WD 2007/ 146537 PCT/ US2007/ 069091 METHOD OF FORM NG A

LAYER OF MATERI AL USI NG AN ATOM C LAYER DEPCSI Tl ON
WEPROCESS37 BACKGROUND OF THE | NVENTI ON 1. FI ELCPCFUT24R7/069091

I NVENTI ON The present invention generally relates to

the formation of a layer of material, and, nore

particularly, to a nethod of formng a |ayer of

mat eri al using an atom c |ayer deposition process. 2.
EHSCRIOD OF GORM I REL AT EA XFRNBFUVRATIER B L USING AN

| nt egr at e TRYMIKCILASERDEPUSTTIONPROCERS
numer ous steps and processes until the integrated
circuit device is conplete. For exanple, such

processes ¢y PRt b JOMIGE RIS o gl Iopos "

graphy

processes, and ion i Iantatlon processes. As the
L. sElELEﬂlEﬂﬂiEﬂBﬁgﬁiEﬂﬁNuit devi ces continues to
shrink, the performance of such operations becones
e\fen presane inventpinegengghserelatds go vk formatmin| offaclayarrod ngdterib and, more
i nvol ved and the required performance characteristics
particwdrlyt tver el o femadw\e leyer ofraatenad vofig aneatanic &lyenrgposigmn process.
deposited using a variety of different deposition
processes. One such process is known as atom c | ayer
deposition (ALD). The ALD process nay be enhanced by
2.  t DESCRIEFION OF THEaRBILASHED ART general , ALD processes
are enployed where it is desired to formvery thin,
hivglhu@etating Witegayeacscdf dovikemivalves Badingiag hymerbizestepb Bnd processes
process is a technique that deposits |layers or filns
until tigigte@h@OtCcuitaly@te @ omplete MBor ekiimgsle] sdhrideO@ e pically include a variety
reactants are introduced one at a tinme with
of depusitioh PprogB8ses)y elcRigig | frodesdeyye pibtol AdrapBAQird@Ss, | Mdokone implantation
sel f-saturating surface reactions. Due to the nature
proces&ds. t AethBlsDepifaaegsted ictreditSddvithe c@ifibhag 16 lshivi:, tHehgfohdnes of such
known deposition techniques, such as chem cal vapor
operatid@PpbEbintOevef @R conlples giver Sisiveey ahdiestade sizapdiolved and the required
deposition (LPCVD), etc. However, the ALD process
perforal@@s chemterisicsrf dduoaplb@yeris. of material with higher
qual ity characteristics as conpared to the other
illustrative deposition processes nentioned above.
20( WO 2007/ 146537 PCT/ US2007/ 069091

Layers of material may be deposited using a variety of different deposition processes. One

such process is known as atomic layer deposition (ALD). The ALD process may be enhanced by the
generation of a plasma. In general, ALD processes are employed where it is desired to form very thin,
high quality layers of material. Basically, the ALD process is a technique that deposits layers or films
one atomic layer at a time. In an ALD process, reactants are introduced one at a time with
pump/purge cycles in between. ALD reactions involve self-saturating surface reactions. Due to the
nature of the ALD process, it is inherently slower than other known deposition techniques, such as
chemical vapor deposition (CVD), low pressure chemical vapor deposition (LPCVD), etc. However,
the ALD process does tend to produce layers of material with higher quality characteristics as

compared to the other illustrative deposition processes mentioned above.
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05-1130.00 2 Various properties of |ayers of materi al
formed by an ALD process are inportant in the
20tworemafieessur e of nodern integrated circuit devi PEFDS2007/069091
05-118808over, precise control of the thickness of such
| ayers is also an inportant_ aspect of formng | ayers
of material by ALD processes. Unfortunately, existing
ALD processing techni ques do not adequately address
s &fgousrprejiertics fof tlgyerseot] materiad formegthy gy A5Rrarodeppy ep tiinpertant in the
is directed to nmethods that may solve, or at |east
manufpeiefg @ modasimtagratesl dircwif devidge  Mptspeanamedissiserirgd ootk dnakness of such
SUMVARY OF THE | NVENTI ON 10 The foll owi ng presents a
layers 44 iy} fof inengrigid rppectyofofornping l4yery e miagshial by BrBarocegses. Unfortunately,
~ _provide a basic_ understanding of sone aspects of the
existing f\Ldhproenssingrigghniquemnapeoy adequately adslresesdmeps eil gbthepg dysydsew
of the invention. It is not intended to identify key
or critical elenments of the invention or to delineate
the scope of the invention. Its sole purpose is to
prlbe prgsensinrgntion rekpeted formaeghosls et ey sodvef grailoasy reduce, some or all of
prelude to the nore detailed description that is
the afqi¢rentigred@rdbdpmsr . 15 The present invention is generally
directed to a nethod of formng a |layer of materia
using an atomc |layer deposition (ALD) process in a

process chanber of a process tool. In one illustrative
enbodi nent MM AR N Y IONyi ng a target
characteristic for the layer of material, determ ning

aTpe édlowdgrprpghts @ simplifiel gnmmiatyr efdtb€ iinvgnt@npin ecder 3O progals a basic
into the process chanber during 20 the ALD process to
undergpmaditly ©€ sdnleeasp @rsge tthecinameiod. eThis unomary i dve ah ayhanstioé overview of the
material, and performng the ALD process that
invent@onpt is swsingengddup addntify lef o tefisl wheems of thhévprteo wr sodelincate the
gas is introduced into the chanber for the determ ned
scope pf the invewionplth sde piurp@se isoto tphsere bymd ammptshie alsaydifiedform as a prelude
material. In another illustrative enbodinent, the
to the mtehlotlilabdepuripsesthatdedisdubsel fegera t ar get characteristic
25 for the layer of material, determ ning a precursor
pul se time for introducing a precursor gas into the
The present invention is generally directed to a method of forming a layer of material using an
atomic layer deposition (ALD) process in a process chamber of a process tool. In one illustrative
embodiment, the method comprises identifying a target characteristic for the layer of material,
determining a precursor pulse time for introducing a precursor gas into the process chamber during
the ALD process to produce the target characteristic in the layer of material, and performing the ALD

process that comprises a plurality of steps wherein the precursor gas is introduced into the chamber

for the determined precursor pulse time to thereby form the layer of material.

