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can form successive monolayers, or the above process can be repeated until a
desired thickness and composition layer has been formed over the substrate.

It is a desired intent or effect of the purging to remove gas molecules that

20 have not adsorbed to the substrate or unreacted gas or reaction by-products from

the chamber to provide a clean reactive surface on the substrate for the subsequent

precursor. In the context of this document, a reaction by-product is any substance

(whether gas, liquid, solid or mixture thereof) which results from reaction of any

{ deposition precursor flowing to the chamber and that is not desired to be deposited

25 on the substrate. Further in the context of this document, an intermediate reaction

by-product or reaction intermediate by-product .is a reaction by-product formed by

less than complete reaction of a 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

30 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

35 reaction by-products from the substrate and chamber.
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While the invention was motivated in addressing the above issues and
improving upon the above-described drawbacks, it is in no way so limited. The
invention is only limited by the accompanying claims as literally worded (without
interpretative or other limiting reference to the above background art description, 7

25 remaining port'ions of the specification or the drawings) and in accordance with the
doctrine of equivalents.
Summary
The invention includes atomic laver deposition methods. In one
implementation, an atomic layer deposition method includes positioning a
30 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
35 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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to the following accompanying drawings.

Fig. 1 is a diagrammatic depiction of flow versus time of one atomic layer
deposition process in accordance with an aspect of the invention.
Fig. 2 is a diagrammatic depiction of flow versus time of one atomic layer
20 deposition process in accordance with an aspect of the invention.
Fig. 3 is a diagrammatic depiction of flow versus time of one atomic layer
deposition process in accordance with an aspect of the invention.
Fig. 4 is a diagrammatic depiction of flow versus time of one atomic layer
deposition process in accordance with an aspect of the invention.
25 Fig. 5 is a diagrammatic depiction of flow versus time of one atomic layer
deposition process in accordance with an aspect of the invention.

Best Modes for Carrying Out the Invention and Disclosure of Invention

An atomic layer deposition method in accordance with an aspect of the

invention includes positioning a semiconductor substrate within an atomic layer

30 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 alone or in

35 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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reaction by-product from the first precursor flowing under conditions of the reactive
intermediate gas flowing. Further acd preferably, the reactive intermediate gas is
20 not capable of reaction with either the first monolayer under the reactive
intermediate gas flowing conditions, sor capable of reaction with any of the first
precursor which might be remaining in the reactor under the reactive intermediate
gas flowing conditions. Further in ome preferred embodiment, the reactive
intermediate gas is not capable of reaction with, and does not react with, any \)
25 exposed portion of the substrate under the reactive intermediate gas flowing
conditions during such flowing of the reactive intermediate gas.

In one aspect, the invention contemplates reactive intermediate gas flowing
regardless of whether any intermediate reaction by-product actually forms during the
first precursor gas flowing. Further in another preferred aspect, the invention also

30 contemplates forming some intermediaie reaction by-product 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

35 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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After flowing the reactive intermediate gas, a second precursor gas is flowed

20 to the.substrate within the deposition chamber effective to form a second monolayer

n L

on the first monolayer, with "on" of course meaning in at least partial direct
physical contact with the first monolayer. The second precursor is typically and
preferably different in composition from the first precursor. Further preferably, the
reactive intermediate gas is chosen to not be capable of reaction with the second
25 precursor under the reactive intermediate gas flowing conditions. By way of
example only, exemplary second precursors include any of the above TiCly, NH3,
TMA and ozone in the respective exemplary deposition reactions referred to above.
In accordance with any existing or yet-to-be developed atomic layer deposition
method, the formed second monolayer might combine with the first monolayer to
30 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 underlving 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

35 disclosed herein.
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aspect of the inpvention., In Fig. 1, Pl refers tQ a tine period during which
a first ppgengcbrbyf Fl};wgrt{sw,tq;fecourse, and do not constitute a material or preferred

aspect of the inventions disclosed herein. Further, a first precursor gas pulse and
a second precursor gas pulse are only stated or related temporally, of course, and
20 not necessarily that the first stated precursor gas flowing or pulsing is a first ever
precursor flowing to the chamber. Likewise and accordingly depending upon which
portion of a time line much like the figures to which one is looking, second
precursor gas pulses can be considered as first precursor gas pulses, and vice versa.
Fig. 1 also depicts one embodiment whereby there exists a total period of \)
25 time "A" between first precursor feeding P1 and second precursor feeding P2. Total
period of time A is characterized by no gas being fed to the chamber during said
total period but for said reactive intermediate gas flowing RI. However, the
invention also contemplates other gas flowings intermediate a first precursor feeding
and a second precursor feeding. By way of example only, such are depicted in
30 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
35 precursor feeding P1 and second precursor feeding P2 having more than just the

reactive intermediate gas flow RI.



