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WD 2004/ 070078 PCT/ US2004/ 003046 DESCRI PTI ON METHOD

OF FORM NG A Ta2G6 COWPRI SI NG LAYER 5 TECHNI CAL FI ELD
wahbdog/oreeventi on rel ates to met hods of form ng AER052004/003046

conprising |ayers. BACKGROUND ART 10 As DRAMs

increase in nenory cell density, there is a continuing

chall enge to maintain sufficiently high storage

capaci tance despite decreasing cell area.
Additionally, there is a_DEéﬁB'_EﬂQ:bb goal to further
decrease cel |l area. nci pal wa I ncreasi ng
cel | capacMEIROD OF qu&@ﬁ 206 CQ '%BB@N@ LAYER

techni ques. Such techni ques include three 15

TECARIIGARFRELEE! | capacitors, such as trenched or
stacked capacitors. Yet as feature size continues to

becohBissiyenEpnRlpterdr maethags el asming TeeOsicammpiieing layers.
materials for cell dielectrics as well as the cell

tructure are_ inportant. Highly integrated nenory
Wpected to require a very thin

di el get prAMS | MctO4sd A ﬁre‘i'h@@n%'eﬂnéénQRfa%ér%r i9fa contlnumg
cyllndrlcally - stacked or 20 trenched structures. To

chalignga fo r dbgintaiRensuTficiRntyaphigh oftairepectanacitance despite
déBieHENeP SceTP¥arbs. atAoQﬁh@ﬁélWV e rANgStd ABtRLIng goal tci further

equi val ent Si Q2 thickness. "I nsulating inorganic neta
%R"e@éerrﬁ?ﬂr?rzﬁas (QUEenPHBCIa rwaY et IN@easingr callscapacitance is

tHreLgMskidie §'ﬁﬁ§tru'r@| &eé‘ﬁ‘ﬁhq@'e%' eCtShEh O)fégﬁﬁlhu@’se include three-
coommonly referred. to as ™ k" materials due to

dtﬂh%ﬂ%lonﬁbﬁe'&capéeﬂws@ Sd&hs@%%&e@chﬁm ehsingked %Jetqmw Yet as

fe%lthfeﬂcglté(ec@%r%@é gt 'b'e%oﬁﬁi es"rhéilér 'dhoC%Qﬁ&I'léroréevéI%bment of
exanple for hig ensi‘mg and non-vol ati |

mh%rr?e/reﬂe@afeg'ﬁiﬁg feu&fe' @kﬁcan'%s cath Welhads ethtahe-ell structure are
m%&@éhan‘PéhIWﬁfégfrHPéd RlerAE) §6VRLS aredPa5ddtod to require a very

structures given stored char ge requl renent,
thip gliglesdig ﬁ'érnpfgé%hﬂé dinensipnal ceapstonpf cylindrigally-stacked or

trehERel tstARIUAS. PRemBeg thIRFES difd mbht,t Gat é‘éb‘&'&ltor dielectric film
pent oxi de (Ta205). 30 Ta2(5 can, of course, be

tm%ﬁ%m@am aapr below %Aee%pm%%%quwbﬁm %Qpatbqumess
di el piulatig atdrganiel Meetdl I BxRiehatd1ddls DtéMh THE ferroelectric

diel ectric constant of tantal um pentoxide can vary in

mé‘t?%%ée PeFRyskite materials and dielectric oxides) are commonly referred
to as "high k" materials due to their high dielectric constants, which make
them attractive as dielectric materials in capacitors, for example for high
density DRAMs and non-volatile memories. Using such materials can
en'able the creation of much smaller and simpler capacitor structures for a
given stored charge requirement, enabling the packing density dictated by
future circuit design. One such material is tantalum pentoxide (TaOs).
Ta,0s can, of course, also be used in fabrication of materials other than
capacitor dielectrics and in circuitry other than DRAM.

The dielectric constant of tantalum pentoxide can vary in a range from
about 25 to in excess of 100. Typical prior art methods of forming tantalum
pentoxide result in an initial déposition in the amorphous phase, and which
also results in dielectric constants in the lowest portions of the range.
Accordingly, subsequent anneal processes are typically employed to convert
the material to various crystalline phases to achieve a significantly higher
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about 25 to in excess of 100. Typical prior art
nmet hods of form ng tantalum pentoxide result in an

w0 pootioio7gleposi tion i n the anorphous phase, anPCTHIE2004/003046
35 also results in dielectric constants in the | owest
portions of the range. Accordingly, subsequent anneal

cesses are typicall | oyed to convert _the
dl%é?%tl”ical cqnst @%frly lﬁz‘st gﬁ]qrﬂﬁoﬁéﬁaé%@sﬁo achyRigal gamorphous
dép@@ﬂt'ﬁ)hcw‘rbb&sé'éﬁhﬁfclm 2/ QFé@slﬁePgﬁ/eHﬁggp%%O%posmon

g el ec K const ant than t he r phous phase. Typi cal
hﬂnﬁh alym o ganogmetdllifsess ge, HArgaelq ArPeees Jarf glepositing

aﬁhﬁﬁh@@é PaARSIU Tl gRARbkiden utikes | ghdr@idAN A diMdeposition that is
anonetal lics, One | no;(l_ganl C sa_‘ ocess for depositing

HRBNENEEH LS NI BER WL @8 Pe/HeiPi@8Meheni cal vapor

dGDOWHllétheI hﬂbn&n@n%a‘s&ﬁﬁﬁ\/eﬁeaaﬁ%r%éﬁ@ theFap¥id fssues and
he inventjon was notivated in

RO GG U HIE ZBOVE-S SRS hAGEWPABFOUR B 105 Wk 0 limited.

ThBOVeeRESE id bady dﬁﬁt@éﬁﬁiﬁf’(helécdo%bdhﬁﬁg VEin®P aki I%Fﬁﬁﬁ worded
ntion sonl%wllmte t he acconpanyin

(V&n’f'g?l:lﬁv'ﬁ%fmﬁf%fvaqw ehdmiting; fqa‘emnqehtt% Pe@mve«@a&kground

aftt bescrigtion, ireendiRfrRy PBERorL of fiee %*b@éﬂ‘ldﬁfaﬁgbplﬂﬁ‘é* dFwings) and
art description, renaini \%?ﬁ@ortl ons of the

'%%@%‘?@?E‘S?l%’”‘ bie gdretring Yivalerts. i n accor dance with
the doctrine of equivalents. SUVWARY The invention

Ms met hods of form ng Ta2C6 conprising | ayers.
S ne i nplenmentation, such includes positioning a

subsThatiavehtibh NncRidéPAEthbE cﬁfh@ﬂmﬁ? '@%ﬁpéémpnsmg layers.
Ir_grecursors conmpr.i sing TaF5 and at | east one H 20

D3 MREMERdationt qﬂbﬁaghuﬁreanp@ﬁgrﬁmguadépbstrate within a .