In another illustrative embodiment, the method comprises identifying a target characteristic
for the layer of material, determining a precursor pulse time for introducing a precursor gas into the

process chamber during the ALD process to produce the target characteristic in the layer of material,
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process chanber during the ALD process to produce the
target characteristic in the layer of material, 20(WO
20tw@e®7/14646537 PCT/ US2007/ 069091 05-1130. 00 3  BEMUS2007/069091
05-113@HBor i ng an ALD process conprised of a plurality of
pul sing patterns to formthe layer of material, each
of the pulsing patterns coﬁ%rising evacuating the
chanber during a first tine period, introducing the
and ppfoaming o rAlgA eracems sompused oA romvrality rof mylsg satanttor foprp the layer of
period that corresponds to the determ ned precursor
materigl, pagh of theepulsing rateroueanipniging lseacodmgies cl@mbqbrng«riag # Hirgt dime period,
time period. 5 In yet another illustrative enbodi nment,
introdyding the preowse erpita s charlier demigngysegorsiiige paitod thit cpirgsponds to the
the process chanber, establishing a |igand renoval
determappgipresaiveriulse fime jaed evaerrbieg tha plehngber dugingh farddime paripl.
process conprised of a plurality of first pulsing
patterns and a plurality of second pulsing patterns
to forma layer of material above the substrate, each o
ofin y¢i@ngther ghusgpfey ccabedioncpl thsi mihqdanomprises Peotienangt subbtiage within
evacuating the chanber during a first tine period,
the proqgssy chembirneptaklighinecu igrmd repagyval prvgronmeat ip tha whambeg gnd pjfosming an
second time period and evacuating the chanber during a
ALD piepasgl comprisce of jadduralifhiexf dirst pulsing pedteinh @nd i rpdurpléty jof gecond pulsing
during the first plurality of pulsing patterns is
patterngite famenlpyedr oHmatcHe abeedhelsubbimse, cprdrdfdlep Bsirand geaoné pulsing patterns
second plurality of pulsing patterns. In a further
comprisinig aypquating/tc ehdyagl darie, 2 fibtie PRy, dbiegrdinges precursor gas into the
identifying a target variation for 15 the = ' '
chambehdirigg mepqosd fige periodtang cyagyaing dfe chernlr iduiing @i fime petegl, wherein
a first precursor pulse tinme and a second precursor '
the seqonil simetperied dusing jthet firsfoberklify oA pysiag patses igdserenttfiom He second time
_ process chanber during the ALD process to produce the
periodidyriggathe (egpidlirglty of Pultieg Rafeiact eri stic in the | ayer of
material, the first and second precursor pulse tines
bé&t tdrthier Hlaststye emplndinge thinethed conmigespderifiripg trrgsh variation for
ALD process conprised of a plurality of first pulsing
the chameterstia Fopthg layeplofipateriply desprmyeipg g dfirputrequisgr palse Bmpgngd @ second
formthe |layer of 20 material, wherein each of the
precurpgrpylse el fog mﬁ@plw gpwgsopgqsti@p ths péqyﬁfmchg@@r during the ALD process
i ntroducing the precursor gas into the chanmber in
to progiece dhel éagse vaiatian toff éhef ghagacteriviy wetbodryeel wptgiitethe first and second

precursor pul se tines, , ,
precursor pulse times being different from one another, and performing an ALD process comprised of

a plurality of first pulsing patterns and a plurality of second pulsing patterns to form the layer of
material, wherein each of the first and second pulsing patterns comprises introducing the precursor
gas into the chamber in accordance with the first and second determined precursor pulse times,

respectively, to thereby form the layer of material.
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respectively, to thereby formthe |ayer of materi al
20( WD 2007/ 146537 PCT/ US2007/ 069091 05-1130.00 4
206w BRIOEF4+BESCR PTI ON OF THE DRAW NGS The i nvent i BEIT/Is300hes9091
05-1136.88r st ood by reference to the follow ng description
taken in conjunction with the acconpanyi ng draw ngs,
in which like reference nunerals identify Iike
el enents, and |n mhlch 5 Flgure 1 |s a S|an|f|ed
schemat i c vBRH AN Ry :
deposition (ALD) tooI Flgure 2 is a graph depi cti ng
aih¢ [ihegtignatiay ebep uh@rsmdsleq udereecei 19 theclotowime edopdriphion taken in
one aspect of the present invention that nmay be
conjunstigyl wiledie ageomnaniin® dvorgssio vhachfle naferecapemeralf identify like elements,
material; 10 Figure 3 is a graph depicting an enl arged
and inwhealy: of a single pul se pattern depicted in Figure 2;
Figure 4 is a graph depicting an illustrative pul sing
sequence in accordance with one illustrative
enbodi nent of the present invention that may be
e ffgutsyleis a pimphicdaicBnmtio ¢ sy pp ilfugiraty qatomi 14ygy dapogifion (ALD) tool;
ruthenium Figure 5 is a graph depicting various
illustrative properties of a rutheniumfilmformed in
accordance with the inventive nethod di scl osed herein;
20igpieguis e g@ph depactigge ap Hlusieative pulsing seauoncy mpcedirdahecawitli ang aspect of
anal ysis representative of the crystallinity of a
the prdseny enversfon it mey bé eoipdeyed ah ansAlnlg pioaess tuform p byerrod oratepal se
times; Figure 7 is a cross-sectional view of a |ayer
of material formed in accordance with one aspect of
the present invention wherein the |ayer has variabl e
c Heepeec e p gph depiating augwgad vigvsoftarsingkanadss pattpnrdepBrtediy Higure 2;
2007/ 146537 PCT/ US2007/ 069091

Figure 4 is a graph depicting an illustrative pulsing sequence in accordance with one
illustrative embodiment of the present invention that may be employed in an ALD process to form a

layer of ruthenium;

Figure 5 is a graph depicting various illustrative properties of a ruthenium film formed in

accordance with the inventive method disclosed herein;

Figure 6 is a graph depicting an x-ray diffraction analysis representative of the crystallinity of

a layer of material formed using various precursor pulse times;