chanper, R tefers to a time period during which a reactive internedi ate gas
flows:' 5 to the substrate; and P2 refers to a time period during %g]g%gua 7
second precursor flows to the chanber. Accordingly, Fig. 1 depi ary 200

preferr ecj,‘,@gpgm{gwt wherein the first precursor gas fpﬁnmsg&m&ﬁ reactive

i nternedi ate gas owi ng and the second precursor gas oW ng co ectively

conprise nultiple tine-spaced gas pulsék to the substrate within the

deposition chanber. In one preferred enbodi nent, there is 10 sone period of

ti me between t Hag.f Brdspicpr amth&soamlgndsna‘nlt cm'nilitray tanEIaI Be bne&at theerevérsdl esfiredi at e
| | ustrated

gas flow durin S

by exanpl gﬁe VﬁﬁPrtléesbneegt y plflsl@atalug eicélve I’—‘lﬁtl';%ngfatcf ﬁa%ﬁgla%ef?eé? ¥8d

enbodi nentthe tfhar end Secam@qrrecmdsoﬂfﬂdwme bet ween the reactive internedi ate gas
flowing and t sec recyrsor sflovvln ur,i ng. which n as is fed to
t he chamber r]:Sgrd"31 gepl"ﬁ ARRye© f”‘eé f‘ﬁ%fl gontf gaye*i §el?°g‘(ﬂﬁoea¥‘é‘8°§n‘%ﬁ"}t *h® nuner al
20. The p%éithlﬁulas'}arectﬂ e Hoh @pehdedt Qo T afyh @eat®FP @R brméRiatd QWA NGSWingNgk ti Mes

t her ebet ween, can be optimzed by the artisan, of course, and do not

const i t ut &eseribad ervioxe opPssHicply rand busycef c?P*aI’{lIH% quis eRigi dnSeriFtsc pliged
herein. Fypd REiming f § SHrsPhBRMERRT 18352 %ﬁ"écﬁn%ma@‘ij ﬂﬁvﬁfcﬁ’%rgflfgcblf ekt 9as

pul se are only stated or related tenporally, course
necessar i [pprgehges tondses iINs flowingt & the é@bﬁtrsﬁrwghlg the odepagtior Cbémhqrng‘v'!ihs a

first every lprfﬁgrlt”gﬁ'rcef aQWFlHn OPexBEetuﬁQ &f -sull W%@rea@sd ceendly

dependi ng upon whi a“tinme T1ne nuch e the i gures o mhlch
one i st oglering, ofsemmncdl e,pmepurcsiOISOQat)swmn saslegsinwbeadjaresi dereuas fay st.

precur sor and_vice v Fi al so depi ct odi ment
wher eby tﬁ%re exi st 1§h a1 &8%0° geedr :?%31%‘ fc%nbeg‘s #3?' R B\g ege'flg\% Oﬂ?'lafnstm

precur sor rfoea@hyn@fPllmanadorseamhd npﬂtaﬂe;r siare-spaedi mgrt Pﬁurgél'ogzal ppBes agighd tinme A
i's character.i no s . bei to,the cha i al

por 04 butts T 43, ‘PRl crerar FamEHER o REPPROR TR o fePe M Bie

i nvent i on mgis AspRN et lopéisys odh €lfe @atstritt.OWINGR donteRt BEAhiat ddcamébit] Stwo
precursor feeding and a second precursor feedi ng. By way of exarrpl e only,
such af® cféﬁcéﬁteﬂleftnpé'@e Fgag Pulsss s retprs oy twp Pf‘eéfsb‘g%? Fas Fﬂuées 3D BAVELRO { he

flowing ofotR& bBREt gRULERe GBsrebdiwedne I Phat &Roi ARkddidas RYhsR ) which
is tinme-spaced fromall other gas flowings to the substrate within the

deposi t i orPUEBarAsEr PHsserreferod nigvor deget invESS ignt erlsesdithet ehayasnpugas epise
Accor di nglgeR¥eWad. Of exanple only, the exenplary diagrammatic Fig. 2
processing depicts a total period of tinme "B" between first 35 precursor
feedi ng P1 and Bigcdndeppite duresenripse gnhedimonthaldreiy tho plireliarcfj ext Runge

reactiyg 'éﬁ%eﬁﬂ&q' & m@gte h@Vifd -and second precursor flowings is two in pumber.

Of .course, the number of inert purge gas pulses to the chamber might be more
than two in number. Further, the inert purge gas puises might be of the same or
common inert purge gas composition within the illustrated or all of the plurality of
( purge gas pulses, or be of some degree of varying composition. Fig. 4 also
25 depicts but one preferred embodiment wherein there is a total period of time "C"
between the first precursor feeding and the second precursor feeding. Total period
of time C is characterized by no gas being fed to the chamber during such total
period but for the plurality of inert purge gas pulses IN. Further considered and
by way of example only, the depicted exemplary Fig. 4 processing illustrates a total
30 period of time "D" between the illustrated two immediately adjacent inert' 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
35 IN which is characterized by or includes a reactive intermediate gas flowing Rl to

