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WD 2004/ 011693 PCT/ US2003/ 022804 1 DESCRI PTI ON
ATOM C DEPOCSI TI ON LAYER METHODS Technical Field 5

wabiog/orwyention relates to atom c | ayer deposikCDOS2003/022804

met hods. Background Art Atogi:c | ayer deposition (ALD)
i nvol ves the deposition of sutcessive nonolayers over

a substrate within a deposition chanber typically

mai ntai ned at subat msm An exenpl ary
such et hod i RpHWARS FBSG4 §i zed
precursor to a erosn tion lgg(a)ﬁb%r Ix%lfect Ive to forma

first nonol ayer over a substrate received therein.
the flow of the first deposition precursor

f
fl—;lgrﬁ}(;:lggsg{f—d d an inert purge gas is flowed through the
chantithis éfveetidn veated toestome layny degovitioni mgthiods. st
ﬁrgcursgr v¥h| ch is not adhering to the substrate from
. Subsequently, a second vapor precursor
di f f extemic flapen t degpofitiost (ABDf | awetked 5 thed ﬂé‘pbsmbﬁmr successwe
eff&ytlvetoforma sec nd nol ayer on/with th

EyePVeT th¥PSEEBnY NG 45ROS 0N gFETISR PR pfigiained at

shbdi@bsphBio | @yfiire. Addint ieRdtaplafyr SEIN Sﬁk!tﬁod Gagluddr Meding a single
succegswe nonol ayers,. or the abgve rocess can be :

VERYESE PHCUROT 0 & Ueosition Phembak HEEVE it feBio ST itpgpolayer over

a 8)RfratB A% cHRRN tREAEd TOYREftdrhehes YRS bRttBe fidkt Id8pAition precursor
desired intent or effect of the purging to renove gas

ispasedieed apnigert poeh ok ihElowsd dbropely tho chamebes Lﬂﬁﬁﬁeweﬁ & remove

aﬁ% HIM8A%E efksO ﬁ%e&frscfre%ﬁdho Rs 6t PEARHES Stof RN suBPcPate from the
amber to provi de a clean reactive surface on

BByt afebsegientlye asgpdquaner presussonrdifereny froph éhe flrst is flowed
16Ot xhmBEr EAESIVEOQUERDE o ?ecfil’ﬁﬁ?ﬁdngfﬁygy oRAAEY @l{e g9t ff¥nolayer.

substance (whether gas, |1 quid, m xt ure
Theeteeastd) manpleyierr sghtt wadtr with rtbedlirsio mqnfvlaaﬂy Additional precursors

cgl? pﬁ)?llnt 'st%es@ Cﬂ{oﬁgfay%é O\Mr Nfhe dgg(%goﬁﬁjt%ﬁgbgg alﬂed rta}negled until a

I'S not deS|re ‘posite strat'e.
desiradhthickingsst 4ral compesttionofayehihes deeurfermed aver the substrate.

I nt erl{“fsd' a C%II‘E(? qgttehlo By e@éctp LP Q%C&)P%él}g ?@qgllng% g?s molecules that

internmedi a roduct 1's a rea
hoe med akisorbédest@ thhawbsimmlcet enre@dal igan oofreactmnebyx-rpsnmucts from

t@% ber %o ér%wd d ”Pegg D&Eve surftace 0{1 ﬁbSt gﬁa?e for ﬁw subsequent

ree of 'vary opography and
ptrd;wrser arIa thlal gimtas pefcthlsr dbumefneazt uez&:ﬂomrbyt—;lsmduct is any substance

at e, |t can be dif t ot \ react ed
GBOBHCBAS diciac@teof Bhinupt dbresT: PR daliufoR, frecton of any
dap@ﬂtidngpreémoruﬂbwmte) temehsaalbef o thiths sdtadiized to be deposited
t he ert reac ion b uc artlcul ar
it et sl 1ot iyt B GRS dokiugBRo bt hedipgsrosction
b&f}ﬂ‘odﬂay o Ofca @V iRl edliateL dGtpréduct Qs M gaRBeN y-froaedk | Rhned by
" short precursor pul se

by-products in the typical
lfsi%ng@. ‘;‘Q&‘H’i"rt?n lﬁ@?ty)n % gd precursor to form a desired monolayer on the

substrate. Where there is a great degree of varying topography and/or there are
high aspect ratio features on the substrate, it can be difficult to move the unreacted
gases or reaction by-products from deep within openings for ultimate removal from
the chamber. Further, certain reaction by-products, particularly intermediate reaction
by-products, may not be gaseous and may not completely react to form gaseous
reaction by-products in the typical 'short precursor pulse times. Accordingly, the
purge gas pulse may not be effective or sufficient in removing such intermediate

reaction by-products from the substrate and chamber.
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purge gas pul se may not be effective or sufficient in
renmovi ng such internediate 35 reaction by-products
w0 e@a01tee3 substrat e and chanber. WO 2004/ 01169BCT/US2003/022804
PCT/ US2003/ 022804 2 For exanple, consider that in an
atom c | ayer deposition of titaniumnitride using
Ti C14 and NH3, the desired depositjon product is_.Ti N .
i € PP ggrigie” e e af s i B b et gtintim nivide
ubyg Priqt) uahd Maxs ilgke degite8 0 dégosition h@béuch lgthl\bawﬂe&m‘ll @!ﬂs being
even

b ducts whi
tge ?ﬂr?? e ple EisPeitotPerFrith 5 CoteR rilie HapaprRgaient be reacton

iftetficBRte, by-prad@tds abRick a@ight, 0dveh Nt elab®db,abe dbﬁfrcpn quféhfave from
e solid, and/or_ liquid phase prigr to HJ forma
‘@tﬁﬁﬁﬁ ePRN gtV EMrthen 1hecesolin TeASHYR IpfeEmeditat PePiERe e solid

ah &S llgtiﬂn pﬁé%gpﬂ)ﬁdre td GCL f&hation, TodnABR Fehovaf CddhSbe even more
Consi der also the atomi c | ayer. dep05|t|on of A1203

pipdiemyptie r Vhfse Hossathani ogalete TREgtionne &M radayCl occurs.
al t erRadidd? %l e RRS hiohfd IWe?C&éEﬁQﬁéT of‘pﬂabgnﬁgni/g lt%m S G Aluminum
10 deposition, achieving an effective r ecur sor
(FMAY enh prongomewalernafings @mgml@m gRreeMreors.o t hi’eappnemlx eth such
dleﬂofsﬁfoh n%cﬁit:wﬁ%ogr? é’i‘féchjvg $286e E@Fﬂ} éﬁe%hﬂi' f}@' Jo}ﬁewﬁgt of a
ozone I ecu I'S 1n an inhere unstable reactive
chiadlengeo flue &y glem lintited hlifstime efapiode wlchls sbeichambern d/Spccifically, an
t h e c h
of SR gegarg, BlheA80 CullPhRC L%gcﬁve FBMk "R 8 duhich can
rdpaty dlssoad@oalpt/ommomblrmxyvghnaﬂcﬁh@t mefmolvpmlhetoO:fomo three O,
m[c))lﬂeculses dug g,ear E:sst hedessgr:J Lr(ﬁ glpwlthe ZO(I:’IC ui?eg(é hig t% 0 %on of oxygen
amhmcmvmonhs 6 ep)wmbhmnﬁmepeﬁrmgSmﬂmnmhe“mmbSI adse theareaction -
ed ere | e nore. 03 needs,t
by Hf‘)%‘elf‘h eﬁ? n(g'évef’ or \rl;mlB LYW P8 Fandl é%;’e:} ‘g‘fs deep within
openy@emxﬁtmrrmbaml&terhamgotl& tdr®vesd Ul et ah ewhile) ndr 163, needs to get
ich for is trying et out mh
i S g5 fo 19 gomBtre i ] PR Rifsntingine to the
sﬁfﬁﬁsatm)t Inv aiheﬂ wodsa dhk €55 wh@ht Femalo\e/ingd $81@8t da€l while more 04
WBTOVIH on the above-described drawbacks, it is in
ish§YiRgy s I1mted The invention is only limted by

t he aqﬁlerrmfmmhmn@h aiwab astildtb®ral ladd \eesicke dhé Wabd¥eUtissues and
interpretative or ot her I|n1t|n% reference to the

