APPARATUSES FOR ATOM C LAYER DEPGCSI TI ON BACKGROUND OF THE | NVENTION Fi el d
of the Invention [0001] Enbodi nents of the invention generally relate to an
appar at uswendioa®shod for depositing materials, and noPeTpseevowsas!ly to
an atom c | ayer deposition chanber configured to deposit a material during
a pl asma- enhanced process. Description of the Related Art [0002] In the
field of sem conductor processing, flat-panel display processing or other

el ectroni c devi ce pAPPARATUSESIHOR ATOMICILAVER DEPOSITIONve pl ayed an

i mportant role in depositing materials on substrates. As the geonetries of
el ectroni c devices continue to shrink and the density of devices continues

to incr & o) | P ﬁmio of the features are becom ng nore
aggr essiver—g— e .07 nm and aspect ratios of 10 or
greater.g: ' formal deposition of materials to formthese
devi ces 'i:'?&gg?:gl'rr?ﬁ*gﬁnrt\@?{;asi ngly inportant. [0003] While conventional

chem cal poy@Ror EaBadIndRE Qe imﬁeho%g%@w%saﬁé Uo A" afiabRs HRIMRLT I es
and aspect fatios down to 0.15 mm the re aggressive device geonetries
requi r e rantheid for tlepositing epateriaisoand anoie pardiculany to @chaliomie layestdepssition

recei ving caonsiderable attention is atom.c |ayer depgsitign (ALD). During
o ALD haBes Corigtieh® deitst Limeterlh Alkfo aMgtmAce Dinnced hriP e
deposition chanber containing a substrate. Generally, a first reactant is
pul sed ipéscripiod ¥ ehé RedatedhAastber and i s adsorbed onto the substrate
surface. A second reactant is pulsed into the deposition chanber and reacts
with thgobo2y st Inahetfaok dof cehtcomduddeppricesdingaflat-pahel displaygerostsgingor

typically carried out, between the delivery of each reactant gas., The purge
Stop nayOBET SIGRNIG SEep BFRRSSAINGn YARET JRRASHIOTy RECESSES IAGS g ah -
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are the commmon ni que and use heat to calse the chem ca
r eact i ordésiteseeontine towahirink sacidahe ddenghty loé deliseawoninBeptoinessase, e kizae! |
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materials to form these devices is becoming increasingly important.

[0003] While conventional chemical vapor deposition (CVD) has proved
successful for device geometries and aspect ratios down to 0.15 pm, the more
aggressive device geometries require an alternative deposition technique. One
technique that is receiving considerable attention is atomic layer deposition (ALD).
During an ALD process, reactant gases are sequentially introduced into a deposition
chamber containing a substrate. Generally, a first reactant is puised into the
deposition chamber and is adsorbed onto the substrate surface. A second reactant
is pulsed into the deposition chamber and reacts with the first reactant to form a
deposited material. A purge step is typically carried out between the delivery of
each reactant gas. The purge step may be a continuous purge with the carrier gas
or a pulse purge between the delivery of the reactant gases. Thermally induced
ALD processes are the most common ALD technique and use heat to cause the
chemical reaction between the two reactants. While thermal ALD processes work
well to deposit some materials, the processes often have a slow deposition rate.

Therefore, fabrication throughput may be impacted to an unacceptable level. The



chem cal precursors, especially netal-organi c conpounds, deconpose at

el evated tenperatures. [0004] Pl asnma-enhanced ALD (PE-ALD) may be used to
form variwoomemwamsal s. I n some exanpl es of PE-ALD processas0/onmver i al
may be formed fromthe sanme chem cal precursors as a thernmal ALD process,
but at a higher deposition rate and a | ower tenperature. Although several
vari ations of techniques exist, in general, a PE-ALD process provides that
a reactant gas and a reactant plasnma are sequentially introduced into a
deposi t i dePQsifiah satecBayabaiingreassdpalt a drigherrepesition “teewmeratyre.ghdt manyul sed
into the | LI | e e :
Ther eaf t%lﬂa?ﬂf{&%l(gbte%@g%%%?g%?%sn& @t%ﬁgéﬂﬁg?@ﬁb@ﬁi&de%ﬁq%% %tﬁ%%%gﬁgﬁand
reacts wehipdrhmirés.r st reactant gas to forma deposited material. Simlarly
to a thermal ALD process, a purge step nmay be conducted between the
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have many |imtations. PEALD process nmay cause pldsnma damage to a substrate
(e.g., ethgiicg)preserdons aapathiebnal Al-Drproeessaibut ahahigher dapesiiiongate and a

requi re additional hard e. 50005% IThergforef hﬁre s a.need for gn
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[ 0006] Enbodi nents of the invention provide an apparatuses and ngethods for
deposi t | srfueniathe Nteadugad dntoud stepasition ahanpert eantainingya substiatsi « Tha firgtLD)

processes, h : A 0 l.as > PE- ALD)
Pt ocoss. eprtl a8 e o iR SRR R Bl AL ¢ e e el
provi dedsysitielie isuefagdes Theialiter,r thice reroppstr plasovat & puRedaingaltisé rdeipesition
recei ving surface and di sposed wi.thin a chanber body, a chanber lid .
assenbl ycgrt%ﬂwre@nﬂ/i fepcih With dhgefirsh o@pctanh d9as geofa@ysian glepesiteth matssigded
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mani f ol ddelivery of each of the reactants. While PE-ALD processes overcome some of the
shortcomings of thermal ALD processes due to the high degree of reactivity of the
reactant radicals within the plasma, PE-ALD processes have many limitations. PE-
ALD process may cause plasma damage to a substrate (e.g., etching), be

incompatible with certain chemical precursors and require additional hardware.

[00oo5] Therefore, there is a need for an apparatus and a process for depositing a
material on a substrate by a vapor deposition technique, such as by a PE-ALD

process.

SUMMARY OF THE INVENTION

[o006] Embodiments of the invention provide an apparatuses and methods for
depositing a material on a substrate during atomic layer deposition (ALD) processes,
such as a thermal ALD process or a plasma-enhanced ALD (PE-ALD) process. In
some embodiments, a deposition chamber for PE-ALD processes is provided which
includes a substrate support containing a substrate receiving surface and disposed
within a chamber body, a chamber lid assembly coupled with the chamber body, and
a processing region disposed between the substrate receiving surface and a lower

surface of a showerhead plate.