dép@ﬁltlbh%rﬁﬁéﬁcbé@odsoi)ﬁ&ﬁ@%ﬁs é?r%@?f%;%%qws'éid“ﬁt least one
n one i enent at i on

ver on the s tra
oL BBl P80 1 812 054 1P heucsRasiian SMasHRRT Enghr Copditions effective

tchepbsit a Pafos @ém@ﬁgn@weﬁ: Gherd sepdeskeont o t he
subsfrate wthin the chanber to forma first species

nmonol ™ {8F W@Wﬁ3§88u§ pHbstrate &m&ron%r\fﬁth'gmgﬂeposmon

cﬁ'@ﬂﬁﬁer The ghefmispiches ki EBEMIRBEESohfo GABL 8GbEFatd tWithin the
second precyrsor conprising at | east one of

us

&R dOT9 Ty lex tSREFIRS tTRENOKAYPE TTAiped| $359Q)S Hirsh Rrecursor
cmbﬂbﬁ}»g?TaFg)nﬂTHeSd:ﬁ@nTﬁ)rﬁéd stt dpecieBaBicomtRERA WiRh @daseous
cont act i ngj are succgessi vel é/ eat ed under conditions
s%chrgﬁtplrg% SQr g pprising at least one of H,O and O; to react with the
first species to form a monolayer comprising Ta and O. The chemisorbing
and contacting are successively repeated under conditions effective to form
a mass of material on the substrate comprising Ta;Os.

Other aspects and implementations are contemplated.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the

following accompanying drawings.

Fig. 1 is a diagrammatic depiction of a processing chamber having a
substrate positioned therein. '

Fig. 2 is a diagrammatic depiction of a substrate fragment.

Fig. 3 is a diagrammatic depiction of another substrate fragment.
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a mass of material on the substrate conprising Ta205.
O her aspects and i npl enentations are contenpl at ed.
WBRIER7MEAESCRI PTI ON OF THE DRAW NGS 30 Pr ef er r ePICT/US2004/003046
enbodi nents of the invention are described below with
reference to the follow ng acconpanying draw ngs.
lis adia érarmatlc depi ction of a processing

chan’B'&r hig\d ApHamyBte depdctiys pt ﬁBH@d‘Otﬂh%'i evhstrﬁegfragment

| S aFidl. adisadrapdd rantiiBtie idepicttdn 8f ?Hpﬁhbﬁ{eﬁ‘* Jdb'ﬂfﬂietfragment
35 Fig. 3 is a diagrammtic depiction of another

substrate fragnent. WO 2004/ 070078 PCT/ US2004/ 003046

DETAILED bssamﬂwamtﬂs:PREFERHWEWB@MWNWN her
ragranmmatl c

rate
depl‘%f'l Eﬁe'@\p?%fé(t %@Hepfs%wﬂete Taa‘asremmprlemﬂam on a
Slﬂﬁﬁﬁbpg %&%J@Enﬁ%&@Eﬁlﬁ[ﬁDrmWﬁ& An Dllagrammatlcally

exeml a nmet hod of form ng onpri si ng

SW% 'sﬁJ epPPsition %h%fEQ@FﬂiS’eW'thm t"'ihéq’rl' P b girater é,’zeﬁyeexample

atserhicondlictdd agpsira®d,i pak! ¥ees NOWditibAed. dGRO/H 'db'htext of this
chamber 10 within which a substrate 12, for exanple

degineshdbetsrms) &smlﬁaﬂ@uctl%eumgﬁ%o@,i t$le§d>ndIUﬁtWﬁéUb3trate"

|sC§€f|ﬁé§ tof mdurs ar@o%emﬂhctlbhecérﬂbﬁ‘sm%e@emegHeheﬁve material,
. Ssubstrate" or "sen conductive substrate" is defi ned

Inclidiadn iy nebrinitadt ton bé‘d)'ﬁp?*?@lor?@dé'éﬁvéoﬁtﬁ}éf'iaiﬁe such as a

séflcdhidaktive | Wefedi RAthPUbIG b Mht dsbmbI¥Y keomprising other
sen conduct ive materials such as a sem conducti ve

MFR RIS (1ereen). Aok Spicopdystivaunatayial okyersi(gihet rdene or in

ad@dreblied %ohﬂﬁrs@@@)othéﬂ%ét%ma%)ndmﬁé't\éﬁn”%tuﬁis'tnadte'l' YIS to any
al one or assenbl i es caonpri sing ot her

t
%%F'ﬁrm §fruciyye, té}qwd@@bswbteot rleriged {® dRg ssmiconductive

sUBHIRRES ide@ chibedCddws. | ncl uding, but not [im t ed to,
t he sem conducti ve substrates descri bed abov

Gas€9ASCRHR RIPSHISOTE SATRESIAG ﬁ%&eaaﬁoataleaﬁéa»@e ohH20fand' Os

ar*éZCer@nﬂ) @ porittorf eshdbeePasidrdyr QBﬁaﬁﬁfnsl(%ffé‘%@'ﬁé to deposit-
gltl ons effective to deposit a Ta205 conprisin

F CPANRISHAISIANST it &P, SURRiFAIRI Hht Suck ghias kel cppducted
b)by adéramg Cldyarerdélepasbhi AALMALDnetRb89dgsdr Oéxﬁl’ﬁ%@” ®ncluding

cl{ﬁr}g:ﬁggl ||rr118 CRem S b%lggo%gth%%gt) acttnl nghgre;ltlgaoldsil)apory deposition
methods (CVD) by other methods, as well as by a combination of these and
other methods. CVD and ALD are used herein as referred to in the
co-pending U.S. Patent Application Serial No. 10/133,947, filed on April 25,
2002, entitled "Atomic Layer Deposition Methods and Chemical Vapor
Deposition Methods", and listing Brian A. Vaartstra as the inventor. This
10/133,947 application filed on April 25, 2002 is hereby fully incorporated by
reference as if presented in its entirety herein.

Fig. 1 diagrammatically depicts separate TaFs and one or both of H,O
and Oz precursor feed streams to chamber 10. More or fewer precursor
feed streams could be provided, of course. Further, feed streams might be
corpbined and mixed prior to feeding to chamber 1.0. An exemplary vacuum
controlling drawdown/exhaust line 16 extends from chamber 10 for
exhausting unreacted gas and by-product from the substrate, and for
controlling chamber pressure. The deposition conditions can comprise
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nmet hods (CVD), by other nethods, as well as by a
conbi nati on of these and other nethods. CVD and ALD
wW@are@40uedm herein as referred to in the co-penelCNyS1d08003046
Pat ent Application Seri al No. 10/ 133,947, filed on
April 25, 25 2002, entitled "Atom c Layer Depositi on
Met hods and Chenical Vapor Deposition Methods", and
piasgia generation 2f ghdpast PReaer @leof fhenpigcurspiss or be void of
pIJaQHa?’?gec?ﬁ*?aﬁ%" bfc%trfyo'afft'h'eegr@éhréefé' gﬁrth%QO?arin such plasma
hereby fully incorporated by reference as if
ggm@r@éwmemlgm be witkim |d|e@p§|t|pé} @hzhmbgrdo gnd/or remote therefrom.
di agTéﬁH?é bc@xiwaﬂﬁmrﬁtaﬁnﬁmr@w.ﬁa@ @‘u%hogepr%'?ew;h heated
of 03 precursor feed streams to chanber
tor@. t%p@radwref ahefrromr 40ifksta 110ckd 214 enpte woaferaply from 60°C

 tPEOYEM reB o iy 1t@u§6mﬁﬁ ¢h &t SRS thorb@xample He,
o5 (S

conbi he m xed prior to Ing to c
C@&elm)lfmvyeda@‘@Imtheowbldhlngw@obdaf/mmﬂexﬂmm'ﬁaﬁa wepma to the

cﬁi@%%ijs uct flo&Q'afté’rfor R s HSPPEV&%% ¢4 44®5scem for

e substrate, and
‘acbﬁtQO@I Icrrngveh@m@ederm%sgmr@\anﬂher depla®i caonbe provided to the