Figure 7 is a cross-sectional view of a layer of material formed in accordance with one aspect

of the present invention wherein the layer has variable characteristics throughout its thickness; and
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05-1130.00 5 Figure 8 is a graph depicting an
illustrative pul sing sequence in accordance with one
20waspeasssaT the present invention that may be Rempis30eTi069091
05-113%.08n ALD process to formthe |ayer depicted in Figure
7. Wiile the invention is susceptible to various
nodi fications and alternative forns, specific 5
enbodi ments thereof have been shown by way of exanple
i Higuieed ig p guph depiciing am Hbstradiy epyisiepseapdnpeld ap¢ordagies vaitl one aspect of
It should be understood, however, that the description
the prasent érjvantiph thapmey b¢ emmentsd it #redltI3 progesp ¢t form thedgydedppicted in Figure 7.
limt the invention to the particular forms disclosed,
but on the contrary, the intention is to cover al
modi fications, equivalents, and alternatives falling '
wi¥tlerihq leengion s pusegptibls do parieys masiaficationg exnel jaiprngfiye forms, specific
defined by the appended cl ainms. 10 DETAI LED
emboDESERhTY iRy Cree R WNNYENY 0OMamiple|s the alravwiees andb ard ihpreitdgscribed in
of the invention are described below. In the interest
detail. g}t shoud¢ be yl}deﬁ@pd, hemiever athpt thedeseriptian herein pf|specific embodiments is not
i mpl enentation are described in this specification. It
intendgg fo|lingf the myengien fpethe ggm%ifmné diselpsed, huh on the copsipsy, @‘ﬁﬁ@tmﬁon is to
of any such actual enbodi nent, nunerous inplenentation
cover pH mpdifiGatips, gedydentn gnnadernpiivendeling oithishihevspirkt rpad scope of the
' devel opers' specific goals, such as conpliance with
inventipn & ¢bwtheaprspdedislagihess-rel at ed constraints, which
will vary fromone inplenentation to another.
Moreover, it will be appreciated that such a
devel opnent effort m ght be conplex and tine-
consum NgDETATDEDIDESCGRIPTION OFSTHE INVENTION
undertaking for those of ordinary skill in the art

hawiskgivt kebbemelt bf @E idvBitRn dieSdk @Bl Below O IT1he iRE@S SR tlarity, not
i nvention will now be described with reference to the

all feallrés26h@d adthal Y SiSmendaion QS descBEHION Sthid RPlecsfidatiid. UNESIlIOf course be
an integrated circuit device are depicted in the

apprecit@MhBgH- thEQevAOPIRAE 8 aff suchl Rkal ¥mBHAEMEHPh@R@bsOihplementation-
the relative sizes of the various features depicted in

specific IBcibRWh kg Be HRNC ’_tbeachi%%@& AERPrs 08pctiBitl UeaE sah as compliance with
conpared to the size of those features or structures

systenPftlafc@and Weikess-teRitc@QOAu@Bts, which will vary from one implementation to another.

Moreover, it will be appreciated that such a development effort might be complex and time-
consuming, but would nevertheless be a routine undertaking for those of ordinary skill in the art

having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Various
regions and structures of an integrated circuit device are depicted in the drawings. For purposes of
clarity and explanation, the relative sizes of the various features depicted in the drawings may be
exaggerated or reduced as compared to the size of those features or structures on real-world integrated
circuit devices. Nevertheless, the attached drawings are included to describe and explain illustrative

examples of the present invention. The words and phrases used herein should be understood and
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25 circuit devices. Nevertheless, the attached
drawi ngs are included to describe and expl ain
20two bdoassasat i ve exanpl es of the present inventiPRET/UTI067/069091
05-113808s and phrases used herein should be understood and
20( WD 2007/ 146537 PCT/ US2007/ 069091 05-1130.00 6
interpreted to have a neaning consistent with the
under st andi ng of those words and phrases by those
interprgteql It4 kaye japncphiag eeisstzanvitahe undisstapdime jof thoghewrds aridaraggs by those
a termor phrase, i.e., a definition that is different
skilledf in ¢l relqeang pigli Naspecihdefmifon ofatsymms ahiasry & asa deigdiogtthpo e different
by those skilled in the art, is intended to be
from th(ﬁpqdi[n@(y @9 CRSHIIRArS m@mingjgag]éer@tpoq pyethpssrskilled inth@ ai,as intended to be
herein. To the extent that a termor phrase is 5
implicl fhy eageadient gisdga\od the tspe oF ahraspeban¢ing Toj the extent thes nierg or phrase is
ot her than that understood by skilled artisans, such
intended 9 heved adpeddd mpaaning. ¢, pirichnigeothor than dhat pyderstaod by plihed aatisans, such
the specification in a definitional manner that '
a specy] dadmtiop wilhbeiexphetusoy &ethlin the ppasificateos in pdefgpiopplgnanner that directly
definition for the termor phrase. The present
and uriegviegealboproyidesdha spedid defimtian fapthe fermet ugheof f or mi ng
| ayers of material by 10 perform ng an ALD process
wherein certain properties of the resulting | ayer of
material may be controlled. It is believed that the
preg erwent netipiois Aasetadetoetrplows) adethqd phfarinig lysraof epajerial by
of different materials using the ALD process '
perforgigcani HeB miegess wherib reeddie propettics §f el iewteng leyratof mppgerial may be
rocess described herein may be perfornmed using a
contmﬁ@dr- ilels peligvedihpifthe prageniipyyngpibpas ke eredpyed in forming a variety of different
illustrative enbodinment, as wll be described nore
materiply pq;isyg the AW, prgcepsaciﬁ@qribg(ﬁ herein h Meragrerwh i bﬁ@qwﬁ@;alabtye process described
~performng a 15 plasma ALD process in an ASM Pol ygon '
hereinpgsy RE Metfpraied ewsingod | vanidy g fﬁﬁ@ cired B duPeE &9lsdi $t oas élpstrative
herein. I n general, the present invention involves
embocb@@rftms il be %{qcrmgﬂ)n}greo’r@gfg el@%mjpyeg alruthenigm yyep éqj@ed by performing a
pul si ng sequence of precursor gases and, in sone o
plasmg AERProcRys ipandPM Rolygon famgrAlaly ehangper fopk ustigahe metheplpfogies disclosed
20 1 is a schematic depiction of an illustrative ALD
hereingr ocess tool 30. The illustrative tool 30 conprises a
process chanber 31, a stage 32, a showerhead 25, a gas
inlet 28 (that may be controlled by a valve 29), a
precursor gas inlet 34 (that may be controlled by a
vl gc@ergg}}}e pagseEnt ARy eptian iayol g p@fqﬁgl@ngrmw%process comprised of a unique

pulsing sequence of precursor gases and, in some cases, RF power to form a layer of material. Figure
1 is a schematic depiction of an illustrative ALD process tool 30. The illustrative tool 30 comprises a
process chamber 31, a stage 32, a showerhead 25, a gas inlet 28 (that may be controlled by a valve
29), a precursor gas inlet 34 (that may be controlled by a valve 35), and an outlet 36 (that may be
controlled by a valve 37). In some cases, the tool 30 may comprise RF coils (not shown), although
such coils are not required on all ALD tools 30. An illustrative substrate 38 is depicted as being
positioned on the stage 32. The basic structure and operation of such an ALD process tool 30 is well