assenbly contai ni ng an annul ar channel enconpassing a centralized channel,
wherein the centralized channel extends through the inlet manifold

assenbl y,weandiwdosoddnl et mani fol d assenbly further contaiPn3/use¢eentdseh hol es
extendi ng fromthe annul ar channel, through a sidewall of the centralized

channel, and to the centralized channel. The chanber |id assenbly further

contai ns a showerhead assenbly having the showerhead pl ate disposed bel ow

the inlet manifold assenbly, a water box di sposed between the inle
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extending towards or substantially towards a central axis of
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ol ural | ¢ e SRgIrEvng o sl iad e GiioBotaian e mip Panispld St
hol es exjapstet %&eairsba!;e@rbeweéﬁ afki ialdt YmhRiREIg Hdsambip Widdthe! Bﬁoﬁéﬂ@é@ | of
the centralized channel. The second plurality of injection holes may be

di sposedassesnlly; ard siremmie plasma RysteeniRP) dispossshabrie and coeplrdavith the
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substantially away fromthe centralized channel. In one exanple, the first

pl uralitioed] i nfleeinlermbnifels assehﬁilwmdmcﬁaamrorrﬁu fade)j fesrhi mirmine ©r ann
anot her exanple, the second plurality of injection holes contains three or
mor e i nj AEMigMhallRs. ErSeme; e@mRiEShile 'ﬁkp mapiold assarmblyr coptaiis an
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provi de that t 3 %er may further ntain as?ghanlﬁlﬁ ssenbly
coupled with and |n fluid comunication with the inlet manifold assenbly.
The gas [weos]f ol Id merelnmlyodimnta\tbe a'\njiebitim holmschave a dingtl pdralityt bf bjectiom
fluidco nica wi,th the anng ar anne A val ye asse w may bie
coupl ed l\)\? BR eX en Ing towards or substa tla y towards a central axis of the centralized
channel. The injection holes may also have a second plurality of injection holes that
usually extend at a different angle than the first plurality of holes. In some
examples, the second plurality of injection holes extend tangential or substantially
tangential towards the sidewall of the centralized channel. The second plurality of
injection holes may be disposed along the sidewall of the centralized channel and
between the first plurality of injection holes and the showerhead assembly.
Generally, the second plurality of injection holes may extend away from or
substantially away from the centralized channel. In one example, the first plurality of
injection holes contains three or more injection holes. In another example, the
second plurality of injection holes contains three or more injection holes. Each
injection hole may have a diameter within a range from about 0.06 inches to about

0.12 inches.

[0010] Embodiments provide that the chamber may further contain a gas manifold
assembly coupled with and in fluid communication with the inlet manifold assembly.

The gas manifold assembly may have a first conduit coupled with and in fluid
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and in fluid communication with the first conduit. In one exanple, the

val ve assenbly may contain a nass flow controller (MFC) to enable an ALD
deposi ti onopomoes®3 The gas mani fol d assenbly may al so Rravasacseewsngl
conduit coupled with and in fluid conmunication with the annul ar channel.
Alternatively, the gas manifold assenbly nmay have a second conduit coupl ed
with and in fluid communication with the RPS. The RPS is usually di sposed
at the upper end of the centralized channel while the showerhead assenbly
i s di sposamanicatien| wilte the gangtariaghanseht Pavalye @sseathhemay becoupied #itbt her

enbodi Melity (ANiA! EsmRRLAlR, ARRCIHRL kS cBAAUE Aofh WRECBAMB RS BAive
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injection holes. The inlet manifold assenbly may contain or be nmade from

al umi nursh@nngh al um num al | oy, such as an al umi num al | oy which contains
magnesi um and silicon. [0012] In another enbodi nent, a showerhead assenbly

oo haaem SREShafRy RBEEG st Bl it helftofy SR G .
the centigéluties tdre anHuddr edgendlf ehbemphsuigg heasbndlatized @afruneﬁtwhbw’nalthby of
holes in fluid comunication with the top surface and the bottom surface,
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hol e hassinnel and the injection holes have a second plurality of injection holes extending
tangential or substantially tangential towards the sidewall of the centralized channel.
In one example, the first plurality of injection holes contains three or more injection
holes and the second plurality of injection holes contains three or more injection
holes. The inlet manifold assembly may contain or be made from aluminum or an

aluminum alloy, such as an aluminum alloy which contains magnesium and silicon.

[0012] In another embodiment, a showerhead assembly for a vapor deposition
process is provided which includes a showerhead plate having a top surface, a
bottom surface, and a radius extending from the center to the outer edge of the
showerhead plate, a first plurality of holes in fluid communication with the top
surface and the bottom surface, positioned within a first zone extending from the
center of the showerhead plate to about 25% of the radius of the showerhead plate,
and each hole has a diameter of less than 0.1 inches, and a second plurality of
holes in fluid communication with the top surface and the bottom surface, positioned

within a second zone extending from about 25% of the radius of the showerhead



di aneter of greater than 0.1 inches. [0013] In sonme exanples, the dianeter
of the first plurality of holes may be about 0.09 inches or less. The

di anet er wb 20tvos@sond plurality of holes may be about @CI/UB20000ME38 OF
greater, such as about 0.12 inches or greater, such as about 0.13 inches or
greater. In other exanples, the showerhead plate nmay have an increasing
hol e density radially extending towards the outer edge. In sone

enbodi ments, the showerhead plate nay contain or be made from al um num
al um nurplalel &y sboatt henawiepl edasl ofethgl showedieadeplatet aedl | eaghckwle haiscRel

al | oys, &%@?ﬁ%ﬁ}@é@%ﬂ{eﬁﬁﬁ%h&_ckel -plated netal, chromum iron, alloys

t her eof , Or "Conbi nations thereof. In sonme exanples,
t he showerhead plate contains an al um num all oy, such as an al um num al | oy
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nitrogen plasma or nitrogen radicals to edge of the showerhead pl ate for

better wuminumplated daetais| staipess| cdegled niaket haniekaht alloydsinickai-platad
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about 0.13 inches. This hole size reduces the reconbinatjion of nitrogen
r adi cal IURNWA allpyr suely ashan faluminu Rdlpyi eentaipingl BlegnasiyAb eRdr s dNnent |

a met ho%ﬁo‘?ﬁeﬂ@ﬁ%ﬁbh@éﬁu%&E&vﬁéﬁw@hd%s@nﬁ&?ﬁb%ﬁs 'a%fﬂfv?é’thS&' gg%\bc\nhich

I ncl udes™ exposi ng S ate sequentl 0 a titanium pr rsor gas
and a nirhapgsmtgihasmbet malder from quaani veramic| fukedrguartz akapphitd)epwobysitr at e

during an ALD proc wi thin a depositjon chamber. In sonme. exanpl es, the
titani urﬁ%PBch@@r ﬁ%@%‘) C'B?Reéiais gfaétsr adhicaiei materialsnsies 'F‘iaf‘%ﬂﬂ?%rr? NBhe
materials, zirconia materials, alloys thereof, derivatives thereof, or combinations

thereof. In one example the showerhead plate contains quariz.

[0014] In other embodiments, the showerhead plate contains a lower hole density
at the center of the showerhead plate and a higher hole density at the edge of the
showerhead plate. These lower/higher hole densities help to direct more nitrogen
plasma or nitrogen radicals to edge of the showerhead plate for better uniformity as
gas inlet was located in the center position. In addition, gradual change of hole
sizes from small to large at center to edge of showerhead plate. In another aspect,
the showerhead plate may contain holes with a diameter within a range from about
0.08 inches to about 0.13 inches. This hole size reduces the recombination of

nitrogen radicals, which improves the film properties.