0 7007
SR O AR D Bremping fo e o o
16,008 ¢m fvotumep'eggmrsl@mgg foemde sgeingtopf 00 §|cgmmln addltlon to or
mgﬁé‘l.‘?roqtthgr\-l% ﬁEXquort@%dpra%cgiﬁrghﬁadg%rtp'?@&urs%rﬂyst flow is

ma  generation mght b podition cha
almlﬁnw of Qeeand O1 raérfeqmoaﬁ svamsto $08Q sesm dwath ﬂtﬁ)fﬁed stream

ogift A0k, SO 5908y Ry O, Mgt ehaidelabgdy, g turou be
creades Foan amy w@abiew@p@jmgcaus/ertrgome—tﬂ@vglmadr@zom generator.
Ath&er%I?r rth%rl 1t ﬁrlneéﬁgpéﬁaéﬁaggs‘bs%o%e% ‘Pé(’[’%g gV€bmbined

e subli m ng to nove t aort
fasting of . Oﬁﬁné@nwlﬁwtffeawrlgat*eoff@rthtehehmbﬁs, oF dncembination .
c o f e !
WHETOY PPPBE SR Roardideh, 1R 19T 63 T SLRGH LHerately be
fetmbbldefrfer\e@;bcﬂxci@wevﬁmmaﬁt d%éerp‘rlnénqnd pewlallyt evedapamg times,

14, 9991 | ume reactor being from5 sccmto 400
osccm da/JPtlon to or in lieu of the H2O precursor

feedFUEiheé,xéhmldﬁBDS@tBO@rfémﬂlB@mS sarednglidewfgeding TaFs and: at
Ier%]gft#‘f Pind e, 8ndnloat ftﬁ@'ﬂegp%s?‘t‘? chanft § ﬁ?rf@ Wl time or
eea Bel ng ? % t

stredm rom 3 15% by wei
at ldéffe remd | negeechive ntgneg §M<§Hﬂe¢o\uhan biéowgd c@%dﬂf&fem despective

tlgle@r%é%ytn](iﬁglf‘?hg)ﬁ*aﬁi | B84 Yt 1¥85¢ bRe s WeVALePrSTd BLR&dings might
overlap in time or not overlap in time.

Preferred conditions include a substrate temperature of from about
200°C to about 400°C, more preferably from about 250°C to about 300°C,
and even more preferably at a temperature of at least 275°C. The
deposition conditions are also preferably subatmospheric, with a preferred
pressure range being from about 1 x 107 Torr to about 10 Torr, and more
preferably from about 1 x 10°® Torr to about 10 Torr.

Regardless, the conditions are preferably effective to form at least a
majority of the Ta,05 to be crystalline in the 001 oriented hexagonal phase
as initially deposited, and regardless of whether the outer surface of
substrate 12 upon which the material is deposited is substantially crystalline
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Accordingly, the invention in one aspect al so
contenpl ates a conbined feeding of 03 and 02 w t hout

wo e@diomy74HH20 t o t he chanber, or in conbi nati onPCTHS1004/003046
H2O. Further and regardl ess, the H2O, 03 and 02 ni ght
separately be fed at different exclusive ti rres at
different and partially overl apping tines,

oL SHBFtatiady . amarrineys. tIRdhgepRidiext o tbﬁeppum%ltcawbstannally
clyR€dIHHe" Eﬁ@d'lsﬁﬁsﬂé&ﬁ%l@%éthd@Sdem{@aQE%/&hﬁab%g &ast 90%

3 to the deposition chanber at the sanme tinme or
ofjithpestaiedr SEpeialling @ ARROTPhRUSHAMIHHER- f | Hhed leﬁSS preferred

efibbbahent, ﬂh@sasﬁés.vsn i dd’l‘ﬁsforﬁloié%s%ahhﬁ maforitfsF @k Ta,0s to
| east one of 03 feedi ngs mght =~ 25 overl ap

be (prysiading 'rhﬁ OQJePwlaﬁtqdnhﬁrﬁﬁonﬁr eheWeaf byHally idspesited.  In

shéwlewte 8%@@#&; e difRer Blelsabsfrald WAl %%%shed layer
about 400C, nore preferably from about 250C to abo

thery e @Pdsalrd @tp? rBIRASAIMIEL Oh ff@ﬁpebavw@%p 4 800°C
effSé‘lWe 24 Form TRE 1e PO FhdjbARYy %‘PQHUT&’{(% 8 %@Eéﬁ’stallme in a 001

pref erably subat rmspherl c, Wwth a preferred
oHeptes pexpanpal PERRY. f SYRhaBBIRAIING Might orsur inothepsame or a
ditferdef eham@rmﬁwm&ﬁftﬁé ki Eéeabﬁ#a%céuﬁeclo 3 Torr

to about 10 Torr. Regardl ess, the conditions are

pr ef Whase ther eeiditipasteomprse fecdwgst aks ang at iegstg@ne of Hz0
ahd®©,T480Thk0 RHEHilEh achhRfbdrn dthelifOdke Y 'r@Qb@@ltlve times, the

hexagonal phase as initially deposited, and
corjHPAS dBigf bestithaf e iRRIt drurger 9ag deadingsto the chamber at
afy Bdid Alt@rrhédiRens N afirdrBat F@éot%dtﬁ)e ilﬁe@epﬂﬁéh?éjcdysby way of

substantially crystalline
emplmo@mmseaedBw%uwfatnt:mlplryeamwsaf timet ipgermediate -

trreoatf@fbnpfreé&&.@ﬁmwhensﬁascjétebteﬂhéygaé“ero\u%t Hdu‘?@or is fed -
and substantlallﬁsannr hous" define a % 6 aV|n

tq thesehaphieropnd ety patiea iR Yyoea92$ Reing f lh@@@amber during

. afidddtlBe bNtat RISIREERLEE r&?moﬁ'&?‘%ﬁh@enhegtafﬂ@less and in one

deposition mght formless than a majority of

prefousdimethass theyaanditione are veidhof agyi @?F@éé?ﬂ@)!ﬁkj@'n%ﬂ H, being

fRhaStheddepHéitibnl dnamsgesited. In such less pref er red
enbodi nent, the substrate with initial Iérdeposnt

| ayePnen(?)@ﬁmp{eh'éHeﬁécﬂﬁﬁéar@acﬁﬁee?&aéﬁlb altiliFed/pgsulieghin CVD
mahﬂaubbégﬁéétd? ﬁggﬁ%a ﬁ'ffaeﬁﬁllﬁ@ BrRcUPEEn AHeth8@SEitiR the conditions

