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WD 2004/ 044963 PCT/ US2003/ 036223 1 DESCRI PTI ON
ATOM C LAYER DEPCSI TI ON METHODS Technical Field 5

w{abiog/ou4veent i on rel ates to atom c | ayer deposiPCDOS2003/036223

met hods. Background Art Sem conductor processing in
the fabrication of integratedlcircuitry typically

i ncl udes the deposition of | ayers on seni conduct or
substrates. One such net c |layer

deposition (A n of
successi ve rmn‘g?rgmﬁ}f E?X%@?i‘g’%g%?g?gﬁbﬂ% n a
deposition charrber typically maintained at
iugat EEEE‘S ric pressure. Wth typical ALD, successive
€% ayers are adsorbed to a substrate and/ br

r eact ggls ihdeitibh gelotdé @5 atomyienayen depitionbmbihale,
typically by the successive feeding of different
E@ﬁd@éﬂ!ﬂ%&grecursors to the substrate surface. An
exenplahi¥ortuBoMBlbedsih g CinUERS fAbeestiond oft ifteBBk® circuitry typically
vaﬁ@rl zed precursor to a 15 deposition chanber

8% ithee derpsitionnefzlapprssen ﬁﬁWGP%@%‘ForoWéF“aée%u&ier gich method is

5’[@191% )é?éir ddpetigb (aLDNSNRaE ifotvel 'i‘l?e bdppvitigh orR@cdebdivd monolayers
e oSsitiIon precursor 1S ceased and an inert pur ge

p@rfq ewtétraﬂehwmyl@ha tdaposétianplamber ftiéqulb’emﬂ@t%lé‘?ﬁ)@b S%nynospherw
%&E&%w' ﬁgthf %yéﬁ%l REECULRE snyéhfngﬁbatd cn%erég{éegds&%e& ? a substrate
he substra rom f he chanber. se uent a second

yalyor readedwith ttho quier dayar Qm rthe a}bstfrép,etapwfiﬂb rlwtth@ sfqcessive feeding
bfs dﬁ’fe?e\@@%eé)o% t¥o!ﬂ r‘éilﬁmiﬁf E ﬁ]%gfr sEHaJeor m 20 a second

nonol ayer FSt. NDNO a er. The second

monol Ayeaxemplgm Aiéhotethom mhluﬂ%efekdmgta mgﬂol\atyemzed precursor to a
depotSJhlgg %g%rggerree%;égtzxge;tz) f%gng Lf?rs{n m%Hcﬁ%fe%slver a su ggat%%ggesl’\gd therein.
ﬂ"hldere:kfm,sﬂleaﬂrdw (Ixﬁﬁh@ﬁlritl c&podﬂg&ﬁpreb%orbﬁe@asddoatmbdl neetr purge gas

gt %V%JJ ﬁ'}é@)@i ta% 65@%{ gﬁfe%\fehg)grglmg\fi gltalh gerhla(ilgllgg rfir?’cepsrecursor which
ismpbtendirtiagi tonthe asubetnate ofcki ctherchsnbést r Subsdqaently, a second vapor

ositioned wt an c.l r, deposi ti chapber .
RevoririoR Pscuth dufergitaTord b Birbas fneRa S Srge cHectve to form
Wisbdtng hoeiseaheYithefieelist idnolager! OMhe &efdndSinonolayer might react
nono \éer on he sgggt rate. A second_ precursqr gjgs
Biip s St ool R OSTEIPRH HEPIRCTERDs fopl (SupfeatlYfy Bgpolgyees. or the
hSove [ ppvRek ¢ BRpEdtéd lintlDN Qbsk@ thivkidehd And B&mpfition layer has been
chanber under surface m crowave plasnma conditions
farmpd Qveibe SHesHES effective to react with the first
ARRalsayer and forma second nonol ayer on the substrate
which i1s different in conmposition fromthe first
nonol &jer invPpdos ceRBripAtapEr lapen (fgegsition methods.  In one

implementation, a semiconductor substrate is positioned within an atomic layer deposition

chamber. A first precursor gas is flowed to the substrate within the chamber effective
to form a first monolayer on the substrate. A second precursor gas different in
composition from the first precursor gas is flowed to the first monolayer within the
chamber under surface microwave plasma conditions within the chamber effective to
react with the first monolayer and form a second monolayer on the substrate which is
different in composition from the first monolayer. The second monolayer includes
components of the first monolayer and the second precursor. In one implementation,
the first and second precursor flowings are successively repeated effective to form a
mass of material on the substrate of the second monolayer composition. In one

implementation, after the second precursor gas flowing, a third precursor gas different
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conponents of the first nonol ayer and the second
precursor. In one inplenentation, the first and

wa@eaandiops ecur sor fl owi ngs are successi vely repepusm03/036223

effective to forma 35 nmass of material on the

substrate of the second nonol 2yer conposition. In one

i npl ementation; after the second precursor gas

il @mprgitiod frbinr thepfist whe ovec @b pedciifser easesWd flowed to the second
2004/ 044963 PCT/ US2003/036223 2 in. osition from
APPSR Spthiih s BT SEEEP <t easisBef TP PR gl and form
$ GGRNGondTRRe loaVRE stbstdaicnwhibk i€ dEfdpat iefcbapbddiien from the first and
react with the_second nonol ayer and form. a third .
Te50R mpRtlaxss- ¢ Moo, Barlpaeniatig; afier Lo dpequd RERtUrsoR gas flowing, the

GROPR]UGHOgsTE TBWedao fthe SibsBRd wiBiee eidcim@ivel agfediire tbteact with
one i nplenentation, after the second precuyrsor

gas
fip ey, menpdayst fpd dhotlpr ak gemade y&empenenf Ghile peropsgponolayer to

st batdecoMigobitiBn oty abe ihebfRehte WibtP id 8fetentid Romposition
the second nonol ayer and both ag renmove a conponent of i
frie the diraid 2fb Aesioad enonadayefsyrawd bt frpda derisbanenadgyer of the first

-t he - at k&R, i ' rent in
%gﬁln(%%%%l? F)rg &ltﬁ%o%%%ih?@r %Mgh%%ge@%%ga&%gnol ayers; and
b) f oPthen afsets t4nd niopdinzapeations nphaedessasily gensnigl tayaay of the above

%g%gt%h%iag& ay §ib8odeRi rd conposition nonol ayer. 10

her "aspects and I npl ementati ons not necessarily

Beiag Descripgioanof the Phyviabove are contenpl ated and

di scl gsed. ,Brief. crd.ption h QYW Py -

erbo Bt BSHRETRraRt bR in i erBR BBl hgRke o e
fotfbetrenaeomparying dihelidgowi ng acconpanyi ng draw ngs. 15

Fig. L.is.a dj.agrammatic .secti.onal. view of a . .
exerpl ) ISPGIHEE PG SSURBTRDRT al skdpilenetlamisypyer; deposition
aaetcanable\Vih tdecadams peitt anfasjedee of theelvemion. Fig. 2 is

a serjpes.qof dia rap”rmti Cc ITtD| ecgl r Level. Vi e}é\s of aﬂ thod
exenpl % § TRCHS Of HAHREBF YA RECH 1FVEhVI§EH 8L " SFepngy metho
ilny®Betdafide with @n a3pécs ofl thetinvesti@f. di agranmati c

nol ecul] ar |1 evel views of an ex a met hod,. 20 in

accor H%néds fiseesaqf ‘QB%%‘E{“%‘? mtof?gﬁﬂaﬁ% Rt YIgWS Ofpy exgnplary method
th 8QbidaRceOithl g HspsBI Rl ithe MBlRGaH. ar | evel views of an
exenplary nmethod |in accordance with an as e?t of tt‘le

i nvenFigoft.is pisgriessof; Yagramapiie godgontap hysh vieWnef PR &gemplary method

SN QW REnEX G IR AT Mp @RS FthOWevedish, pover | evel s of
processing in accordance with exenplary aspects of the

i nvenFigod. is 255eppg of gommon Aimglingsy Hhardng gremplaryreag dlarind power
fevBR! deNf2ScebGnd NRhedRRLES G4t Wk efibRry §$pect|E! &F-the idvntion.

another alternate series of conmon tinelines to that
depi cFizd 6bip ami ajtergte sqrieg of grommost fimplings de Heat depictadniut Eig. S.

seri eg; 0 ;S QNTRG AiefRtd B8Rs bf bilibn RRIGLERD MYt depicted by Fig. 5.

Fig. 8 is still another alternate series of common timelines to that depicted by

Fig. 5.

Fig. 9 is yet another alternate series of common timelines to that depicted by
Fig. 5.

Fig. 10 is another alternate series of common timelines to that depicted by
Fig. 5.

Best Modes for Carrving Qut the Invention and Disclosure of Invention

Fig. 1 depicts an exemplary atomic layer deposition apparatus usable in
accordance with an aspect of the invention. Such an apparatus enables the generation

of a surface microwave plasma within a chamber within which atomic layer deposition
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comon tinelines to that depicted by 30 Fig. 5. Fig.
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that depicted by Fig. 5 Best Mdes for Carrying Qut

the Invention and Di scl osure o3 Invention Fig.

depi cts an exenplary atom c | ayer deposition apparatus

s @bhducted reBivaac ar saricanductbh saist@atpedi thf coiext of this document,

i,nvention. Such an appar gus enabI?s t he generation .

S PUACE, PHOONARY OIGIAY ° SICRRA Sy £ RS EHIFFHER Wi f fhen against o

whbstiateabediig processed byl epmsitting bW h&dd Fod a plurality of discrete,
PCT/ US2003/ 036223 3. is conducted relative to a . o

SBAF EOAHTEL BAY S IR HAB eSOUTRethand ofhether gfondppted in existing or

dectemBdevelop&d! b Mfeds. MOGE @UBNE: RlaRSTRT dothgd®f kA8 3n antenna,
| asma generated in a gas against a substrate being

Evﬁbé%ée%rrfegﬁ PlaBnSAPERA (35 A Ur iiRdial leweerlglyatenam GRLSA). By way
R ek ahpleYon®, AhRFlELs be FORMEH TCTINAY K0S 564 580 and 6,343,565,

sources, and whet her conduct ed In existing or 5
yavich areperehyviargpetdtedehyntsferencerteraeini st i ng manner of

doin j | . rface
o1 ang “Hptabusb0, e imiicRl, B0GEq o8 UGy SUCLRER chamber 12
hryigap. semjcopdyctorofubsisatanpt positivned thereinplleshe amtbde of thindocument,

‘itlﬂe tleif:] s n%%@ﬂituct%p §ubsﬁ'eét§'9§§/ 55% 'uaorl]lgugivgé‘égbs%g?é" ii\yéélgeraét fggmean any

are hereby 1 ncorpora reference herein.
tonstsictipa cpoarpratnigcinligondegtivet mdteaial, cacipdingj bt Aot limited to, bulk
it] r..12 10 havi a semc uct or . :
SERSHA A FUREBR I PR B S B g i ssembrc
tchinprisiog othenmatertalsethéreon)) 4sd sémioouctior mattkisl Fagére (eiler alone or
"semconductive. substrate’ is defineg to mean _an )
R R R et B 150 e HR T veRee) o fo any supporting
stedturd) hgpludng, beothod limitb@do,t e JoblidondEdive GORMAEST déSeribed above.
terials such as a seniconductive wafer (either alone )
O SEHASESRROT LS MESREPTE P ot KT e aPEVEdish e pupporting
awishtied1goMEtGh,| Wil RbiEr hﬂgl;]t' Béleélﬁpélﬁhfr@)efon?_lﬁ@&? weked and/or
in assenbl jes conprising other materials). e term
""ﬂ‘ﬁb‘%‘?? SPrisuresk & PopifoniRg astibpisrte iIAgVithin efhambgrel 2 as desired.

i ncl udi ngtabRUbhicRBkavk igBAdr@br 10is bhSathRN ERANEUES Wi a surface plane
substrates described above. . A suitabl'e support or

ABERYhiISniCREP] JHEWROVE afPPBitisnochather {13 Supjradlyi marface plane
ahRuhs ok id 4 obdpeisell Nbf ﬁ%t%in%emghgvigg 3 SIR&I ]E’H('_)ffmicrowave

controlled, powered and/or otherw se configure
PARYRIPY PRFENSS FHsforadethereinfirongh whighiveerowavesnergy generated by

daRéd €6 pakls & SHhhalhendd o %\Q@Eﬁ%ﬂlﬁ% rtﬁé Qlirfak8 oifssubstraie 14. The
operatively connected wth'a surface pllane antenna 18
PRRSE| Wl of whambesole oderpwbichi omfach ariyer art@nnaTidiic addejved is also,

ﬁfé?é‘fél.%? Ppcl)\ﬁ&% toagé %P%?)g%\?&i l)t/l%ré%ggg?\;els?ﬂ c%]:.lrs%, gr(?rrtlealor all of surface

mat eri al having a m cr owav
plane antenna 18 could be provided within deposition chamber 12. An exemplary

preferred spacing from the upper surface of substrate 13 to the lower surface of second
antenna 28 is 65mm. Of course, greater or small spacings can be utilized. In certain
situations, spacings considerably less than 65mm might be utilized. Further, in addition
to microwave, energy generation is also contemplated in combination with microwave
energy generation, and whether within or externally of chamber 12.