I EVIES pHROR g G uARPVaTdeslibed rdrpvbashs: B5isy BdiPnpay so limited.  The

invehtidnORS oflfy 1ihgted PRCithd GoddnPanfihg tdIEmEr AMIIRGSy 3HdddN (without
accordance with the doctrine of equival ents. Summary

infeRrefasiyentti gther némitings referarfiec t dherabaep derkarornd art déscription,

réﬁ%ﬁlﬁgﬁmrtlcﬁls o(ffethe| Jﬁe&ﬁﬁﬁ%asﬂ AL dﬁﬁ/n?gts})%& 1ha¥c%5rdance with the
deposi tion method i ncludes positioning a

dectine @fgetvalenubstrate within an atonic Iayer
sHfRRsytion chamber. A first precursor

The invention includes atomic layer deposition methods. In one
implementation, an atomic layer deposition method includes positioning a
semiconductor substrate within an atomic layer deposition chamber. A first precursor
gas is flowed to the substrate within the atomic layer deposition chamber effective
to form a first monolayer on the substrate. After forming the first monolayer, a
reactive intermediate gas is flowed to the substrate within the deposition chamber.
The reactive intermediate gas is capable of reaction with an intermediate reaction
by-product from the first precursor flowing under conditions of the reactive

intermediate gas flowing.  After flowing the reactive intermediate gas, a second
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gas is flowed to the substrate wthin the atomc | ayer
deposition chanber effective to forma first

worelanes on the substrate. After form ng thePdT/DS1003/022804
nonol ayer, a reactive intergdi ate gas is flowed to
the substrate within the depdSition chanber The

reactive i.nt rmgdla S. IS capabl e reacthon ngt? .
PETSHE EP el r‘é’a stigfe b‘(j%ﬁi“o%c ePPJIRR (HAmPsry gffective to
f@Hae QUESORd fnh@ua@gr wmdele fisndhddoysr. of the reactive
|nterrred|ate asflovvlng After flowngth%‘g ‘i&

i nt e8P dRRleggatatign, sk ARERIGESYSH dapasirgggethod includes positioning

aPCIh SRR, 08880 Ae Swithe GHI §RMmidARydrS dbpRAWRA cRarhit®. A first
substrate within the deEOSItI on . chanber effective to
PFSSEIPT 232 E0A@VRD T8I e eibPrnte uthin (tha afpsHe | laxes rdeppsitigh ghamber
BRIV RN LB O, fiAR ﬁBQSﬁl&rl Y SthedGRRRAL! ONAREL MBfhing  the first
I ncl udes positioning a ‘sem conductor substrate w tﬁl
mpnolaydiac plusglsy cfeppesi pyren Sehdbes are) flowedt to the substrate within

B SERUERR Bk B RRMNE, St PRl P BAT Wl Grouaing

Iefaisty sqmmmmctay‘értmmb@tkveers abddastatver adiftent ifapk miwgg gasepulses when
i rst r ur t
n%u%%e és g?d;% ﬁé\%ﬁgla b@{ heglg!ﬁ{)%%é) 11!1rnﬁtry ﬁlp ﬁh&?ﬁg@ge gas pulses, a
s@b@pd)sj)ltemmprc lzasrbier flowed htot Hlae pslubﬁealtﬂ t\ylthjﬁ thee depgsitioge chamber
%a Shv% c%srm: nClselcjzg d gnmnalaglzre%Stthe &t Ao a(}j/ of tinme
fivgel? at™ é&a¥ cen Rert purge gas pul ses
when Gilernaspgas and rﬁrqﬂiermemtettioes charbeemplfdder t he
Bol rlt. .of i.nert ge _gas pul ses, a second
A pseription, of, the, DISWINES 5  he substrate within the
depOS’lréfbxﬁiﬂl @hﬂ»ﬂﬂhﬁfentsef)f ahé | ideention f 06 Ndeacritedobelow with reference '
on the first nonolayer. Oher aspects and
tq H'E? efﬁ]i Wing | WALNRE GO 1A at ed.  Brief Description
of t IFeg.Dr awiangiiglamniitRf espi@idnesh Bidivneeites Giet b one atomic layer
i nvention are descrj bed b low with reference to the
dERASHR POt CBnfRSAYRRSy ave withgpeckiof the ipyention.
di agiFagTRtis G dRRFGIhAR @cfplcftioﬁV\bﬁ/ﬁbﬁluﬁerﬁdsnﬁln@foioﬁﬁe atomic layer |
atom ¢ | ayer . deposjtion process in accordance with an

dgRasEton BHOCEsheln ?‘R?@W@F‘E’fnw‘ 1 aspeck of e ABYeRRBt i ¢
depi g4 on ipfa ﬁiagﬁﬂnﬁl%ﬁu&p‘idtﬁﬁ &f reRevat@Mimel &Y 8he akthic layer
deposition process in accordance with an aspect of the
dppasiion; Bigcesk iy, acgordance Withgpmiiect ©f dbpilersndianof f 1 ow
Ver stigo 4 Ne OfhigRendkRMiGidiRYess MERPeShs ﬁﬁepéiogﬁec'§tdnﬁc layer
accordance with an aspect of the invention. Fig. 4 is
depasitiegr Biorest iie eRepIdaRIcOIBf arf |agRgcl of ShS YIRS one
at omigg, | ayer, dﬁgﬁ%ﬁatdcoﬂeﬂ%%ﬁeéis flob GEA" ARACEE Whd Neddile Tayer
aspect- of the I Rventi on. . 5is a diagranmatic
deeqsitioni precest i wxﬁen%gmiu ma a@}fecbr@é the onyenticay er
HIEPIRldel 30r REATERT Dlle A6 OfdRNGG Yo "DRBIGHRCEE 1hbentidf
An atc;mic layer deposition method in accordance with an aspect of the

invention includes positioning a semiconductor substrate within an atomic layer
deposition chamber. In the context of this document, the term "semiconductor
substrate” or ‘'"semiconductive substrate” is defined to mean any construction
comprising semiconductive material, including, but not limited to, bulk semiconductive
materials such as a semiconductive wafer (either alone or in assemblies comprising
other materials thereon), and semiconductive material layers (either aione or in
assemblies comprising other materials). The term "substrate" refers to any supporting

structure, including, but not limited to, the semiconductive substrates described above.
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Best Mbdes for Carrying Qut the Invention and

Di scl osure of Invention An atomi c |ayer deposition
woregohodiedh accordance with an aspect of the i|iPUBENS10031022804

i ncl udes positioning a sem copductor substrate within

an atomc layer 30 depositioh chanber. In the context

f this.d t, the.t "seni condpct ubstrate" .
or o RORHTGEPY SSise TRER” & SROOLPER (D RRaeafgmie laver

defaRioh Wdhiain®er e€ROEtPlel ol AGmS & NI Rchnelayde offethersubdtrate. Any first
i ncl udi ng, but not Iim t@d to, .bul k sem gondu tive
PHRSHISPT &S I GRHergRlated s othelbeh a¥isting &r wek8 O deysineda) Byeway of
eRAmple AIPERetLT WRORIA Silththte OdPBSitioRt Rbdwtk Sort NBLOR) TIiN, an
and sem conductive naterial |ayer séﬁel ther alone or in
e¥BRIS SBHOPICEY SHO AP engjthst Hdrlangt &zl Jyurthyndy tnpt example
onBYURHFAHR" ultRlARE JayeP RFMYrodtPRRId Rmed ik UGS HE & O3, exemplary
including, but not lTinted to, the sem conducti ve
figgibprepwrs@s ganss cinclydel taimsthylalyginpmoand 107698 By way of example
/ S j 1 c or ' o :
o s ea e ae orilen ShIBPECHIQID!wORE st PHEum or o
tléamamb@r)mel‘ef(e@thbm_es vathf respach td NSy Slrr-ﬂinwb'dylezrt le#st tifrdude nitrogen.
J . eguyr A ed, .
FHRTHE S B ShnfL 0 AGL 5L SRILE LR aminn
cemplep| sdomith, ozghe rtgpisalljeadherd edygemmtomsdepagi suitable temperature,

r.oduc r Layer jis Ti .an 5 ex le.first .precursaor ,
eREAP e G bt Hobimi g BERTR i S SBEFCVSRE, can of
cewadpk eseleoretl yandwhptireized ébyuthiei artitan watheno guartppubdiset of the same

bei n ornmed 1s t.o..be A12Q03 xenpl ar first

bf)lfl %cﬁ?fggreggoars%%nsflﬁl@%dae pta'gi %ﬁﬁy@ﬁ%ﬁ%ﬁum and ozone.