the substrate within the deposition chamber, for example in accordance with the



28 February 2007 WD 2004/011693 PCT/ US2003/ 022804 7 Fig. 3 depicts another
enbodi nent simlar to Fig. 2, but for the reversal of the sequeagﬁ 2&
inert gas pulsing and reéactive internediate gas pul sing between gbrppny007
and secoRgoRiBi 9’ flows. Fig. 4 depicts another exerngd@fypoRiam,s | ayer
deposition nethod which, in 5 certain aspects, is not dependent upon any
reactive internedi ate gas fl ow ng as dscribed above. Specifically and by
way of exanple only, Fig. 4 depicts, after the formng of a first nonol ayer
froma prefinst-émerited ¢rhiondimets.a fotcerdagly pndfbyi wer of epanple gds Rigl Seasd N
flowing oy if, HBSILARE. Wibllil 1 HERRS! LhAMSRATDRE: ntlhl oSHERoer !
purge gas pﬁlses be|ng T me- spaced suc thereis at | east

period of tﬂmempa(:cd mert aungergdaopubsey INetbvwhe rsulstralecaiibint the c&d«psanmnthambexrt pur ge
gas pulses as is fed to.the chanber. exanple nly and
70" 0o ey el e SR ptgd i doites ol - SisanbepER RV R el pul ses
m ght  faciduteatie INlear{dGHD\pE&kslecoﬁleaK‘et blared Nih€ iy dbrbieably - I@ianxU%Etsween
particularly fromwithin hi gh aspect ratio_openings on the substrate. In
the cont extedfirst and sgeradnpigeurser; HowWings. o2f Relbrits Phen ineHu B PRisRs: peackEs

refers to fvembdIRE! gRULARUR? BbS &8s (ks h@a&j NReweeh @k RHE Afmddasond! se

t her ebet ween. The %ase two i mmrediately adjacent inert purge gas pul ses"
refers to mr\mlﬁoﬁeﬂ?wﬁ)d’rlgémbé’s’- paspsetyetyhatFundisre 49y prasespiug <& thehabatmte ween,

Fi 9. & GeDIgiie RABueX Gl HoforkTBP UM Nhe WPRECHI (d36icRLUpRLLNAOT add1Ghd U g
20 gas pulses intefnediate the first and second precur OWings Is two in
nunber .10 Clepictesu persessinge wenidaypiodllyi aed tpreferalje brasensated eas sedﬁCteIdeby:hherrber
mght be MBligh IO R UIMRREkneb ilddhing C Ao aRH 15HAR BYN£ES M oht
be of the sa Inert purge dasS conposi ReT It ustrated
or all of mhanmiurallty of purge gas pul ses, or be of sone degree of ~
varyi ng conpositjon o 25.d |ct ferr

wherein there |the mtwo'lftéq% IBégrlH?&aveoParflf ﬁca%ﬂg?' \Rggﬁ’p’?aﬁlémfﬁf P"%’B%‘&‘iﬁ‘

f eedi ng angrainh@olgsiticsid cpitaiaer sgpacii@edbimged Fhial higbrdspett rafio opeings, ibat
characterlzed b as. belng fed to the chanber during such total period
but forl3t hE EiﬂgéW?ﬁ $ert purge gas pulses IN. Further considered and

by way of exa”pinec&ﬂﬂﬂYancé hﬂtmqw thiRh, e iVeion frisgbectt Msﬂ%&&hnﬁnHaF&St rates
a total 30 period of time "D' between }he illustrated two i medi ately

adj acent i Fert o§u|le§§ angglflc as to structural and methodical features. It is to beé
understood, however, that the invention is not limited to the specific features shown

and described, since the means herein disclosed comprise preferred forms of putting

20 the invention into effect. The invention is, therefore, claimed in any of its forms

or modifications within the proper scope of the appended claims appropriately

interpreted in accordance with the doctrine of equivalents.



pul ses IN. Such total period of tinme Dis characterized by no gas being fed
to the chanber during such total period D. By way of exanple onlg Fig. 5
illustrates an exenplary alternate process having a total peri 048 §Fbruprye2087
bet ween the two adjacent inert purge gas pulses 35 IN which is
characterized by or includes a reactive internediate gas flowwng Rl to the
substrate within the deposition chanber, for exanple in accordance with the
28 February 2007 WD 2004/011693 PCTIUS2 00 3/0 2 2804 8 first-described
enbodi ments. Accordingly and by way of exanple only, Fig, 5 also depicts in
accordance with the first-described enbodinent; the flowng of nmultiple

ti me-spaced inert purge gas pulses INto the substrate within the deposition
chanber internediate the first precurs@ flowi ng and the second precursor
flowng. 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 d @Egedl ate gas pul ses or other gas
pul ses added between the first and s precursor flows P1 and P2,
respectively. Further, any processing of the substrate could occur, either
before or after t nd the 10 depi cted
processi ngs vvoul dhAan Elhgg'lcllgy%ngi&pdsq*erggtﬁ&ge rep eat d as sel ected by the
artisan to acwoetﬂenmamlpeddwptR%@%sataewﬁynta| ‘!ﬁpcwt'%ﬂ ehe®bRByer deposition

on the substfi@ligg Jhﬁst‘ P EANg Y ggtthéas\(t%sﬂ%fé WGt th @ RR\posARIN Ehamber
formation of hem Spherical grain polysilicon container capacitors forned

wi t hi n hPgectiepederPa et SR, O'bﬂ'te sybstialei n no way so linmted. In

conpliance W iffert hﬁrrﬁrtgatthlé Girstt hﬁanlom@mt ﬂ@w.ntgas rlaaenvéierst@tmbedate @dsatwumge
nore or | ess sg@&glca to str#}g:tura an f eat ures

under st o3PS i1 e 2RPAsHen PRAMPFOH'S r§aﬁt5‘fe 'I”*‘?H‘teé*datﬁ&aﬁtﬂf'%‘é%‘ﬁbi?%OP

f eat ur esredtovn Wlﬁﬂﬁh flreanédiath regiction byhserodvetveshringi frordithé flossty emmprﬂrse
preferred forns of Theln entio