Exemplary precursor and/or purge gas inlets 22 and 24 are shown
diagrammatically for emitting precursor and/or purge gases to within chamber 12
intermediate substrate 14 and surface plane antenna 18. A vacuum draw-down line 26

is diagrammatically shown for exhausting material from chamber 26. The Fig. 1
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substrate 14. The 25 upper wall of chanber 12 over

whi ch surface plane antenna 18is received is also,
therefore, provided to be m crowave transm ssive. O

Qppiratds iSdigranimaicl andf exetpfady én cbhéiﬂﬁtlatmoﬁrynavlﬂﬁar@owhdr suitable

be provided wi. thin de sitio

IPRRERY CROg IR SRR M JBS Meierisabaserts o kg HpgAtion. For

Jeﬁaﬁl@let 4 diewkie Sifib@etonfsusle EOHIweARhA ) RultEde bSrtdEOMMFther means,
course, greater or,  small_ spacings can be ut| lized.

m4le€@f exsHingler Brtriorke |d6ﬁ%1°Peéipé’E?i He 3% P FeqiIRlated dar getting gas

tthaRe GRIMPeP 80 exRRstild Inh#egdt £5M" thBhambdt. @ddi tion to
m crowave,  energy generation is also contenplated in

conbi rfaseBisonduekT FbBiRavEch anathyiralgeleinppuitioned iithin an atomic
wWhet RRpost¥iduhk Minfdkr, €K ?frﬁaérleéﬁrﬁjr éﬁ@ aa0ewel2o 5B tﬁa‘ié’ within the

precursor and/or purge gas Inlets 22 and 24 are s
chagbanfrut ¢xeableythfoyeh ent or ibath i wdaly 3drandRd/ offeqpive g@ form a first

g@o?h%ﬁa Lo oﬂ“{ﬁehwi)s apcggqgr W:Lﬁ of ?éggllnf;‘lk Jl‘fﬁ dzin%t it Ltl.p%gé’tattoeformmg an

surface plane ante vacuum dr aw
Ielxmap1216' T8, diyagrannenpbay Fiyst phawsof gas axhdesTidig and for example,

RO Do 5P BTRSOENAR, ey LY Db deagly AT AR DRIEDGst monotayer

epxmimb(hrﬁ;om suchohi€ y mCTIC(hgl fomb>§amp\m adh da;nyted)tréieﬁve to F1g 2. Fig. 2
CE.

THU AR R FREY Sl EharestiE ™ i aRefE fSeEamoruhmtiod iizing
ah§214a| Tler fuatleft dwstdagd rppiii@n of FiECR a&pichaveitbidadabstrate surface 30

Terine 3. el et ad <oRpurins S50t B Bercn isip ey of example

foaty, getd thegfogRSf tHariin tahﬁerﬁigaﬁmbstﬁiféj s@ﬁ&a%twm chlorine atoms or:
mat er i al frgm t he calan‘{) A sem conduct or substrate,
Yy Ir

daRlgpu g Rue QmJBe ARG wit hi n an at omi c

| ayer TeRany,t hdN réaiiRe firsApfdcliSbr BhL GHIuP lthé¥@Be | phirged from the
flowed to the substrate V\Atﬁl n the chanber, for

ARDTUSIHE BGRETS YT Shot T RS SE effer aethedy Regardless, a second

%frefcﬁﬁsbf \gs, td:iffgl@ﬁmnacgﬂlﬂo%ftlonn@&ﬁltﬁy erstoﬂe&d?%rsgégstsr AkR flowed to-
exanple only, and with resgﬁect to formng an

i%e @x%n@%ﬁl@/eﬂ YEShin e rchamhero nrdgs| B face imistovave sy conditions

g’ﬂﬁnh neL YHSS b gf:lfé]otlv%nfdy rda®f wEMHAMR! Brst ﬂ%l{?f@yep FanliMorm a second
onbination with inert or other gases. An eXenplar

ﬁmm@%aywo% they wpbstrase gehichels differens g pommpaaitipn; Gom) tp first monolayer,
fvﬁfh &% 008 n%og?aj &)Inﬁﬁjls{n lc%HpX enttsooiF thd flrgt mgﬂ gelzand the second

illTustrates exenplary ‘sequential processing in
arenrer] alpethedeqyéssit tof ghisndadwognuta kaszbeigg "Tif@irant Mheomposition”

fn{"erani (Fxhe gLJDHNnE e %t&?gt'éia?lg/é)?f gglhlgnalZr(egjcet‘i%I Cctoi%%)gnent from the gas

sulta str e surface
M)r\’dilidyérlsmlngmwmpa@dng Ti G x adher ed ther eto. Such,
by vva)Thgf mof. tita

adhering T@égﬁe R & gzufl pé(étén tef;(%mf% ertgerrreﬁieseg?rg?%recursor gas
@s compmding BlLISanelxin e dictigatalistwaralyr fuiface inbeowaviegilasui® conditions.
As depicted in thé far right view, such is effective'to react with first monolayer 32 to
form a second monolayer 34 which comprises TiB,, with HCI as a by-product. Second
monolayer 34 comprises a component of the first monolayer (i.e., Ti) and a component
of the second precursor (i.e., B).

The above described first and second precursor flowings are successively repeated

effective to form a mass of material on the substrate of the second monolayer

composition. The fabricated mass might comprise, consist essentially of, or consist of



Typically, any remaining first precursor gas woul d
then be purged fromthe chanber using an inert purge
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10

15

20

25

30

35

. conprising conmponents of the

precursor gas, different in conposition fromthe first
precursor gas, is then flowed o the first nonol ayer
W thin the chanber under surface m crowave pl asna

Ctﬁéld;bédrﬂnﬁlon@%j?d}l cothpwighanmr efahgtd,i the ﬁa@eﬁtﬂﬂﬁko%hk&lates the
nol ayer and form ond. .np

(RS IBASS OF JRUTSRRNE KD St 77 OPEHRe 1 t"d!ﬁ‘n’ﬁa@ﬁiglf T30 $elghp the second

trﬁl@nd‘lhfeﬁit cImIRItBUE for SMatnpld 'B?I i?g?@ﬁn%ﬁ%élyﬁﬁgsg Fa]nd/or second

BB 2355p e EAURRABFA o] oply Haing kit ahere-gescribpds fiess eudraqepnd precursor
3ga9@!131nbl%hﬂﬁ "t TfaS 6N inatiaf GHRAS kitsRke. MEANS Sone gas

havi ng an alternate and/or additional reactive
conpo exXepAry Hboyadescribednprashssi hasi hepeeicory owmplyerd component
T A nol-ar y., . .
I8 Bl Tl £ 40P PR M, v
isncmd mendlaygt edmptiseser gprdlectiwumfetad @OmipOWDiNa\FerqbeaQTmne preferred
C P ht, vi ew,
Se&?a%lifnjée?lg]ﬁ?e m:':igs &S %tg{ﬂélag ?‘grniercl tE) I'B% ?&uﬁ%ﬁgl (5313 eraysﬁf ef‘xgmple only,
fagr méanaeclfrmichmmamagleg varildvibe db umrzpra sies ﬁEBBﬁsorV\gatshcomprlsmg

b t.. S

'ﬁ%lso?]oen rrry t1rﬁeuclnola gcg%wré%}%g ‘ij(alﬁ}’xgr In ﬂlcghog%r&lnze an exemplary

(Bemmdrlﬂ'aturso@fgat leempres MNH proefiinSD kecohd énonoByer ddheprising TaN. As

ab \ SC .second ecursor flow n
Il S R A —
(hﬁ1d el estheal opéfhtih@ﬁpaﬁdﬂlﬁ&érr ainebokeltdial SﬂC@ﬁ!ﬂmfi@@QJyaﬂl@rartlsan with .
nE?ﬁ%utli on. The fabricated nass npri se,

2o 1) TOTAnTS CORG RGP o DD OO agighe invention.

PCT/ Usﬂ%ﬂtﬁﬁﬁf&z‘ﬁaﬁ of thdnsie GaRd thed BRloAY MoneRFROSIMId BB -formed to
For exanp d{eie the inventiaon contenplates the
i

FOUBFIET # idisyeentc Palsiipk ad AYthen sy meysofieyamplel e the mass of material

rf@Elﬂfalteﬂ' f B hesuldiivan BG! Slahpid oS RERANME 2RI ANE mass comprising
ositiaon, for exanple by introducing alternate

Al Qs SxmAEY gags dndudepirigmetinddrmiganiess lrst prepuseidzasoand O; and/or

QY a8 1s8&hnl e APRY Edlescri bed first and second
precursor = 5 gases in formng the mass of material on

t he sub&? riat @1y Phethexdhope-deseribesh\aad debesdubeid epbodimssts, the first
fb@&um@ A€ ¢RRTh ROk Yeh GOTRRNE asmar\9 ih ffe E:he[n?l;er for example

nonol ayer as beln a ne I n el enent al orm
tWithapiruwithouihverfase mlpan@ elond srumdticaywithio shp chaeker avith the first

f
SRBHGHAE L) SO EULDR! 0508 SHB'BLI 8 i i
dbndirstt preeurs@y govaflovfing xandpileo (withythel&camd @Ird:oaarmt @sdiowing in

%Hﬁ)%lng{l&i: %t?ll 9ra aﬁ %o&gv? glaléllg‘na C n(%nans]c Iwrltlslin B during the

gas conpri sing nono

(qundlmccmlgsoﬂ'g@ flowlg. such i nst ance an exerrpl ary

?rgcr:lgrglfl go:n%ggmr eﬁeggﬁénggﬁgﬁlgSla}II\eI:l;Bdetposglgr{ rInneahod 1ncpu%es the above
generically described first and second precursor gas flowings. After the second-
precursor gas flowing, a third precursor gas different in composition from the first and
second precursor gases is flowed to the second monolayer within the chamber effective
to react with the second monolayer and form a third monolayer on the substrate which
is different in composition from the first and second monolayer. The first, second and
third precursor flowings can be successively repeated effective to form a mass of

material on the substrate which comprises, consists essentially of or consists of the third

monolayer composition. By way of example only in accordance with this
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the artisan, with 15 no particular one or set of
paraneters being preferred in 6he context of the
invention. Alternately by way of exanple only, the

Si_ﬁpf&:ﬂﬂnﬁﬁ@le&ylﬁpl_at},lopﬂodesgiﬂfgfi@fdgﬁ‘ﬁr H&criB&lm][th S@feéni:e to Fig. 3 in the
el ectri.c paterial, an urther by way of exanple

RAAIOD 05 g ‘B?HWEFPQPHS‘F%BP@agla‘ﬂlébm_t%“!?e |

| nsul @pkoifical fyDkhet fed Mt Q11 MatddOViBh NI BB, 8 RRPICAL ¥ GBS St flowing
corrﬁsél sing Al1203, exenplary gases .incl ude .

2 fi tm‘r%f*?}ngmﬁ?*agrl%}nﬂitr@tetf%flé'@wgw t9aformg pdfig monolayer 40

RBAHAL; ur '
ApAsing AACHZ MBS AbSSHROBGHFRE SO &QECO&@%&&G@%S&Q ﬁ%:l%] ’fgltn%%ample H,,

of the above-described and subsequent e
fiy flotved gp dhefiyel mgaglayerowithig thershiabari unden sunfiice hoigtowave plasma

Qbﬁ’ﬁﬁ@nsv\’iwtitmﬂ"thtehalaﬁh)@m%cti\{eotro SXAPLE £y ;Illgngl#{{ﬁrrﬁq ﬁréd form a

wi t hout surface mcrowave plasnma generation W
ciiiprsat counpesitipe sepemt momodaygr S@r oyatbefJubsirag, Illustrated second

E l.a ien.could als
N I I TR e —
dtogo thei seontchpresesampr Acthirdopregasorfdasvii.ag O,nand/or H,0) is flowed

' ' ith surface mcrowave. pl.asma, condit.i on .
5 TR bl oBiatl 4 SHARARE cFRofle? SRR 15 Bk SRRt G form a third
flcowiayer. 44 fi.onAlQ)pinesnbstratt i30nwhiah i@ deMErent! idy®@iposition from first

e it t hod,i ncl udes fhe _above eneri cal.l
A Rl T N A J—
A6 tdepodihe dateddthiepy auaiaoh @dde fdompriRthg Baylehivydatomic layer
reCl%rsor Lgr s di.fferent in %gn'posl tion fromthe first
P LisBonki e oSBT e gense Lofheor 1 ERIOR they it 8wt gHied precursor gas
fonoh &Yy eduldicbitbfisd Renatbamber BhhB6! bdRratdd pl-BRA6L aMd :fﬁr example
e

th econd mpnol ayer. and forma third nonol ayer on
értfg"?tserséff%cev\ﬁ’i“ifﬂwa esPlasmg epndiffonsn conposition from the

first Bandap eFoBhnipIOnBY @hd WikSe fd Welired SARRMGY 3Huct is TIN, an
t hi rg p{ﬁicur sor. fl owi ngs can be successively repeated .
& Y \Adterngte sinpaecEses 2a¥ i3BiGhate foral 2 grpnpleger comprising TiCl,.