majority of be crystalline in a 001
C%’F‘Pé‘ﬁt'@d rﬁ%‘i(té‘@fblﬁl thﬁhSéée‘)%cTrﬁ%ﬂmégl ahipantgpne RfcldeO and Os

witRid B TREMYr 8nd subsequently depositing material comprising Ta,0s
on the substrate. Specifically, Ta,Os was deposited using TaFs; and
separate water vapor/steam pulses to form an 1800 Angstroms layer
of Ta,O5 after 550 cycles, and which was in a highly 001 oriented hexagonal
phase as-deposited and had less than two atomic percent fluorine.
Substrate temperature was 275°C. The TaF;s pulses were unmetered from
a 70°C reservoir for 1 second long each, and the H,O pulses were 10 sccm
for 1 second long each. The reactor was purged with argon (30 sccm) for 1
second and pumped out for 2 seconds after each of the TaFs and ozone,
pulses. The purging/pumping was apparently not effective in removing all
excess water vapor in light of a non-limiting, CVD rate of deposition being
obtained.
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10 different chanber than which the initial deposition

occurred. Were the conditions conprise feeding TaF5
wa@na4arooreast one of H2ZO and 03 to the deposiPEDOS2004/003046

chanber at different respective tines, the conditions

m ght be void of any inert purge gas feeding to the

cha dla e such different

resg‘gé?fe\féeq aﬁi‘é§e t}ir‘?%rftﬁétt Py TBYs WPt arss figmnpilesecond to 5

seBbiyds,t bﬁdcﬁﬂﬂ‘ét beITErdBIghfro @O ODZ | e o dP &6 | P elonlis™® Preferred
t he dlfferéé respectjve ti mes when nq

PBeCiEs) B dhe dhR A OoraparETeciom 6.1 RecenAd0, seconds,

adtddnvid braerwlgrﬁomu'r gecgﬁ@ t6& s@cdss to the chanber
duri | east some of that internedjate period of

{i me EXRETRIRBN 0810mai% IRVerEePeRibpar redinasen(IE (dRscribed  with

r@r@rndmctéomsmge ¥0i. d 9f aayd@ptcﬁgtabbabgﬁa@ plij vl7|2|ch would be
osi t.1 on chanber. One

h
oS RerIthE: g1 ae{t@@s aBRsaieR AT bet) s SAPEaHS | HetpEcursor

cbmﬂr:fsen?]gib'Séﬂge\N@ﬁlop'Iﬁrf@dl Ebath@ulsm@ttn@rtscw;tw Rt R®G@mber to
t the co 1t ons conpri st ng reaction o
é%@é?ﬂ@ PaFe'Sin §PEEIese LU0 o e o?”%f@ndooéor% enififst species -

nidmal@mn‘aartw%u@@h@wuemlwﬁgewhélﬂm NeRié@/monolayer may -
onpri Si n 205 25 on the substrate. SpeC|f| cal |
F3 085 e UEL W e FUUPE Hi-SS Wbl a6 S A warg) thersby be

dmi@wtlhabaam FUé sgsdégiciPam axehBtyASUSH réy&;lésaysuf @here "x"
%fg?( fter %ﬂcycl es, and which was in a highly 001
woM ?38%@93@ phase as-deposited and had | ess :
than Rieferricpfd FifeBC ené Jh'eHﬂébﬂ:%d firstbspEALS is contacted with a -
erature was 275C. The T pul ses were_ unneter

ed
’913?6 %@e&m?éd%%ﬁ%icpnwmg saédsaat CHRgOE &R aaﬁdos to react -
wii thet b2 (0 b W gl $VE6 ¢or1q6) o5 ool 4T dorﬁgﬂ@,nﬂg beﬂnga&m O. Fig. 3 .

The reactor was Eeur th arg sccm

deRiesh dwenguplinpate e f(?roz %L%ﬁdsx"a‘l“’f’élﬂd &&ﬂ%ﬂr thap 2.5 and

laFgEly sl OpWxpRsurd Nenduro| @%plaml REg¥RSresult from H,O
arentl,l_ not effective in renmoving all excess water
evgg%llqu n %pgsmrf%qe SPREIES Might; fHéth Aag@mygnation of these, for -

edep%e (THAD)REDRY,. 35 bt apeeibs WO HMISR PO Sonto the substrate
S20 4/0030 6. Preferred pul se ti mas for t he TaF5
w«tﬁébf FPBR 30 fOEBCBIY St SPSCIas: HIRICIa%AG figkh & gaseous first

prﬁcafrgbabbmﬁrrs@m@ Q’azssecond to 2 seconds. Preferred
pul se tines for H20O and/ or 03 vapor are from0.1
secoﬁbﬂtgeflﬁpécééoﬁtigseq“e”t exposure to a gaseous first precursor

comprising TaFs, again resulting in a first species chemisorbing and
transformation of the TaOx and Ta(OH), to a growing Ta,Os mass.
Accordingly, and by way of example only, such chemisorbing and contacting
can be successively repeated under conditions which are effective to form a
mass of material on the substrate comprising, consisting essentially of, or
consisting of Ta,0s. Preferred and exemplary processing conditions are
otherwise as described above, where applicable. Most preferably, the
successive repeating is effective to form at least a majority of the Ta,Os to
be crystalline in the 001 oriented hexagon.al phase, as initially deposited.
Further in one preferred embodiment, a period of time might be
provided intermediate the chemisorbing and the contacting wherein no
detectable gaseous precursor is fed to the chamber and with, if desired, an
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and nore preferably from1l second to 3 seconds. 5

Exenpl ary atom c | ayer deposition nmethods are .
waele®enidoesl with reference to Figs. 2-4. Fig. PCHERI004/603046

a substrate 20 which would be positioned within a

sui t abl e deposition chanber. A gaseous first precursor

PP B B 08, 6 b HUEEBAY S pors o
timegb et rtitnest o Fuothara the rgﬁasapscrﬁ%t b0 W@bﬁécmﬂ@oiéﬁmght be
ci es. nonol ayer
oRUEd 3ol s P B, SR h e o et
dumnigttheremycehfswed|repea|t|mg1Lufuehelﬁisg:rb&gi%mldct.:&n%tlng Further,
ess
e I T e e GO RSN
swpsdcates | Sucihier aift desiretihater 15t gaaeﬂt&orﬁecgﬂgthe successwely
A an
S e P Bogh TP s Sl B2 k1 ot
C¥onpnidsswichdbhADBR. aRégardlesy, e déqswsqba ?‘ﬁ%ssrﬁi‘dht c%mprlse
wher e ess an an
oSk S SualB o s Bt gToAiTE: operdh Tespbafate "
| ar gleilgy Sesdddicfsr dimtHZDe ed;mmpt?y Eﬁ@féﬁ'ﬁ?cﬁ a@gpﬁl@@ﬁér‘?sin the
i.qht. t hese, for
o 5 P SES5L L0 Bl d S8 ke St mator
oronmatet‘rhalsﬁﬁ)shaatn@ s tcapacttbe ebﬁﬁbaftlé@ f5ar Momfdd’ Sthereon.
rs r ecur sor
CBEEHGZL RO MIRY Ar5P By SRRERE° canetiine I SElipashr 85 and 58,
reapgabeellys fhasmgprfacur&pracntbﬁn”pdleﬁedﬂ@gTa’Fégloﬁlg%n sandwiched
thEFELESEh,  Shnls e B hAF (R BISCHG dogiosTG Preferably

corapiSe sraI s, OAc depdsited ybya%ybyoMﬂMeOfabﬁméﬁc%%d/ methods.
can be successjvely