Pher ot or erecir s uap PHer 0ohdifobe S aPYIWIRS ot dhF rBae Fis G RPRIS Rety
scope of flolmgappethee de adtaienintappediate agas eingitpdapmet edhamcext ctivedansetive t h
the doct rnitgr?neocjiat%aglgsvr?cltqggéﬁng?@itﬁ?lpé Hidt Xto%gpaz/er 8uring said flowing of the reactive
intermediate gas; and
after flowing the reactive intermediate gas, flowing a second precursor gas to the
substrate within the depaosition chamber effective to form a second monolayer on the

first monolayer.

2. The method of claim 1 comprising forming the intermediate reaction
by-product during the flowing of the first precursor gas and reacting the reactive
intermediate gas with the intermediate reaction by-product during the flowing of the
reactive intermediate gas.

3. The method of claim 1 wherein the second precursor is different in
composition from the first precursor.

4. The method of claim 1 wherein there is a period of time between the
flowing of the first precursor gas and the flowing of the reactive intermediate gas during
which no gas is fed to the chamber.



CLAINMGSIAn-atomi ¢ Tayer deposition nethod, conprising: providing a

sem conduct or substrate within a deposition chanber; flowing a first
precursor gas to the substrate within the deposition chamber ef#%&Eghryasy 2807
forma first nonol ayer on the substrate; after formng the first nonol ayer,
flowng a reactive internediate gas to the substrate within the deposition
chanber, the reactive internedi ate gas being capable of reaction with an

i nternedi ate reaction by-product resulting fromthe flowi ng of the first
precursor gas under conditions of the flowing of the reactive internediate
gas, the flowng of the reactive internedi ate gas being plasma enhanced,
the reactive internediate gas not reacting with the first nonol ayer during
said flowing of the reactive internedil&e gas; and after flowi ng the
reactive internedi ate gas, flow ng a second precursor gas to the substrate
wi t hin the deéposi flihenmettantbef céfifmet twhvaretrotifese s e pecioddofntimel ketweeorthehe
first | P : cl.al iy f.0L A

i nterneng&gf'gg%ég% f%%aﬁlg;rﬂ)gr}o ﬁ%te é?él %?édl%rﬁééﬂpwgﬁ ﬁgthgfgt de?ﬁif;?rjr%g#rs&reggarsor
gas and dusigt Whighteegaeisctadvie therthemtadi ate gas with the internediate

reacti on by-product during the flowng of the reactive internediate gas. 3.
The nethod of claim1 wherein the second precursor is different in

conposi tion f&om tThe PEthad of @i do¥Ne8in. The nethod of claim| wherein there

is a period Qhefd i¥Ea HAL\WREBdIIT®IME bewWdih Ble AdWRnkididhe PFSIEE0Is0B3Ss ARd t he
flow ng of the reactive internedi ,teg&s durin iC

_ ¢ ﬂ whi ch no %gs ;15 éedbto_ t he
chanber .thedlomdng ghihe reggtive Mjegnediate 933 ALY NINR KIS IThieRdPANe RRRAPEE 4
period ofnd i me between the flowing of the reactive internedi ate gas and the
flow ng of t second precursor gas ,durin ich no.gas is,.fed to th
chanber. 6. ?‘ﬁ%'en‘étahstﬁf%ag ParigdRf '%B?@fer?,”qp\é\g{p& '?%ogﬁ'fel rl'effm}f)%mt%rﬁqeo%']aetﬁi e
bet ween ddweahd ané rfigwohg toiehé isesbngrpeecursor ggasiwaing whivd ho @aisnig fetl tohthe

reacti Vech'a%beér@d' ate gas during which no gas is fed to the chanber; and

7. An atomic layer deposition method, comprising:

providing a semiconductor substrate within a deposition chamber;

flowing a first precursor gas to the substrate within the deposition chamber
effective to form a first monolayer on the substrate;

after forming the first monolayer, flowing a reactive intermediate gas comprising
Cl; to the substrate within the deposition chamber, the reactive intermediate gas being
capable of reaction with an intermediate reaction by-product resulting from the flowing
of the first precursor gas under conditions of the flowing of the reactive intermediate
gas,; and

after flowing the reactive intermediate gas, flowing a second precursor gas to the
substrate within the deposition chamber effective to form a second monolayer on the

first monolayer.

8. The method of claim 1 wherein the reactive intermediate gas is not
capable of reaction with the first precursor under said conditions.

9. The method of claim 1 wherein the reactive intermediate gas is not

capable of reaction with the second precursor under said conditions.