By wafteoffoanmgpthe fiosnl pionoddyeeXenphadivy intetmedin®ngdsajseflowed to
utilizing TiCl4 uld.include titaniymor a titanium

i s et e RepefricioBs AP eT . NP (OHtRb oy, document, a
"teactdl integinbdigtengds dgane WhRicANi§ RapBEPOE tredclion with an intermediate

trimet hyl al um num_the first nopolayer woul d.includ ,
SIS SRAPRACE SBIbIE [T e eh (SBBAG WyH BTy e deactive
iR¥ygented g Flowiiy, SBhdtiah| amdt erR@EEIY Uk redeti®s ShieBuediate gas is
flow rate qr other operating Eg\ra,rreters, with or

ngj t HBthle prhspgctinn Wb cgbelr SB° pdirde oy pppder the  reactive

it ellafel Gad Yidwiy dohdlBidhls, Widr Ncap@blpabtt irsueliad voie aﬁ% dthee first
sane being preferred or constituting a part of the )
Presyisef Meieh Eehis be rremginifendn tthie redctast uidsh dhayrgpctivg intermediate

gaseaﬁ_&wg icBhafioRdi ateu @RS S §deoVREret@d ERBoBHRSL I #e® reactive
within the deposition chanber, In the context of this

injerENAEH gag is" pelacenable (ot et Afid, gansd dpes gk @At cwith, eny
elFosGPPRREn Obf I BRCILARM thhdaN thd! RLIBA aLRrmEBACT LA flowing
by-product fromthe first precursor flow ng under
cershiding | nngopuchhdowingcpi ke réaqtier Anteimadiatey£es.f | owi ng.
Furt iPronBakpBLie AL Al dhtioh NonlBRMLY Sedo LRI RIS IS flowi
is 20 not cgpabl e of reacti cl)lrfﬁ@n t%s e?atcﬁer l{ﬁﬁe %lﬁarestgg%1 owiig
regoridésayod r whatbier atyh enteremdintey eeactiont by-pedfivett ectgally fdrowi duging the
fl?&ngrlte&frs%qls asnﬁgwffl%g.a%ﬁhgrf hntr %go(fﬁéro re%r}eg z?sngctOfthet l1qn(%/en‘[ion also

Ir pr ecur sor ich mg e renal ning PRt He
cogeraplotes vioaiang tshme rie@oheédige irsdcdpmbgi@mbduct during the first precursor
gas flowing, and then reacting the reactive intermediate gas with the intermediate
reaction by-product during the reactive intermediate gas flowing.

The conditions (i.e., temperature, pressure, flow rate, etc.) of the reactive

intermediate gas flowing to the substrate within the deposition chamber can be
optimized by the artisan and are not otherwise particularly germane or preferred to

any aspect of the invention. By way of example only, such conditions might be
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gas flow ng conditions. Further in one preferred

enbodi nent, the reactive internediate gas is not
w@apabiwIdf reaction with, and does not react RET/IS20851922804

25 exposed portion of the suhstrate under the reactive

internedi ate gas flowng conditions duri ng such

fl ow ng ere ctive ipte medlate one
thﬁsiﬁ‘@’c&t as toﬁéh{il rp)alnaq:yoﬂ & fsatpégcu]:sg \flgw a second precursor

gdsNFRHTRAN/BF En&d Spulsd Wad Flow. EJBH BneSerefireWh@pbAl tidNYeactive gas
internedi ate reactlgn by-product actually forns duri.ng

flowing isi plagme ephagpedoforgerampleohy wge OFL}?"tﬂhé’f Rlgsmgngrnprafion within
tﬂer SfBveE hndSPGha bRGatiddY RIMItOBradne OcHathbeQnt enpl at es
form ng sone internedi ate reaction by-product during
t he fhe sartipuias feadsive lgtﬁmﬂl@w&@g selentgds H@ﬂth%&c%m&ig constituent
tth%? ﬁlﬁ&ﬁtte' oF 'c ﬁ{ axLl@l gi% et T3 tah?mhmu%{ n2L€ least one
reaction by-pro duct urlngt e reactive I ntermedi ate
injermefliatpnireagtiom hiey-produlitt froms the fust, prashyser dlayrieg with which the
.S t t heer
re%t?xﬁ YA rm{dlaggv éa%f I%’(S)\l/l\/lﬁin (f)et S tthg gﬁ b%tgéﬁadt e%\rll\lld?:rh condltlg]ons of the
raepesi mteolned:thtarrtgas ﬂawmge 3y oway oz eckalnplet henlnr ttivearpossible
1n%erg\pg{a§aegg%ctl% %{swcg’nel c?x%ﬁt%l {flﬁiéﬁle nélélg A %ﬁ e %Bd wh1c¥ would be
ea)eambl t® belparticaieely o@ifidi with neenpighbthbef szp@ﬂd 0\]H§3%ecursors

PCT/ US2003/ 022804 diff t

B SXRp ot W otediesbr gl B e eteBHiP P LR R migh

idche Hi Orxolpanﬂ ot g;engSesf I ahﬂ/oﬁrHBZ powfl eler pld)wded to the
active

aspect , fl ow n nhan

PEBF b rdeiBo e S oBih R, |f§'e§hﬁ“ PR e Eiate their
céVersedhamd he ailiinite ag6iBhigaBEIk aéquation e@smtien Ay-prdguct (1 e., gaseous
chanber . particul ar @gct | V?’ui nt.ernedi ate

HGD), ot kst " baone Sty (Rsodiish otiich GHght B mpreresglr gept from

tHef r&a0idst dithee MyS theWlolyinde PGl 62 $nt@rniBd it ,UPPlsode other gas or
| east one ipnternediate reaction by-pro uct fromthe

by i 3% OthsF er 4O¥InB1 owi ng wi th which the reactive

I nt eniRei fdvAngake Witk RResRPRAR Ga0fa kRBAA IpPEUKBHGRs is flowed
conditions of the reactive internediate gas fl ow ng.

tjhangipsihicexithipl e slepgsitiqnehagthes ichiegiveoto FRray Arevisord emonolayer

oﬁ eﬁl%t ‘fNﬁ AR RIIPONRRAT & NG UdersClReatitk HR. aﬁrlgasy\magtlihl direct
I d expected to be particularly useful wth one

pbysw@btq@n@ﬁt Trithn 4hen AstNPRNQIREE Ur ST s secomh PreckiENep | ig typically and

pygférﬁblgfe&ﬁ%&'ht i@ c-&n g)s‘}tléﬂqq}ro%er gag! ﬁr@&r@f pFquHéft preferably, the
such mght 1nclude TiCl2. TiCl3 and NH3 conpl exes.

rc@mveamtﬁmedme 961 ig dhesqpr tvinde cbet eapeble off eepction Withy the second
p?e\(ﬁ] h-}l’}d%lt Yink © a&%t Weltnnedgali]ee Skas’ %% P&ﬁtlgﬁsc.)du%tys way of
fa 15 N to ul't mat e

Itate t err conver si _
exdnaile indyye exemplay ust oo pregursors oimclyge mnad ol tthq iabeve, TiCly, NH;,

I\%ﬁéeaﬁﬁsozoﬁl? ik’ thgrre G86ie %}961‘1{ F4r @e?)gﬁtlgﬁ r}gz{ctigﬁsog%‘fgrtred to above.
I C mg e eaS| t rom the reactor

Lei étchendaﬂmp tWith faln@we)ngmge@ctyeteoibat devebibiedit etogdxs,layey deposition
mséal%%, C%Itm Fored second anorllz%/elo t&legflt %%glb}cnleowﬁﬂgfhe first monolayer to
thereby inherently form a desired deposition product (i.e., TiN or A1203, with the
above referred to respective precursors), or to form a second monolayer that does
not necessarily inherently react with the underlying first monolayer. The particular
conditions of the flowing of the second precursor can be optimized by the artisan,

of course, and do not constitute a material or preferred aspect of the inventions

disclosed herein.
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After flowng the reactive internedi ate gas, a second
precursor gas is flowed 20 to the substrate within
w0 b@4mepssi ti on chanber effective to forma sepOntis2003/022804

nonol ayer on the first nonol ayer, with "on" of course
meaning in at |east partial dfrect physical cont act

with the first nonol ayer. The second precursor

typi &Y IWAYaré eXﬁP’@%eeP%}db VFigi flf derigts R empIS tH @n of flow rate
versQi dihe df el REEFHYERO in FibokddREe RYiEi %fn@bhs)f)ectt BE the invention.
reactive internedi ate gas is chosen to not be capable
IpfFigedetBlorefarst tp whbme cesiod dwing abhinhs ar figgh degcutshe flows to the
sl & fe@ér?rtgezg i@dMeCp é}ﬁﬁl fih Y mlﬁogdﬂesdtﬁgsmteﬁ}{ecﬁ@&’ gas flows
of exanple only, exenp ary second precursors inc
teyriifie ofubsthase; apsly @2Treftaa | toNei3time Tpgtiod néiringo mhichna teeond precursor