AubsienplLy WakdiHa ?@Hﬁﬁéﬁ?&%w W%l?%%msﬁ&_eg‘tz,i @lthyanogxeg{plary third
consists of the third nonolayer conposition. By way
grecuzanpAsecogpriying Nee c Suethercley way tof termppORR0itet/ Bn498E@ material

RCT, AW%@QQQHQ@%@&J’OIQWH € ; 1%&'@1@%191%%?;'!&' &is TaCrLﬁ to form the
processing is further described”wth reference to g.
Brst oqueiayer ¢ pemprdw B4Cla thui exeomisy| wyerd poopsorsgasgisa, and an

] i | £ ly, the far left illustrated
@J{éﬁfﬂlzﬁ W}&{% pge%uﬁsggggﬁ Es' ﬁﬁﬂé

view o g. rcts t result of flowng a first
pr ecufs @pe gaiplepontptionsi prgcassingn e@tiny | asadlasoiivedmatiove f genenially with

fd ok i.sing AL CHx ppto. a
Lt o0 T ARG SUY? yap e
éraingl eeHirst pechlsowgas isofldwed foi ths tsubmaal aytein wiet dhamber effective

OBl BUROREE B DU Mo SOREAL PR s
monahyyao fdith anhlird comp@sition monolayer on the substrate which is different in
composition from the first and second monolayers, and b) form a fourth monolayer of
the first monolayer composition on the third composition monolayer. By way of
example only, exemplary processing is more specifically described in Fig. 4 in
connection with the fabrication of an elemental tantalum layer.

The far left illustrated view of Fig. 4 depicts processing after flowing a first
precursor gas comprising TaCl; to form a first monolayer 60 comprising TaCl, onto a

substrate surface 30. This is followed by flowing a second precursor gas (i.e., H,)



di fferent conposition second nonol ayer 42 on the
substrate. Illustrated second nonol ayer 42 conprises

wa2@aenoposent from first nonol ayer 40 (Al) and BCT/US2003/036223
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conponent 10 fromthe second precursor (H. Athird
precursor gas (i.e., 03 and/or7H20) is flowed to

second nonol ayer 42 within the chanber effective to :
reecht i¢ deffeettin @mpobitiom feont hhe dirstnaalrsgregasded fhie- rst monolayer
Avbi%)ltgnc%gllbltrat(f 30 ¥vhich.is different in. .

CONPBSTE i CRATP 7o 5T r Y HACRINSTONAYP PAB M, fondlifiongvithin the chamber
raffeotiey €5 rdidt vakh eheIfEe, meHelaydl RCRSE AGe6dMl RRnolayer 62 on the
r epeat ed t% deposit a .desired, thickness al um num
o*%gﬁtéa%o%}ci sthiterat 1ByomRosiiton pdt the fsharamojayer. Second

Fadongtr 61 c6@pies .a QMonBALJT 198 fﬁﬁirh(klﬁﬂag@f‘ terd) mdta component
and third, precursor lg]gs flowi ngs could conprise

(B E°CqRd/PETCUERE fer He niibasquanthy. 4Berairstprecurssr gas (ie., TaCly) is

FoWER| 16 thd BEsHAR Wikih ARE P VBY&IvR! 18 S8R+ Q}Qﬁldgetchﬂq%bnolayer 62
By way of exanple only and where a desired finished

PP dwtiet 2) enrpYg 2 ompenenipifathy sgpensk manelagérr @te., H) to form a third
RK 0% ; ' I G14 f Ok e ri.sin .

ROSpYRGS GRAelT o 1 10, RT3 PN D BRI o v
guqnojayerobfhandsgecpixd mapelhyears2exshp) fory & fourttl momdayes 66 (i.e., TaCl)

risi NI f...examl apot her
GESAE 00 50, R W 2 T s v
exeepiiealy rdpeated tpfaous soss ghmatesiallalCille dubsthae wompdsing, consisting

f LISt | ayer to C ri se TaCl x.. An exenpl ary, seconpd .

D r%%gﬁ?lg?egogs&)fl%éﬁ?ﬁg gﬁ‘gheaﬁmdeg(ogl RS EPY T?ﬂoﬁ%’ebr &% 6Fe first and
ghisd pcidsid. f1@Gingscanbe ivithlog veithioat plasma pithiessidh@mber, for example
Qﬁ&urrswﬁﬁouq%scr:aci: bed above ?eneri cally with respect to

the 75 VEFOU RHTEC BRI RPECRIFYY gas fiowings. After the
secondhpr éspiktedrandaprefdrtcdWrFizg, 4 tfiBedséing t foPhe Ghé Sifird 8Smposition
is flowed to the substrat vvitgin t he chanber

SPRETE TP PEA DN ith mEnel s BorBPagbeupRle pobh sliemate
@)ehpIDY GréceC AP MBEnhe FhbridieioseeOAitaARAP IAXE Mibht LA a first
athird co%gslti o?gﬂonol ayer on the substrate which

iPECCHTSPF &3S TR0 [ dnifo & R frptomeraieyer ite sompmse TiCL. In such
sext0el Tpredtrasesempdigl sBdonll rdudsok Qhih NeoXpRRiamer  of

the first nonol ayer conposition on the third o
conpodiPf iR HEh Sraputiculyadyaytaggous atilifypwherg fhs first monolayer is of

QX ESIP A tYorP WG IS S§ REbdtentMDIYe uSREEHTd Gt YhedE8RBRY k}ﬁgcdrgor under
Fig. 4 in connection with'the fabrication of an”
Stherwisg ientical tpapqspsinggenditions but for prefence pf gurfacatreigrowave plasma

Vi@ efe Edathbeft dBRE %&o&&%eﬁs&gaitﬁﬁta@og l\xgw Rerfhce to Figs. 2-4

first 35 precursor gas conprising TaCl5 to forma
a1 §ensHBYiO FEeorg@sEionpri sing TaCl x onto a substrate

; lr”e];ﬁgg éé:’(ga ;vl_tlﬂ'(rl%sﬂee%t ft(ﬂ%s@%ﬁ ﬁ%%}%g%gglo@s/ﬁge%ﬂﬁg is different from
HETfingSeoRsn 06 A mopolghercwmithis thk Eliaprbentinden sudmeasictavane plasma
AR B BN 00 L ] S T L ity v
othad dowersioni ¢rvirgy timdfacdhiatibgran atomic layer deposition which is plasma
enhanced in comparison to higher ion energy plasmas which are not expected to provide
as desirable a uniformity.

The above-described processings can occur in any manner as literally stated, for
example with or without intervening inert purge gas flowings and under any existing or
yet-to-be developed processing parameters. Further by way of example only, the
openings within the antenna might be made to be gas transmissive as well as microwave

transmissive and the antenna provided with the chamber. In such instance, gas might



effective to react with the first nonolayer to forma
second nonol ayer 62 on the substrate which is

waldoteuens i n conposition fromthe first nonol BYEUS2003/036223
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Second 5 nonol ayer 62 conprises a conponent of the

first nonol ayer (i. e., Ta) and8a conponent of the

second precursor (i.e., H). Subsequently, the first

ok doumed QliroggSth(elplﬁahtyTﬁGp&)mgs’Swhiﬂé uethifthgtdi€rowave energy through
e wi.thin the cglnber effec%g to_react with

§E"cé’ Haf n8l‘fa%P€P“§2 toy fhepBEAFesH g & ory eHg bt ot a surface

tnh@roﬁ/@ft‘é)pﬁsﬁi)l?oﬁ{oaé/ QfibstratcCreceitdd WRhIOME Rodefifid chamber. Gas inlets
npaosi ti1 gn nmonol ayer 64 (i.e., Ta), which is

&Plﬂlflé«eémﬁgweé &ﬁl@m fiishp Peciennass end Sieggniel ty ehamgpr through the
dpshisaCHAA tﬁ@%’ilcﬁ)\(i\%/e Q:%er r\ﬂnm if ﬁﬁﬁ'gnﬁttécpltﬁnggh the same openings,
nmonol ayer 66 (i of the first nonol ayer

©brifyeugh dBfeream qpﬁmrlas cénﬁomos%mgrﬁandﬂreawd of flovdng hny gas to the
Qﬁﬂn&? du?ﬁ‘l Fa%%}fﬁ{% of &€ "Hl&gwa\% El%rrégl %ﬂfgp%}?anofhrough the plurality
mat eri al he substrate conprising;” consistin

@f opertingsl Il@d@ﬁredor consi st i ng of the third corrp05| tion

nonol fi cursor

f1 owi %’égﬁ%’a@g@ %}E}?ﬂ 14 bl hou pl g g)reg‘elrr)g P]rocesfslﬁlé for carrying out
¢reantyee eXémplaexamdiods 115esmbbd below {oh curtjusatiohae 2h T1Cl4 as a first
A T N e
«;omrpmsmg hahumt dl'hei belew-@eenibed pfafemad aybduﬁmemﬁ/bésx angalee disclosure

a ter nat exe, r e for
R et RRotary P PR AEEPSEFRE 4F oo, onsideies gp constitte
piidpeHdeat iGantioNdTEs ithésdgdebtiHedl hivvkprand taRearkihsde specifically and
monol aR(/er to conprise TiCl X |In such 20 instance, a
SPReFAFlY SriRsdnpl ary second precursor again conpri ses

H2. Tirefdriye ehaallas M. t3-gubdh AhARAREIS aUbdrhihéY horizontal
where the fir m)nolaerls of a conposjtion which

taeding shosyips éll‘qtfife‘&frﬁeépf&we\/%as\m‘th‘r?stsﬁléarété]é’o'i’fﬁk%‘r gtupsBe form of a
lﬂﬂﬂﬁfrecu@sfoh ShIVISE, Tl@i3 Ot dCRbrt Pueessi(nNg, eRNdinki a0§é§01hyfarecursor gas

resence of surface m crowave Iasrm W th

é’ﬂ"a Thei Hs timglipro plsg dps assecigfed éwm é@f@%lwq wtended to depict

Y Eﬁlﬁﬁ%ﬂ ef Ehé}g?r a€1éhst R Qéﬁtt&%%'sﬁl%@ess&fcahlch are intended to
conposi tions. east with respect to a second

gPRigu? severgle¥elfafgiivrytonforare plasien of theesremplanintl, wpeflowing within
fitd SanttRr.f Ofydnt xtlfghi I &l pﬁ?é?éﬂl}aﬁgés \’Moﬁﬁ tlﬂet;ﬂlﬁfaﬁb ‘?f{m%cvave plasma

under surface m crowave plasnma conditions _ _
\eeRarginy withiv e vdiseleichanbesr Be exanplgss eiaqubp@vbcd/e ibepnmection with

. I | .

4O RS Tt BN bLL ZROASE gb00: TS0 e 10 e i 59

singedime®s vadsarfoed literadlonipar ceom underthamgheis. i on ener gy

Slegls P’%fe\gﬁxégc Ell;]r?a;l%rtg %tl%/ %Xglﬁgﬁlag%%ugtog esvsltr% e V&glﬁd be positioned within

;an ot@sisi lags ¢QIXQ51®1©D urhamheranyx fimnpescussr Ighd & fbwyd to the substrate
r%%ngglﬁacélaPPEg V\ﬁ)&?eg e ﬁo fftg%dg,%lrs\gﬁég o yg% Q%Sﬁe §u Isgg[e,l E)?regiample as

ylemetted) Hyea démglgape;ﬁilsprlblc ePdsng gRasrativd efight drumidhemobye utilized.

e e G Tt MR R HEC PRk Sl i g phamber, fo
aganfpl€ aOWRPRted by a helium gas pulse P2. After flowing the inert purge gas, a
second precursor gas is flowed to the substrate under plasma conditions within the
chamber effective to form a second monolayer on the substrate which is different in
composition from the first monolayer, for example as depicted by an H, gas pulse P3.