10.  An atomic layer deposition method, comprising:



there is a second period of tinme between the flow ng of the reactive
internmediate gas and the flowi ng of the second precursor gas during which
no gas is fed to the chanber. 7. An atonmic |ayer deposition net %J%bruaryzom
conprising: providing a sem conductor substrate within a deposition chanber;
flowing a first precursor gas to the substrate within the deposition chanber
effective to forma first nonol ayer on the substrate; after formng the
first nonolayer, flowing a reactive internediate gas conprising Cl2 to the
substrate within the deposition chanber, the reactive internedi ate gas being
capabl e of reaction with an internedi ate reaction by-product resulting from
the flowng of the first precursor gas under conditions of the flow ng of
the reactive internediate gas; and aftldr flowing the reactive internediate
gas, flowi ng a second precursor gas to the substrate within the deposition
chanber ef f edrpvidingoa fsemisen dustanet babiade aytbin ardeplesition ¢ambemol ayer. 8. The

met hod of cl 4|om.ﬁfg VéhﬁFsQ' prelclfs Jr &R to/ ehd BLESIEQ AltRirda% 'd%pBQittlonC & Oof

reaction with t first E)recursor under said conditions. The net hod of
claiml W%Prﬁotf%@‘ _iSt Med of tes pethieibslate’i s not capabl e of reaction

with the Sec%@r%ﬂﬁﬁgsﬂfe ﬂF&%oﬁ@!a“}eﬁQMﬁnhg%ﬁeaé{ﬂfe MiephEdiate lga¥ab the
deposi tion metho conprising: 28 Februar%{fll 007 11 providin

sem conoﬁ}tbPH@t%WBEt”rtQFé’%%Hl%‘ chamissstheir Cte’ﬁdH{?éWEdfqt%ﬂPﬁaga‘gf%pép‘e of
pr ecur soleagfén Waithtdieinsaratddi afeerewctibn ayiphed@lap%ultmgmrcﬁﬁm@ﬂbw'r@f dfapkifiye to

forma first nonol ayer on the s : fornm ng. the nonol ayer,
Dot g Bepusat vas Uies ot Sobeioiing o dhp cBr e e e B o Be TRt | on
chanber , fldwiag Itleacéaomelmteemr@elchtetgsasgﬁswb@l age caphireeuafor gafsaotthesunstlrétean

i nter n‘edl @ﬁ% th%agébgs%ﬁ ons OFffgﬁtllj t'tcp%}crrrl Jnfselaﬁnglr?%gjnp gr on e 6l t

precursor gas un G 'ow ng o e reac intermediate
gas; aftrepnolfayewamg the reactive internediate gas, flow ng a second

precursor ﬁé)reF Resit r{éﬁéo%%&wph&éﬂéigﬂ@é&o‘ grbmﬁm%%rﬁéﬁ Mg to

forma secon nonol ayer ' I'rs nonol erern rst
pr ecur sodntthepreiagtive mt@fm,ednalt@ggweﬁwrpee@r sor conprises NH3,

11. An atomic layer deposition method, comprising:

providing a semiconductor substrate within a depasition chamber;

flowing a first precursor gas to the substrate within the deposition chamber
effective to form a first monolayer on the substrate;

after forming the first monolayer, flowing a reactive intermediate gas to the
substrate within the deposition chamber, the reactive intermediate gas being capable of
reaction with an intermediate reaction by-product resulting from the flowing of the first
precursar gas under conditions of the flowing of the reactive intermediate gas;

after flowing the reactive intermediate gas, flowing a second precursor gas to the
substrate within the deposition chamber effective to form a second monolayer on the
first monolayer; and

wherein the first precursor comprises NH;, the second precursor comprises TiCly,
and the reactive intermediate gas comprises Cl,.

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

the first precursor gas and the flowing of the second precursor gas.



and the reactive Internmediate gas conprises Cl2. 11. An atom c | ayer

deposi tion nethod, conprising: providing a sem conductor substrate within a
deposi tion chanber; flowing a first precursor gas to the substrat® FaPuam2007
t he deposition chanber effective to forma first nonol ayer on the
substrate; after formng the first nonolayer, flowng a reactive
internediate gas to the substrate within the deposition chanber, the
reactive internmedi ate gas being capable of reaction with an internediate
reacti on by-product resulting fromthe flowng of the first precursor gas
under conditions of the flowing of the reactive internedi ate gas; after
flowing the reactive internediate gas, flowi ng a second precursor gas to the
substrate within the deposition chanmbel2effective to forma second nonol ayer
on the first nonolayer; and wherein the first precursor conprises NH3, the
second precurdor cbaprétbed oficl@im 1 wheteinibe flowing obthenticst week uiser gess the
conpri sgRuwihd of e releivEBh {0 cQfate | RisMnk HRMIWBGNG theQUcREdBbLIRLE ghs M8

spaced inert  purge gas pulses to the substrate within the deposition
chamber CoHeeMARYICAMPTiSge MU NYMBTSPAcRE 93 PuIsRsetUtRY SUPSY ath Vit the owi ng
of the sReEHFRIGEMEBEr gas. 28 February 2007 12 13. The nethod of claim1l
wherein the flowng of the first precursor gas, the flowng of the reactive
internedi ate gas and the flowi ng of the second precursor gas collectively