pecti.v n t f

D ey S BAT O et O LG 4 BTkl BBt wheren
thi@\feistopedlrmrogascﬂb\alyg,r t@em@i\tei orermediateogss ﬂh\eingozmdeme second

n r ne wth th
RERERE, AP " ol lRanEe Pt fins sl g putses 1o e
sdleyp@ss twithin pﬂheddﬁpbm(lon e:h,am]lielN oin A)]JEOﬁl;emetlh emnbédiment, there is

above re t eS e precur sor or.to a .
BUEoRer forth 596r dehGER abs PO REbE0aR 1§ ik aplrfpyresctive
inteanddiatk t gast h‘E)wLﬂligj &Yuh“ylg Ng/hichr sib gaNOk agedr to Tihe chamber, and as

condi tions, of the flo t he .second
fieleiobF sxafiPle OBtV ik SsePeBl ¢ Hovipt: L, Porger cypnse prefered
efibd dikenf) Ofhe RO1RSH ipbtib® o tiHd ®Eiwabn Qhe @éa@fn% iReknRINEL kas flowing
he i nventions 35 dlsclosed he VWO 2004/011693
rhOSse0s) osson 6 BlPViRg d3Fing % %ﬁﬁ‘ 1% BRY 15 fpdy o jthe chamber

abe@pisChy =iy FeBhpleYordy,0ts @fdidatedWwitRttfe n%ﬁfeﬁdl‘@(i' MEheOparticular
but  one process i n accordance with one aspect of the

lengths npndorrates| 9f iy, respegsiver dlogfings; gand ttimes JBerpbsgween, can be
ogﬁfn'liéﬁ vhit6d Atifdn! ¢ RuRCULETdS lneneohQitiBes ntR@MPesr preferred
refers to a time period during which a reactive

aspRck (felp apenjigas fdisingeds hersin. heFwihsst pafitst pagedrspp gas pulse and
af 6dcBhd ﬂr@cu@s&' é@ ?ﬁge' od iy BN CRe1Rted quﬁﬂqal of course, and
precur sor o the chanber. Accordingly, F—y 1

gk gieeassardy ﬁh@f @Fr first sipbrddpreevrsOTABRY dloping R Pﬂllsﬂa is a first ever
p?éc%?s‘df Sfﬁfwﬂ Sco fhOWhalEber ! N iNRAG hnie aéc%#xﬁﬁ%}? Hepl i 3pon which

flow @g the second precursor gas
pedidnef | g etime cbnpriucd filsk t the| Egviepretos peded OQ}QSISpiQO%R, second

ptr&:ui'%fegfﬁ ::Hﬁ%%g %&ﬁ bg" Jonhﬁelregedsdﬁ&??r %@r %E? o sé dalng fv1ce versa.

one nment, there
ti me Higt heelso tdepictsi pist epl’oedlmesbrwlga@yf th@w rgis@ng totag period of

GR b t I n c g
tfl’ngeaflk d\ﬁgtw ﬂ f%gﬂgr%%ﬁgo? 1%@(? n% Iqwlnﬂ‘? flicg geé\l\qor Ii‘eeg nﬁ B3, Total
peribg ofi tile r@sqsedtarettyrlmlczhtvl N gm beiﬁugr feldeto tlre dﬁlﬁlber during said
g e T TR N AT —_—

1mt1mm| aﬂnbecmnaﬁplatgsasthfef @0k rf@pvdugs frgernfetiate l(‘fngﬁ@rdcﬁrsor feedmg
A BB e P S Db e BB Gy 2 e n
Figs. 2-5 in certain aspects. Fig. 2 depicts the flowing of an inert purge gas in
the form of an inert gas pulse (IN) which is time-spaced from all other gas
flowings to the substrate within the deposition chamber after flowing reactive
intermediate gas pulse RI. Accordingly by way of example only, the exemplary
diagrammatic Fig. 2 processing depicts a total period of time "B" between first
precursor feeding P1 and second precursor feeding P2 having more than just the

reactive intermediate gas flow RI.



10

15

20

25

30

35

l ength and rates of the respective flow ngs, and tines
t her ebet ween, can be optim zed by the artisan, of

w@ouwrseledand do not constitute a material or prerf/E820031022804

aspect of the inventions disclosed herein. Further, a
first precursor gas pulse and a second precursor gas
rel ated, tenporally

pul se.arge only st ted
cour ?ég irﬂrplf eﬁeee@%arrwt VIR ™ A f%»r@rt Eé’f dbedeversal of

tHY SSMESRI o0 afk fn'eﬂV\ga[%gplﬂﬁanLHnal REctive Mtdrinbdihte ©YRN pulsing between
precursor flowng to the chanber. Likew se and

ﬂ%fc@éﬁ*d?“rﬁ‘g?‘i’“"o%ri’é"r?ﬁfsﬁﬁ ¥ which portion of a tine

l'ine F?ch ddpke®s h&nds gwn?paartyoamll&hay%nedebéslmplﬁréﬂrgod which, in

secon precursor gas pul'seS can be ‘considered as

certgint aspedBuiss Pt gleBensignts apon oMY FpasHve dptggmedipty gas flowing as

d@écﬁge&j%ﬁ;bﬁ; S %ﬂ@lfﬁgﬁ)}pda!nﬁeﬂ}; W ro?békaltnpﬁr Snl?x'fﬁé S484e Iplcts after

total period time A" DBetween first precurso

tifee Eatiming Pf aarﬁmsts@emiweprfe@ur«'scwecn@edrﬂigﬂmmgmt plurality of inert
[ char;ac d %9 g

e, B B, B¥ Ao g A U Sl o e RSyl I ier, with

suahia dhery epuirget @asrermlm ebegrag titherepaced Fﬂuch Hbave\tlmr@ ishet least some

[ o) t | o
pEln? L me?ﬁ‘le ? et“?’Hp@C %?’%vxgetreg f ee%@& Iw agg'ns‘femert dpurge gas
pplrsex: UINswherf medfgarsgls B wayhoichanizmpl @yowhy ofsr:.r:cairnprherr e@nly and in

t t t . 2 .
fomieds 8 BT AT oPO NG R BiFdo ke FHiec 1he P mieht
fadlitate theetdmogals op tb&eiof | iMermbdiat B}Spltokimis spatedadly dom within

nik aeeh O preings S e, SoBrE gt Bisc gt of Mhis EoSment, "owo
alljatent naett iueged@ss Pulsest ffers ASCWOd'IIfb@d yuldy mBYypwlfes that have no

e only, the exe ary _diagranmpatic¢ Fi
ﬁrﬂbgﬁggﬁ S d@ﬁrecrfger e{r%ear pEk BHes5 thPrrE“m%%a"Ss’t Widigpent inert
plitgeS ka3 pupeeCwife@r td @edi ReErtPhumdd g8£GRAREs RRACUERDOMO gas pulse
feeding P2 having nore than just the reactive
henthsiWiEBi ate gas flow RI. WO 2004/ 011693
PCT/ @%0@3&%@%8&4 exezn;ﬁ!u? emdbdiBREM ! @h@ﬁﬁtﬂﬂgrpl@rﬁh@d bfTekbrt purge
simlar to Fi but for the reversal of
gar QubAt énfsrmftdrrée .ffar‘erftrstga%d gt npregHersy Qawmg\%els two in number.

OfNE&IEE dihat fundiRs &Uh&hngu@%t yeeBulsé o fhd Thadbd $8GRANFe more
precursor flows. Fig. depi ct s anot her exenpl ary

thano AT i ayerber e gusthes, othe NBeTH R geh igech pulises miszh chey af fhe same or
ORRRAT Rert! FurfPbadERRMIG N WRAH BRYiIRERRE Y€ all of the plurality of
intermediate gas flow ng as described above. _
pxgscigty aulsey ahdbeb ! wiomenfdegteanpl evapring  copipgsitign.  Fig. 4 also
dgﬁgﬂscﬁlﬁ or?ef tp%%erﬁ@@mﬁ@cﬁﬁ‘eﬁ‘@ vﬁfere tlllé'rg'tm rﬁo@&!ﬂa}{)@ﬁocf ?nt]ime "C"
a precursor lurality of inert “purg

befasepths dist prefirowi fegdrlng etr!dethsutﬁsmrdam@cwsom rfwdmge TO’ca1 period

| i per r

oaRRs ¢ AR, ¥ A" oo Holher RO Lo BV DR MR Rich o
ppeed dat dbr tthemph(rahtg qf mepepungd @@) pltlmsmla}én Eurtheears)nmdered and

&WO a%%%gnélﬁa érthgé&g\%ﬁ‘@ mi;xaé%%‘c‘ & ngrﬂr?/ egslrag il B85 ateS a total

period of time "D" between the illustrated two immediately adjacent 1nert purge gas

pulses IN. Such total period of time D is characterized by no gas being fed to
the chamber during such total period D.