[0015] In another embodiment, a method for depositing a material on a substrate
is provided which includes exposing the substrate sequentially to a titanium
precursor gas and a nitrogen plasma to form a titanium nitride material on the

substrate during an ALD process within a deposition chamber. In some examples,
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nitrogen plasma is generated froma RPS. The deposition chanber contains a
chanber |id assenbly coupled with a chanber body. The chanber |id assenbly
has an i \wetomemsdsl d assenbly contai ning an annul ar chaomalS2@ompassi ng a
centralized channel. The centralized channel extends through the inlet
mani fol d assenbly. [0016] In one enbodi nent, the ALD process includes
flow ng the titaniumprecursor gas into the annular channel wthin the

inlet mani fold assenbly, flowing the titanium precursor gas fromthe
annul ar BRaMNIUMNPEEEHEOE 3RS Foriaisc felrtds(dimathylasnidehl titagiugt ang elbei on

hol ext Iﬁfpy
cgn'??amg gch n%%rlg%é%a@;wcgit ra Tlﬁ%%ﬁ%@lt%}pf%&ﬁﬁ%&t ﬁgﬁttaﬁr%:ni um
pr ecur sachagalsert i assgimiti eoapleidr with aethantizerizddy. tTheodgmbesliassdmilg has

assenbly attached ﬁ t he c arrber li.d asserrblﬁ and absorbing a | ayer of
the tet r%[ku'é‘??d ’#9 Vt &HFWH'BQ Re 2B0H¢ r shannefh eNRRMRBESIHY fhe

ALD pr ocgsirdived Q‘Pfanﬂépv'ﬂfésceﬁﬂ fd Banfa &téﬁ&QQHE RIGASITR, et GanirbRg o

process gas containing nitrogen wth the RPS, f e nitrogen
pl asma tdsseogiyt he centralized channel t hrough t he shower head assenbly,
and towards the substrate, and exposing the |layer of the

t et r aki j et hyl am do t| anl to nitro to fo

Lt e uriotel T 6! RS BhntodiBhh ) ALY PlodeBEs bty Hohing, By v ¢ he
met hod pdr@téw%% gfalsQWtdWmé aﬂnhlafraiﬁa%ﬁbpmﬁw fHy lrmasm%hﬂﬁluaaééefn’iﬁly pﬂowmbl ty
of injection holes towards or substantially towards a central axis of the

central |tl@@dlt@muﬁh@necursorcq%efror@rfb@cﬁwﬂﬁrschwel inde Hesi cpniealizedschanol Wig t he
titani una IS.%'rl{ u% tlgra[%tuéﬁ %B@% f@% de Hailrbr%ytrﬁ] an'P.Ju ‘ité e{hn*é? tﬁﬁoﬁﬁt gndi ng

t angent i a all'y war ds

central lgl@@lmalhaﬂnmb cénmiralizedt chahnel, talmel ftetm@cba@m@wzwthahaw nigpwihg the
titani um precursor gas through the second plurality of injection holes to
forma ditRRMMaPIEESeT GRsofPHENt theasPtRzes therrlelgatarq%hoagﬁh@whead

central ige lchel WS B r atdregg of
the titani ur’%%gferyg%rcsgr gas ﬁ%@%'ﬂ%ﬁé”]&f Cafd a%%hﬂfmé pa(%ft ergn
such as tatrakis{dimethydam o) ttMnnurraoh dhe substraiepalhe rmethadsqilthaIALfD PvogEsst er n,
B T RY BN ot bthd tnd hRSRRAISE A 6 HhRh d bR Bindinfg
nitrogen (Np) with the RPS, flowing the nitrogen plasma through the centralized
channel, through the showerhead assembly, and towards the substrate, and
exposing the layer of the tetrakis(dimethylamido) titanium to the nitrogen plasma to

form the titanium nitride material on the substrate.

[0017] In some embodiments, the method provides flowing the titanium precursor
gas from a first plurality of injection holes towards or substantially towards a central
axis of the centralized channel. In other embodiments, the method provides flowing
the titanium precursor gas from a second plurality of injection holes extending
tangential or substantially tangential towards the sidewall of the centralized channel.
Alternatively, the method provides flowing the titanium precursor gas through the
second plurality of injection holes to form a circular gas flow of the titanium precursor
gas through the centralized channel. In several embodiments, the circular flow
pattern of the titanium precursor gas or the nitrogen plasma may be a flow pattern
such as a vortex flow pattern, a helix flow pattern, a spiral flow pattern, a swirl flow
pattern, a twirl flow pattern, a twist flow pattern, a coil flow pattern, a corkscrew flow

pattern, a curl flow pattern, a whirlpool flow pattern, or a derivative thereof. In some
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pattern, a curl flow pattern, a whirlpool flow pattern, or a derivative
thereof. In soneexanples, the first plurality of injection holes contains

t hree or wonrelowmp®at i on hol es and/ or the second pl ural i PgTAS2000j0€2578 ON

hol es contains three or nore injection holes. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0018] So that the manner in which the features of the invention
are attained and can be understood in detail, a nore particular description
of the invention, briefly sunmarized above, may be had by reference to the
enbodi neeMasplrs; tef firgh piisalify ofiinjeghien holas containe thpgseptiBiPrariaiRcHe: holesn19]
It is tg e 1 . e L dr, 'r]gsm' : y

typi cal %’@8ﬂﬁ%n < lﬂg}’iﬁqﬁhtgf éﬂ@%ﬁi'{;@ﬁ%&% a‘r%%mg ﬁ@xr@gf or ebh‘J'o' fe%céu@bgro?ég.
considered limting of its scope, for the invention my adnmt to other

equal | y BRIEE DESCRIRTIONOR THE[DBAWINGSure 1 depicts an inlet manifold
assenbly as described in enbodi ments herein; [0021] Figures 2A-2C depict an
upper i ripew8] maré Hhat the mianer ibevhich teeriferturasnolsthiedneentior] aapaltaired anes
3A-3D depict .a | ower inlet nifold as described. in e di nen her ei.n;
0023) * Fgl e neloonip ie 3l nealt BRERE brSmBrroR eI vBhEo T B i o
mani f ol dsixemAGS6d iabede maWB@Hédbetréfé?éﬁéé fo tHOSRARDdInM&H1E ehSrbofl APicH &rean
alternative inlet manifold assenbly as described in another enbodi nent

herei n; iflugeEpd M hia apmmdeshiiremdngsiot her alternative inlet nanifold
assenbly as described in another enbodi nent herein; [0026] Figures 6A-6D
depi ct (R FToPAYA a Bl ' Lirent s
nerei n: T0007] et oRedinougyer, RER G SpPER I ARG iluafate ShfTgaCa
assenbl yembodinmres of pieis dfveaitioneari ade pherebranade drd baukidereanineiting df isnt s
her ei n; [ 0028] , Fi gur,es 7B-7E degi ct schematicf views of varj ous. ot her

shower heX@Pg fardle fwentior Maadimy taplfaefs ¢RANY erﬁéFBY‘?\?"[ $Ni8: gur es 8A-8C

depict schematic views of a water box as described in enbodi nents herein;
[0020] Figure 1 depicts an inlet manifold assembly as described in embodiments

herein;