gorrpri se mul tr1]i4pl eThiarmemﬁcadcugﬁﬁd1m1$§mfsri§mgtmot%ulpstibatcﬁ tthhid]\llvbBﬁ thed f
eposition chapper,. 14. The net ho ai m conprising a total,  perj o]
e bet R PhEe frsbisey e BTy theTad s RO S ihe” BPBWRIOH t he
second ppeeiodrss timagmsingtchardaédied penbgasdking foel tbehaghembdeadudng zed tbtai no
gas being f I h r [ i.d. total riod but for said flow ng
of the rp%gc?gidbvuéq?}n aggﬁr@fqggé)fggés .rg%ﬁ'%fﬁteergr?gt%h%ﬁ%%fs' claim11 wherein the
flowing of the reactive internediate gas is plasma enhanced by pl asna

generation wighi .“TPQ%&HBH@‘FEl-air%‘i-wﬁé}%ir{‘iﬁle*i'l%%ﬁé oFﬂhgirgéJtiMﬁ{e‘?in%degEL ow ng
of the reactive internediate gas 1s plasna enhlianced by plasnma generadtion
renot e d$ ptasenapaimdeed by plasmageneraticaydthigéppshambar.net hod, conpri si ng:
provi ding a sem conductor substrate within a deposition chanber; flowng a

first
16. The method of claim 1 wherein the flowing of the reactive intermediate gas

is plasma enhanced by plasma generation remote of the chamber.

17. An atomic layer deposition method, comprising:

providing a semiconductor substrate within a deposition chamber; flowing a first
precursor gas to the substrate within the deposition chamber effective to form a first
monolayer on the substrate;

after forming the first monolayer, flowing a reactive intermediate gas to the
substrate within the deposition chamber, the reactive intermediate gas being capable of
reaction with an intermediate reaction by-product resulting from the flowing of the first
precursor gas under conditions of the flowing of the reactive intermediate gas, the
reactive intermediate gas not reacting with the first monolayer during said flowing of the
reactive intermediate gas;

after flowing the reactive intermediate gas, flowing an inert purge gas to the
substrate within the deposition chamber; and

after flowing the inert purge gas, flowing a second precursor gas to the substrate
within the deposition chamber effective to form a second monolayer on the first
monolayer.



precursor gas to the substrate within the deposition chanber effective to
forma first nonolayer on the substrate; after formng the first nonol ayer,
flowing a reactive intermediate gas to the substrate within the3&ebmentiod
chanber, the reactive internedi ate gas being capable of reaction with an

i nternedi ate reaction by-product resulting fromthe flowing of the first
precursor gas under conditions of the flowing of the reactive internediate
gas, the reactive internediate gas not reacting with the first nonol ayer
during said flowing of the reactive internmedi ate gas; after flow ng the
reactive internediate gas, flowing an inert purge gas to the substrate
within the deposition chanber; and after flowi ng the inert purge gas,

fl owing a second precursor gas to theldubstrate within the deposition
chanber effective to forma second nonol ayer on the first nonol ayer. 28
February 2008. 13he8meTims wetchaich 67 whenein 17e whactdienirtthemediatd igae is not

| nt er med) %gﬁe &ar%abﬁoﬁ'gﬁth GABABLS ndt réaec‘? hOQn gia‘osé?d"ﬁ H’%‘ﬁsof R& sﬂ@&? te‘M th,
any exposed portion of the substrate SL PP Rondi T ons ur| ng

f | owi ngirgler shi eenditioveduring the dowing gta@le @thlm@tma@@t@gael aim 17 vvher ein
the reactive internediate gas is not capable of reaction with the first
precursor under said conditions. 20. The nethod of claim 17 wherein the
reacti ve int'& nmedihgt @eflied 0§ chym 1&amagredn she raagtiveontain adigke 9aecsnpt

Pr ecur SQipaBRASY rewtidn GATHIH MR8 pre’hirsdNendBtdiod cohditibasm 17 conpri si ng
formng the internedi ate reaction by- product during the flow ng of the
first precursor gas and reacting the reactive internediate gas wth the
inter rregi at eor ea%bgme;kgyodobmb&mgn d?r\bmeﬁmehé \Ilr\ﬁa\&tnga Q’ftetri‘i??uateﬁ@@%h]‘genoﬁ

i nternmedi a S. . T met hod of cla rei e flow ng of the
her t | pApgaieataacian vilh B e roreh Bl AL BRGNS ot her 11 ow of
gas, and conprising conductlng multiple inert purge gas pul ses internedi ate
the fl ow ng ft t SpJ fo. 1

precur sor gda. 23 nerheMasRiiaiE L pERr S, b B B A8 PR ¢ st
precur smpdgasgutmg thel Gheivimp off thee firgtapteouesémiges nenid atactjag, thteheea‘dtww ng of
B g R L R R

conprise mult i me spaced gas pulses to
reactive lntermedlate gas.