= TR0 R R AR, B0 B o Sbigp e
haa/e showrofdieecaid a:lonstarttbenéalleItomt\Qltﬁolﬁﬁkla?bnm the . high 108
BSRLT LESTHIL Eaboky 8l aBheint oS it 8 mostroms
thmkhepuﬂeeadasplaitﬂmunl &mmbcahmel,ecﬂwee ARPingC abtgpadilsit dielectric
repro“:r"lfm%;?t t%llytln ess ﬁ?f’?} Vlfazbﬁpggtalggge{i zlneggggtrclie}/necet oWIth the
aboves redthiodeta ra tfllma ﬂﬂ&kmseraifeslgﬁ)lep(ﬂ@alﬂ@rhsph@@ch & film was

dég%ﬁtg?hdéﬁpgepg%@ cg&)ugﬁue(st Bﬁé‘ ﬁ?@gnfoo“z;r e(S %rsecond pulses of H,O
vapor at 16°C at 5 sccm, 1 second argon purge pulses at 30 sccm and 3
seconds pumping thereafter intermediate the TaFs and H,O pulses, a
substrate temperature of 250°C, and 500 of each such cycles. The material
had a dielectric constant of 45, and current leakage was on the order of 1078
amps/cm?.

An alternate exemplary and better-resulting product was obtained
utilizing top and bottom electrodes 500 Angstroms thick which each
comprised a combination of rhodium and platinum. The dielectric film
consisted essentially of tantalum pentoxide deposited to a film thickness
of 1330 Angstroms. The precursor pulses were 1 second of TaFs at 70°C
and 0.2 seconds of H,O at ambient room temperature conditions, with 1
second argon purge pulses at 30 sccm and 3 seconds pumping thereafter



provi ded internedi ate the chem sorbing and the
contacting wherein no 35 detectable gaseous precursor
WO gooieor® t he chanber and with, if desired, aPCiAND82004/003046
2004/ 070078 PCT/ US2004/ 003046 inert purge gas being
fed to the chanber during such internedi ate period of

ctine 8 saﬂfurther t he gaseous first or second

'”é?"é% '@Jﬁ §hf"n BRI ARiHacsn SeRpiseie IyAPeraiure was 275°C,

af@| @@t eAFDYard 8,0 bLRRR wWaite 86ndBERd! FdTe800dYcld ddth. The
successi ve repeating of chem sorbing and contactin

g.
crygfalfiag, Pagedvas pedepingtely FPdnberroeniinehase orientation, the

mE@StiANHAYSA WicEclicSE6MS taht @ dboAVEN0,t Aifd ow#&rﬁrlabﬁage was in
Further if desired after at least sonme of the

the Bigds 19V AYPS/FBLAANERy, deposition nechani sm m ght be

switched to CV/D, or start with CVD and switch to ALD.
Regardl ess, the deposited nass m ght conpri se,
consi st essentially of, or consist of Ta205 forned on
the substrate. . 10 Fig. 5 depicts but one exenplary
preferred application in the fabrication of a
substrate 50. Such conprises some base substrate
material or materials 52 having a capacitor
construction 54 fornmed thereon. Capacitor 54 includes
first and second capacitor el ectrodes 56 and 58,
respectively, having a capacitor dielectric region 75
sandwi ched 15 t herebetween. Sone or all of capacitor
dielectric region 75 preferably conprises Ta205
deposited by any of the above-described nethods.
Exenpl ary reduction-to-practice capacitors fabricated

- in the above manners have shown dielectric constants
near 100, with | eakage in the, high 10-8 anps/cn®
range. One, exenplary specific exanple utilized 1000
Angstroms 20 thick sputtered platinum capacitor
el ectrodes having a capaci-tor dielectric region
consi sting essentially of Ta205 deposited in
accordance wi'th the above nethod to a filmthickness
of 390 Angstr.oms. Such a filmwas deposited using 1
second pul ses of TaF5 at 70C, 0.5 second pul ses of H20
vapor at 16C at 5 sccm 1 second argon purge pul ses at
30 sccm and 3 25 seconds punping thereafter
internedi ate the TaF5 and H20 pul ses, a substrate
tenperature of 250C, and 500 of each such cycles. The
material had a dielectric constant of 45, and current
| eakage was on t.he order of 10"$
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anps/cn2. An alternate exenplary and better-resulting
product was obtained 30 utilizing top and bottom
web@armdes 500 Angstrons thick which each coPQI/USEd4/603046
conbi nati on of rhodiumand platinum The dielectric
film consisted essentially of tantal um pentoxide
deposited to a filmthickn f 1330 Angstrons. The
precursor pul ses were 1 se f TaF5 at 70C and 0.2
Whetisctigmed isH2O at anbi ent room t enperat ure conditions,
with 1 35 second argon purge pulses at 30 sccmand 3

secopds p i hereaft er 04/ 070078

vor LesobTBe sk O rifhinth el hedt femrlisna avepen a substrate,
mpngSEMQ:Squtrate tenpegatgrg ras Zggc, ?nd thehTa$ﬁ

an . e [ onduct e or . cl es each. e

oy RESTBNIRCE UBS GBS Bt A eiesilop e Gnd

phasfeediri@fgaagbom,prggersmtﬁmmisihgwﬁigiaﬂbleé?tt fdast 05ne of H,O
constant ..o out,. 1 and current | eakage was in ]
arfh S 15 IR i FERGE s 26886067 §ective fo deposit
a PEIDLUSREpHI003 Pater A Mhd/Bub¥rate.is clained is: 1. A

nmet hod of form ng a Ta205 conprising | ayer on a

substrate, 5 conprising: positioning a substrate

wi t [.n a Teposéthodnot kirther; wasdeihegd BEnGRRDARUSre effective to
sSin t | east one of H20

ecur sor.s_conpr i TaF d.a ) ; i
f°§ﬁdggée?%t ?h%‘aé%rbtéfsf’? itBA iﬂgﬁq@éP bR e staliap 1 inoAs 001 oriented
hesdaigental peate adeipitalty dapd€izédd conprising |ayer on the

substrate. 10 2. The nethod of claiml wherein the
conditions are effective to format least a majority
of the Talb nethbd of yEiim Hi wAerdinath@0doRditionkesre effective to

X nal_ _phase.as injiti al deposited. /15 3. The .
fo%t'%%% Berranais tynet i’?"ﬁ -'H/?QSCE%E%% F%%a'iff‘@ ¥ PeBPil eriented
helxagohall‘lnphm ahagn(i)aialmpj débb%ﬁt@ih, thei Té’rﬂ{&ar!tr@ b®e as initially

ryst ine _in rien xagona ase as )
<ot YR du Rriberhis Rt PSS hiaGIG pirective to
form at least a majority of the Ta,Os to be crystalline in a 001 oriented
hexagonal phase.