known to those skilled in the art. As will be recognized by those skilled in the art after a complete
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controlled by a valve 37). In sone cases, the tool 30
may conprise RF coils (not shown), although such
20tw@eiora4e882 not required on all ALD tools 30. APCT/US2007/069091
05-1130.00strati ve substrate 38 is depicted as being 25
positioned on the stage 32._The basic structure and
operation of such an ALD pr%cess tool 30 is well
known to those skilled in the art. As will be
reading @E@g mreseay a]pg}icgtms‘@e flepdnt axyertion inlye bgemplef¢deyvitiya variety of different
conpl ete 20( WD 2007/ 146537 PCT/ US2007/ 069091
ALD gscesst80ls.00hup, the prestinhipverttion Rleoufsk s brgonsidered asglirnignd, to pypavith ALD
resent invention may be enployed with a variety of
tools tht pfesineifpr to the guepelivmagenlly deniged miiigre t.he present
i nvention should not be considered as limted to use
with ALD tools that are simlar to the one
schematically depicted in Figure 1. 5 During
opwring onsratioman ALD preesecis gerfampéioffoinneldydr of maieriald0oaghesubstrate
of material 40 on the substrate 38. The present
38. Thapresanti ipypntgnympyebecammlpé tithia phpsma pihasied AddhripesadorAl thprmal ALD
process or a thermal ALD process. Precursor gases nay
procespe Piepurpay gatse thay e éntiodeced vt chanbey p hvip e inlgt & B arripr gas may
carrier gas may be enployed to carry the precursor '
be empjgyedite carfyethe pragivwr e®1to theghgpteer P lnsme altusiyadive apbeiiimenitthe carrier
_the carrier gas is an inert gas, such as argon,
gas is jqinjcgfrgas. speh as|angopnkeligay etcc i ape papulag apriligtiiont the carrier gas may be
carrier gas may be 10 bubbl ed through a container of '
bubblqdjthrgpgh proataines of liquigaecatsyr, pherchwathe carpicigas piskscwpsand getaipgiportions
retains portions of the precursor which are
OfmePW@H@G@@E@aﬁﬁﬂ@*@ﬁ@l@hﬁﬁwgﬂm313Lvarious gases may be
i ntroduced into the chanber 31 via the inlet 28 to
establish the appropriate environnent. In general,
the environnment within the chanber 31 should be such
t Yatioyst gasessmpy perpatecsiuend igteathe exdambeg s dvip dhovdgt Zutoi epgpblish the
the ALD process. The particular gas enployed will vary '
approm@mmrwegboh gep@alpglptep@mnmenta\w%up thstchgpber ggpshould be such that it
exanpl e, gases such as ammoni a (NHB%, hydrogen (H2),
promofgs (of gigbles gg@}l reppRy absyige the( ALY prasess ¢ dhppHtgulasgas employed will vary
t hereof, may be enpl oyed. Mreover, in sone
dependipg gpinnin Particyyr afpg&y@fiomyowa@g]'gpgqsgsdsup]@ ag pamonia (NHj), hydrogen
shower head 25 to create the plasma within the chanber
(Ho), mtrogem (N prcagyey sern-b o1 eanphimtivesiberedfnmeshee grdowedh dbpieopg., in some
during the ALD process. The stage 20 32 may or may not
embodpaers, g%Fe povere geaydbh grpalikshtot the sheyrarhcadi |23 rto gpgafci batrlaspwa within the
and the particular process tool.
chamber 31. A voltage may be established on the showerhead 25 during the ALD process. The stage

32 may or may not be biased depending upon the particular application and the particular process tool.

The present invention may be employed to form layers of a variety of different materials. For
example, it is believed that the present invention may be employed in forming materials such as
ruthenium, tantalum, silicon dioxide, tantalum nitride, ruthenium oxide, platinum, etc. Thus, the

present invention, in its broadest form, should not be considered as limited to any particular type of
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The present invention may be enployed to formlayers
of a variety of different materials. For exanple, it
20two soopekdseved that the present invention nay beP@npPsWYBa69091
05-113%000r mi ng materials such as ruthenium tantal um
silicon dioxide, tantalum nétri de, rutheni um oxi de,
pl ati num etc. Thus, the 25°present invention, inits
broadest form should not be considered as limted to
materialny)fp‘@pqsq:,é]m @rtiop&apgrogefss g@@y@dgmmﬁngm’yeters will vary depending upon
PCT/ US2007/ 069091 05-1130.00 8 material. O course,
the pagtiqelagyasteriat bdieg foprseess gases and operating paraneters
wi |l vary dependi ng upon the particular naterial
bei ng forned. As shown in Figure 2, the nethods
di scl osed herein involve performng a uni que series of
5Ap sheen pakigee ds the onathpsls diselysed derepzielee) péTEpimmg dsunaque series of
t housands of tines to formthe desired | ayer of
pulse pegtees il 8Ithag gay P éeneptad hrdds dr tpuend- dttyme@é%&rmttm desirgd layer of
chanber initialization period and may or may not be
materipledf gfhegtneppeiriod 12 ¢to-pé) famstititnga thrmbeemiipiztidn seicdsed may or may
herei n. Each pul se pattern 10 extends fromtine
not beperfometdtpriot hr gu@hming e pahedsdistbsedAepdinur Bédhtpplsefpattarmd@ extends
(t2, t3 and t4) that occur within each pulse pattern
from tin@ goried al thouglefine pathd t). nA gheality blghesat:i 4 @né phthdi spewrt within each
RF power may be applied to create 10 a plasma 39
pulse putteini 1A atcradsoclapintodr InDhe il]usltrdﬁivg emgodinent, RF [Rlivepmwebe applied to create
applied to the showerhead 25 is indicated by the line
a plasthd 39 Fhichin fierabelobdriddn lofFigreeuths RF gasr iapplieddo clat éedwhrfiead 25 is
the line 16. The duration of the introduction of the
indicated bg thedoe 1daFhavnitrodusgonr eff pemroeghstioindisated by ths linhé6. The duration
precursor pulse tine ("PPT"). 15 Figure 3 is an
of theeintralugeoh ofi hevpofuaer @x enfl tar gfesinpgl © lpwis es Pt reqursofl Pulse time
In this particular enbodi nent, each pul se pattern 10
(“PPT®onprises a first time period 20 (tl->t2), a second
time period 22 (t2->t3), athird tinme period 24
(t3->t4) and a fourth tinme period 26 (t4->t5). In one
illustrative enbodinent, the appropriate environnent
i $igest Al asbddgwd tviawroftanecxeinplatyeyingdd pliye paiternotllicilmehis particular
the desired gas through the line 28. Thereafter,
emboditerit,gclt prdsefartat 10 icomprises & Gickt Ade peitiel 2Wh@rker a Stondsti@®period 22
evacuated via line 36. During the second tine period
(hb—>t:22 theibld $@TodOBIS (t1-St,) Ritd @ dudBdtihperidd®s ¢harhern one illustrative