[0021]  Figures 2A-2C depict an upper inlet manifold as described in embodiments

herein;

[0022] Figures 3A-3D depict a lower inlet manifold as described in embodiments

herein;

[0023] Figures 4A-4B depict schematic views of a portion of the lower inlet

manifold as described in embodiments herein;

[0024] Figure 5A depicts an alternative inlet manifold assembly as described in

another embodiment herein;

[0025] Figure 5B depicts another alternative inlet manifold assembly as described

in another embodiment herein;

[0026] Figures 6A-6D depict schematic views of a showerhead assembly as

described in embodiments herein;

[00271  Figure 7A depicts a schematic view of the showerhead assembly with one

type of showerhead plate as described in an embodiments herein;
7



[ 0030] Figures 9A-9D depict schematic views of a punping ring as descri bed
i n enbodi ments herein; [0031] Figures 10A-10B depict schematic views of a
punpi ng rwogore®ambl y as described in sone enbodi nents REeTAISR009/0QBZ32]
Figure 11A depicts a schematic and partial view of a chanber body assenbly
as described in enbodi ments herein; [0033] Figure 11B depicts a schematic
and partial view of an alternative chanber body assenbly as described in

ot her enbodi nents herein; [0034] Figures 12A-12B depict schematic views of
a chanbdPo28ld (figviesadBdEsdepipkachematimsiessheldyariawssother shawetwsgbplatasyur es

13A- 13E Qﬁeg-é%érib%%ﬂﬁ%@gﬁﬁ%ﬁ%hgﬁeirﬁ gas mani fol d assenbly as described in
S I'g

enbodi nen erern, ure !4 depicts a schematic view of a chanber
lid assenbly as described in sone enbodi nents herein; [0037] Figure 15

depi ct s [aozg herEiguesy BAYBOfdepictt beliematicriviews idd assatebl hoxaasddssaribeedin n

ot her enbogi g_ents E}gr ein, [0038] Figures 16A-16B depict schematic views of
a chanbe?MPPAMEULABISNas described in enbodi ments herein; [0039] Figure 17
depicts a schematic view of an ALD chanber assenbly as described in

enbodi ”ﬁﬂb%herﬁbﬂﬁdso@A_QiD Gepiet 2ehdMatié 8Rewe R & pﬁmgr?g@?igg 34 888crifecRindas

purge assenbly aS described In enbodi nents herein; 41] Figure 19
depi ct s embodioritts bewdiew of a processing systemcontaining a variety of
deposi tion chanbers including ALD chanbers, as described in enbodi nents

mventi IO oviTde IER TR HEPRESPhUARLG F of o R PEC AR i

| ayer degsxgiribedrin 66k erabogdiassies hetdigh as a thernmal ALD process or a
pl asma- enhanced ALD (PE- ALD) process. O her enbodi nents of the

[0032] Figure 11A depicts a schematic and partial view of a chamber body

assembly as described in embodiments herein;

[0033] Figure 11B depicts a schematic and partial view of an alternative chamber

body assembly as described in other embodiments herein;

[0034] Figures 12A-12B depict schematic views of a chamber lid plate as

described in some embodiments herein;

[0035] Figures 13A-13E depict schematic views of a gas manifold assembly as

described in embodiments herein;

[0036] Figure 14 depicts a schematic view of a chamber lid assembly as

described in some embodiments herein;

[0037]  Figure 15 depicts a schematic view of another chamber lid assembly as

described in other embodiments herein;

[0038] Figures 16A-16B depict schematic views of a chamber lid assembly as

described in embodiments herein;

[0039] Figure 17 depicts a schematic view of an ALD chamber assembly as

described in embodiments herein;



i nvention provide ALD and PE-ALD processes for formng various materials,
such as titaniumnitride. In sonme enbodi nents, a processing system or
chanber iwocorfdognesed to expose a substrate to a sequeneeTafs2gases’and

pl asmas during a PEALD process. In one enbodi nent, a deposition chanber is
configured to performa PE-ALD process using a renote plasma system (RPS)
for igniting the plasma. I n another enbodi nent, the deposition chanber is

configured to performa thermal ALD process. [0043] Figure 1 depicts inlet
mani f ol d084M entTigurego 13Ar 38 Hapidesehismabice views fna (ﬂa%)PUm\%raf?&P”‘tle as

pl asma- ec{i@ﬁ%’? : ﬁﬁ.}l , ] s, and processes, such as descri bed
herein. 1In e@gﬁﬁ'ﬁigﬁo agﬁ%ﬁg%gacont ains upper inlet manifold 110 and

| ower inlet manifold 130. Upper inlet manifold 110 and | ower inlet manifold
130 nay [ees1h i rfdgprendi@ ddpjcts ansahematic biew af nee grécessing apstan sothirasg a

alumi num alum pum al l.oys, al um num p| at ed al st eel , stajnless, steel,
kel N b FhSesdy . pAad B R kBT BEDY dnavess, | a5 deSoibeu Sh

ni ckel - phab8dinfdriishBrEH. ni ckel -plated nmetal, chromum iron, alloys

t hereof, derivatives thereof, or conbinations thereof. In one enbodi nent,

bot h uppseThaAlLED DESCRIPFIONC and [ower inlet nanifold 130 contain or are
formed f | um num al | oy, for exanple, an al um num all oy

cont ai niﬁg f&g‘sémg FI silicon, such as alum num 6061 . [0044] The

al um num—a?-%?—n-a-y—cm#ai n silicon, magnesium iron, copper, and other

el ements, such as nganese,, chrom zinc, or titanjum |

SompembdBPEnt EMPRANATR Gl tea VY i Rk ah anralalusacodiougd g I of

al um nunpgterfald d@riﬁ%%&nﬁd Riyepirpbs¥ioho (AL (HDSrebe S04, JSTRANES hUeWhbhADDA
range from about 0.8%to about 1.2% silicon within a range from about 0.4%

t o aboutpProcesg ot egyasmaiartiancad rilddPErA hbtaess. 1Bier enmslimeptsaobtheand

2l o nuriePby! SR ACD REPE AT FrocsSas s Brblhd A R ReBRIE By,
| ess), SitabidnBbAibrideCu 1053094 ,erfisodierts,0n bascssing siySiehd%r chan{der2Ry) ,

Zn (0.25%or less), Ti (0.15%or less), and Al (balance). In another
exanpl e, CAHBUERdiA PXRASE 2 SYbsiEstede ampeponaa eogases abrBEMsHdyrinea &ik-

mani fol d ' ur ' ' ! = : '

rani 1 ol 0 PEessy e biTHSEHERES debdsit! BTarifecl AGUFlG pBEima |

110 PE-ALD process using a remote plasma system (RPS) for igniting the plasma. In
another embodiment, the deposition chamber is configured to perform a thermal

ALD process.