22. The method of claim 17 wherein the flowing of the inert purge gasis as a
pulse which is time spaced from all other flow of gas, and comprising conducting
multiple inert purge gas pulses intermediate the flowing of the first precursor gas and

the flowing of the second precursor gas.

23. The method of claim 17 wherein the flowing of the first precursor gas, the
flowing of the reactive intermediate gas, the flowing of the inert gas and the flowing of
the second precursor gas collectively comprise multiple time spaced gas pulses to the
substrate within the deposition chamber.

24.  An atomic layer deposition method, comprising:
providing a semiconductor substrate within a deposition chamber;
flowing a first precursor gas to the substrate within the chamber effective
to form a first monolayer on the substrate;
after forming the first monolayer, flowing an inert purge gas to the

substrate within the deposition chamber;



substrate within the deposition chanber. 24. An atom c | ayer deposition

nmet hod, conprising: providing a sem conductor substrate within % de 03|t|on
chanmber; flowing a first precursor gas to the substrate within tK8Fehaae0
effective to forma first nonolayer on the substrate; after formng the
first nonolayer, flowng an inert purge gas to the substrate wthin the
deposition chanber; 28 February 2007 14 after flowing the inert purge gas,
flowng a reactive internediate gas to the substrate within the deposition
chanber, the reactive internedi ate gas being capable of reaction with an

i nternedi ate reaction by-product resulting fromthe flowi ng of the first
precursor gas under conditions of the flowing of the reactive internediate
gas, the reactive internediate gas nol4reacting with the first nonol ayer
during said flowing of the reactive internmediate gas; and after flow ng the
reactive intermedetieefiguing thednghguegessasofldwingdet (Rastive isrmediatfegasstoidber at e
wi thin %ﬂﬁfﬁ@t@%hﬁuh%e‘aQﬁHPi%n%fwfaﬁm‘Bb'r‘fﬁe a0k MiBrriiesialiely 8DBOhgYabase dine

first nonol ayer . Th hod of claim?2 ereln the feactive
inter rredea@t@rg\aéh 28 ipermegdigiane actisn tﬁxeatqqtt;ﬁr%wl%ng fRe thecftowing of gagetirshi t h,

any eXp%@&:rB@( bb@%n@lﬁer%ﬂdﬁ%&t sfhR f|éWﬁ|\@rofsﬁiedré?a(%'ﬂi%tlhfé?ﬁwe@%tbr@ast hge
flowing of the reactive internediate 26. The nmethod of claim 24 wherein

the readBRAYE; 'ﬁ%eéFWé’bthtgéSg’% T?%thgtw'ﬂb@ﬁefﬁﬁfé“e'f‘o'?é%@‘i”HHJ e Ao fithet
precur scpéaum;emt@-méﬁla@r‘ghst iapas. 27. The rret hod of claim 24 wherein the
reactive inteérreﬂlatet as 1s nott é%%{ freactlon wi.th the seconﬂ
precursor undef’ 8aVH'Y ﬁdP?F%‘FFs'” IECHHE 978 FOUNER QNP HEAY S otge
f or m ng subsetratet withimdihatde posétcin omarbyer gifedivettodurmrgsédnd imonblayeobntthe
first pregur ﬁ&a ?§ and reacting the reactive internediate gas with the
i nt er medt at'e I'on by-product during the flow ng of the reactive
internmedi ate gas. 29. The nethod of claim24 wherein the flow ng of the
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gas, and conpri si ng conducti ng e 1 nert purge gas Ses nter msd ate
t he f|owangb@foftrhectmrrwtthpm@dps@nog@@ct with. @mseemmdrrgorbpntorﬁ@%émwte

precur sQhd8f3aid conditions during the flowing of the reactive intermediate gas.

26. The method of claim 24 wherein the reactive intermediate gas is not

capable of reaction with the first precursor under said conditions.

27. The method of claim 24 wherein the reactive intermediate gas is not
capable of reaction with the second precursor under said conditions.

28. The method of claim 24 comprising forming the intermediate reaction by-
product during the flowing of the first precursor gas and reacting the reactive
intermediate gas with the intermediate reaction by-product during the flowing of the
reactive intermediate gas. '

29. The method of claim 24 wherein the flowing of the inert purge gas is as
a pulse which is time spaced from all other flow of gas, and comprising conducting
multiple inert purge gas pulses intermediate the flowing of the first precursor gas
and the flowing of the second precursor gas.