embodiment, the appropriate environment is established within the chamber 31 by introducing the
desired gas through the line 28. Thereafter, during the first time period 20, the chamber 31 is
evacuated via line 36. During the second time period 22, precursor gas is introduced into the chamber
31 via line 34. The precursor gas may be introduced into the chamber 31 by opening and closing the
valve 35 for a brief period of time. During the third time period 24, the chamber 31 is again evacuated
via line 36. During the second evacuation process, portions of the precursor gas that are not adsorbed
on the surface of the substrate 38 are removed. Thereafter, during the fourth time period 26, power is

applied to the showerhead 25 to thereby generate the plasma 39 within the chamber 31. In some
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31 via line 34. The precursor gas may be introduced
into the chanber 31 by opening and closing the valve
20tw@ 3007046587 bri ef period of time. During the thiPdr/UBIR7/069091
05-113@HPod 24, the chanber 31 is again evacuated via line
36. During the second evacuation process, portions of
the precursor gas that are ot adsorbed on the
surface of the substrate 38 are renoved. Thereafter
tools, gilpeticrRF coibs 4o prasenti ¢-gre inslaetively cgpleg plosna jteplsy 3hea BB iowgr may be
to the showerhead 25 to thereby generate the plasma 39
suppligd yrsiugh ¢ofle chanber 31. In sone 20( WO 2007/ 146537
PCT/ US2007/ 069091 05-1130.00 9 tools, where RF coils
are present, e.g., inductively coupled plasm tools,
the RF power may be supplied by such coils. The '
c Aberickanpisiryopf the@lgsma sreiraament withyeribe ohanthpn3t irescldstedisaeh that it
31 is selected such that it 5 pronotes or enables the
promogeg i9p @rblep the rgnepeyaldef ligasis. e Mopreppditieatly | the enviyenregmy howldireast with the
should react with the adsorbed precursor gases and
adsorbjedh prgeurns ighsgeiang lprye bplord dportigno dhoseladspibedizagesde ghereby form the layer
thereby formthe |ayer of material 40. The plasnma
of materigli 4bnirbnplapma ghgnyentds plse sslecteds sq a8 fniswre thay ghe susface of the
surface of the deposited material is ready to accept
depositpddnaterishay repdu tordcadpt piditionyl mpatetid thasrwilbe fomed o piseoursenin some
~some applications, e.g., thermal ALD processes, the
applicftipns terg- tthaymalptle P gepeossespily forpth tiee prried dpmay mot heeorgsgntsia the pulse
10 pattern 10. In thermal ALD processes, no plasma 39
patterrj K. da thermal éd-D mragesses.tiagtasmp 39 pepeeteld. t thugphdrg/is Rp need to apply RF
power to the showerhead 25. The duration of the first,
powerdetgplepwethishd 2-and fourth time periods may vary
dependi ng on the particular application. In general,
it is believed that each of the first, second and
third time period 15 may range from 1-4 seconds and_
t Ahe deraionf fithe Arst isprongethirdandrigyrth dmgacrieds may- vipy depending on the
seconds, depending on the particul ar application. O
particylgy ppplécatieth e ep@p]g gde hql'@yq:(g‘@atrﬂgpﬂb@f@e ﬁiﬁ‘%‘y, sygg—nﬁ and third time period
significantly dependi ng upon, anong other things, the '
may rapge e 1of sceonsls gnd thattthe feuigntingh peripd iy ringy domj 35 1heerengs, depending
deposited, as is well known to those skilled in the
on they pprticdargappliggtion.ot Q€ coyrpd. rhese perrprgniadisanumbskamapwery significantly
trenches require shorter pulse tines as conpared to '
dependjagpon, amaeng oREsthings. dechiagyeofthe $m@w@g>nc¢dv@ﬂhggye®amgd¥eposﬂed,
h
as is \Evelleknown to those skilled in the art, e.g., all other things being equal, shallower trenches

require shorter pulse times as compared to deeper trenches to achieve full step coverage. Each of the
various time periods identified above may be independently adjusted. Note that, in the illustrative
embodiment depicted in Figure 2, the RF power is off during the first, second and third time periods.

However, that may not be the case in all embodiments of the present invention.

Figure 4 depicts a sequence of pulse patterns 10 for a particular application of the present
invention wherein a layer of ruthenium is deposited. In this illustrative example, the ruthenium

precursor gas is (bis)ethylcyclopentadienyl)Ruthenium, an ammonia (NH;) environment is established
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20 various tinme periods identified above may be

i ndependently adjusted. Note that, in the illustrative
20twe@pedwodiasent depicted in Figure 2, the RF powerPCHUSHN7/069091
05-113000ng the first, second and third tinme periods.

However, that may not be thf case in all enbodi nents

of the present invention. F(bure 4 depicts a sequence

of pul se patterns 10 for a particul ar application of
withintthechambeielt and 25plasmpeditis eencgtpdrdaring the|pageess. di thiypaaeqylay grample,

is deposited. In this illustrative exanple, the
the dupagjpiy ggtihg fist ), seagnd & anglethird 34 time periods are approximately two seconds each.