By way of example only, Fig. 5 illustrates an exemplary alternate process
having a total period of time D’ between the two adjacent inert purge gas pulses
IN which is characterized by or includes a reactive intermediate gas flowing RI to

the substrate within the deposition chamber, for example in accordance with the
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no way of limtation, such nultiple, time-spaced inert
purge gas pulses mght facilitate the renoval of

WO e@avi1wem i nt er medi at e by- products, parti cul arPgr/U82903/022804

within high, aspect ratio o nings on the substrate.
I'n the context of this docu t, "two 15 adj acent

| ne ur ge s pul ses" refers to two inert rge gas
fsei safben st AreAinE At Ryatep af sgamble Saly. Fia. S also
d%ﬁefseﬁehmmanceTwhph@sﬁrst.umrlbém%ﬂllbadlﬁﬂeutsa@ﬂeaﬂ@wing of mult1p1e
inert purge gas pulses" refers to two inert purge

e pacedt e MBS 2ad PYles HYItedhe tSeréweW%b@nthepﬂe@osmon ‘chamber
isteR it afle efh% rREks B TRRIAER Hhd MIRT 8¢Bnd NEreBlridraltloliing.  OFf
of inert pur 0 gas pulses internediate the first

cawge,stheol ap eRsIuPE]é?S £owdii tisgarderedt inoamsh conpeiyeble magner between

e r So
tﬁsﬁlfﬂg andt Q@coﬂdjgg?&{%s%fé ﬂ&/@ﬁl% a\%o q'lglrllg%u gxlrsh?e?:tu trgtg?qg)lrﬂ,ﬁes, reactive
mﬂqenqdmtgapuplgeeSgals Plers ges pubhs addedofbetwrensthee figyt and second
b1 PUI498, 9 sit i

p?%{&ﬁg{]rf{lao{&g db})réﬁal ?2 ?&P%&R’P‘?ur afiu? a%n Brl?trc&gmé of the substrate
Cpuﬂldsesqur,oreltbe chbfcscm@r daétgr e@e oFlgvaMﬁl r@pxcmtp(psocbaismgs, and the

de \/\)Pllgted %ro%eiésom 55 w%%gcf hvials: e anO@I' r}glﬁl? ee%;eéa egbae e riected by the

at'ﬂmnfﬂor sdhigue e desiod ﬂmﬂ«ﬁmgd@mitlbmeaysemmd lﬂreeCdeSﬂiﬁon on the
? gng Total period of tinme Cis characterized by
%F@'s being fed to the chamber during such tota
perl Cidleblﬁenflﬁii phiBkt bduér;airﬁldtﬂarﬁpph&ﬂbﬂtty ol rfgﬁnzgﬁ)‘ﬁ qﬁUhé&ﬁspherlcal
rther consi dered . and

. RAHH DR FCBRRARD| SAPYeIIer ooy BIWSL PRl oPr < ardgniges, but
i¢ Gh alo IAypwr liggte@f tinme "D' between the i I'lustrated

t wo |nned| ter adj acent inert purge pul ses I N

Such 1f goapl PRI B &g S ryesephes i AR RSy P%eé‘dd%WWH falpnguage

&t Ner fRE tsPecitid1CasC RaMB@hictelr 143 Siéedbdical afeatdfdsl 0dItDis to be
of exanple only, Fig. 5 illustrates an

ugﬁ@ﬁtﬁp%r wgﬂVPre rihaft t%lep%@é@g s igbilpjted tooths) spseificofgatyres shown

ahll "RsdibeleiNBL e BRadWRerefll &SQMIed! B@IPris® PraBrr8®Forms of putting
ul ses 35 IN which is characterized by or includes a

the dpteptjen iinfe coifasti alke Gaentiarod. iferriors ocleimedsimoany &f gits forms

oM hidkiTichiidhs SRS Then ﬁ)g@rntk% e To?" 12X 3PPdnAed Nclaims _appropriately

accordance with the WD 004/ 011693 PCT/US2003/ 022804 8

ipteypegted) di caepqsdence ntyislh the rostrinacefo p@livadénys-and by way of

exanple only, Fig. 5 also depicts in accordance with

the first-described enbodi nents, the flow ng of

multiple tinme-spaced inert purge gas pulses INto the

substrate within the deposition chanber internediate

the first precursor flow ng and the second precursor

flowwng. O 5 course, the IN and R pul ses could be

ordered in any concei vabl e manner between the first

and second precursor flow ngs, as well as other inert

gas pul ses, reactive internediate gas pul ses or other

gas pul ses added between the first and second
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precursor flows Pl and P2, respectively. Further, any
processing of the substrate could occur, either

whedoaneleas after, the Figs. 1-5 depicted proceRGI/NN3/022804

and the 10 depicted processiqgs woul d typically and
preferably be repeated as sel’ected by the artisan to

achi eve a desired thicknes sition by atom c | ayer
deposition on the substraé%giﬁﬁe i nvention m ght have
particul ar applicability to formation of hem spherica

grain polysilicon container capacitors formed within

hi ghlasped® PG lgfsEndspgytiondethols Somprisingo way so

l'im g@gﬁoﬂiﬁg CHMRdnh i8S et t Buvkiife SKAMUE €an tHEmIcNSRY | Q8position
has been described in | anguage nore or |ess specific
chamhes structural and nethodical features. It is to be
undeﬁ%@vﬂ‘%d'a hﬁﬁ@’?vﬁrecurgd?atga§ ht% Ity €{NbkiPdte | %'tﬁgnt thé ”btt)ﬁgs layer
to the specific features shown an described, 'since
deprsition agiwmiber effisctéiiostd dow'a Sntrpnowdaysr edfre tlree guifstyptas

of p ' i vV ' [ . ef . The. i [

s, " Bl P o BOhARR: BbPind § Sphive FoRUARE' AR 1o the
swisttate | wdbinothe ddpokitinn tdhemperotler rectpe inkrndiate meertdag capable
| aj I QPr.| i.nterpret i C d e Wth .
of e S 2P lbftdbers BAEOR s alsS T AhE G bl flowing

uRET/ (8201084 AT 2B04reBctivEl Akdvisedidte gas Hbwinge dndyer

deposj.ti met hod, c r.ising.. positiponi.ng a

son et ReaR JE5arFRTE AR e, SRPARE 4 gpeond precursor gas

telejpositisirata withia hthebieposifidnovhantben effiettdte far @i a0sec@RISmonolayer
substrate within the atomc | ayer deposition

to,th
°8H§ﬁﬂ§?tgrwﬁ Pve to forma first nonol ayer on the

substrate; after formng the first nonol ayer, flow ng

a regctive internediate gas to the substrate w thjn )

t he geposﬁPFdﬁa%ggﬁgeﬂ?“?ﬁeCWB@%??%éb?ﬁT%ﬂﬁEdPﬁWB“hﬁgr“mnon
bpgrdicC apablee thd0 fRbt rRadkdodn gid t flowihgl Nin@r Festiiag € the reactive
.reactjon by-pr, dugt fromthe first precursor flown .
ISR atonEPt MBS 1BF THETSREEL TGRSUPht SV WERMIUAE edtjing the reactive

ifth@WIAG gandloMfisger flowi ng the reactive internediate
gas, flowing a second precursor gas to the substrate

within the deposition chanber effective to forma

second noNQL ayethod VT tREn f1i whbrefPRRY AY&hd Precidsor [ Redifferent in
met hod of claim 1 conprising formng the internedi ate

cppesitionn fropy th SsicPredtifdtng t he first precursor gas
flowi ng and reacting the reactive internediate gas

with the internmedi ate reaction by-product, during the
reactti ve The method of claim 1 wherein there is a period of time between

the first precursor gas flowing and the reactive intermediate gas flowing during

which no gas is fed to the chamber.