[0043] Figure 1 depicts inlet manifold assembly 100 which may be utilized within
or by thermal or plasma-enhanced ALD systems, chambers, and processes, such as
described herein. Inlet manifold assembly 100 contains upper inlet manifold 110
and lower inlet manifold 130. Upper inlet manifold 110 and lower inlet manifold 130
may each independently contain or be formed from a metal such as aluminum,
aluminum alloys, aluminum-plated metals, steel, stainless steel, nickel, nickel alloys
(such as INCONEL® or HASTELLOY®), nickel-plated aluminum, nickel-plated metal,
chromium, iron, alloys thereof, derivatives thereof, or combinations thereof. In one
embodiment, both upper inlet manifold 110 and lower inlet manifold 130 contain or
are formed from aluminum or an aluminum alloy, for example, an aluminum alloy

containing magnesium and silicon, such as aluminum 6061.

[0044] The aluminum alloy may contain silicon, magnesium, iron, copper, and

other elements, such as manganese, chromium, zinc, or titanium. In some
9



may be di sposed on top of and partially over lower inlet manifold 130.
Lower surfaces 112 and 114 of upper inlet manifold 110 may be respectively
di sposed wo 20pe8093ur f aces 132 and 134 of | ower inlet nmeorfuskaoh@dBzrs Upper
surface 132 contains groove 133 and upper surface 134 contains groove 135.
G ooves 133 and 135 may each contain an o-ring, which is used to forma
seal between |ower surface 112 and upper surface 132, as well, between

| ower surface 114 and upper surface 134. Annul ar channel 140 is forned
bet ween %B@wmqnt%tthﬁeawmmtan ellgy 4nay havr @ encentration Ly weighbof alwminym

h |

e fildn o) Fom Uk O8I RS RES (G5! faofELAIIRAAM o kaflge T Bobei

[0046] @B% & abedt tR2&6nslicalb@ithina aange dtoamadbuil @31 %itd rabrcbuu@rﬁf%, bopper
ifold 110 d | ith | | et fldl t

Channel WEHR e T anos Dy Thib Aabert rosh Sicyan Mt 3 fabie TOPLABOU ong

cent ral sy 1o 8Boul 0700 GG SRithpicl B ADAHAA GISH!Aay HaveoRel BIbRAL

channel 150 for a chanber adapted to process a aneter substrate is
wi t hi n acampegition bynvegightt My £1.00%hless), SidB&EN%6R Gm((ha@% pref@7abloy Jeds)om

"nches 1URdBdeReR e 1h ARl 2 EFZaeitle S THBLISE & enabd R38R hot o
i nl et ”Pdhcftﬁélde)aalﬁpl‘éoﬂ{e?‘élﬂﬁ'lmtﬁtheﬁlloWﬂayﬁBé AMuthlrim 8881, which are aligned

with central aX| s 152 and in fluid conmunication with centrali zed channel

150. A rg @,ﬁin@ﬁﬁ&m&l&ﬂ% &%nln%r uluéh%ké/d ﬁppgjlﬁgs -8l SAd ifer

Upper |nIet nanl 110 contains 1nlet 122 extendi ng from outside sidewal |
115 of upletmamifold 16@n|sffuﬂtlet1ilmstratadomgﬁlgumBeBArS[D etUpnarti ihtst anantitold ad@® i nt o
annul ar chann

cont ai n 72 gbeedj'%%lelgggg Py af"BHt 'P%'?g%élove? 'g{ffﬁgﬁn ?L %g@%i&b@niﬁﬁerl over

i nl et WBéUrfafébg H30a6@NH 3 Stsuppyrasfet ﬁihrhl@'lcﬁ?né?rﬁa)abé r’egﬁééﬂ\/'eﬁndié?b%d bps-
Both sets of injection holes 136 and 138 extend throug 139 of

| ower i riprersaiaces d323mdatit of lowedénlet maanf@ldrﬂamuuamrowmmcqmmHSar

channel | 4 tic

i ow of FORFTRRERE ST MR ERO ot o8 351 GRS MRERSISRERE 156

and 138,edth ¢againi ared-rhg, aficie DgsBd®forined ebal bétWe%ﬁﬂBw@ﬁbOﬂadf@nﬂa,and

i nj ection hol es 136 nmay be positioned directly towards or substantially

t owar ds YRR rsdrfage 432, as well, between lower surface 114 and upper surface 134.
Annular channel 140 is formed between upper inlet manifold 110 and lower inlet
manifold 130. Annular channel 140 encircles or encompasses centralized channel

150, which is formed through upper inlet manifold 110 and lower inlet manifold 130.

[0046]  Centralized channel 150 contains channel 125 within upper inlet manifold
110 and channel 145 within lower inlet manifold 130. Centralized channel 150 may
have an inner diameter which stays fairly consistent along central axis 152. In one
embodiment, the inner diameter of centralized channel 150 for a chamber adapted
to process a 300 mm diameter substrate is within a range from about 0.2 inches to
about 2 inches, preferably, from about 1 inch to about 1.8 inches, and more

preferably, from about 1.2 inches to about 1.5 inches, for example, about 1.4 inches.

[0047] Upper inlet manifold 110 contains inlet 120 and outlet 121, which are

aligned with central axis 152 and in fluid communication with centralized channel

150. A remote plasma system (RPS) may be fluidly coupled to inlet 120. Upper

inlet manifold 110 contains inlet 122 extending from outside sidewall 115 of upper

inlet manifold 110, through upper inlet manifold 110, and into annular channel 140.
10



152 extending through the mddle of centralized channel 150, as depicted in
Figure 4A. Injection holes 138 are positioned tangentially towards or

subst ant inabI2g1vmegent i al | y t owards sidewal | 151 of cent pariuseadomsnnel 150,
as depicted in Figure 4B. [0049] Throughout the enbodi nents, there is at

| east one injection hole 136 and at | east one injection hole 138. As
depicted in Figures 4A-4B, lower inlet manifold 130 contains three holes
for injection holes 136 and three holes for injection holes 138. In other
enbodi melt QNe E¥ARPle. HRRer Halet feanifold d 1RdDay gl rantain tapesed gurigcesl 11pat npr e
i nj ectiofsydiglgs 136 and independently contain 1, 2, 3, 4, 5, 6, or nore

I njections holes 138. Injection holes 136 and 138 may i ndependently have a

di anmet er w4 hi - i S 5 i nc

or of or adeS ', darsd SiboBhR AR uckinalioE® A7 sBHREs Bicclsiifts v
about 0.4 injettesn holeabidg. Both isatdes injedtibnholespr3d andbils ektent taksugh 0. 06
I nches tao about 0.12 inches, nore preferably, from about 0.07 inches to

d
about 0. Jdawalh JaBkor towesalet apiald 150; rd PERVIR st COBIMMAVEANOYPEIERY of
bout 0. ' hni.eqt | ayena Gi: en a0 0..100
?ngﬁes [ ?Pfcﬁ%éet@l:‘g#bh%ﬁgsbg@éﬁ%ésgégﬁ%égi ;{lgg'negj@%n%ée#f\fé Iaer%tkll E)dv\e/araés or
subst ant $chienyaticavigenafi & pbtiadnoofabder inldiemahifoltdS3Mtepietihg dtjectészh holesnkds 150.