(bi s)ethyl cycl opent adi enyl ) Rut heni um an ammoni a ( NH3)

The fehitmespesier 20sis @Qprgigrnia‘@}ye@)ug@;(cv@sgd@ﬁhiimggigqlar embodiment, an AC
PCT/ US2007/ 069091 05-1130.00 10 within the chanber
power 4 apprekimately 48Gvateoves gprjiea & the ewailieddyy anféheprage Eswas nopbiased.

this particular exanple, the duration of the first
20, second 22 and third 24 tinme periods are
agproxinately two seconds each. The fourth tine '
pEruEsd B6r graphmggmiching et pampgtersse @olans of rythqnfyng formed using the
particul ar enbodi nent, an AC power of apprqxinatelx '
present) a@hiNgwas sonw daygp of itigrerivgmo hevieg 8 Hbighkckre aid asoxameiely i A.  Various
stage 32 was not biased. 5 Figure 5 is a graph '
paramefers jag plptépdyaay the graplp sltoavein digirod —defigiydy 40 {micipQpican composite
formed using the present techniques on a |ayer of o
film thigkness 42 A h 4R thigkees pf bk Fsleniuet laggs dd GA). i dreyhiglgiesy of the titanium
~Various paranmeters are plotted on the graph shown in
nltrldeF(iTg\DﬂJ@dglymgrl@@r 49 (Ai tTiae h@'lz()ﬁtp]@x@_rqﬂgﬁseme’%@g, p@ggﬁqr@ulse times in
filmthickness 42 (A), the thickness of the ruthenium
secondsgyregm Higuyes) it isgapgareitidhat ja pleerases palse time it ingrgaspds helmgsistivity of the
nitride (TiN) underlying |ayer 46 (A). The horizontal
compogitg Byerestacks gtitaniyp plus dutheraup inseaasos ovhifs the ghickingss of the ruthenium film
seconds. FromFigure 5 it is apparent that as '
(44) shymvescutlighir degighssdn thigkaess s Fop @WE@ dt 2 prRauryog Hlse fimp ol agproximately
the conposite |ayer stack (titanium plus ruthenium
one sepqely mhsgiumipyer 6H4) hryingti thikknessof@bout AES At foemedu rtfaiprgeprsor pulse
' 44) shows a slight decrease in thickness. For
time o gwnggtelatfmg sp(rogéqz, ﬂgdhlc]rgq_q:psS@ thq Wﬂle@mmalbjmr ipxabawit @py&. However,
one second, a rutheniumlayer (44) having a thickness
the resisftivigp el these 150 puthagivig lagers varks quitqodrameficalby, apd)preapersdly} fram about
of approximately four seconds, the thickness of the
70 to I8¢ ewaetively) &y piecurspr auletimesed abput Heyeasgonds.t he
resistivity of these two rutheniumlayers varies quite
dramatically, and unexpectedly, from about

The present invention may also be employed to control the crystallinity of a layer of material
formed using the ALD process described herein. Figure 6 is a three-dimensional plot of data obtained
by x-ray diffraction analysis of a layer of ruthenium formed above an underlying 40 A layer of
titanium nitride. The plots 101A, 101B, 101C, 101D, 101E, and 101F represent layers formed using
precursor pulse times (“PPT”) of 4, 2, 1, 0.5, 0.34 and 0.17 seconds, respectively. The horizontal axis
is the scan angle employed during the x-ray diffraction process. The vertical axis is the intensity
which reflects the crystallinity of the ruthenium layer. In general, the shorter the precursor pulse time,

the greater the crystallinity of the layer.
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70 to 185, respectively, for precursor pulse tines of
about 1 and 4 seconds. The present invention may al so
20(wdpeooampdsayed to control the crystallinity of aPdHYSI00D669091
05-113808rial 20 forned using the ALD process descri bed
herein. Figure 6 is a three-di nensional plot of data
obtai ned by x-ray diffractilon anal ysis of a |layer of
rut heni um f ormed above an underlying 40 A | ayer of
t Theypiceant Hiventiog enayTieecnilleyed t¢ rm layens] ¢ mateniat40 havipe substantially
| CbE, and 1OLF represent |ayers forned using
unifoqyrmi@m:rt'gg Ithr@{g]hglé thq ‘r,ljt'g‘,gne(ss e jayglf ofgmatgxial 40. hepreggngigvention may
and 0.17 seconds, respectively. The horizontal axis
also bg wsed Hepredugn laaﬁrg pém@tﬁ@ql 69 é@vi@diffﬁ@lg qhgrag@eliisaiys throughout its thickness.
diffraction process. The vertical axis is the
Such yaptiegeiatagtengicpiiar he pehidqved b varneg gheypsecatspr myilse yimsf (PP Reas the layer
rut heniumlayer. In general, the shorter the precursor
is beirkgufogéedt i rgure 7t ¢¢@ic§§r2@aiﬂ1@qtratiﬁeerglyo)¢'g{1&a¢ pf mlqyyr off mptggal 40 formed in
| ayer. 20(WD 2007/146537 PCT/ US2007/ 069091 05-1130. 00
accordgprce wpﬂwethlé ragrseinef thqyipsention Whﬁlﬁl}l tb@ck@mg}e@gﬁ@@] of the flayenef material vary
| ayers of material 40 having substantially wuniform
throughpus pherthiclknssst44rad thgHeyigt oftseriah#@ KisdhiclafesstMef thgyaver effmaterial 40 is
material 40. The present invention may also be used
greatly graggepttesclor pepeses olofxplenation; dn Figorerathereyed pf mateiigd 0 is depicted as
~ characteristics throughout its thickness. Such
being {oamed phyve AnHiyetrasive sbbéade prayruptarcaiBhilaverde eagesy feyirpgiure 3@ may be
precursor pulse time (PPT) as the |ayer 5 is being
anothef grogese| lay @i tgqy isgformed @ppvetagurigee jof # spstigoatiiofiag eubpleris- ment  of
a layer of material 40 formed in accordance with this
aspect of the invention wherein the characteristics of
the layer of material vary throughout the thickness
44s gidiqated i Bigare 7othe fppierehOicampugs a firepariorcidde § secqud pyfrtion 42B and
~the layer of material 40 is greatly exa %erated for
a thirh perpeys 43C athichyisp derarei gning |prﬁcmisgruptése7t}m¢5h(g? Thyep. dfand 4 seconds,
material 40 is depicted as being formed above an. o
respectiyqly) sPyeatoitheeingrigsad praguasos pulsy e tthe thirdportipm4 X obps adughesresistivity
the structure 38 nay be 10 another process |ayer that
as comparddto bl oRpoLY e f4aBe 4Bt & iQ@iﬁﬂt%gﬁldﬁé‘ﬂfF ng Conversely, the first
_Substrate. As indicated in Figure 7, the |layer 40
portiogs v hgsdewey resistisity e eithenthg sexondrorgbigdipratiqye H£B.6i3 C4 2pch a layer 40
and a third portion 42C which are forned usi ng
may bgrreguiied ayheisud g'@htde&lﬁg of PpTiivins (apd lgv ghvgtalingycis iggrable or can be
respectively. Due to the increased precursor pulse
tolerateq ptethe ppper sface) 4p of thedpyen 2Cthpa gt herptghie belaepr thieylisey 40 and the

surface 45 of the structure 38.