5. The method of claim 1 wherein there is a period of time between
the reactive intermediate gas flowing and the second precursor gas flowing during

which no gas is fed to the chamber.
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internedi ate gas flowng. 20 3. The nethod of claim1

wherein the second precursor is different in
weeovposicdd on fromthe first precursor. 4. The PEL/Os03622804

claiml1l wherein there is a aniOd of time between 25

the first precursor gas flo g and the reactive

i nternmedi ate | qwi.n uring. which no gas is fed

to the chZh%égéﬁ%{c%Hﬂmﬁe?hghm%W’clain1l wherein there

is aﬁa&r liod ﬁfsétlbeﬂﬁdbeﬁ \ﬁiﬁignbeﬁvbaa rtEﬁﬁGIr'ti@ﬁctMs_&f wedifRdivéng and

as ow ng and the secon recursor gas fl.o

thgu’feﬁﬂgve %gr\‘)ﬂ’?a@ﬁ $6° gfg’é”“i'gs B8 ¢ Bhich 1% 1$8hiie ?‘P 3&)"1“3 chamber;
ad004/ 011693 PCT/ US2003/ 022804 10 6. The net hod of

claim1 wherein, there is a first period of tine .

bet wlIF tihe?f $5cRd phesiodr 8brtigasbstvesl e affactiviendntermediate  gas
ﬂb@fﬁgt b¥E thdiseédRApREGs@agas FOWIAMY ddHhE NOhi¥hIfoh o0 i938d to the
is fed to the chanber; and 5 there is a secon§ peri od
chembef-me bet ween the reactive intermediate gas flowing

and the second precursor gas flow ng during which no

gas is fed to the <chanber. 7. The nethod of claim1l

wher & n t Bbe r awdhody eofi rrladmneldi whereigasthe 1 geastingr inteemediate  gas
C&%%me§(3The met hod of claim1l wherein the reactive

i nt er nedfate gas conprises H2. 15 9. The net hod of
claim1l wherein the reactive internediate gas i s not
capapbl e o eactian with.the f] . precur.sor. un .
saidgbondﬁ?%oggﬁk)Ofﬁ#ﬁ@n%e?hogh%%mcﬂggnf%g&%%rgﬁ%mfﬁ%m
core@Ges U®).i nter medi ate gas is not capable of reaction
wWith the second precursor under said conditions. 20

11. The method of claim 1l wherein the first precursor
conp®i sesThe Giethod tdfieclsiec dndhpreac ulies acactvsTpintemesliddiyas is not

th tive int di at ' .at | t
e P et i S AL R T ERA he
the first precursor conprises NH3, the second

recursor _conprjses Ti.Cl4, and the reactive . .
Pt oftredi 3he BEOT Spffifed Whereftbdis TEHVG ANEpAR @ is not

capable of reaction with the second precursor under said conditions.

as

uQ

11. The method of claim 1 wherein the first precursor comprises TiCl,,
the second precursor comprises NHj, and the reactive intermediate gas comprises at

least one of H2 and C12.

12. The method of claim 1 wherein the first precursor comprises NHj,
the second precursor comprises TiCly, and the reactive intermediate gas comprises

at least one of H2 and C12.

13. The method of claim 1 comprising flowing multiple time spaced inert
purge gas pulses to the substrate within the deposition chamber intermediate the first

precursor flowing and the second precursor flowing.

14. The method of claim 1 wherein the first precursor gas flowing, the
reactive intermediate gas flowing and the second precursor gas flowing collectively
comprise multiple time spaced gas pulses to the substrate within the deposition

chamber.



5

10

15

20

25

30

35

13. The nmethod of claim 1 conprising flowng nmultiple
time spaced inert 30 purge gas pulses to the

wGaaimsntmdE within the deposition chanmber interp@diUs1063/022804
the first precursor flow ng,and the second precursor
flowi ng. 14. The nethod of cpiinrl wherein the first
precursor as flo the reactive internediat
f 1 owilAg aﬂg‘et‘i‘?%th%‘y@gnﬂa‘ﬁr éuFLBPiting o [Qfgli Agiod of tHic between

tifeOFiks@ Girbot®doy festingC QNIDFtieS Sechitd idRhiot |féw1n‘3gp<'ﬂ£éed>taﬂa&rlod of time
pul ses to the substrate within the depositio

bEIRRrRbTCIoyigsth b A0 8RN Esd L855hR Shisinoring Saigstotefrperiod but

o549 dreRftive | RkdPnddiate OSIRY 1iSWIG. @ total period of time
between the first precursor feeding and the second

precursor feeding, the total period of tinme being

Char qgt er 'Tglgdmpt){ d'9f Y bei Qﬂer%ﬁdthte eﬁaﬁecﬁm%late gas flowing
during sai total perrog' or sald reactive

is mlagmpaeetibanegdgas flowing. 5 16. The nethod of claim1

wherein the reactive internediate gas flowng is

pl asma enhanced. 17. The nethod of claim1 wherein the

r eactl7ve iTheemptbod af eclgms 1f Wheveingthe 1@astivepingesmediate gas ﬂowmg

1s|_ﬁ> aaslrrﬁ%te%nhaXcgﬁ gs n?asr%%n%eéﬁlg}a!tlglq v\(/\‘ tﬁelnrtgle C‘{h m%hanber 18.

|nterned|ate gas flow ng |s plasna enhanced by plasnma

gene tion,renote. of

layer ep Pt PO i hg%im ?“"‘é‘u H*& re"“?‘gl °t Eaeﬁmﬁgn"“g gas flowing

is plsmaneihahicd By lpddsmat @nwtahbn Nrefidtea bh rrhe: chayisr.

deposition chanber; flowng a first precursor gas to

the substrate within the atomi c |ayer deposition

chamher efAeatdnie 1&@rf@pmlaoﬂimahodmmipamg on the

substrate;. 20 after formng . the fir, nonol a

f 1 owiPAFHGIPE adt .swcrwgrormgrba%fe 36T, " o dpyes deposition

chahbdrn the deposition chanber, the reactive

i nter nedi ate gas bei ng capable of reaction with an

i nt erfipRtNSt @ ]gé%c?“eﬁﬂ’is%y%ﬁ? otfudhe f Fibsiraipe ithing ithe atomic layer

dRp SRS SlanfdeP VT RBtveU RF S5t N Girdt] MBS0l er t I tic FEHstrie;
internedi ate gas f|l owi ng and not _bei ng capabl e of

r eactafteh foming tthe firsty Benolayrs Apwing,AdErctys; igtermediate gas to the

sespdict Wl RN %p%@itlalfl t@hmbOWhE Fedchife liBRARIIRe gas being capable
internedi ate gas, flow ng a second precursor_gas

ofirPecsioB nvith an cistrppediate crﬂaqtlroa rstpredyqt rfsem the diiptspriecyyay flowing
uh?ert Q&ld&%t(&a{h% f@'aétﬂ'enmw?ﬁredlg@:pga?s' HoRhg me belng capable of

fective to forma second nonol ayer on the irs
repstioh ayidy .the dirstTmenelexehoendst seidarenditdonghendi n the

r eaCtalft\ére ﬂ({%lﬁé Wﬁg'r@&cﬁvgaﬁte’nﬁecﬂgg gas, flowing a second precursor gas

different in composition from the first precursor gas to the substrate within the

deposition chamber effective to form a second monolayer on the first monolayer.

20. The method of claim 19 wherein the reactive intermediate gas is not
capable of reaction with, and does not react with, any exposed portion of the

substrate under said conditions during the flowing of the reactive intermediate gas.