A fl ow ing fromeach of injecgtion holes 138 conbines within .
cent ral 13 Tafarn GPSTIRP BY PBe ARbGHmeNt SRy iIFFome Fmancimeals, &destian
I nj ecti onpB8!18% d§ Eﬁilézogﬁixﬁea'diﬁcef&gaCio%Fd“s%# xubg\éﬁﬁﬂwogﬁwéﬂd@%éﬁﬁdl Ajsy

towards central axrs gas comng from eac I njection holes
136 conblFRexigndinnthrengh theé peddieaimeptralizsd ahanmnelnkd), asedepictedanifigd® The

conbi ned, gas [flow fo a ,dgwnwar d s flaw extendi ng do centrali

channe! 480° BigafaL "PRBsT dPfearayPrsidtd dAnfsn Bl BvaRAC Eommedralals
flow froaghyshidly W erdeWill #5 of Benghlizd ahartied 1500 Wsf dépittel iR FtigQre
hol es 138 conbine to forma sweeping vortex gas flow that extends down

central i4®d channel 150, along and past rounded corner 131 of |ower inlet
mani fold 130, towards the showerhead. Although the exact geonetry of
sweepi ngoe49] t exThyasghouiviheherobgdinuans r thiere édat leashehe libjectien hole KB6wand i t

B e ek B ECERGRS) 40 AR oA Bl R 4 e L S
130 contains three holes for injection holes 136 and three holes for injection holes
138. In other embodiments, lower inlet manifold 130 may contain 1, 2, 3, 4, 5, 6, or
more injections holes 136 and independently contain 1, 2, 3, 4, 5, 6, or more
injections holes 138. Injection holes 136 and 138 may independently have a
diameter within a range from about 0.02 inches to about 0.5 inches, preferably, from
about 0.04 inches to about 0.4 inches, preferably, from about 0.05 inches to about
0.2 inches, and more preferably, from about 0.06 inches to about 0.12 inches, and
more preferably, from about 0.07 inches to about 0.11 inches. In one example,
injection holes 136 have a diameter of about 0.089 inches and injection holes 138

have a diameter of about 0.100 inches

[0050] Injection holes 138 may be positioned tangentially towards or substantially

tangentially towards sidewall 151 of centralized channel 150. A gas flow coming

from each of injection holes 138 combines within centralized channel 150 to form a

gas flow having a circular direction. Injection holes 136 may be positioned directly

towards or substantially towards central axis 152. A gas flow coming from each of

injection holes 136 combines within centralized channel 150 at or near central axis
11



helix flow pattern, a spiral flow pattern, a swirl flow pattern, a twrl
flow pattern, a twst flow pattern, a coil flow pattern, a corkscrew fl ow
patt ern, wocordooddew pattern, a whirl pool flow pattern, POT/U$RON0WIISTY €S

t hereof. [0051] In several alternative enbodi nents, Figure 5A depicts inlet
mani f ol d assenbly 500a and Figure 5B depicts inlet manifold assenbly 500b
which may be utilized within or by thermal or plasnma-enhanced ALD systens,
chanmbers, and processes, such as described herein. Inlet manifold

assenbl i #8250 heawemived cgat dlow depes andewnwand f gasl fow extendtls\@erdowm et
mani f ol d %hﬁgg‘?ﬁwanhgll 24 X nlLd%' ﬂol é%%%?byﬁ@mghéﬁ%% Oéo

partiall y ower rsurrace f upper | nl et

mani f ol dgéslﬂowﬁyorhenjéwmhetésom&ppdrthetmri:atae g‘&%Zﬂow fﬂommjea:trdreholeamra‘aol d
530. Upper surface 532 cont ai ns oove, 533, Groovg ga?nt ain an
o-ring, GAMeReite fggaA ?WG?B'P&VQF%éa@a%QQ‘MBﬁt 23 598 t 'Zeﬁr?@aﬁﬁﬁbr
surface | S f

upper i nﬁ% aléhé qJ Béit RJLﬁ\HeEBéB Jﬁgtgggdﬁglgg{&ngﬁ@gmaeﬁgﬁﬂ?g tg\gﬁr {h ower
i nl et nmeshdvwertie880. ABhalegts mé axach gdonmhiyadh swgepingevaizéx gasoibwe tBBAIgay

ona o1 debduized Yol BTy Nakuidn. Einhaisvesiar 1 Brors® mat oS mRer
inl et mapbiatded Wtnea dirkave'y a»srrtdw h&%ﬁf&kemﬁ Qtterﬁ%\‘% %netaawbaﬁé& a

encircles Or enconpasses centra I zed channel which i1s formed through
upper i nelix thewifasletn,5a Gpirad flovmpattemi etswralnﬂfn\mrtatmo, a@wd flaw paiterohannel

550 contali. channel ., 525 thrn u | et nlfold 0 and |lo r
channel  DUS TG REfieft A0S 1ggpallehfr D tREStow ToBipd iy &striiit BRfiem:

upper i niRirlpaBNildwW betteA) of eetigatied thifsdfi on hol es 536 and inj ection hol es
538. Both sets of injection holes 536 and 538 extendthrough sidewall 539 of

upper ftg@& 1Nk gbferal Cuiftifatife® \driiSoditénts, C FaTE!T SA! IeRIdREtinRR NiainitBlar

channel 540 and centralized channel 550. Figures 5A provides a schenmatic
vi ew of asgeonbly &0af andmgure B depisis frtbﬂetdnaetboldeqﬁaembig 500pewhicbrmaylbes 536

i cot 1 oHTRGH U iagt Ry IR GcleRT Peetiy etk AL B, SBe it paley

t ovar ds groeesddsd! skl 8s e:rétseﬂsé@mér&houqhet hramroriﬂ Iaesefane@tso@lal ZRd somannel
550. Injection hol es 538 are g}gsr ti oned tangenti al Igst owar ds or

subst ant¢QItain upnasdnlel manffoldbadP @ndsiewendnlet manifeld 530. Upper inlet manifold
510 may be disposed on top of and partially within lower inlet manifold 530. Lower

surface 512 of upper inlet manifold 510 may be disposed on upper surface 532 of
lower inlet manifold 530. Upper surface 532 contains groove 533. Groove 533 may
contain an o-ring, which is used to form a seal between lower surface 512 and upper
surface 532. Also, for inlet manifold assembly 500a, side surface 514 of upper inlet
manifold 510 may be disposed against side surface 534 of lower inlet manifold 530.
Side surface 534 contains groove 535. Groove 535 may contain an o-ring, which is

used to form a seal between side surface 514 and side surface 534.

