has a (003)

crystallographic orientation.
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19. An article conmprising: a first el ectrode

conprising a rutheniumcontainhig nmaterial; a first
wa@eostiad7be ne t ant al um pent oxi de on at | east a POT/UBIN9/044084

of the first electrode, wherein the first crystalline

alu ent oxi first crystall og hi c

or? ntadP ﬁmcgﬁfbfd o rein g {oBP Qs OF Ll italline
pe%%ﬁ PeRDxRle ah§ 3&lond cRRfA RN b Uk Serfid4idd has a (200)
crystal I ine tantal um pentoxi de, wherein the second
cr yrystallbgraphit arienthtion.pent oxi de has a second
crystall ographic orientation that is different than
the first crystallographic orientation. 20. The
ar p3.cl ea@fargdl@bsmpdsihgtr t her conprising a second

el ectrode on at |east a portlon of the second
cryst al # fir ceyvstallinaiantplm psaterdde;28d The article of

|
ot o R Sghing 853 58 BT hpRESERLRIA A
peatystllie tiasium feffbX)des whsteal the g‘napdmta:luﬁr@emm@da 1043 .22 2

The article of claim 19 wherein at | east one

t he
f i pyptallographis pripdatiophihal ig ditfasntdhandae srgtadl eg@ﬁlaw orientation
cr A&t oxi de has a (200)
cré@%gk%%ggghﬁahﬁg%ﬁgntat|on 23. An article
conprising: a first cryst al l'i ne tantal um pent oxi de;

Todtt SRR brotal g Whorer s GEY AP pEseae fren o

pegiRide, wherein the f| rst tantal um pentoxide has a
crystall ographic orientation that is different than
the crystall ographic ori ent ation of t he second

ta §al u

Fei nﬁ%@%}%ﬁ Oﬁ?atngﬁé N Fﬁegle :%1{3 85 co&é ?Emgéﬁg]ﬁl pengo)ade is directly

sub;sﬂfeatrgtataélmﬂp@n@ﬁ@é cle of claim23, wherein the
second tantal um pentoxide is directly on the first

t ant al um pent oxi de.
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