21. The method of claim 19 wherein the reactive intermediate’ gas is not

capable of reaction with the first precursor under said conditions.
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30 capable of reaction with, and does not react wth,

any exposed portion of the substrate under said
w@oowdioticans during the fl ow ng of the reactivePCT/US2003/022804

internedi ate gas. 21. The nethlod of claim 19 wherein

the reactive internediate gas“i s not capable of

reactiion with the first. precuysor uynder said ) .
ConaiZei ondne3ed s0asioh 18ouhaen tesseeshoopismmedige gas is no
cd@ableTBE reRkiBR VA thd abdbnd OprebigE®i indeh &5afde 88 dityhs.

intermedi ate gas is not capable of reaction with the
second precursor under said conditions. 23. The nethod

of cl2gi M 1ieCASREd S NGailO 1 01 RehptiRe ! BERMPEHE &hRrmediate reaction
reaction_ 5 by-product during the %l rst precursor gas _
byisodust dwane et ity tHecurwactzry eflovingerang direactingadhe  reactive
iftbinlbdiRe LAt SR A&t GrdrfRGiate0 eitioR " BYPEIduBY duifhet R reactive
reactive “intermediate gas flow ng. 24" The nmethod of
igtprnadiate geprffPwing.ng formi ng the internmedi ate reaction

10 by-product during the first precursor gas flow ng

and reacting the reactive internediate gas with the

i nt e2dedi dihe mehed iobreldip- p9 cdmprisidg rfonging hibe riewohédige reaction
' di;at fol ow ng: and wherein the.react.ive .
by TGOS bt o ifgand{}g%lé%éblggs ofByihg. ! SBEhing © the; reactive
imemsedmtd gaactithwithdr, indemnedisposeattipnr by-erodott tdweing: the reactive
i%urbstd{a% eaéjr}fjo%ns_ain% conditions 15 during the flow ng

of the  Eactive ¥ nter nedi at e gas. 25. The nethod of

cl ai mh2eimhtbe akatitvb einteemedihte e gasn tise moe dapabe @fSrea&iodOtvith, and
dca%Jath)ke oft rg ction wt th% fi rgt hgre yrsor nder, diti
81 Ot JRtfitt VBlrs 20%0PXPBS O TRETIOBL Rb ot SUETE tn B4 CTwid e cppditions
dufieg rteadldwirg iofit the nieslitivk einfamedisteNgds. capabl e of

reaction with the second precursor under said

conditions. 27. The nmethod of claim 24 wherein the

reactsve imhtehstRel af eclgas 24 Swhdéin ©iaPRRtRe GhtefBa%G4te Ofhs is not
W Eaue'ét her, of the first precursor or the second

cgﬁa@ P5IPActiny eyith 38 SuptyPieahiarT MBS . sairk comdidontet hod of
claim24 conprising flowwng nultiple tinme spaced inert
purge gas pulses to the substrate within the ) )
depogPt i orf e HEsHYt of ldPmédi wheseinnige fiepcdive ipfegpediaiprgas is not
chpa®W BY raffioh NRitS BRORELRE EHUES R Il shA- codithods. The

nmet hod of claim 24 wherein the first precursor gas

flow ng, the reactive internediate gas flow ng and

the secondypreghEsQF Gam bh OWhdbin CAL! kY Sh¥rmediate gas is not
conprise multiple time spaced gas pul ses to the

c n@( phireactipr Kyith efleer defp8si fifsrprecursor or the second precursor under

said conditions.

28. The method of claim 24 comprising flowing multiple time spaced inert
purge gas pulses to the substrate within the deposition chamber intermediate the first

precursor flowing and the second precursor flowing.

29. The method of claim 24 wherein the first precursor gas flowing, the
reactive intermediate gas flowing and the second precursor gas flowing collectively
comprise multiple time spaced gas pulses to the substrate within the deposition

chamber.
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chanmber. 35 WO 2004/011693 PCT/ US2003/ 022804 13 30.
An atom c | ayer deposition nethod, conprising:
w@omiHnien ng a sem conductor substrate w thin BCT/ES03/622804
| ayer deposition chanber; f#ﬁwr ng a first precursor
gastothe substrate within e atomc layer 5
depo%t charr‘r)er1 effecti.ve to foﬁrm a fi.rst nonol ayer
on t t AL layer qeppsition Mythade PPPEF Epnol ayer
fl O\Npﬁ@tlcﬂul’fgea&t evicdndueoiredibedkfe J@Shin0 dnheatoriidb Iiyet @eposition
within the deposition chanber, the reactive
RqMY%Fedi at e gas being capable of reaction with an

I Nt eflgRaigatae firACitQRsRY g oduhe fduBstdibewlthinStihe atomic layer
pr ecursor flow n under conditions of the reactive

deppsiicpediomber @%fggr\reow Agrm PoTigs trapnofaysiyi g then aubstrate;

r eachimerdrif’ MRk emgl?fﬁayef | Q¥iRY ARedREE tlnﬁ%&ﬁa’tg?s to the
to the substrate with t'he deposition chanb

systrate Witlini the Ciem@SltlwerObarpbﬁrgéhega@ctwq oVprmpdiate @eobaing capable
oP @&HB& QYithJI AP lﬁtgnﬁéa‘?a SERELE ¥ ggpg d}ch 'mef hfse ?f?&oﬁle%dr&'} flowing

nmber effectlveto orma s nonol ayer on t
ufldﬁfs(tonﬂﬁlnm R ethe resetye. inmedintehgad G6winigai m 30 wherein

the Eﬁé}chbeéfﬁﬁ' ﬁlrte ex%ﬁ'%ﬂ)eaﬁa%ng@(ﬁat %agoh?ﬁlﬁl%pﬁp n?erp gulgg gas to the

reaction oes not reac an
smﬁatbowithlﬁ thhedepsubsm rchembernded sai d conditi ons duri ng
EI'E: L‘e g Htlehemegr Sgl}rl V?%l:s,ﬂ ogvrérr?g? egtéecoggl precrprsgl’"z gas to the

substrate memlumtthze gapositionncdiamben pibéteveah foemci isesondi mbndldyer on the
flrl rst recursor under said conditions. 33. The nethod

5 BPRIHC30 wherein the reactive internediate gas is

not capabl e of reaction with the second precursor

unde sar 0 4. The t hod. of

oo P ndng Shsthed, OF riaific ol iashoin, BE sty gtermedih gas s not
cdpabRr eﬁuréﬁcﬁm&ur wiigy, terme fdbésS hoprregoyr &AL, Gas éﬂrﬁr@wangaoﬂmﬁ of the
reactil t ereactrve |nterms|ate as Wit th

sytstEE e S SRt o Byingr baudevigars nbhet e ditpsdiate gas.
internmedi ate gas flowing. 30 35. The nethod of claim

30 wherein the inert purge gas flowing is as a pulse
whi ch%i s thednedied 8f F3Bn’ Arybestindpe gs%ctlrr Jiergediatg pgps is not

cARABRI bBir&Gtion with the first precursor under said conditions.

33. The method of claim 30 wherein the reactive intermediate gas is not

capable of reaction with the second precursor under said conditions.

34, The method of claim 30 comprising forming the intermediate reaction
by-product during the first precursor gas flowing and reacting the reactive
intermediate gas with the intermediate reaction by-product during the reactive

intermediate gas flowing.

35.  The method of claim 30 wherein the inert purge gas flowing is as
a pulse which is time spaced from all other gas flowings, and comprising
conducting multiple inert purge gas pulses intermediate the first precursor flowing

and the second precursor flowing.
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conducting multiple inert purge gas pul ses

intermedi ate the first precursor flowing and the
w@emandiepy ecur sor flowi ng. 35 WO 2004/ 011693 PCT/US2003/022804

PCT/ US2003/ 022804 14 36. Theg, et hod of claim 30

wherein the first precursor Sgs flow ng, the reactive

the. SBcond"prieipest Hag BTG LolfRmgugP & Noving, te

r€ONRY if@mddiatd gheflowing, SPAaRe gRSTlPMing emdt ﬁaetslaeond precursor gas

ubstr e wthin the osi tion chanber

WY &0 ieggpéerly FOPBESS | Iﬂ’ﬁttﬁ?ﬁj SPaC Fsﬂuﬁ@s to tﬁe substrate within
tiR0Gégok®idh NéhatbseM conduct or substrate within an atomc
| ayer deposition chanber; flowing a first precursor
gas to the substrate within the atomc |ayer 10
depogfti OAnChRARENafh: f &pbiiMén et QA NBotnphisingt monol ayer
on the substrate; after formng the first nonol ayer,
f | oWPPUtiGHng ner ﬁerwawg@ctgassltbétrfﬂhewsmust%nat agomigj tlpyes deposition
chiifegteposi tion chanber after flowing the reactive
i nternedi at e rovmngareactlvelntermsdlate gas
to t Hewsgobsa r Sé wieewrsar tghe Wedbsi subsimate hafrlibelr ,th¢ hatomic layer
d{aﬁﬁﬁ{ohv&ahﬂkﬁ re%gﬂl\aet % Qte L) m&l? %%paéy ?h ubstrat
reaction wth an internedi ate reactl on duct from
t he fftersformimg thres Grst énpliyny flovdeg a@omdrtt pums gof t¢ Hlge substrate
Jlﬁaﬂf”tﬁev‘ﬁ ﬁo@ﬁ%%”@lganﬁ@t gas flow ng; and after flow ng

i'nert purge gas, ’fI owi hg a second precursor gas to
t he aﬁubﬁbwatgethw refitive tihermlkelros ighs, dfifovein g rdb eractixfef mmdrm‘emate gas
t(%ghef .‘%Elggtr%tets ﬁvgt in tﬁng F:igl rans}/t?? naéntrbgere nt fehée%%t V%Dn ngeglate gas being
chpilbkr oft chaatien gdth bis 1mtetmedﬁm¢3aéhlcﬁomfby¥;eamict Cffanltheh [firgngtecursor
es not rea f the

Gt Pies' SRkions ity oo ttar i FoRCTaRT it S oMo 1Y of

t he aﬁactﬂovﬁng nheriwedi pirge gas, fRWiITH.a Se@dndephodts@f gas to the

im 37 n the reactiv nternedi ate ga
<Sisfa1 S e epr St EAP e N o R P S Iggpoliver on the
fis@l dogam@irt i ons. 40. The nmet hod of claim 37 wherein

the reactive internmediate gas is not capable of
reaction with the second precursor under said

condBgi ONThe Hethhdd oFNGaiEBNOFhREin Clhai MRh3ik e CRMRMEGABgas is not -
form ng the i nternmedi ate reaction
capable of reaction with, and does not react with, any exposed portion of the

substrate under said conditions during the flowing of the reactive intermediate gas.