Figure 8 depicts an illustrative pulsing sequence that may be employed to form the multi-layer
structure depicted in Figure 7. Figure 8 shows three illustrative pulse patterns 10A, 10B and 10C in
which the precursor pulse time is, respectively, 2, 3 and 4 seconds. Of course, there will be hundreds
or thousands of each of said pulses during an ALD process that is performed to form the layer 40

shown in Figure 7. It should also be understood that, with the teachings of the present application, the
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15 as conpared to the other two portions 42B, 42A, as
indicated in Figure 7. Conversely, the first portion
20twa207haes3a | ower resistivity than either the SPCDIS2007/069091
05-118000d portions 42B, 42C. Such a layer 40 nmy be
requi red where a high degref of resistivity (and | ow
crystallinity) is desirabl elor can be tolerated at
t he upper surface 43 of the layer 40 than at the
pulsing prauprcacennthe taperdsd ithgirtpellyeany Apnagidn g effors tor fradde 4 Byeyf40 having
the structure 38. 20 Figure 8 depicts an illustrative
the degingH shamggtosisépsenaualitiesat nay be enpl oyed to formthe
mul ti-layer structure depicted in Figure 7. Figure 8
shows three illustrative pulse patterns 10A, 1013 and
IOC in which the precursor pulse tinme is, '
r &8 palthevie¢ognizad by thenel sigllesbinothe gt afer & samplste reglipgeof the present
will be hundreds or thousands of each of said pul ses
applicefipni the mgrhodglopiesrditstosed hopein enabledasiersort msderiabfofagdnist 4vALD process
| ayer 40 25 shown in Figure 7. It should also be
to havepritapngiegitsd chdnaateristigstthat g be engiispiadtp adet paeculyr agidigations.
application, the 20(WD 2007/ 146537 PCT/ US2007/ 069091
0% acp@darge with thiprpadt niths @rpsent wsntivam drsiresk ardggrs ghdrapteristic, e.g.,
~virtually any manner in an effort to provide a | ayer
resistivify, l§evialigity.t Hethel dayer eldmetsrzlatt wpy $e iiwigallyy degrminedi gidiercafter, the
As will be recognized by those skilled in the art
precurggripglse gme @prék goqh@géhiqqési@ﬁd qhhr@ctprli%ig @y be getermined. For example, if
appl i cation, the methodol ogi es di scl osed herein enabl e
a layey efympteriab 0 athesy icktively high desksiiviginis Alefirepy thereths preceyseappdse time that
_certain desired characteristics that nmay be engi neered
will produgeeetaypraeft metetiad 40 dpping sagh dieyel efregstyay dadeterniipadpor identified.
this aspect of the present invention, a desired or
Theregftgy, g@tAI&arpgqgQ @rgegplin@,d u@i_ng _t}}e detcagingd prggurspr pulse time to thereby form
crystallinity, of the |layer of nmaterial 40 may be '
the layiepfq hayingythqidesedrghpraeferistipre r Eis mast be appbed tp peadugesolpygp gf waterial 40
~tinme that wll produce this desired characteristic may ,
havingyesufpeiprsialy peiprm chracse it iheoughqut itgthickpesy ey wigh a kgiereafjmgterial 40 in
40 with a relatively high resistivity is desired, then
which theechgrpeseriptieorarpiiitye ity 1hwgnq8h aech agjin the pragilecepigtedl myfdguryf.
material 40 having such a level of resistivity is
determ ned or identified. Thereafter, an ALD process

is perfornmed using the determ ned precursor pulse tine
t dhe eyedpyethodplagics disclosed produced very unexpected results as it relates to the

formation of the layer of ruthenium discussed previously. As will be understood by those skilled in
the art, traditional ALD processes typically reach a point of saturation. That is, in a traditional ALD
process, as the precursor pulse time increases, the deposition rate of the process tends to flatten out,
i.e., it is a self-limiting process. Moreover, traditional ALD processes do not involve varying the
precursor pulse time to achieve desired film characteristics, such as resistivity, crystallinity, etc.
Pursuant to the novel methodologies disclosed herein, the precursor pulse times may be controlled so
as to control the characteristics of the resulting layer of material. Additionally, in the present
invention, the thickness of the layer of ruthenium unexpectedly decreased as the precursor pulse time

increased.



the | ayer 40 having the desired characteristics. This
may be applied to produce a | ayer of material 40
20(wdn 200745537 subst anti al |y uni form charact eri sti cPCT/US2007/069091
05-11840Bughout its thickness or with a |ayer of materia
40 in 15 which the charactﬁgistics vary withinits
t hi ckness, such as in the exanple depicted in Figure
7. The novel methodol ogi es di scl osed produced very
ulbx patewd qubgdintests ghisclopedr abloyg ars itlestrpties onfyo raptici igrengpn may be
the | ayer of rutheniumdiscussed previously. As wl|
modifigg alm']m@qt'gp(b@diifﬁ@}rertt lpissguig kit negdingrs appaeat t@rthose skilled in the art having
traditional ALD processes typically reach a point of
the beredit gf the tasphingFrhgrem; g or pyamgple thgaracessnigps s&E forth@beyegaayds performed
' as the precursor pulse time increases, the deposition '
in a diffgreat @sflert farthprpeiesty hiraipdions aye frtendedty thadetailsjof gonstrjation gr design
a self-limting process. Mreover, traditional ALD
hereinpsheyee 98es thee a»ﬁ%ﬁ%ﬁh@déﬁ the clpims/bahayv-t Hes theretorevadent thefl theparticular
time to achieve desired filmcharacteristics, such as
embodipeitss tiselpsey abeyeympyabe jaligred, or ayodified pp¢t glhgneh vaiatipns are considered
novel met hodol ogi es di scl osed herein, the precursor
withinglhg sgepq andesgirigral/thp eversiony dictwdingly, thegrofegtiangigpghs hereings as set forth
' characteristics of the resulting |ayer of material.
in the plgigistbelowal |y, in the present 25 invention, the
t hi ckness of the |ayer of ruthenium unexpectedly
decreased as the precursor pulse tinme increased.
20( WD 2007/ 146537 PCT/ US2007/ 069091 05-1130.00 13
The particul ar enbodi nents di scl osed above are
illustrative only, as the invention may be nodified
and practiced in different but equival ent manners
apparent to those skilled in the art having the
benefit of the teachings herein. For exanple, the
process steps set forth above may be performed in a
different order. Furthernore, no limtations are
intended to the details of construction or design 5
herein shown, other than as described in the clains
below. It is therefore evident that the particul ar
enbodi nents di scl osed above may be altered or nodified
and all such variations are considered wthin the
scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the
clai ms below. 20(WD 2007/ 146537 PCT/ US2007/ 069091
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05-1130.00 14 CLAIMS WHAT IS CLAIMED: 1. A nethod of
formng a |layer of material by performng an atomc
20two aopen4adaposition 5 (ALD) process in a procesBCDHSI0EN69091
05-1130.08 process tool, the nethod conprising: identifying
a target characteristic for Léaid | ayer of material;
determ ning a precursor puI% time for introducing a
precursor gas into said process chanber during said
ALD process to produce s&ldABMBget characteristic in
said layer of material; and 10 perform ng said ALD
WHAPASCEsdMRBInt conprises a plurality of steps wherein
said precursor gas is introduced into said chanber
for said determ ned precursor pulse tinme to thereby
formsaid layer of material. 2. The nmethod of claiml1,
wher ei A sathdd bfafpeningfa laggt ef inaleriddyprerforsingatn hleast lagaraleposition
of 15 ruthenium tantalum tantalumnitride,
(ALD) prodeenin @ prooxss deamietiofiygiremnss tsél] the mathdd avapalisingnd
platinum 3. The nethod of claim1, wherein said
t &fegeflying haares tiaracstristic fossaitd lnges bBhatedidly of said | ayer
of material. 20 4. The nethod of claim1l1l, wherein said
t detgatinichapacirairipslse Gme $orantardysit@h pieoursor gad inwasad process chamber
| ayer of material. 5. The nmethod of claim1l1, wherein
sai d t dofyet saiha¥IaAT tpercesst tocproducs Lbslt arget @hdryctaniaiid oo Raid layer of
t hroughout a thickness of said |layer of material. 25
20(WO 2aenall46537 PCT/ US2007/ 069091 05-1130.00 15