The second precursor gas is different in composition from the first precursor gas.



transm ssive and the antenna provided with the
chanber. In such instance, gas m ght WO 2004/ 044963

wWEOH0ERe03/ 036223 8 be flowed through the pleeBEUS1093/036223
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of openings while transmtting m crowave energy

through the plurality of opem®ngs to the processing

chanber effective to forma surface m crowave plasma

ont o a@hsulisdntaat@ditRasiwitith wiet dhambéheonirRe e5S h}]ﬂ:glcatlon of energy to
cgarrber. Gas inlets ﬁ‘k’d be confi uredtof ow first

{18 CHEPOSRERAOTRS POV H! FaRRRC (N SUERESRIa Y BRTGHIONR avithin the

ZheEBE! RES et fbcbRE pracGFOMRYE PENETEY aPfliabioh Hf such energy to the
transmtted through the sane openings or through

SRR NIRRT ﬁb@g @ueﬁreﬁﬁlaééwehde@bﬂ%@ {roplasme capable power

fIERMAD i AN Yin@350ikt044 BRor ENATREY @N bdGdt f{r@aﬁmrt ak QQ tﬁ’é chamber,
the m crowave energy other than through

dpr epEminesdepiqtedeisiime goinfFds + He rthwemi,arnﬂemtadnﬂ@ 5 embodlment

e 0 i Y,

25 Y AT 0 EORESE OB E A XLty ot o
cobrtantietly mqnwanthraﬂa CfFJhe afigrshrrfompbyer pight (esformgdisn amj presence or
%s&%e%fiﬁﬁg&g \?ftgﬁlg{h%ogl a%%r ?ﬁﬂt é: ﬂgl,v(_%rll n re%nlbrg% embodlment in
p:pmieenomdvrénhgdlmmrsl/ ﬁoeskampidcas ddscsibbd $urle infted embodiments, the

pract|C|n ex r as de crlb
BFRR BB BRI o™ RN PR e, vin e
tsecddtﬂOBEndkasE.‘Ir chmclrlaih(gveqm]m’iﬂn’a;Soﬁl‘tlee Ifﬁﬁﬁterrﬁﬂekh[yéﬂ ead lt¥e second

a3, SERENE SLUCLEEE POl RO B AN S e o

ttlowehg PR mdstdid piieélfrﬁfreg‘ﬂtts fIREHE PRI ¥ n@lﬁ&veﬁ’ldbseﬁy way of example -
se aratelxbrokeno |nthiaformof a fir

PP e GFEBRIATaling Poriods for fl pplseg s ?I}?esrefo% & a'a@ pff cqurse, greater,
Hies , and/ed udeGRC diRtds RoslaWsiligas (i.e., H). The H2

tinmeline al so has associ ated t her ew t h dashed |i nes

i nt end¥tFriioTag; e ssepndnmongipyer.carathss iBert gnvessggasaflowing P4 (the

|s@@8 tor t d1freRIn€ At Rerp¥Bision SiH' fodfeCWaP o WMCEF e efn‘smp%qlesgr gas) is
to depict a power level effective to forma plasm of

tbﬁ%“flei?@ﬁblt%rc9mﬂ2n@‘8& o redWFing afi thpimasmaneapehlgnprayer. Sfeihexample,
Mighs depidel ﬂfeef’@rp%Meycd;ﬂﬁélcnﬁgoQ@E'tIn% $Oﬁ’lyr4f6a&ﬁlch is before a time

m Cr owave p asnm generatl on Wwthin a suitab
PRBHEr Whenop redusing| fsom ghey pleems iserpbieh panger aﬁart;SoWn@c@m on

Wi th Th htﬁef d p?cttedah@ ese%ﬂ&&ﬂ&ﬁt Sind a%y; I'Wdég f ' é{gﬂlﬁe %fPly, second

limted wth respect to the Fi
PR CEESST P@Bﬁd%lantiethalorﬂlyr mﬂfaplergalgm pwlse P4 adoaiap sivetlap. Further the

| t t
su{)st r&g{réoplg é iilolv}/n @ t]l”:lle Qhargbevrm.q% %?{]&g gﬁgruf %manc)llnéa reducing

ate wo osi tTone om C
@€ plos plasron CamalvblecrwerA By mey ofircemuplsosuchds demictbd @vedinteopoint 50,

hnl%r MQ%EchﬁElj)reCMSop lgﬁe (b bg?e%gbde in ]g(];r];lgacl:'}soﬁ/ § ttholater-mnglme point 48

nono er on
d'éprecp@derblyegalsﬁoﬁtduoga&om oser Rdvel E[)asT\l& gﬁﬂe reabmplﬁry processing
i zed 30 ter f
P8 BlsnBudyt 0%, Prghamntt G anin O o5 phlhBPEOPA Al 77

Chanb@rnotﬁeﬁrexemplary embodiment is described with reference to Fig. 6. As with
the Fig. 5 embodiment, a semiconductor substrate is positioned within an atomic layer
deposition chamber and a first precursor gas is flowed to the substrate within the
chamber effective to form a first monolayer on the substrate. Such is depicted by the
exemplary P1 TiCl, pulsing. After forming the first monolayer, a second precursor gas
is flowed to the substrate under plasma conditions within the chamber effective to form
a second monolayer on the substrate which is different in composition from the first

monolayer. The second precursor gas is different in composition from the first precursor



exanpl e as depicted by a heliumgas pul se P2. After
flowng the inert purge gas, a second precursor gas

wo soofloowexl t o t he substrate under plasma condi PEDNS2003/036223
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within the chanber effective to forma second

nmonol ayer on the substrate whildh is different in

conposition fromthe first nonol ayer, for exanple as

depi atdeid deyiced By2PYas apukarplPInlBwithhespeeconsgh exemplary H, second
precursor s.is different in conposition fromthe

R FSOprEBR AP gas. WD 2004/ 044963 PCT/ US2003/ 036223

9  ThdnpFigsBR ptRindi denerationvof hhé st&RICHAERSIT ERMIIthifCthe chamber
t he aqfllcatlog of,%reﬂg¥ to. the chanber at sone

PSREF HoBY 15ead ARt BOGT 16¥re CARATTAY 4B Itadimcteniven thishds capable
Wi tdhEratifle plasa afin el Ehahb8r. S S6MAtRIGSHALS HrstdPP1iED power level
The application of such energy to the “chanber

CoriteheRgeuioARPlisA tp ik elsileg apetiee PPisy erionat lepstrior to applying
ﬂh@§%n@-@?€l@d?p&@f‘ﬁ@vé dreMeh et 4 tAr{T%xc%}gﬂthl{{eétéady-state, first-

prior to omnng the second precursor gas
@RBliRse pOWers lgvele&d i Hepieied de Fiig:t @ ovhigh isi less then rsecah8-apphied power

t r ' de Fl O [ the power ..
Y e L T
pevel dP atseyrriag adongsulbige #Ati al |y constant rate. The

first ] or in.t resen or . .
absen ggt)%}&l %Fegérrrr%} \%H{Dﬂ(lplﬁle{l ec %g's & rherls-ﬁ PPREY %? niSofgufficient to
perdrater@abnentyodi the toviing $ecoomb preectsoogaswi Inhorfd greferfed Bmbodiment,

ex. le as..described in the initjal . )
A P PR 2o o oot dp s pisPinalsma frore g dlowine firi
foreworsar geacin the depictedtdxemplarysprefpreal Fy.ef embbdiMehthteady-state first
nmonol. a risin s of the first

secon er .co Cc one .
GBI S 0% A e TR e ot ATty P pash g s cffective o
doneip [ fastyménodayeb ofl €l @ibseht€ ahds indBPlasmb RSAAitiPAY WRhiHaBe chamber.
flow ng .P2.and gecond ecursor gas flow ng P3 do not
Say800, FET Pl

A0 Snp & i}n%&y 5t ravesvel 9% | ’cog%gfﬁ:ﬁql a5 \2 basggpower level of

pesrgpds for all pulses is one second. Although of
. less and/or_unequal tines could be

coursim gggﬁter, ) ) i
uti i 2&8. ° AfTeflert i Pyt reas Sladng Proitofigy dlamban dntprapediate first
ipRR0fsoP b Y EloGaty Pl QWi REcIRE (rbdi@sor SATEINWingliPhf Ghi@Ndtedd-state first
conposition in _some way to that of the first precursor

§2U§T s belgapnliss Auiing Burge waeMloring B2.r e awst pavres level 62 is

PGB FARADLRI ROVRIring FOPorBS AR ifert %_Qrggiggs fRwiEPPs! S
the P4 pulse conmencing at a tine point 46 which 1s
bef or & dhe ipraferrgsoFig G4gmipriment. mepres regs fftooving d occurs after the

T l t 1 a u owe Vi .I‘ urin such
BRI &BR3PLE ROVRE 15 g{/&s FRuRGE Wow %MP% den ﬁ%gneg g sucl

Fig. enbodi ment, an way of exanple only, sec
Prige ugas oflowin ¢ mBl afief 2 lseasbichef fiomeot spundereassopudaseP3. The

0] - . M, .: r urso as
Fialiad b R 3R e bl e REF 0 oIS S0, B o
Péoandi R, 28d girovides pluasme capght efpdemsitindy onayr afiore additional

FRATRLEs SHEL o050 ShEh i, oL TEaBE R s o
wictdasingtofrthe pewemieveGit mtpod@ in time 66 which is prior to a point in time 68
when second precursor gas flowing P3 begins. Further in the preferred Fig. 6
embodiment, reducing from power level 40 is commenced at a time point 70 which
occurs after a time point 72 where second precursor gas pulse P3 flow is ceased.

By way of example only, Figs. 5 and 6 illustrate exemplary preferred
embodiments wherein the respective gas pulses in no way overlap. The invention also

contemplates at least some overlapping of the gas pulses, of course. By way of



where power begins to reduce frompower |evel 40. The
above exenpl ary processing can be repeated, of

wa@ounde1963 or exanpl e as shown by gas pul ses P5PCPRP6SENS1036223
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P7. Anot her exenplary enbodi nent is described with
reference to Fig. 6. As with 130 the Fig. 5
enbodi nent, a sem conductor substrate is positioned
wixtinple arny,athpartica;aehy wdhp@ﬁdrém@ntocﬂﬁI’TMBndi@ﬂeo@rs‘dr &k pulsing,
RLec rsore? s bﬁg q] ubst r at _}hlnthe
CREMEY &Y éBIB‘P%a‘Fo SPBIR I FLereRssniol ﬁ‘#%r &% the
subst rff@rinSudtallystodeigi ¢t @dh by tHeh@meeserip! @kyceBi thEl 1@3-14 P2 pulse
pul si After. form the i rst nonol ayer, a second
ot 8%‘6’?%&‘09“8%““‘}3 OVer gtﬁe%ﬁ PBIse.nwitly des etk ﬂHﬁeﬂO\tﬂnasqwmg after

@osdhihk @ Sed¥nt irbeukdoe gabahaly pifective to form 35 a
second nonol ayer on the substrate which is different

i n colpdRring dp Hig-obn ¢ Hisst pregursomeasoisaffeed Fhéhesaubsinate within an

REHE ] r S
BN 09051 DO By s, o

Gaamplareg depicirshpivith eebpig) tPATiGh with a)campiise ANl yAftert forming the first
rnﬁﬁlgﬁi%r taﬁ 1ﬂ@rt gf?ﬁépéﬁrly fﬁgveﬁ G5 OLHQ chdhet Yo e&algglg as dde51gnated by

[ ow ng. asma generati on of
ﬂiﬁb@lt}r gAsT plgiaﬂs P\ZA t Aifter tflosviegh &b erert pargeirgas,f « emomdsman@br gas is

AY f r 40 tq the ch
TR S, ROl Shad o BORT W Bk yhBE " BRSEr G o rorm
8osmeomt mwasexabe the‘ lsulstra’@p\&hllchzds plofferent| ﬁVc&i_mpbﬁitiStll dfom the first

%{]}%r SInaPoDme eglmteg ﬁﬁ1 g glﬁ er _at sone int.prior ..
east prior Yo" Sppry ity tﬂﬁeécutg,sé’&gﬁ?jls ereal HBB%BPOS“IOH from
ltheey Btst iecatsoh gm efmgyxaﬁﬁﬂe é«n depiewpliaiFyg. ¢ 8ady,- milat B3.