4, The method of claim 1 wherein the Ta,Os comprising layer is
deposited onto a substrate outer surface which is substantially crystalline,
and the conditions are effective to form at least a majority of the Ta,Os5 to be
crystalline in a 001 oriented hexagonal phase as initially deposited.

5. The method of claim 1 wherein the conditions comprise feeding
TaFs and at least one of H,O and Oj; to the deposition chamber at the same
time.

6. The method of claim 1 wherein the conditions comprise feeding
TaFs and at least one of H,O and O; to the deposition chamber at different

respective times.
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deposited | ayer at a tenperature of from about 400C to
300C effective to format least a magjority of the
waaebs7does be crystalline in a 001 oriented 20PCT/US2004/003046
hexagonal phase. 4. The nmethod of claim1 wherein the
Ta205 conprising layer is deposited onto a substrate

out er, surface ich is substantially crystalline, and

t he jc}:‘ondi {rﬁSn@%@Pe‘Pé’ché%W e METPUY ﬁ?%tcyo!n@été‘_fn%are void of any

inerf qrurgy ﬁfast mdﬁlﬂﬁoﬁott‘heb@haﬂﬁo&rlﬂftaiainﬂﬁh_elt ﬁr&%rg\@diate said
[ exagqnal phase as initially deposited. 5.

d eé'gﬁttef%&ﬁcgyggfrﬂ?ﬁw 1 wherein the conditions conprise

feeding TaF5 and at | east one of H20 and 03 to the
The net hod

depogitio ha r.,at,the s ime. 30 6. ! .
of chai mfhéh@nrégﬁ?\dt?lfe C&%%%Tfaﬁé‘eéoﬁﬁwi%@%e%iwlod of time
inTafbedinte aaaiqifedl;fﬁrereme re§pd2VeaniindS wheh C@o Zd@él@%oo4/ '(t)a‘?b'olgg%aseous
. | er ent respective tines. )
p’%@%'&?&ﬂo 3*6‘26&‘73.”"”?% *ﬁieﬂ?dg PY9¢ [9Rsh @ ndHEAdorthenghamber
dgromgliat il@ast somee \odisdidintanyedidatergerpad getigas feeding to

the chanber at any tine internediate said different
respective tines. 5 8. The nethod of claim®6 further

co;‘rp@.i si nha metHoad obfcldiinme whet@ihne&md nat 6f gifé daF; and at least
' re es tive.tines en _no detectabl e gaseous
o'ﬁ%@&ﬁ?%%d@”&i@“ tegdt”f'ﬂas oN& Br'f‘q%ei nert purge gas

being fed to the chanber during at |east sone of said

inte diate period of tine. 10 9. The nethod of claim

6 vth ‘ei nﬁ%ﬁﬁetgpdt %@C‘?&ﬁg‘?m@t“ P@&E?r odrieokakyand at least
o2 of drel HIB dee @ nigedivgs baerlap ibitiee. 10. The mnet hod of

claim6 wherein neither of the TaF5 and at |east one

of the H20 and 03 feedings overlap in tinme. 15 11. The
net hotd of Tied anethbdvdietlaim 1 heherelitiid @BAJRIAY t&Mprise plasma

eneration of. .at | east one of the precursors.
9%2%8 °?féﬁ88%?“%|°éitﬁ? PICEHECEPn t he pl asna
" generation is within :

12.  The method of claim 11 wherein the plasma generation is within
the deposition chamber.

13. The method of claim 11 wherein the plasma generation is
remote from the deposition chamber.

14. The method of claim 1 wherein the conditions are void of
plasma generation of the precursors.

15.  The method of claim 1 wherein H,O comprises one of the

gaseous precursors.

16.  The method of claim 1 wherein Os; comprises one of the

gaseous precursors.

17. The method of claim 1 wherein the gaseous precursors
comprise a combined feeding of O3 and O.,.
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wherein the plasma generation is renote fromthe
walewasidoron chanber. 25 14. The met hod of cl ai PELUS2004/003046

wherein the conditions are void of plasma generation

of the precursors. 15. The nethod of claim1l1 wherein

H20 cgnpri.ses onge of the aseous, precursors. 30 16.
The ‘rfrgt hotﬁﬁSf ”&?QWH 10%3?8? nqoé""&%r%?i 4Be gREegst peecursors
cgapeisaedH endr®grs. 17. The nmethod of claim 1 wherein

t he gaseous precursors 35 conprise a conbined feeding
of 03 and 02. WD 2004/ 070078 PCT/ US2004/ 003046 18.

The @t hodihef melthodn df vhameil8 hergias eosScdHAGYRS ¥dmprises a

i 0O and, 0 9. The nethod of claim 18
C%‘P‘gﬂ%ﬁ%ﬁ?ﬁ“%ﬁgh?ma@&%ﬁ ®s a 5 conbined feeding
of the H20 and the 03 20. The nethod of claim1l

whergin t gaseous, precyrsor conpri se H2O, 03, and
02 1%6'21.?%&?% R8d "g?'é‘Fm 20VRF&IRi g hgaseous precursors

coopdseily®, Ognamd BS a conbined feeding of the H20
the 03 and the 02 22. The nethod of claim1 wherein
the conditions are void of feeding any detectable

I ev?b.offm?tmetﬂimd cfpoRiithi ﬁD Whég@ﬂr the Tohditidh® comprises a
Q claiml ein e copditions conprise a
Cégﬁ%g}erdat)egdf%ﬁgrt%?\lﬂwg’&}‘efébﬁi‘aﬁgﬁt 200C to about
400C. 24. The nethod of claim 1 wherein the conditions
co i se @6 20 gub tr t(? ,tenﬁgrﬁtur,e of from about _
250C 10 abdtitMS80Rd 9% claify eV ABEEBr the AFoRditigRer afe void of
feedéng angdidetectabio prdi F Hy, tcth@ndepodkiendHameEr.f rom
about 1 x 10"' to about 10 Torr.
23. The method of claim 1 wherein the conditions comprise a
substrate temperature of from about 200°C to about 400°C.