performing said ALD process that comprises a plurality of steps wherein said precursor gas is
introduced into said chamber for said determined precursor pulse time to thereby

form said layer of material.

2. The method of claim 1, wherein said layer of material comprises at least one of

ruthenium, tantalum, tantalum nitride, ruthenium oxide, tungsten, silicon dioxide and platinum.

3. The method of claim 1, wherein said target characteristic is a resistivity of said layer
of material.
4. The method of claim 1, wherein said target characteristic is a crystallinity of said

layer of material.

5. The method of claim 1, wherein said target characteristic is substantially uniform

throughout a thickness of said layer of material.
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6. The nethod of claim1, wherein said target
characteristic varies wwthin a thickness of said
20two aopen4as87 material . 7. The nethod of claim 1, PaF/UBEN7/069091
05-11308fri si ng establishing a |igand renoval environnent
5 within said chanber. 8. The nethod of claim?7,
wherein establishing a |iga renmoval environnent in
said chanber conprises introducing at | east one of
afmoni 4 hq Np@))(,i OM@mdg @her@m)ii’d tHEgtc @ﬁer{smwﬁgﬁwithin a thickness of
oxygen (02) into said process chanber to establish
Sﬁdhsakgnmwgdnd renmoval environment. 10 9. The met hod of
claim1, further conprising generating a plasm within
said chanber by applying RF power to a shower head
w thin said chanber. 10. The nethod of claim]1,
wher ei Ahpaethed of dgymtlhBirth¢rpoppidessestab iyingiadiggnd removal environment
~_performing a 15 process conprised of a plurality of
withingspidshaygpepat t erns to formsaid | ayer of material, each
of said pulsing patterns conprising: evacuating said
chanber during a first tinme period; introducing said
precursor gas into said chanber during a second tine
pér i od Thearethed of elgivbhashergip cxfalilighide e digptidriselop eevirogment in said
pul se tinme; and 20 evacuating said chanmber during a
chambet pgrgprispsriatrpdicing it lepst onphed appdnisd(NGHs), divdiogent 012).fuiredse (N2) and
conprising establishing a |ligand renoval environnent
oxyge @hinte i rdocerephyaber tol Btablivheaiddighsiaenpvat pryiraiment.
wherein, during said first, second and third tine
periods, RF 25 power is not applied to said process
chamber. 20(WDO 2007/ 146537 PCT/ US2007/ 069091 o
08- 1130homethed ofidaintrh durihst paseprishe @erarating @, plagme mathip said chamber
said first and third tinme periods have approxi mately
by applying RF power to a showerhead within said chamber.

10. The method of claim 1, wherein performing the ALD process comprises performing a
process comprised of a plurality of pulsing patterns to form said layer of material, each of said pulsing
patterns comprising:

evacuating said chamber during a first time period;

introducing said precursor gas into said chamber during a second time period that corresponds

to said determined precursor pulse time; and

evacuating said chamber during a third time period.

11. The method of claim 10, further comprising establishing a ligand removal

environment within said chamber.

12. The method of claim 10, wherein, during said first, second and third time periods, RF

power is not applied to said process chamber.



the same duration. 14. The nmethod of claim1l, wherein
performng the ALD process conprises performng a 5

206w@ewaasesstonpri sed of a plurality of first pul BETGS2007/069091

05-113800erns and a plurality of second pul sing patterns to
formthe layer of material ﬁgove sai d substrate, each
of said first and second puiSing patterns conpri sing:
evacuating said chanber during a first tinme period;
i A8 oddbe mgthad pircdainrl§ovhages saig fipst aydjteirdctivagprsioddlipve prpreximately
second tinme period; and 10 evacuating said chanber

the sagedyrpfepna t hird tinme peri od; wherein said second tine
period during said first plurality of pulsing patterns
is different from said second tine period during said
second plurality of pulsing patterns. 15. The nethod '
ofl4.cl aill m&homhél@mri; whaeip perfaaing thg AEP progess spriprasggiperforming a
third tinme periods, RF 15 power is not applied to

5 process gpupTised e pluaheyrad dirst palsing Pafternseanth @ alvedlity plajepantl pulsing patterns to

wherein said first and third tinme periods have

form @pﬁp}@yioﬁﬂp@@al ab¢ye euhsubglitatatgagin of said first and second pulsing patterns

comprising:
evacuating said chamber during a first time period;
introducing a precursor gas into said chamber during a second time period; and
10 evacuating said chamber during a third time period;
wherein said second time period during said first plurality of pulsing patterns is different from

said second time period during said second plurality of pulsing patterns.

15. The method of claim 14, wherein, during said first, second and third time periods, RF
15 power is not applied to said process chamber.
16. The method of claim 14, wherein said first and third time periods have approximately

the same duration.