Iev 62 is icted in Fig. 6

fir st -, |

whi ch “} sgllp%s eptcﬁ lns,&’;“-"(:)n g‘ﬁpchg‘bcp é’g prsor Igé%efllo"ﬂﬁg under plasma

wbitditi@ns Wwitleinh @RS ichgnbel @Binfnieh &k -0 PRI dxelpRBWEMe %1&076 before a time

secgnyg, ap | i ed ovver ]fgﬁ"'i)ve 40 occurrl ng. al ong

PORE g hi, g b [reereas ey Srbidicaadt | Futhesdinest Birge gas flow P2

kedsst apalelexbrplaby kiRUHdihe 7@ Ndftdr Ghe g:@ﬂl%feﬁ&%g RIn@SHRile the second
cond precursor I n one

fromthe fl ow ng se
BreEyery et By H‘zeﬁtp lasmgcandifions wit nfthft §tanﬁt§wr o@rring. Further,

FOs W fiégiéte Mhatt e GRRBE AoRAiBLAS Wathiy ﬂf@ éh%b&l Qé%ﬁgsef {hE Spplication
precur sor gﬂ In the depicted exenplary preferred
|

bf Grery dRtiBelichuRter a1 BRRroleRl Al Mihish 15 5:apehe of GBstaiging plasma
apRlili®ft @sthinnthef é}{aﬁlit)elpmutrhéoé'ecérldoiﬁ\fle@grsgl san‘i‘lémiggfs% depicts a

conditions effective to forma first Ta er- on
g\ipEtyya@plipiim abe- lmsaweedﬁmltt?or@dm trhllsmgt therefrom to power

thare raloné ] &Qﬁeﬁﬂ?@d' 15NEver f %lgos RVllFﬂo%gBeét &Y et!he GPE?’ cgn eé(emplary

be considered as a base power evel energ
amyedigept, cans agpegtof dheyasvention q@gteﬁg)lzttgs zhe pdﬂ\&(ﬂbbefmg applied as

bﬂﬁo@éﬁ(ﬁ'séﬁlg phid Rlvel g%) Fﬁwggrﬁfe%g Wlﬁfﬁ %Ql- 1on Fig. 8 also

second precursor gas
fleniets seprmdepre@@sdyegam pubsp PR3 edmxmancnmg apuruyee @amt f8|00amdng1e power

Fe%el li:ﬁ!:rréﬁﬁtrg’ al%ggq ROYE corln%\é%!:mgzat a time point 82 which is after time
point 80.

After forming the second monolayer, another inert purge gas flow P4 is depicted
as commencing.at a point in time 84 which is prior to a point in time 86 when the
second precursor gas flow is ceased. Of course, such processing can be repeated for
example as depicted by gas pulses P5, P6 and P7.

By way of example only, Fig. 9 depicts an alternate embodiment whereby the
commencing of an apptication of energy to the chamber at the increasing power level

up to a plasma capable power level 40 occurs commensurate with point in time 80



rai sed to power |evel 40 during a portion of inert
purge gas flowwng P2. In the preferred Fig. 6

wenivadiavent , a purge gas flow ng P4 occurs afteeT/UR®03/036223
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20

second precursor gas flowing P3, with a return to

power |evel 62 occurring durind@ such 25 purge gas

flowng P4 and after a ceasing of flow of second

p\bﬁgguﬁt&cgrthg aSgiﬁ’ﬁgg oh ﬂleeﬂmkalie)/sdaﬁlﬁﬁﬁfésdrﬁkg gias t6l @Rl edagfber. Also
s bein rep t [.n nnection wt ses P5,

%e! %Wd"fgﬁ?‘ 'E)‘ o‘{h‘% dégelfﬂfhs PGHEr @X‘é‘ﬁﬁ?aét“@f a@p?é‘élrf‘iuﬁﬁng to zero,
GFieh e BRFVEl afldirbi Uvadr alsBuAYRY 8t BRE Dilie36s @BeMGhe flow of the.
nmonol ayer. Fi.g. 6 depicts comencing the raising or
Sﬁ%m@dg?%@“%ﬁsfﬁ@e%omer level at a point in tine 66

whi ch FyghBr ibgr W'ia? & RRANSIe! Bnll] TBg. 630 38kbpien %@&&E‘sd whereby the
precursor gasS flow ng P beglns %urther in the

p@pelﬂ@ﬁlpe@f EReyey & thendheuberedit the incgersingpomied avgbwe o power level 40
%}ﬁ‘ﬁl 80 4tS, & esh nidh Is' 70 ’

C ter a t% e g{g}ﬁ%&n where s con% {|cyrn§cé;})rlso?dzlggvalllsmq%ﬁ%J ﬂéw of the
Fsscthdmmqussocegasé@theawavmr eémmﬁml e only, Figs. 5 and

6 ill e r e n ere n

the ra peC&I Vii)ég%ms);llg (%411 Slagﬂﬂs gene%{?cp q"r({ﬁg 1}1 ves are typically
ichemnteriged dlyso ve35 slcadiowe Biphadmh aWIth ethstpommbemg very effectively

305 BA a3 Ber LB pEo 6355 ce TrickRi R et [eglly S fom

ymnetramﬂ aff inyifonmt fasiref fesre meieroavé be nkaso ofldptrb@ting of spreading out

s AP araiamecS! BT Gechod! Bty TREieatbrrgomhe | Apy grpigvave pover

Fié @ypically doaveried fidne aS\mgﬁﬂe fria@smibsi@X GRRE iftbevdvee kiat Pén parallel
pul se is exte ded to co nuegﬁver t he P3 pulse wi t h

Hah AR ROl HFoRYFHPn 16 Suface VR ds produced -

afy zSﬁﬁféﬁﬁlgpirﬁ&im&&ﬂit G2 td kW hePRicr&e4RE." | ket e Fh@rowaves are -
8, a flrs} ur sor éas is flowed to the substrate
y

VPRHRg, Pagalle APPyRpn RPEERL PHA! CReHBES: ingthe giane antenna allow
tpertfdak Mrané |1ﬁ1§¥0v¢§99 Qb aerelfiBed BS tSURSENGT CharhtRE thus spreading the
exanpl e as depicted with respect to TiCd4 with a gas

rmwgé opqr. ther despred gfa ndhe eripdickly ofhpgirayiaes imihe péane antenna
RidfeBiRing &he 'l@cafﬂfﬁ’iﬁ%ﬁﬁrﬁah? i nﬁ@‘@%er §pEagexanpl e as :

desi gnat ed hel i um gas pul se P2." After flow ng

the inert purge gas, a second precursor gas is flowed

to the substrate under plasma conditions within the

chanber effective to form a second nonol ayer on the
substrate which is different in conposition fromthe

first nonolayer. In sone nmanner, the second precursor

gas is different in conposition from the first

precursor gas, for exanple as depicted in Fig. 8 by H2

pul se P3. 15 As also depicted in Fig. 8, the second
precursor gas flow ng under plasma conditions wthin

t he chanmber commences at an exenplary time point 76

before a tinme point 77 when inert purge gas flow P2

I's ceased. Further, inert purge gas flow P2



ceases at the exenplary tinme point 77 after the

comrenci ng and while the second precursor gas flow ng
waie@en4pbasna conditions within the chanber i sSPCT/US2003/036223

occurring. Further, 20 Fig. 8 depicts that the plasnma

conditions within the chanber18onprise the application

of energy to the chanber at a power level 40 which is

capabl e of sustaining plasmarAgersdi tions within the

chanber with the second precursor gas. Fig. 8 al so

depicts a mninmum application of a base power | evel

62, and a gl sbRd: e’ &positih ndiiiesomprRuet 40 along a

segnent 78. However also with respect to the Fi

exenplPasilioning a sppisrRdistor Sahstraé.ep@ég ingfn 3tprIc; lﬁsoeérfigep%ﬂon chamber;

5 contenplaies F8f re@ﬁ’x‘ﬁ@xr gpse't@ghea%s{r% @ﬁhmoﬁgo&%{%b&o effective to

sone base 1evel Regardl ess and in a non-limting
flerghp drst FlP@Ola)@r@Iﬂstbe sdlespiates s second precursor gas

pul se ¢ %1&05'11?&95 ggecﬁllsoflgg Hg%ep&llt i C§Ig it Hgmptlﬂg\@[rst precursor

| evel 1 ncreasing ong connenc ng at a

;gexs o B2 fitsit ghonodayefrt withini thee clponber 80ler 30rfAf¢ anicrowave plasma
?ﬁdﬂ@% \t&/nﬁlgsﬁg ocrlllglagglngllfgéfﬁl to%%t%{th LR lh}st p}ilgrg)?ei_ygr and form a .

cte

10 8dcondi mhnolsyeprorothet mbatrp‘al whichnist dlffEreaﬁ 1mﬁ¢empbshaon from the first

secand. precurso QW i s .ceas

HFORS e WG AR uSRaple Rl Ry e 23 Tonsml NG I abilTpgr ana e
ga&nplﬂrmxﬁso%and% and P7. By way of exanple only, Fig.
9 depicts an alternate. e ereb

commety Ry tehCHR i ERD oG RS e Efiseive to form
atmiy eofi MaELASInNhe RPOBLTatd. 6F e sedpnd ModolpyerSITMpOEifaR! e

power |evel 40 occurs commensurate with point in tine
1580 WD 2004/ 044963 PCT/ US2003/ 036223 12 constituti ng

t he begi nnimng wdthddref f:iaQW OfwhkeRen SRS Gind RERGIHT SAE cgﬁﬁrlses TiCl,

to, the charrber Al so by of exanple only, Fig
depitha Srsb guenel aly%rv%‘f%prégf’%\rTﬂq g fromand returning to
zero, wth the arrival at zero power also occurring
at tine p0| nt 86 when the flow of the. second

precuPsor il&e dreikedyof glajmy i wheretyythgaljrst presumapieas eemayises TiCl,,

20 Eﬁegﬁrslgndiil%&z&t &@rﬂé@@ﬁﬁg HOSLRRY JrliGirsof RRY 'c&ﬁfnll&@ B, and the
energy to the chanber at™the IncreaS|ng pomﬁr evel up

BePOpG WRGnofaygieporapises diBrences at a time point 90 which
is prior to tinme point 80 when the flow of the second
precursor gas to the chanber conmences. By way of

exanpbe onlhje npﬁﬂéfslnatéclgémérwh@dlnfﬂlgrﬁrm preowasregasagaprises TiCl,,

| d |
E‘iﬁe/pt 1?'& %chi']lg'%ﬁcgb%{ eLe ICl’lléle tht%yse%o c%ps%lr %\9’ c%(lf)d glﬁﬁse (ljZSZH& the

e power bei fig very e ect|vel
25 iseroad veplaypm bdmrskunmd Bemias as fiororedwavengbtasssentially of TiB,.
typically results from generation of uniform plasm
fromm crowave by neans of distributing or spreading

out 5. The method of claim 1 wherein the first precursor gas comprises TiCl,,

the first monolayer comprises TiCl,, the second precursor gas comprises B,H,, the

second monolayer comprises TiB,, and the mass is formed to consist of TiB,.

30

6. The method of claim 1 wherein the first precursor gas flowing is void

of plasma within the chamber.

7. The method of claim 1 wherein the first precursor gas flowing is void

35 of surface microwave plasma within the chamber.



the m crowave energy prior to entry into the reaction
chanber. The m crowave power is typically converted

wo c@aioat9émvegui de transm ssi on node i nto wavesPChas2008/086223
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parall el 15 to an upper reactor plane antenna/w ndow.

This conversion to surface wa¥d is produced by a

di verting antenna that acts to reflect the m crowaves.

Once Bhe niThe awshodsofarléim t whetaiy tipafisst lpedcutsor gheflowing comprises

upper pl.ane antenna, small openings in the plane

QEF@HH@“E?%BM&”B@FTlonS of the nicrowave to be

released to the reacti on chanber thus spreading the

power over re a.. The er|0d|C|t of the,

openi fgs it ? I’?%‘a da?feol iﬁ’ﬁ‘}f’fe‘?d St PrycHESOF gas flowing comprises

lsQi3ate thiro¥dle Wisharwitkin (¢ chdi@epover spread. WO |

2004/ 044963 PCT/ US2003/ 036223 13 CLAIMS 1. An atomc

| ayer deposition nmethod conprising: positioning a

sem CQ6dUCtT‘HE n%éﬂf?&é B@tcﬁmw 1t Wh@re‘ﬂ{" 'tlﬁt ﬁmt %An@)ﬁ?ér is of a composition

deposition chanber; 5 flowng a first precufsor gas

wicthés subistntialie unienstive wib thharisad neequasor jupden ethemvisqridentical

%rgcegs%{ é@lﬁﬁ? ofly Sﬁt 1%? gnc%%sstuﬁ@ée I’nleI‘A)VQ eggasﬁlgsﬁgﬁlﬂ Qhe chamber.
For gas fler ent i n conposition fromthe first

precursor gas to the flrst nonol ayer within the

chanb under surf r.0 pl asg Ifi .

i thi 't he 0k AR F e MRS LB UKL o Baprises Tact,

nod obayiet amdlayar vompris®s Ja€gnd nonol ayer on t he

substrate which is different in conposition fromthe

first nonol ayer, the second nonol ayer conpri sing

conponent s Tok rhdétkod bf stalrminwhay'mr tharfitst precurs@cgusdcomprises TaCls, -

o) ursor; . and success eating said first. an

B B sl S G A L BT RS o CopRSE Nl and the
FBedoat i rddnoiyet Bomsrisbstmant e, of the second nonol ayer
conmposition. 15 2. The nethod of claim1 wherein the

first precursor gas conprises TiCl4 and the first

nmonol ager CORPhEEES of icfdim. 1 Fhedte tHELROPredlirs6t ghstecknprises TaCl,,
wherein the first precursor gas conprises TiCl41l _20
tthretirst mopolayss sempEres by isescondarecursqripas sempiitgs NHs, the second

RSSHYSOE o Ses TIR! he® $hPRAER isaendd® cSREOREkentially of TaN.
nonol ayer conprises TiB2. 4. The nethod of claim1l

wherein the first precursor gas conprises TiCl41l the

first |DNOl&RYeheth YRS bﬁﬁﬁ Tivfbrein tHeNGrsd SRR 0P ERC SR ses TaCl,
gas conprises B2H6, th
the first monolayer comprises TaClx, the second precursor gas comprises NH;, the second

monolayer comprises TaN, and the mass is formed to consist of TaN.