24. The method of claim 1. wherein the conditions comprise a
substrate temperature of from about 250°C to about 300°C.

25. The method of claim 1 wherein the conditions comprise a
chamber pressure of from about 1 x 10”7 to about 10 Torr.

26. The method of claim 1 wherein the conditions comprise a
chamber pressure of from about 1 x 10° to about 10 Torr.

27. The method of claim 1 wherein the conditions comprise atomic
layer deposition.

28. The method of claim 1 wherein the conditions comprise
chemical vapor deposition.
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25 26. The nmethod of claim 1l wherein the conditions
conprise a chamber pressure of fromabout 1 x 10"3 to
Wab@u7@a8 Torr. 27. The nethod of claim 1 wherBCTYUS1064/003046
conditions conprise atomc [|ayer deposition. 30 28.
The nethod of claim1 wherein the conditions conprise

' it i WD, 2004/ 070078 ... . _
oot 885004 8006HEE0 3 8l TERRERO e parfitnaermpRise atomic
layes depasitioonforc empeirel af oiime bagethdepesi Vhpsr f@¥pdsition for
aHSfHé?gpé}foJ bfrgn@epd chem cal vapor deposition for
r 0

anot h perio “time. 5 30. The nmethod of claiml

conprising fabricating the | ayeglasAat tlhegstfp?gtr m_o; ,
a capgcit dj rj eqi on, . od 0

a Tagg's cgh'gr f“gtﬁg&|%f§8[a' n?ac%'ﬂﬁg'ﬂr%ﬁ ?br'ﬁ%tﬁ‘ﬁﬁitgﬁn@y%r as at
lepst pasi of amapgcitos ubsiecaieragibhi n a deposition

chanber; and feedi ng gaseous precursors conpri sing

TaF5 and H2O to the deposition chamber under

condPti onéd wietked iofeforminiepoThas0a chaZdFsingnRiESidi¥a substrate,

; the substrate having at least a mpjority of
C%ﬁgﬁEFg%S to be crystalline in a 001 oriented

hexaposiibnjitthg s ustiate withihya depositivedchahb8?. arlde

met h cl ai rein the condi.tio onpri se

foed rsTon e3sBhaS  ADBERITen G N33 aFmebie: @ to the
depositian mhambercueder t:hl&did:iondidffem’m/ecwméﬁﬁéﬁi% aZﬁaztoi ﬁomprising

di F th epqsi tion chanber a e

BT ol s 5 (RS ) SRR oF (e Ta0s fo be
crystalline oms @ohpriented heedbogalafasand ih@IodéFssited.

deposition chanber at different respective tinmes. 25

35. The nmethod of claim 34 wherein the conditions are
voi Bdf ahlye method of claim 31 wherein the conditions comprise -

feeding O3 to the deposition chamber.

33. The method of claim 31 wherein the conditions comprise :
feeding TaFs and H,O to the deposition chamber at the same time. . -

34. The method of claim 31 wherein the conditions comprise
feeding TaFs and H,O to the deposition chamber at different respective
times.

35. The method of claim 34 wherein the conditions are void of any
inert purge gas feeding to the chamber at any time intermediate said
different respective times.

36. The method of claim 34 further comprising a period of time
intermediate said different respective times when no detectable gaseous
precursor is fed to the chamber, an inert purge gas being' fed to the chamber
during at least some of said intermediate period of time.
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inert purge gas feeding to the chanber at any tine

internmedi ate said different respective tines. 30 36.
wab@4mortorod of claim 34 further conprising a pereT/082004/003046

time internediate said different respective tines

when no detectabl e gaseous precursor is fed to the

cha r, i .gas,heing.fed to t er

dur Fﬁg at'%ﬂga@f%iioo&rié\; %Fa'%ai%é Whe 'S e @mie é’fBE?ng%{g?nd the H.O
fagdiegs woerep4nhair0e78 PCT/ US2004/ 003046 37. The net hod

of claim 34 wherein sonme of the TaF5 and the H20

feedings overlap in tinme. 38. The nethod of claim 34

wher 88n néheheretbbdt bé dlaid 3dd wierehe teithéeadi BgS TaFs and
th%vggbqggbp“ié g'\?erlé;’%jn ‘Ijhe met hod of claim 31 wherein
It [

the“con ns co @e'pl asma generation of at |east
one of the precursors. 10 40. The nethod of claim 39

wherggn t I eneration,js within, the . ‘ .

depoglg'ti oﬂﬁ‘éﬁé‘ﬁ%g?f’gz? . C%ﬁ@ g{jt h‘HEAeBGF'”cItQ? m88d{jlgseiqemprise
plasmgppeparatipmef at lemstione ofethet prdowsvishe deposi tion

chanber. 15 42. The nethod of claim 31 wherein the

conditions are void of plasma generation of the

pr ecd® sor $he 4BethbueoietaimB DivhelrainmhElplasme gehBrathe is within

ongl t i I jd of 20 feeding any detectable
thl‘ée{/%%(;édﬁgﬁ@%[a?%/%é deposition chanber. 44. The net hod

of claim 31 wherein the conditions conprise a

subsjfrate I re. of from about 200C to about . )

2000 55 FhEREIRCA! fr Fraim oo WhStelindiei HasRE generation s
regeotdi frownthecdeposifenahasiixst rat e t enperature of from ‘

about 250C to about 300C. 46. The nethod of claim 31

wherein the conditions conprise a chanber pressure of
frord2abouthd wetdd dfocEbhmud 110 hErein tB8 4dndifid@s are void of :

oIEHOGe AL loH 8 b BRSLFLA}! he conditions compri'sea

43, The method of claim 31 wherein the conditions are void of
feeding any detectable level of H; to the deposition chamber.

44. The method of claim 31 wherein the conditions comprise a
substrate temperature of from about 200°C to about 400°C.

45. The method of claim 31 wherein the conditions comprise a
substrate temperature of from about 250°C to about 300°C.

46. The method of claim 31 wherein the conditions comprise a
chamber pressure of from about 1 x 10”7 to about 10 Torr.

47. The method of claim 31 wherein the conditions comprise a
chamber pressure of from about 1 x 107° to about 10 Torr.

48. The method of claim 31 wherein the conditions comprise atomic
layer deposition.
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chanber pressure of fromabout 1 x 10-3 to about 10
Torr. 48. The nmethod of claim 31 wherein the
wa@oeoudiotdoas conprise atomc 35 |ayer depositiBOT/UYED04/003046
2004/ 070078 PCT/ US2004/ 003046 49. The method of claim
31 wherein the conditions conprise chem cal vapor
depogpt i of .5 t hpd of, claim 31 wherein the _
cond‘i‘é?i onghgo?rnpertﬁtsgg g?oﬁ%gm éfa‘ﬂ}'b?r%@p\gg?t FBRJKtgNS, comprise
chrmicad veporideposittbrcheni cal vapor deposition for
anot her period of tinme. 51. The nethod of claim 31
conprising fabricating the layer as at |east part of
a cap@ci t bhednelhect of claire bwhelBirbthe ébnaitiofsCcdrayBse atomic

1a98POSd 4 d 0 faorn T1a205 conprising |ayer .