[0052] Annular channel 540 is formed between upper inlet manifold 510 and lower
inlet manifold 530. Annular channel 540 encircles or encompasses centralized
channel 550, which is formed through upper inlet manifold 510 and lower inlet
manifold 530. Centralized channel 550 contains upper channel 525 within upper

inlet manifold 510 and lower channel 545 within lower inlet manifold 530.

[0053] In another embodiment, upper inlet manifold 510 contains injection holes
536 and injection holes 538. Both sets of injection holes 536 and 538 extend
12



centralized channel 550. [0054] Centralized channel 550 contains channel
525 within upper inlet manifold 510 and channel 545 within |ower inlet

mani f ol d W8Qoio@esissal i zed channel 550 may have an i nner PdiTAIY2€00/0495078 Ch
stays fairly consistent along central axis 552. In one enbodi nent, the

i nner di aneter of centralized channel 550 for a chanber adapted to process
a 300 mm di aneter substrate is within a range fromabout 0.2 inches to

about 2 inches, h;t)referabloi from about inch to about 1.8 inches, and nore
pr ef er abihyjough sidexsd 539 o unpendalet m%mfwi 51 0zand pradde ffigid ésemmrucatanbut

el ”Ch&@tweﬂaﬂoariﬂuléﬂ|D nrid?l520 Wb{eﬂirghéjog 18P, 'ﬁéﬁée 89id8$tal et

521 , which arealgn wth centr axl s and 1n fl nlcalon
wth cen$crrm|mat¢rdvnehfamfr@boﬁﬁm ofAlomeminiet plamdéfoll Smﬂemctlﬁﬁ’ﬁ)jeomm helekl|38all vy

coupled to nl et nifold 510 contains injet 522 extending
From out SRUE38; 88 AepFrIEAE By oG IBPOTAIT NRERIY dNchaste STMRERT FHERITI et
mani f ol dngdQ. Sfﬁ“érdf gﬁdéltﬂﬂé'd' éfre@t fHWérdé ?ra(s:iexﬁstgﬁﬁal BWPARs A RRPEral ExR

mani fold 510 may a ontain tapered sur outlet 521 . [0056]
Upper i néxendiagi thobuptb e ouddlei ofscéntralize82dhanmei 550rrawmloal hgjee b38i ate

central aX| 52, and nf ui d conmu nwth centrali ed cha 550. A
et o proRney RS g S g Sttty A Rt 9B WAl S ni o
mani f ol dcéiltﬁhhggatcﬁbﬁﬁeuggo:t 522 extending fromoutside sidewall 515 of

upper inlet manifold 510, through upper inlet manifold 510, and into

annul ar l[@apene'cér%) liZcQ %n"eﬂ('[%gg &int%%e‘cfhdnﬂb?t&miq@:L%pg%gnl Efmﬂféﬁj

contain red sur ace 5 11 pper 1 nlet mani ower
inl et manl@ ehd (Yﬁtaﬁna’a§4émtlnn lmdwqxenl@emaryfodrbﬁﬁai rCentrdlizedl @hawdelf 550meaynet al

ch a aI mn al.um num m_num d ne St st ai nl ess
steel - dRipn MherirmarioyBionHiave RuiieBRBt piand Bt Soe; | ohe
ni ckel - pémbsémaémmnwmnea idvarRbtel | A lcephidRiad chahR@™Ba30Mor! 4 @Rambkl @)daPted
t hereof, derivatives thereof, or conbinations thereof. In one exanple

upper i roeproness 30 B0 digretesaabstrateeis w&mnfa)r@gﬁsbonnmarmanml}esmwt a| n

ol um nurftiiop BEbd: MBHREC e SRt e, Blanet I YT Eb b
[ 0858] Tﬂiﬂeﬁél@blyufrohhéb@,ﬁtbpgllrﬁmﬂissto dberit @.5 mcaéslf@aékampﬁa laboBE § [40Acihed.e 536
an

[0055] Upper inlet manifold 510 contains inlet 520 and outlet 521, which are
aligned with central axis 552 and in fluid communication with centralized channel
550. A remote plasma system (RPS) may be fluidly coupled to inlet 520. Upper
inlet manifold 510 contains inlet 522 extending from outside sidewall 515 of upper
inlet manifold 510, through upper inlet manifold 510, and into annular channel 540.
In one example, upper inlet manifold 510 may also contain tapered surface 511 at
outlet 521.

[00s6]  Upper inlet manifold 510 contains inlet 520, which may be aligned with
central axis 552 and in fluid communication with centralized channel 550. A remote
plasma system (RPS) may be fluidly coupled to inlet 520. Upper inlet manifold 510
contains inlet 522 extending from outside sidewall 515 of upper inlet manifold 510,
through upper inlet manifold 510, and into annular channel 540. In one example,

upper inlet manifold 510 may also contain tapered surface 511.

[0057] Upper inlet manifold 510 and lower inlet manifold 530 may each
independently contain or be formed from a metal such as aluminum, aluminum

alloys, aluminum-plated metals, steel, stainless steel, nickel, nickel alloys (such as

a4



at |l east one injection hole 538. Lower inlet manifold 530 contains 3

I njection holes 536 and 3 injection holes 538. In other enbodi nents, |ower

i nl et marwbabo/®3®3may contain 1, 2, 3, 4, 5, 6, or nore@cCrnjseaviossss hol es
536 and i ndependently contain 1, 2, 3, 4, 5, 6, or nore injections holes
538. Injection holes 536 and 538 may i ndependently have a dianeter within a
range fron1about 0. 02 I nches to about 0.5 inches, preferably, from about

0. 04 |nches to gbout 0.4_inche preferably from about 0. 05 |nches to

about 0. DIGANELS . AncdHASTELLQX 3r apiokel-platpd apbliringmye Nickatedated dpstal 0. 12
i nches,  ahgny rBﬁeél’fd;%bt'hlér Jfr nggélﬁ)é% Refbbf 'BFB%bFr%tBEQ%e%oésé nldiehes.