15. The method of claim 1 wherein the component of the first monolayer

comprises a metal in elemental form.

16. The method of claim 1 wherein the second monolayer comprises a

conductive metal compound, and the mass of material is conductive.

17. The method of claim 1 wherein the second monolayer comprises a

dielectric, and the mass of material is insulative.



25 second nonol ayer conprises, and the mass is forned
to consist essentially of TiB2. 5. The nethod of claim

wa ehenesn the first precursor gas conprises TPC/AIS2003/036223
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the first nonol ayer conprises Tid ., the second
precursor gas conprises B, H6, 18he second nonol ayer
conprises TiB2, and the mass is fornmed to consist of
Ti B2. 180 6AnThtemiretalyaddqfosmloﬂinmtﬂod/\tmmmismgt he fi rst

precursa as oW n Wi t hi
P e apifiofRE a se iR et Bictare Fien e A rfdepition chamber:
pr ecurf®eiinggasfifst @rdcogor $ay @b dhe 3bbsthteswithiACtheNERaBYAHective to
| as wthin the c anber WO 2004/ 044963

n%.§0§P6§®?2§nf ¢ sgbstfpffa et hod of claim 1 wherein

t he fiffolingds 864608 Pre@dor fghO W fRger® QWBMF@ﬁtlorpf@&nﬁe first precursor
within the chanber. 9. The nethod of claim 1 wherein

#ae tpjthet fiist granodasier guishin| i ehpmbsipridsesurizce yaicsewave plasma
ARV RitRin BB nWnbEY Brrddie qba@p&rwnﬂ%e Wﬁ HE4d284r Qhd form a

claim1l wherein the first nonol ayer is of
cerprdsmordayerviti & ﬁ@s@ratyswawdn Bl digferpt ea@pmpemm Hrom the first

tn'&ﬁoﬁl?&o g &%&?&Jﬁl%ﬂ&a 19% gnehg théd st monolayer and the

processi ng cond |t|ons resence o sur
¥eeond \pagarsohaanda Wi t hi n the chanber 10 11. The

et hogftgxf tffﬁa%igﬂdl }/é%&xrsﬁx] E?st ?ltow@x{ g%ﬁﬁ%ﬂ)r&%%or gas different

conpri ses n0| er co
Tm@bmpomzm fidme tlnteflnt)dnd)ﬁecohcapmarSMgasa w thh eeddndsmonolayer within

&%Jamsl)%r e%a %v% npreééev%t}-lr %I géconé" ?notnolea er arms’dt o §h1¥de monolayer
I Ses secon precur sor gas conpris

Nhﬁhe antdtrathevhige sochffemm ol aopgrositionirons e fﬁaNandl Scordmonolayers.
met hod of claim 1l wherein the first precursor gas

conpri ses TaCl5, the first nonol ayer conprises TaCl,

t he sdeond The ectiiglost daim O ﬁméﬁﬁfslleeBeatihf@ eaﬁ&“ﬁ@ﬂﬁ gecord and third
nono | ses TaN, mass is for

Eonersdy T BETRHERRS SrbhmR) i OB ol Shodrs famprising the
kil @oRolafi@ doipsitipii.ecur sor gas conprises TaCl5i the

first nonol ayer conprises TaCl, the second precursor

gas conprises NH3, the second nonol ayer conprises

TaN, aod t e @sBod & {18k sﬁc@es@ﬁ@@' 8peatihg Iﬁﬁl firgD sébond and third
The method of claim 1 wherein the conponent of the

Prec8Fsofdifayiage Fifeetdirpiq {ue 4 mevsatt ma e@ﬁbﬁﬁﬁbwub%ﬁﬁﬁ consisting

essentially of the third monolayer composition.

21. The method of claim 18 successively repeating said first, second and third
precursor flowings effective to form a mass of material on the substrate consisting of

the third monolayer composition.

22, The method of claim 18 wherein the first precursor gas comprises TiCl,

and the first monolayer comprises TiCl,.

23. The method of claim 18 wherein the first precursor gas comprises TiCl,,

the first monolayer comprises TiCl,, and the second precursor gas comprises H,.

24, The method of claim 18 wherein the first precursor gas comprises TiCl,,
the first monolayer comprises TiCl,, the second precursor gas comprises H,, the third

precursor gas comprises NH;, and the third monolayer comprises TiN.



16. The nmethod of claim 1l wherein the second nonol ayer
conprises a 30 conductive netal conpound, and the

woeg/oefdcdat eri al is conductive. 17. The net horPcD1S2003/036223
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claim1 wherein the second nonol ayer conprises a

dielectric, and the mass of nmderial is insulative. WD

2004/ 044963 PCT/ US2003/ 036223 15 18. An atomic | ayer
dep_osiztﬁijon Thiet h@(goﬂ%fpbiaﬁhn% wiesdih | MNieAY 8ne of the first and third
sem conduct.or . substrate thin an.atom.c

PEFHEE ig%tﬂEW%earre voidy ]ﬁﬁ‘“%\“?‘ihf‘%fhep?l@mte’gor gas to

the substrate within the chanber effective to forma

first nonolayer on the substrate; 5 flowing a second

precuror JX& wetedrdnelaim 18ombetsin abreast otact Ak the fypt and third

R &akoS @hs 18@8ngk Qurd RBidl bff ﬁrfa@@@lﬁh@m% \fylatsﬁﬁ Ryit}§ the chamber.

chanber 'under surface m crowave plasma” conditions

within the chanber effective to react with the first

nonol ayer 0

Subst it e i chor SR §f SERCTE FIRRIL R £k i, precursor go

fllavdegs arprvoldageplasminavither thedchambet. ayer conpri si ng :

conmponents of the first nonolayer and the 10 second

precursor; and after the second precursor gas flow ng,

flow 2§. a tThier ohethpé cafr slaim gs wiefdigragnkeasti one of the first and third
GQIRASt LhORLEAMADe Gl 1oL, And 3econd. Preclitsor, 08583 wber

0" the §econg O A0! ayer it ThE er e ©i V8 '

to react with the second m)nol ayer and forma th|rd

nmonol n ate vvh| ch ifferen .
Compoddti ot B PEfoRng Fleft | SuHeih ghetibrbeaybile finiand third
Wecuﬂ'sbe ghethngtisel ptdsmiamyitiBn Sk elemstevel y repeating said

first, second and third precursor flow ngs effective

to forma mass of material on the substrate conprising

the t30i r d THN@letYal o QAASLS ivtreid Oat2RastThe WEttHOTOF and third
cl ai m 18 syccessively repeatl ng said first, second and
tPRTSUEPOT 8% glawglaﬁ OB FuTase FUERMFKe PLsHaHithin Yaes ehagtber.
material on the substrate consisti ng essentl ally of

the third nonol a er corrp03|t|on he net hod of

cl ai m318 s(dees of claamekt Wﬁl@r%.bethf thesfirst aad Ghigd prrgursor gas

tﬂbivsriﬁ’% &,%pws@q,wsﬁﬁrwﬁm%m&anafetect ive to forma nass
of erial on the substrate consisting of the third

nmonol ayer conposition. 22. The nethod of claim18

wher e'3@ t hei"h%'rﬁéﬁocPB@Glen?qg vQ@?elﬁ%ﬁ{ bisﬁré &Gl B8 %recursor gas
the first nonolayer conprises Tid
flowings comprise surface microwave plasma within the chamber.

33. The method of claim 18 wherein the first monolayer is of a composition
which is substantially unreactive with the second precursor under otherwise identical

processing conditions but for presence of surface microwave plasma within the chamber.

34. The method of claim 18 wherein the first precursor gas comprises

trimethylaluminum and the first monolayer comprises AICH,.

35. The method of claim 18 wherein the first precursor gas comprises
trimethylaluminum, the first monolayer comprises AICH,, and the second precursor gas

comprises H,.



23. The nethod of claim 18 wherein the first precursor
gas conprises TiCl4, the first nonol ayer conprises

wan@k/o44nzl t he second precursor gas conprises P21/R82003/036223
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The nethod of claim 18 wherein the first precursor gas
conprises Tid 4, 35 the firsfl7nonol ayer conpri ses

Tid, , the second precursor gas conprises H21 the

third 36pr eClhies afetigds of ulfim 98S wibkkin ahel fike pgrbduiébr gas comprises

R Rl bmiiSb 228 T mosolstive SHEPHYS AR Tht dhrpaesnd precursor gas

Wherpeises &, | e sthidNgre@lirdofegalsi Eshpasy N, r £hd ﬂ{ee@l‘ri?@‘iﬁonolayer
gas flow%ggs are void of plasnma mrthln the chanber.

Z@mpWﬁE hod of claim 18 wherein at |east one of the

first and third 5 precursor gas flow ngs are void of

surface m crowave plasma within the chanber. 27. The

met hod7of clih&i Iﬁ?tll@[) whelagn A Spwhaseinnibe ffirptspreeureprt gais egmprises TaCl;

RLEGHY $iRdt rgarolayfer Q¥ Pigsts A voi d of plasma within the

chanber. 10 28." The nmethod df claim 18 wherein at

| east one of the first and third precursor gas

fl ow ngs arg, . Vol

the chanber 1o gBuiyhbr i 38 Stk EKE, BIATE: s Pibrises Tach,

Itk §irst omenodrdyet hempriises tTaghd andithredsecpnd pracssor gascomprises H,.

conprises plasma within the chanber. 15 30. The net hod

of claim 18 wherein at | east one of the first and

t hi rd39pr eéﬁmmhghsf tlhiowil i gehecimlid Sest puschussoe gas comprises TaCls,
cr.owave pl asnma he,_chanber. 31. The met hod of .

DS PRI RGBS FimBiiteh TGk Foe SEEORS, oo P i GUTPERgS 1hr the thind

gmursﬂf) ghd owhprises TP lah & ehepthinsinmontdlhyer o HsesBarher .

32. The nethod of claim 18 wherein both of the first

and third precursor gas flow ngs conprise surface

m crowave pllatwmiovidysi Begobiios WTR&QT cordfrishy: The net hod
of claim.,18 wherein the first nono|ayer is of

a
conmpodPHHgHRE dieReonducRrrupsirts withip *Hh?t@’é‘tct feyer dppsition chamber;

t he Sm ar g&y rp%ﬁrsldf‘%@{ tOHRE cWBsEBtel ARAInl Rl chamber effective to -
processi ng conditions but for presence of surface

AP} gvidvemenalayrs afi theisHORE: chanber . 34. The nethod of

cl ai mﬂl)&flﬂl%" 8s8Edhdt [;}@cufrdo'i %tas RIFRELH: SR colPSsiEHROISES firdtOprecursor
trimethylalum numand the first nonol ayer conprises

AREHX thssflrsrﬁ@omaé@r%d%rlncrha. ehapgh F rurfisge fiicgqwave plasma

RE&LHEMOWitRiASthe od'ﬁﬁﬁlb&e@ffeétfvh rfgtIQXéta\INHﬁntﬂéj Brsttd6nolld greIStand form a
monol ayer conprises ALCHX, and the second precurs
gacsond monolayer on the substrate which is different in composition from the first

monolayer, the second monolayer comprising components of the first monolayer and the
second precursor; and

after the second precursor gas flowing, flowing the first precursor gas to the
substrate within the chamber effective to react with the second monolayer and both a)
remove a component of the second monolayer to form a third composition monolayer
on the substrate which is different in composition from the first and second monolayers;
and b) form a fourth monolayer of the first monolayer composition on the third

composition monolayer.

41. The method of claim 40 wherein the third composition monolayer

comprises a metal in elemental form.



conprises H2. 35 WD 2004/ 044963 PCT/ US2003/ 036223 17
36. The nethod of claim 18 wherein the first precursor

w@as4oeps i ses  trinmethylalum num the first npPODUS3083/036223
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conprises ALCHX, the second precursor gas conprises

H21 the third precursor gas c®8prise NH3, and the

third nonol ayer conprises A1203. 5 37. The net hod of

cl ai m428 witpeemsbthbbeoff ictash U echursiar thgafen®@EPrdoiPdnent comprises
%ag 5 and the first nonol ayer conprises TaCl,. 38.