agn g&és%%és?{t?cr)g?g? goﬁ%?l&gi %’?gE%ﬁ%s"f‘?%oﬁ?ﬂ"ﬂ'Cgstﬁ)%qr?Q?Qos'“on for
angthier wesiodepbiiinel on chamber; chemisorbing a first

species to forma first species nonolayer onto the 15

substrate within the chanber from a gaseous first

pr ec®t-sor Teenpetteichgf cTaini 33; ﬁomptrmmg ﬁgbtib@tin% the layer as at
legh es wWith a gaseous secon
eprg%ﬁgﬁgg%élﬁéﬁ g}%?é:\ t”lcerggl!orbne of H2O and 03 to

react with the first species to forma nonol ayer

co jsing. T 0;_..and 20 successi vel repeati ng-
sargg%herr'igrs]or t?‘ﬁg" alf oncfeé’cqsl'%%n u O%co‘?rgi L, a TaxOs

campreingvieyeo ohar Rubstrats cofmprigiegt al on the substrate
52 further

co [ S0 T . The met hod .of cl ai

coﬂzgédlsi{l'ﬁgmg_ %é??gHQE% wWithip,a cﬁiﬁ%’? PG sai d

cherdheonisiongingral ficsire peti e s1¢o Vidven @i firsiGpdeias dddayer onto the
HRSEYS 0 fed to the chamber. 54. The .,
SRR O U580 Esh AP o SRR frsiopioapr oomprising
T3 er medi at e sai d cheni sorbing and cont acting wherein

no 3 s precursor is fed to the K

chaqn’?g?%&gﬁé ﬁ#gr%h%ﬁﬁgg%gea H&F ngPeegSt ¥iim@ gaseous second
precursor comprising at least one of H,O and Oj; to react with the first
species to form a monolayer comprising Ta and O: and

successively repeating- said ‘chemisorbing and contacting - under

conditions effective to form a mass of material on the substrate comprising

T3205.

53. The method of claim 52 further comprising a period of time
intermediate said chemisorbing and contacting wherein no detectable
gaseous precursor is fed to the chamber.

54. The method of claim 52 further comprising a period of time
intermediate said chemisorbing and contacting wherein no detectable
gaseous precursor is fed to the chamber, an inert purge gas being fed to the
chamber during at least some of said intermediate period of time.

55.  The method of claim 52 wherein composition of the gaseous
second precursor changes at least once during the successively repeating.
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chanber during at |east sonme of said internedi ate
period of tinme. 55. The nethod of claim52 wherein
w@e po%ors on of the gaseous second precursor POED§ES4/003046
at | east once during the successively repeating. WO
2004/ 070078 PCT/ US2004/ 003046 56 The met hod of claim

rei t Ci es forne c nti nuouysly
over he 1;u%st rgfigds %F;QF Wﬁ@&e'é‘f ?}&? AP 53PEGIps h'ér formed
cadimrdusiingvat theeasbsthter soma 5 of the successively
repeati ng, chem cal vapor depositing Ta205 onto the
mass of material using the first and second gaseous
pr eciif.sor Ehe 58ethbaeofretdind 5affwiwrrnc§apwgmgebn léé@c after some

S ) peat i effective t or.m at
of Ui IR e REB aBs! BeBucal yiebar| forsting Boss: mnto the
mes$ @rﬁt&aﬂtehmkagmgathqaﬁea&ar&swmrid abkgodepRectirbrs 59.
The nethod of claimb52 wherein the conditions are
effective to formless than a majority of the Ta205

to WEB.cr yEhalmethed of eldiml 5arwasted th@&@@é@@ﬂnv@l@a&%eatmg is
ted and apneal the as initja
efﬁ%tl&% os&ed aﬁe@gﬁ gtmﬁj?%%gfgi'%rf@%)ﬁ o Bfn ‘H’Mﬁtﬁ“'ﬂ%d@a 001
orthtBOO(é)m‘gfoenai phasea@s indtianatepésiséd.a majority of the
Ta205 to be crystalline in a 001 oriented hexagonal
phase. 60. The nethod of claim52 wherein the Ta205 is

depdsd.t edTfenmethod 26F slahat 52tuehereireths Wohantonthiaed difective to

b ngi al l cryst al ne, h C ely
foff BERMAN 2 mBlARy oL W THh 1a oo aBtotaT ng) B B 9OBforiented
heoda@o'ﬁaQOBhase be worigiabwl Hﬂaesn(tjéblaeﬁm é?ﬁ%é’éﬂt the as OIlnl’ually
n se,as initia e It net
BRI Ryeb S ar jbis et ot Fon Gto 00 45 eftsctve to
fotreast lemst af milerityi bstthanvagamadb@rcﬁwfaﬁmﬁé in68- 0dN€oriented

claim6l wherein the plasna generation is
he"%%;ﬁﬂ%l E‘ﬁ% deposition chanber. 30 63. The net hod of

cl:ai m 61 wherein the pI asma generation is renote from
64.. The of claim 52

t he depositiaon net hod ) ]

whet8 PO THle BRFPE G A 21 WhesS iR 48ePade Rparited onto a
subbtrptas mutgensueacon whidhheispr egbstadkially crystalline, and the.
successively repeating is effective to form at least a majority of the Ta,Os to

be crystalline in a 001 oriented hexagonal phase as initially deposited.

61. The method of claim 52 comprising plasma generation of at
least one of the first and second precursors.

62. The method of claim 61 wherein the plasma generation is within
the deposition chamber.

63. The method of claim 61 wherein the plasma generation is
remote from the deposition chamber.

64. The method of claim 52 wherein the chemisorbing and the
contacting are void of plasma generation of the precursors.
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WD 2004/ 070078 PCT/ US2004/ 003046 65. The net hod of
claim 52 wherein the gaseous second precursor
waeommpni®es H20. 66. The nethod of cl ai m 52 wheP€&l/nS1004003046

gaseous second precursor 5 conprises 03 67. The
nmet hod of claim52 wherein the gaseous ggco$ﬁ Chod
' : 02 .10 . e ne
recggsor
of oo m oS Aerie sy afdih 33 REIR Si8 Risalisercond precursor
CeBmpIESd2ot h H20 and 03 69. The method of claim 52 :
wherein the gaseous second precursor conprises all of
H20, 03, and 02 15 70. The method of claim52 wherein
t he Bfeni $bebNathaghdf craim 63nwhertdimdghe @aveose %econd precursor
ikeaie, tenperature of from about 200C to about
Cﬁ% %Fégégyl. The method of claim52 wherein the
chem sorbing and the' contacting conprise a substrate

- about 300C. 72. The
ot hap of o7 aneirEBo B 87 WndRin A48 BasRg v aeadnt precursor

CompEigas Heth Ry avdPi se a chanber pressure of from
about 1 x 10-7 to about 10 Torr. 73. The net hod of

clai m 52 wherein the chem sorbing and the contacting
conpf®se Bhemaetbed of elsdmr 2 ofhdreonmtiebgasedus stohdt frecursor

T . The method of claimb52
C%@%??ﬁ?ﬁgp azglér&%t%??hg the layer as at |east part of

a capacitor dielectric region.
69. The method of claim 52 wherein the gaseous second precursor

comprises all of H,O, O3, and O..

70. The method of claim 52 wherein the chemisorbing and the
contacting comprise a substrate temperature of from about 200°C to
about 400°C.

71.  The method of claim 52 wherein the chemisorbing and the
contacting comprise a substrate temperature of from about 250°C to
about 300°C.

72.  The method of claim 52 wherein the chemisorbing and the
contacting comprise a chamber pressure of from about 1 x 107 to
about 10 Torr.

73. The method of claim 52 wherein the chemisorbing and the
contacting comprise a chamber pressure of from about 1 x 10° to
about 10 Torr.

., 74. The method of claim 52 comprising fabricating the layer as at
least part of a capacitor dielectric region.