30. The method of claim 24 wherein the flowing of the first precursor gas, the
flowing of the inert gas, the flowing of the reactive intermediate gas, and the flowing of



30. The nethod of claim 24 wherein the flowng of the first precursor gas,
the flowng of the inert gas, the flowng of the reactive inter iate

and the flow ng of 28 February 2007 15 the second precursor gasIgg(Peglruarygzao%,7
collectively conprise multiple time spaced gas pulses to the substrate

Wi thin the deposition chanber. 31. The nmethod of claim 17 wherein the
flowing of the reactive internediate gas is plasma enhanced. 32. The net hod
of claim 24 wherein the flowing of the reactive internediate gas is plasna
enhanced. 33. An atom c |ayer deposition nethod, conprising: providing a
sem conductor substrate within a deposition chanber; flowng a first
precursor gas to the substrate within ge deposition chanber effective to
forma first nonol ayer on the substrat after formng the first nonol ayer,
flowing a plurality of inert purge gas pulses to the substrate within the
deposi t itd® SesrfbRIECUfIRE %ﬂsLﬁoéﬁlept'Y/e'bPOMPé‘rsﬁ peitigle as spaaed 9gsPoIRSi teithy at

| east sQuBshale WAhiAfthei depoRfioeeibrbed east two adjacent inert purge gas

pul ses when no gas is fed to the chanber; and after said plurality of inert
purge gas pul ses, flowing a second precursor gas to the substrate within
the depositign. charbenetdblastdiaith 1 D wihereinahe doantly BPRY pytivedntdrimedfate St
nonol ayer. .34, The thod, of claim 33 wherein the plurality is two. 35. The
net hod @I’ade&]?ﬁ”@%eaE%?‘é‘? % the plurality is more than two. 36. The method
of claim33 wherein the plurality is characterized by a comon inert purge
gas composi t' n 'ﬁlhgln!'let?\ q" ‘?'a.Rl Hﬁ@dhe@.{m tﬁ% floml“? %?Rtbeoﬂ? c{tlvgl emn%glate
conpri sing a>fot al peri ? T'e '
precurs@asgasplaalmlalehbamm ng of the second precursor gas, the tot al period
of time being characterized by no gas being fed to the chanber during said
total period but for said plurality of inert purge gas pul ses. 28 February
2007 16 38. 3%he hwtHemivtayer siepestioadnpthiodi agmarisitgal peri od of tine

bet ween sai dy ré\)’?@mgcﬁ 2&RMtondbefdr RBEE8tIRRNRUL S8R ositiBR draherperiod of time

bei ng characterize
flowing a flrst precursor gas to the substrate within the deposition chamber

effective to form a first monolayer on the substrate;

after forming the first monolayer, flowing a plurality of inert purge gas pulses
to the substrate within the deposition chamber, the piurality of inert purge gas
pulses comprising at least some period of time between at least two adjacent inert
purge gas pulses when no gas is fed to the chamber; and

after said plurality of inert purge gas pulses, flowing a second precursor gas
to the substrate within the deposition chamber effective to form a second monolayer
on the first monolayer.

34. The method of ctaim 33 wherein the plurality is two.
35. The method of claim 33 wherein the plurality is more than two.

36. The method of claim 33 wherein the plurality is characterized by a
common inert purge gas composition in all of said plurality.

37. The method of claim 33 comprising a total period of time between the
flowing of the first precursor gas and the flowing of the second precursor gas, 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.



no gas being fed to the chanber during said total period. 39. The net hod of
claim33 conprising a total period of tine between said two adjacent inert
purge gas pul ses, the total period of tine conprising flow ng acti
intermediate gas to the substrate within the deposition chanbe%?F%ﬁ%wnyigb7
reactive internedi ate gas being capable of reaction wth an internediate
reaction by-product resulting fromthe flowing of the first precursor gas
under conditions of the flowing of the reactive internediate gas. 40. The
met hod of claim 39 wherein the reactive internediate gas is not capable of
reaction with, and does not react with, any exposed portion of the
substrate under said conditions during_the flow ng of the reactive

i nternedi ate gas. 41. The net hod of cl dibm 39 conprising formng the

i nternedi ate reaction by- product during the flowing of the first precursor
gas and reacting the reactive internediate gas with the internedi ate

reaction by- r3780¢ﬂétmé|llhlbblrtg didien BBQ‘Mﬂ?ﬁnsﬂfg b hetal E@ﬂeﬁlo\f%rﬂlé\b@fv&m 84ig gas.
42. The nethod of claim3 nt er nedi at e reacci hon by-

conprisin
O oduct OISR oot 988 RS M toth ROtk BF VigRSIRG Sreseate e
reacti veno g4¢ bpeimgdedtte tgashairbler idueing riad tatdl péod.eacti on by-product during
the flow ng of the reactive internediate gas; and wherein the reactive
internediate gas is not capable of reaction with, and does not react wth,
any exposed @@ Themethothed ammBB&bmm'rsﬂQrastaﬁadpedndidfitmnsbeltwéengsaibe
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t he secon ecursor Corrp03| I on ecur sor.
reactlve intermediate gas to the substrate within the deposition chamber, the

reactive intermediate gas being capable of reaction with an intermediate reaction
by-product resulting from the flowing of the first precursor gas under conditions of
the flowing of the reactive intermediate gas.

40. The method of claim 39 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.

41. The method of claim 39 comprising forming the intermediate reaction by-
product during the flowing of the first precursor gas and reacting the reactive
intermediate gas with the intermediate reaction by-product during the flowing of the

reactive intermediate gas.

42. The method of claim 39 comprising forming the intermediate reaction by-
product during the flowing of the first precursor gas and reacting the reactive
intermediate gas with the intermediate reaction by-product during the flowing of the
reactive intermediate gas; 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.

43. The method of claim 33 wherein the second precursor is different in

composition from the first precursor.