HEO&EY hod of claim 18 wherein the first precursor gas
conprises TaCl5, 10 the first nonol ayer conprises

TaCl,,, and the second precursor gas_ conprises H2. 39. i
The méfhod 1o BEHiofh ai C\%Ffér’é(? Vheran  he siemeved (Fo8PPNH gomprises
gmmaf,@,?d;ggg;g& the first nonol ayer conprises

Tad ,,, the second precursor gas conprises H2, the

third precursor gas conprises NH3, and the third

monol ayer %@Hﬁéﬂé&ﬁ off @Mim 14@ \Qﬂ)erei’ﬁ\_nthé‘tfﬂgf' gre!uﬁ'y(?rr gas flowing is void
deposition nmethod conprising: positioning a

o iplaswa dvithiorthe ghanlreat e Wit hin an atonic | ayer

deposition chanber; flowing a first precursor gas to

the substrate within the chanber effective to forma

first 4honolTagenetbed phelagn ot whdrein the firktopiengrser gasclonding is void
precur sor. gas V%i flefleraevnvtthiinnt g%@nqﬁeirti on fromthe first

r?lf cursor g“é e rsP nonol ayer within the

chanber under surface mcrowave plasma conditions

wi thin the chanmber effective .to.react with the first .
monol er A0 PR 8 SEELAY FuSHLRy i isbetied 2es hbSing comprises
b ritiein whé chantserdi fferent in conposition fromthe

first nonol ayer, the second nonol ayer conpri sing

conmponents of the first nonolayer and the 25 second

precunsor ; etn@hddesf dihigr SEFROFinDhE GlistSREcugdS ghd OVWIAG comprises

flowng the first precursor gas to the substrate
WHERRenT{cHRW AV Ritae Bithiadhe ¢Bambtr eact with the second
nonol ayer and both a) renove a conponent of the
second nonol ayer to forma third conposition nonol ayer

on t hé8subslheabehethpt plajny 48 yiressin the fisstBeRpdayet fiopf a composition

Wi {hutfstdnsibil AN SEGRNFitHTRO |s8368H SprectPsorNAdEY) ofh@FWib@ identical -
fourth nonol ayer of the first nonol ayer conposition on

tPrecepsing eonditiymp byt far gresapneorzppefpce microwave plasma within the chamber.

49. The method of claim 40 wherein the first precursor gas comprises TiCl,,
the first monolayer comprises TiCl,, the second precursor comprises H,, and the third

composition monolayer comprises elemental titanium.

50. The method of claim 40 wherein the first precursor gas comprises TaCls,
the first monolayer comprises TaCl,, the second precursor comprises H,, and the third

composition monolayer comprises elemental tantalum.



41. The nethod of claim40 wherein, the third
conposi tion nonol ayer conprises a netal in el enental

wo 001040863 WO 2004/ 044963 PCT/ US2003/ 036223 18 pdPUSHN® 036223
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met hod of claim 40 wherein the renoved conponent
conprises hydrogen. 43. The % hod of claim 40
wherein the renoved conponent conprises 5 elenental
hydr ogdn. 44 afblrdc ﬂm'bhdebo@ftioﬁlrﬁétmdﬁ}&owpﬁﬁlﬁ'gn the fi r st
precur so. asma W I hin

' id of
ChambePoioii s et frotSafore PR Fomaer pe dapgsion chamber

first frvsg raSﬁfst gnaé‘cufsloﬂ\gé@go Ithe \6QbstrateOtvithitl fiRCEhamber effective to
cro ve pl é‘hl n the chanber. 46. The nethod of

ih 1At MeBe Y‘"ﬁ e rsuPeates ecur sor gas fl owi ng

Con'pr Ia§@8 forRli@sS R fdst BoRolbt®, BbRMBEIn indR ghfge di€to the chamber;
nmet hod of claim40Q wherein the first precursor gas

f1 owi fget Sapinesids instpyrae gasitlomingay seqond PmeutaPt Basntotthe substrate
Ghadelasm4 @ondiliGhsRiHAGhE fch&th@ér”éff’e:gtﬁi\é‘| % %rﬂl b heediar fbnolayer on

nonol ayer is of a conposition
$hp sebstrateawhigh is rdifferenty én wmhosm@ ér@motm f;rséemményer the second

%@Fsoptggg 'B%’:\fng%lffgx% frC @émp(ﬂftfbﬁeﬁg‘ﬁlqge G \/\#I{eh?%ﬁt gag,t said plasma

presence ace mcrowave plasna
@hacirbelrs copgprisifigeapplicdion foenctgarlm]th@ chvivglyegian atoevef ilgvst capable of

: S ri Ti,C1 ipst.mon ol ayer
BB S 0T\ A ol IS0y o o
and t hlemnhmidg aﬁﬁliqaﬁnqo@ﬁ |sa1doeneng}ntd ﬂ;eechambaplat SESncreasmg power

THETEP okt LR ShreB R robi oI a8 S sBn o g PR Freforsor o
o riod alymrbecorrprl ses TaClX, the second precursor

conprises H2, and the third conposition nonol ayer

conprises elenmental tantalum 30 WO 2004/ 044963

PCT / US2003/108 622Bod18¥ clbid 5 Avhéreiihe ineay pirgél @ROSAd bkBnd precursor

Elf’ co(&prl si na positioning a sem conduct or
§ﬁ% Pires 40 295 YU at oni ¢ | ayer deposition chanber :
flowng a first precursor gas to the substrate within
the chanber_effectjve to
‘ I%% The method of claim 51 wherein the inert purge gas and second precursor

gas flowings overlap.

54. The method of claim 51 wherein the inert purge gas and second precursor
gas flowings overlap, and comprising ceasing the inert purge gas flowing after a ceasing

of the second precursor gas flowing.

55. The method of claim 51 comprising after forming the second monolayer,
commencing another inert purge gas flowing prior to commencing a reducing of the

plasma capable power.

56. The method of claim 55 wherein the second precursor and another inert

purge gas flowings do not overlap.

57. The method of claim 51 comprising ceasing flow of the second precursor

gas to the chamber prior to commencing a reducing of the plasma capable power.



forma first nonol ayer on the substrate; 5 after
formng the first nonol ayer, flowing an inert purge

w@am4evshe chanber; after flowi ng the inert poOr/Qys2003/036223
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gas, flowing a second precursor gas to the substrate

under plasnma conditions wthi 20t he chanber effective

to forma second nonol ayer on the substrate which is

di ffersgnt iTheansthasbf clatim fon osontphiginki r st nnnolayer t he
second P¥ecur as . being different in NpROosj ti on

From Gf" fImite B sRGPL BTG HYET. SUmBeRng, fplig Mer purge gas flowing
eiagitd |c@1ﬁﬁ1eﬁ?<ﬁﬁg)ﬁIrde%glgaém{thrﬂidn&nca?EbIS ey dn@ the

chanber at a %@ | evel capable o sust ai hi ng. pl asma

condi CFERE HPVHI ?r?@cqzlﬁawﬁ%ﬂrsm g terle cApY prior to commencing

RAIACHERDAg BAthe Nowee, application of said
energy to the c anber at an i ncreasing power |evel up

to said plasnma capabl e power |evel prior to flow ng

the segond 1R 8LLE &P bf GRS StIOWBé}@mCtIH@ana cbRdififns I&ﬁ“pnse surface

met hod of claim51 wherein the inert purge gas and
seeondvpplempsor gas fl owi ngs do not overlap. 53. The

nmet hod of claim51 wherein the inert purge gas and

second precursor 20 gas flow ngs overlap. 54. The

met hod0of clhaimetbdd whelaan 91t Wkereinesatd jmaregsing as camhuous.
second precursor gas flow ngs overlap, and conprising
ceasing the inert purge gas flowing after a ceasing

of thelsecdrhd rmthx»:thoﬁdaingai; vHeeakh rige figsh ;ﬁeﬁ:urs'ﬁh%aﬂ’eblhmdses TiCl,,

S|n te Qrmn the secon
Sl Syt £0 iR 1 Gihvofide ) FRPR BT oRE SoPBties
pri or to connen0|ng a redu0|ng of the plasm capable
power cl.aimb erein the
seconc?zpr e s‘BFt %":g’%éx él’ WheEsp tgep\émﬁem&%@aﬁro’\ﬁn fogyaed in the
@ABscoed o0p&ishapritth thel Eiginibe.hod of claim 51 conpri si ng .
ceasing flow of the second precursor gas to the
chanber prior to comrenci ng a reducing of the plasma

capables. povigie. mehoNOr 2004 91 43R 21 PETd b&%&@%&dﬂ%ﬁ@%r&@ts with the

58. The nethod of claimb51 conprising: after formn
(HY TBAOHHAT HB7 81°AYE MonelBHiTESREPHEN& SBmARIents R the HEst g@nolayer and
g8 sdcbRMpR@urshy.i or to comencing a reducing of the

pl asma capabl e power; and

64. An atomic layer deposition method, comprising;

positioning a semiconductor substrate within an atomic layer 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 chamber;

after flowing the inert purge gas, flowing a second precursor gas to the substrate
under plasma conditions within the chamber effective to form a second monolayer on
the substrate which is different in composition from the first monolayer, the second
precursor gas being different in composition from the first precursor gas, the second
precursor gas flowing under plasma conditions within the chamber commencing before
a ceasing of the inert purge gas flowing; and

ceasing the inert purge gas flowing after commencing and while said flowing of

the second precursor gas under plasma conditions within the chamber.



ceasing flow of the second precursor gas to the
chanber prior to commencing 5 said reducing of the

w@b@gowoenpabl e power. 59. The net hod of cl ai MPGL/US2003/036223
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wherein the plasma conditions conprise surface
m crowave plasma. 10 60. The mdt hod of claimb51
wherein said.ncreasing is continuous. 61. The nethod

of cl ajsm SIrhsheet@bd of kirithi 645 Londr@Giy S0 fGASInE M Edc8f&Pmonolayer,
Ti Cl4,  the first nonolayer conprises Tid,,, and the

é’@E’S}‘FaC‘B% QReiPEoinery d%‘r%eoﬁ?ﬁrﬂ%‘%@g Hpioy g0 @ reasipg offhentsgonsk precursor
%%awwh§¥;whgkamambae first nonolayer is formed in the
absence of plasma within the chanber. 63. The net hod
of claim51 wherein the second nonol ayer reacts wth
the fdgr st TRNG AR oft E‘l%lrﬁegpnghémﬂl0|tﬁ’é’g§lasql@i'Q:'ohéllt ggs comprise
congonents of the first nonol ayer and the secon
wtioprof ewreyalr sheophambeaypéra peyarsiovélosrpablehefdsustaining plasma
o] [ 0 [ effj.c t t
AR Wity ORI PRI B8 oM AR A MBF LS g cqmmencing
fa'pplsctatlpn o€ said @nergga@themhtaméelsajbmtma’c@ing pdwen leved up to Sald plasma
SRR o SL B5b Loyt (AL TpRpEbt i, (APLSLACTeeB hifrsor e
amthmemnMpurge gas to the chanber, after flow ng the
i nert purge gas, flow ng a second precursor gas to the
substrate under plasnma conditions within the chanber
ef fectd7ve tihef atethodl €ceatin n@Nokigyrein it plddenas ld:bﬁdliﬁahﬁcomprise‘
his fferent n conposition fromthe fir
Ig aé’)‘?Br tIeERYs e Hﬁ’dc}%{ggf &L Gr Ryrer glg¥el peapplje o‘iff fustagnipg plasma

|cnnaﬂma@swtthmnﬂfer smmﬂm WithStheP§eR6 1 SREc1@8SH ghdl€and commencing
second precgrsor as flow ng under plasma conditions
WP HTEHOR RE S aRtiaY T DivROABPFCR HBBreAsing RO IAYF gp ¢ figid plasma

icapdtile PYWVEE ISR priodWo NbmmBeHinEe ASWNEF HE sdddRYd tprBMi €8 gas to the
gas flowi ng after commencing. and while said flowi ng o

A& cond precursor gas under plasma conditions

within the chanber. 35 WO 2004/ 044963

PCT/ US2003/ 036223 21 65. The nethod of claim64 )
conpr i%i ng Thet &ctkogy wif n@latrhe@ée‘(‘f’@fﬁémné%lldwa conditions comprise

%9{?11?&'{5%% @H%nghﬁ)r tHeN@lambRH L8 }Q@%r lleQé’M dlgatﬂlé'&* svfs&nﬁng plasma

ceasing o second precursor lowing to
crafisions ‘Slt@@ tirphehapgheiowithf the| ﬁlcﬁﬁ@éprmﬁ@l Eai,h@d commencing

hﬁmoﬁ: opglif loRdksy ?@fﬂ%rdhﬁﬁb 2 anl ?rg éwe?rl&FeWBtt@ said plasma

e chanber at a power eve capa ustal n
p:p@ggl;ﬂmpower level after commencing flow of the second precursor gas to the chamber.

69. The method of claim 64 wherein the plasma conditions comprise surface

microwave plasma.

70. The method of claim 64 wherein the first precursor gas comprises TiCl,,

the first monolayer comprises TiCl,, and the second precursor gas comprises H,.