39. The method of claim 37 wherein the reactive intermediate gas is not

capable of reaction with the first precursor under said conditions.

40. The method of claim 37 wherein the reactive intermediate gas is not

capable of reaction with the second precursor under said conditions.

41. The method of claim 37 comprising forming the intermediate reaction
by-product during the first precursor gas flowing and reacting the reactive
intermediate gas with the intermediate reaction by-product " during the reactive

intermediate gas flowing.
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by- product during the first precursor gas flow ng and
reacting the reactive internediate gas with the

WO niogiomeel at e reacti on by-product - during thePCEESI003/622804
i nternedi ate gas flow ng. 3 g\D 2004/ 011693
PCT/ US2003/ 022804 15 42. The"nmethod of claim 37

wherein t | P oW N
whi Cﬁil s ? |Erre egtfl%\dceg ?qr ‘G ZI Wh%reﬁler egé%erglpgﬁenéass ﬁg‘ﬁlﬂlg is as
a coulpe | shivy m:ot‘lﬁhHCtspﬂgd nitbini plile dthar tgapufigeingas dl semprising

rrredl the first recyrsar flown and the :
R i BFee bR ol TS et on Bee afSpsson flowing
anth @lfee bdtohd eprédui sk PEwiaLr sor gas flowing, the inert
gas flow ng, the reactive internedi ate gas fl ow ng,
and the second precursor gas flow ng collectively

conmpai.se M tohd?h®l of MR PAL fheAS tRYIHES peBursble gas flowing, the
substrate. within the deposition chanber. 10 44. An

ingttofdsc ToRjage e pBasthF ofticvBediea, swofigIing mgd the second precursor
ga@omh%g cBllcRva$ ”&&Iﬂﬂﬁb‘ qh&hp&u Biffe" faBedMchlli ghIRD B @B Gubstrate

| ayer osition lowm ng a first ‘precursor
Wﬁh@ the fl?f@s@ﬂbs‘th&ﬁ‘tb@ within the atonic layer 15

deposi ti on chanber effective to forma first nonol ayer

on the substrate; after formng the first nonol ayer,

fI owfhg aspl emid tlayenfdepeséiion pethyd, gempriging:'ses to t he

subs& Sy thi &n{mdqﬁaosgubgt&@e ChARe atlsnl? ;hgal | §bosition

ert purge ~gas pulses conprising &t 17eas
clpabennd of tine betmeen at |least two adjacent inert

pur ggg\gﬁl% Qiu't§r§1§ %Ii]sop %astol ’Tf\hef esg sttrate w1th1harf1% a’tomlc layer

and art ér ‘sai d plural I'nert purge
ddpositiom gchamberc @ffelctmaemu feor agﬁlst manotdyer s>ubshbr aibﬁtrate

Wi thin t ede |t cha ffective t

seconf? rmq;no a‘%? %rﬁptlﬁon()?;% s ﬁ%}%l Ay g}ur"ﬁﬁ% Ot?ﬁ'ém purge  gas
pu‘rms htmd tl[!ef smHsaam Wﬂthmh etreeilepobition péhatndki, t thei plutality of Zinert purge

46, Jhe nmet hod aEl 1 m44 whgrenth Iurallfﬁét g
SoPUS e Rris % Feskishe h B VAR el fSien adiacent
inptt upage tgam;mlsehaﬂmt ﬁdslgaeds bfigd ato thenmmlbbﬁemd pur ge

as ¢ t of said plyral
9 StRerP sa1d| iurght fa Inert purge gas %u ses, tjl vé//mg a second precursor gas
to the substrate within the deposition chamber effective to form a second monolayer

on the first monolayer.
45. The method of claim 44 wherein the plurality is two.
46. The method of claim 44 wherein the plurality is more than two.

47. The method of claim 44 wherein the plurality is characterized by a

common inert purge gas composition in all of said plurality.

48. The method of claim 44 comprising a total period of time between
the first precursor feeding and the second precursor feeding, the total period of time
being characterized by no gas being fed to the chamber during said total period but

for said plurality of inert purge gas pulses.
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48. The nethod of claim44 conprising a total period

of tinme between the first precursor feeding and the
w@e@andieps ecur sor feeding, the total period of P€T/IE2003/022804

bei ng characterized by no 9afg being fed to the chanber

durlng sai d total perlod but™ for said plurality of

35, WD 2004/ 011
e o 5958081 AR EOMCHON o o e e
saidnpo i sljaegntainkot pirgepgds palsaf thd mralbpdrivdest tisaitdidgnharacterized
adj t.otal, i od of
of o BB ey R Qe by PBbeP HpTRE il wal ke 1o t e

charrber durl ng said total period. 5 50. The method of

| ai f b
a0 Sbwo A7 Feeshed Bhatit dt o B prnspsinul paroal 6t gime between

sAAE tive Chdfceiit! Bt GRRRY basl Piblsds] e Rl gerioB Tt M€ comprising flowing
internedi ate gas to the substrate within the

2 JEspeidyet |“6tﬁméq‘iiéa}% efas fon dhe  gihetrate ewithine thee dieﬁ‘tsétl(glas‘mamber the

rR&HR0 iGeRRife Qas QAL icBpabd tdF alclidH e&lﬂ?d}haﬁrﬁermedla‘ce reaction
reaction Dby-product fromthe first precursor flow ng

byriehsicic ofiemnt ithnsfist Rrearsasadlowies  wigler neendificns atoé tes reactive

infdr @l gl floWfy. Method of claim50 wherein the

reactive |nter nedi ate gas is not capable of reaction

Wi th, and does not react with, any exposed portion of

the spubstiatfifAsE Hakhds i i i

fl ovmsng o?r fhe reactive i n(tygf‘%%%}ll gctﬂ i rg%i‘.wqi%n@?‘aterﬁé‘s s mot

capablaodf ofeaatloai mith0 andnpedssinoty réat nwilly, the éxpbedmpdit@ne of the

l{b?f’ilﬁgl Hler WiaPES qHﬁ)BS qﬁhnggﬂlg hﬁowm Sl RleCEULRQ i Shediate gas.
oW ng an reacmgt eacCtive ~internedi ate gas

with the internediate reaction by-product durlng t he

reactive nter Late.

of c%%u m he (%ertr%r?‘:j gfﬁgmrggr%mc%lp?%gg |f21il%lp%é%? é’ftgrmedla?e reaction

by-pacinctonduring- pheodtict @acursgr t b filowibg pred ukraotingjathe reactive

g ST G N SR I T M-

int@metiatee gad fioetdngedi at e gas fl owi ng; and 25 wherein the
reactive internediate gas is not capable of reaction
with, and does not react with, any exposed portion of

t he smbst Taé endfiisiebf sRifl S0BEIpHANS fohihg NBe iMErmediate reaction
flo f.the reactive internedi ate gas. 54. The

YRS ofrifEai i 4 4 BFEPIROT s UOHAE pRbd L Fissing sthe  reactive
intdrinkehtntgaks NwitB0 tRONMBRSMEIINS éRfdbd hBy-hiodsdst RILBEHT BRI -reactive

intermediate gas flowing; and
wherein the reactive intermediate gas is not capable of reaction with, and
does not react with, any exposed portion of the substrate under said conditions

during the flowing of the reactive intermediate gas.

54. The method of claim 44 wherein the second precursor is different in

composition from the first precursor.