71. The method of claim 64 wherein the second monolayer reacts with the
first monolayer, the second monolayer comprising components of the first monolayer and

the second precursor.



conditions within the chanber with the second
precursor gas; and commencing application of said

wer@rgy496» t he chanber at an increasing power PEWER2009036223
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to said plasma capable power |evel commensurate with
conmenci ng fl ow of the second2@recursor gas 10 to the
chanber. 67. The nethod of claim64 wherein the plasna
condi t/2ons Aaomqomimsmyexaﬂ@oismahimmhaﬂf cemerigiyg;t 0 t he

chanber a_power vel sustainj n
conai FPOREE PR ORGP, FenGBteoger depSich chamber:
pr ecurfMing astirst PpebcORBTIRAE it61Ghel Supiatel G@hinOtheOéhatidbd effective to

energy.to the charrbrgr at an increasing power |evel up
S & e Sipmaustayer AppI WO PHEr | evel prior to

Comm'&@tblnﬂ) fk@Whefr §r}§0r§)‘?é1§/@1"mow Y ls&dhd k@

chanber . 3 r% he rrlétt hod of ¢l ai rlnleg064s\/\her g)?erc]wt hretg%etgstﬁgsu‘mrate
CBARY] Plam celtﬂﬁtqus\élthlzdhwbamlzeatqf@ﬁwﬁ tefpyy segondh@onolayer on
GhaRP&raRt wﬁ1cHQ¥\@flff!ﬂ%Hte by Q@rﬂﬁ&llt‘?onofroﬁluﬁieaﬁﬁ't %Iﬁha@%mhe second
conditions wthin the chanber wth the second

(PreQEgos oFas gpsng drféeremﬂmn@nn@slthprﬂqr@am dirsbfpresargpr gas, plasma

e

eg@ﬁc—grgtl\f(g)t gf tétllgla msa&:laﬂﬁﬁgﬁéﬁu%or %ﬁgg Z(ﬁé r&?%lggéqeécrcﬁl%grn frHR) a second
falpph@dowowm e>f %cugmdo poheaclmnslm, agd Sutthert dmmpmilsmg‘m@plyn@sa steady state

L ai m rein the pla
qgrst daptpﬁ gower ofo salcF elers ?0 the chlaniber, priof 18 aggfrr}lﬁng %d sef:ﬁnd applied

con ri se SU ace m Cro

metwao df eéldodnargy; 6t vibalyestatet fivast hppliaatd mwaarweﬂmy leg@ishan the second
Ti

TR 35 &ﬁdn%ffaesgtﬁ ghsrf“lra SPRBIPREL 1S BDY S5 apblied, gower.

nmet hod of clai m 64 wherein the second nonol ayer reacts
witht first ayer,..the second. nonal ayer

conpr 191 ng e EHEh ot S TRe RerRE So o RO BE R R
second precursor. WO 2004/ 044963 PCT/ US2003/ 036223 22

72. An atom.c | ayer dposltlon nmet hod, conpri sing; . .
positi761ni nglhﬁ o uﬁllaB‘i‘ Qupdliereip e thi tsfﬁaﬁyaﬂa%t Sixgtc power is
liggteficislR RO SHehérad MIERHORbm fIdWiQMIRY sétohd pBdcuRbL GhY. SOr

gas to the substrate within the chanber effective to

forma first nonol ayer on the substrate; 5 after

form ng, t herpll bitkhdRO! AXRY . 7 |V &lE theSQERAAY state first power is
precursor gas to the substrate under plasma

dewdiicieiris srnerpierplpsie EREnRYing the Sifst WESUEOF R a
second nonol ayer on the substrate which is different

in cor;p05| tion fromthe first nonol ayer, the second
The method of claim 72 comprising applymg the steady state first power

during the first precursor flowing.

77. The method of claim 76 wherein the steady state first power is

insufficient to generate plasma from the flowing first precursor gas.

78. The method of claim 72 comprising flowing an inert purge gas to the

chamber intermediate the first and second precursor gas flowings.

79. The method of claim 78 comprising applying the steady state first power

during the inert purge gas flowing.



precursor gas being different in conposition fromthe
first precursor gas, plasma generation of the second

w@e@au96s gas Wi thin the chanber occurring frpoT/ES2003/036223
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second 10 applied power of energy to the chanber, and

further conprising applying a2 eady state first

appl i ed power of said energy to the chanber prior to

appl yi&®g sdite meﬂmﬂdofaplpinir 6’8 coﬂ%&fngOﬂoﬁﬁih%xﬁﬂﬁftQﬁurge gas to the
power er ng, | ess. t

t te f t
t gmﬁgc%ﬂ% %gﬁfqnggrg a ﬁ%iquﬂﬂg eaogﬂ }HQg { ]IlFeStF?q’ySftate first power

&mﬁingelﬂe Aaserpukge gad @lo&&ﬁ@ﬂﬁe@ﬁdﬁdt@dh@m and Redond pré8ursor gas
(r;rtg hod of claim 72 wherein said increasin

PERuBIfs PPN THHe SHRaEK SHtOFIE | RIS ASIIng %ree inert; pge gas flowing
sifefde Sdcah® pfdcliibr POWRI. IS insufficient to generate
pl asma from FI owi ng the second precursor gas. 20 75.
The nmethod of claim 72 wherein the steady state first
power gis i t e
Pho fivat procurasy O eubi BoRgeehtu e AR, (efllchy Shhite surfac
doiepWaze pipseepl yi ng t he steady state first power
during the first precursor flowing. 25 77. The nethod
of claim76 wherein the steady state first power is
I nsuf f82i erikthet methed exfal@mpl2asormprisingreothmeddigirgintienstg prior to
P [S: The rrethdof claim 72 conprising
fogl\%m% ﬁlélgg tg"aﬁ%ﬁ" E & Lrjercuresor ﬁow{nﬁe 30 chanber
i nternedi ate the first and second precursor gas

flow ngs. 7 % ’{Htcejlof claim.78 co f
appl y| Rg t he st 859% SPHEY £72 SYORSIRS cO e“ﬁ‘agtﬂ’s increasing after
| domntenping gie gacond Ippavursgr gMON204/ 044963

PCT/ US2003/ 036223 23 80. The nmethod of claim 78

conprising flowng an inert purge gas to the chanber

after g4he sEROMLtREECHT SMiMITS fcloﬁl\fdlrﬁgmg afoRnydnengt RBe increasing
steady state first power during the inert purge gas

OB ﬁaﬂrtﬁtvgrmﬁ%rr%&%@ef sepand BHRENTSOTcH PYiagur sor

gas flowi ngs and applying the steady state first

power during the inert purge gas flowing 5 after
the séPond PreBeihedef [lHR Fr?gcomﬂsmﬁere@r@r%aow ol e rpteady state

2 siPEI R et raeceeélaﬁ MRWCONBet 0 GOMMEdrsassur f ace
m crowave pl asma 0 82. The nethod of claim 72
conprising comrencing the increasing prior to

comengi Ng THREmSEEONE RiRCH SOhpase récﬁl\é’h&gpovgé to A€ steady state
nmet hod of claim 72 conprising comrencr ng t

i T8t RQyedr yjioafte er ceagiy Ph Qlet f§eosle TGP ST Eﬁéur sor gas
fl ow ng.
87. The method of claim 72 wherein the first precursor gas comprises TiCl,,

the first monolayer comprises TiCl,, and the second precursor gas comprises H,.



15 84. The nethod of claim 72 conprising comencing
the increasing comensurate with comencing the

W@ ewandiops ecur sor gas flowi ng. 85. The net hod BET/TEENN36223
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72 conprising reducing power to the steady state 20

first power after a ceasing fRdw of the second

precursor gas. 86. The nethod of claim 72 conprising
reduci&dy povemtdntic ifyer siegaiionshethed, donfpsisingpwer pri or

to a ceasing flow,.of .the second ecursor ,gas. 25 87.

The meth ‘8“%‘% acﬁ%“iﬂne}%t%sélgétf"r’ie f”ﬁ%"’f 1 gtomy E‘é’?fr iec?PS‘B%% chamber;
conpr iappKinkl @ Base péweerf 16vell offiDERIGY €5 tBONMaMSES WHhCRS, substrate
and the second precursor gas conprises HZ. WO

FOOUCPAU GEFIBCT/ US2003/ 036223 24 88. An atonic |ayer
deposiwiiRNagpefii®%he 6RBTIOWRH Ml BPShdrbPMINGing a first precursor gas to
sem conductor substrate within an atom c | ayer

dbp s8bstiaim Withimbler chambsp e{fpeiyeatopiem b rmenlaykr on the substrate
QRALINor-Madhe GRS 'withih ihd BRnidpstrate positioned

therein;” 5 while applying the base power |evel of _

ener gyaftet fowing)thy Hinst gonglayeeurasdre Bashaso powerelevel of said energy to
%Uﬁ&kéraiE%WEaf,ﬁ%Q o% Egne?ﬂﬂl Esnfaf I’vﬁﬁitnl %hE c%gmgé},r ma first

nohol ayer on the substra under non- plasna

condi tflwyisg wi seheml pieeursbragaseto; thaf ubstrafteo mithirg thehehambes tvhile said
n}}f&%aacyaggbler Alvet F]e%elt QP 83 rgg"%’se'% Ilee\éle‘[lo t(ﬁf c grlnger.el}ﬁeggye to form
to ap wer Péve Capable of *yenéfi i'ng prasna W thin
tahplasthamithr said Gedondwireiyrsar gec egdnypribe dirganogdsyet to fdren a second
substrate w thi.n the chanber.while said..plasm, . )
ORIV S s SHRURF WROL L SRS Y cPRPOT BAM e i monolayer
chdnber effective to form a plasma with said second
precursor .gas agai nst the first nol gyer to forma

5 econdTrTBYRS B SFOHEORBET ST e TP SRR @pper level of
isgidceneppstd tHenbdse Pawkeheevkl bd tHEpdBlenVIEfasitingNshoterahdayer onto
fgrrri ng t he second nonol ayer, reducing the plasnm

dap PACBd RRGFYPevel of said energy to the base power

| evel and thereafter depositing another nonol ayer onto

t he second nonol ayer. 89. The nethod of .claim88

wher eid?- sai der BrEph gt iclaip Fdt Vhtrsiissaid sgsing is sHginHshod

of claim88 conprising flowing an inert purge gas to

the chanber internediate the first and second

precuror gy PPBAA RYsclaion 88 TpenmrisingoHowinecimiinariopurge gas to the
CRRRGdrSinRYm 8RR Yth & Girdt NG d DRSS PR YEIrsIr 848 floHWings.

91. The method of claim 90 comprising applying the base power level of

energy during the inert purge gas flowing.

92. The method of claim 90 comprising flowing an inert purge gas to the
chamber after the second precursor gas flowing, applying the base power level of energy
during the inert purge gas flowing intermediate the first and second precursor gas
flowings and applying the base power level of energy during the inert purge gas flowing

after the second precursor flowing.

93. The method of claim 88 wherein the plasma comprises surface microwave

plasma.
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25 energy during the inert purge gas flow ng. 92. The
nmet hod of claim90 conprising flow ng an inert purge

w@am4evshe chanber after the second precur SOPCT/ES2003/036223

flow ng, applying the base power |evel of energy

during the inert purge gas fl@%ing internediate the

first and second precursor gas 30 fl ow ngs and

appl yioag t Ithebmsthop wseclaine 88! cafiprdifyr Qymalvhiding thd Qaising prior to

i nert urg% ge?;ﬁ%{l oW n% after. the second precursor

F?‘B%e?él?g . RECHEY & *C1%4P# 88 wherein the plasma

conprises surface mcrowave plasma. 35 WO 2004/ 044963

PCT/ U§2003/ 36223 25 _94. The nethaod of claim 88 o

conpr P3i ng 1E8nteHeAngt thdmy £8scRgPPsingr cammencittehe | 1edping after

COHBmSLG R theDSREM §&eu@&sgafslmiﬁ?.- 95. The method of

claim 88 conprising conmmencing the raising after 5

commenci ng the second precursor gas flowi ng. 96. The

met hodgof [ SURL & {ng;g' : rai.si

cqrme?ig'ur a?l él@ nvrgﬂ?ﬁ comrg]nzgg: ér%lp?%e seg{gﬁgc%??&@goﬁ%gg] ensurate

Mithvgosgnentmeothe sfipad meedyondr @is dloaiina. 88 conpri si ng

commenci ng said reducing after a ceasing flow of the

second precursor gas. 98. The nethod of cl aim 88

conpr P3i ng Thormehad ) céand8$ edwpiisigg pronouencimg @id reducing aftera
i I of _th econd precursor gas. 15 99. The

?rgat%ﬁ‘ggﬂ%‘$’ og}%éel rsr?cggg\ﬁaeec‘r"esf)%g Ye first precursor gas

conprises TiCl4, the first nonol ayer conprises Tid,

and t B§ Sec[%gdmaflc?ac of 2him %Scocrr?pqpsril{gsggmrygﬁcing said reducing prior to

a ceasing flow of the second precursor gas.

99. The method of claim 88 wherein the first precursor gas comprises TiCl,,

the first monolayer comprises TiCl,, and the second precursor gas comprises H,.