I n one exanp e, |nJect|on RoT 4\ anet er i nches
and i nj estangpie hbbsubs lhlntenanltbldrmoeand)ioveémntet(Bné;ﬁ]fbld BS0eindepeaddntly
entiall rds or su stantlally

I nj ection holes 532 ¥2W§$ |t|onedtaﬂ9 ﬁtong
t angent | AN ARIPIS™S d pIUBRUGY 0L BRAYNMMEY ACPan HE POBEFEXIRRYGS,
com ng fenem.rﬁﬁﬁ*&ne{, chta"?r?éhf& nBQi'u?ﬁaﬁé%nli‘é@ﬁ%tﬁlﬁ%%ﬂﬁhnﬁuﬁ%ﬁéﬁ' | zed Channe'

550 to forma gas Tlow having a circular direction. Injection holes 536 nay

be posit Q% dngf roérlbé/mt @%rﬂﬁo&’iheﬁﬂg% 5@52%&1& n%ﬁﬁeﬁﬁc% bg!eng\’:‘ésanész A

gas fl o eac I'njection es W
central iatddastfmmme(ﬂlﬁm hmlecBBmehoweemleﬁmaa)folsl 532 cofffainscBimjeoteh pakesf | ow

f d flo tralized | 550t owar d
Lhe o r CHMOAIBEDRN IR AoBy 1 At HDRORBISESS dauer e TaRREl TPOE | ow
fromi ”J&ﬁﬁéfuﬁm oles, 536, Bf‘ﬁﬁr@‘%}g%bﬁ&% ﬁéleg%@ﬁférﬁaﬂﬁnfd'égghﬂé‘hmﬁ%érﬂalrhw;‘?5 538

conbine to forma Sweeping vortex gas flow that extends do central’l Zed
channel %58, Jl 6ngpramdreasjectionndaclesobd®r Hfectain ol 5360 @endnbdBB8f olay 530,

towards .the s he exact eorretr vor.t gas
o ¢ hriBUERE Y dra e RIS 4 s, MRoaedt CopahGE BUaltit s Phe
process jgdsedTByreldrabfy fidn SasdutColbar inbhey' teadB &t 0. 42ineRES e¥réibRRatrbAr N, a
helix flow pattern, a spiral flow pattern, a swirl flow pattern, a twrl

fl ow patatus 0.G6 inghes te lab@up 82 |ches aard mqrecnmmablw fiomeakat 0506 dnehasow

her cor oy b0 et i dtaablcrER: KR AbEl S mlesnl sHEHYT
cont ai niinghed)oeohe astapipid, nfeeBoh dolgrg58® hase @2dianfetguoesbotit-0/689 énthels
shower head pl ate 602 which nmay be utilized in showerhead assenbly 600.

Hol es 6ANGiRjestignthelesugpd have a diameter of about 0.100 inches

[0059]  Injection holes 538 may be positioned tangentially towards or substantially
tangentially towards sidewall 551 of centralized channel 550. A gas flow coming
from each of injection holes 538 combines within centralized channel 550 to form a
gas flow having a circular direction. Injection holes 536 may be positioned directly
towards or substantially towards central axis 552. A gas flow coming from each of
injection holes 536 combines within centralized channel 550 at or near central axis
552. The combined gas flow forms a downward gas flow extending down
centralized channel 550 towards the circular gas flow formed by injection holes 538.
The downward gas flow from injection holes 536 and the circular gas flow from
injection holes 538 combine to form a sweeping vortex gas flow that extends down
centralized channel 550, along and past rounded corner 531 of lower inlet manifold
530, towards the showerhead. Although the exact geometry of sweeping vortex gas
flow through centralized channel 550 is not known, it is believed that the process
gas may travel in a circular flow pattern, a vortex flow pattern, a helix flow pattern, a

spiral flow pattern, a swirl flow pattern, a twirl flow pattern, a twist flow pattern, a coil
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shower head pl ate 602, from upper surface 610 to | ower surface 612 of

shower head plate 602. In one enbodi nent, showerhead assenbly 600 contai ns
shower heastopharm@3®32 di sposed on i nner ring 604, which PeTdiSs@osert7&N out er
ring 606. Showerhead plate 602, inner ring 604, and outer ring 606 may be a
single piece or separate isolatable pieces or parts which together form
shower head assembly 600. For exanple, showerhead plate 602, inner ring 604,

and outer ring 606 may be o i ece, |eces pi eces whi ch
Foget her o pateitb aeraka cuclonBrfonh rhNos RetemboumriR! o alioraedr

assenbl yq&@tivebansehead plate 602, inner ring 604, and/or outer ring 606
may independently each contain or be formed froma netal such as al um num

i ckel - appes oY iRt QpRePl® A s, sfBtpatl HsSoER AF | cqrllyfiy

al um nunghowexkehé mlalbeﬁbzmaaing ledlesré20m Figwes 78-YBydegittestemberndadiplatel ves
and or . SHkePE-may e Wized I RaeHeHA AysSBRbAR DRSS b PHEaoRPEHen
al um ”U%Iﬂfwé’rﬂeéhm ?ﬁQaWO%I upp8r §lﬁﬁ’§ceeémé fSwert Qﬁf%éjﬁo%g%ﬁb\;@%ead

contal ns nmagnesi u I con, suc al um num 6061 . In an
al t er natplate éa8odinnene emhmﬁmelmeadlmermbdyammmcﬁm cehiaies labavsiemmde 602

may cont be for d froma mat h.as,quartz, ceramni

uar o, Bl ore SigrsBRy N c PRET ifth 604 + whitheiy. JithtBecaion” G, ing; $64 o
mat eri al Showeﬂﬁe@a praicc602 iBneingre0a, BRd Quté ﬁn% sosc‘rﬁay %e”@%ﬁ‘fgl@b%ceaérl oys
t hereof, derivatives thereof, and conbinations thereof. In oné exanpl e,

shower hesgpaiaiscisplajalie pienrs o patowhidietogethertfersahoweibaad assembly 660.ned

be.rougnereio g SR aEH e AETang g RBe ot Bl TERog Al e ™
about 30fletd Ctvid Pidted; i maltiple [P whmmf@e@moﬂjnﬁ@howéhw Bessbly
assenbly 600 has an increasing hole density radi alqgf; extendlgtg towards the

outer edRf0- Uppwame gmbediments, cshawvriiend caapepkly S0 showashoed platsr 602ss

955 O (DhAEEnh BoaCaBd kL nd BOB ol PERSRCER SAch WA iRl

surface fﬁd:ﬁ amdetat eucldeasf hlulminammallnmmrh aftloys, aluminum-plated metals, steel,
stainless steel, nickel, nickel alloys (such as INCONEL® or HASTELLOY®), nickel-
plated aluminum, nickel-plated metal, chromium, iron, alloys thereof, derivatives
thereof, or combinations thereof. In one example, showerhead assembly 600 and/or
showerhead plate 602 independently contains or is formed from aluminum or an
aluminum alloy. In some examples, the aluminum alloy contains magnesium and

silicon, such as aluminum 6061.

[0061] In an alternative embodiment, showerhead assembly 600 and/or
showerhead plate 602 may contain or be formed from a material such as quartz,
ceramic, fused quartz, sapphire, pyrolytic boron nitrite (PBN) material, glass, silicate
materials, silica materials, alumina materials, zirconia materials, alloys thereof,
derivatives thereof, and combinations thereof. In one example, showerhead
assembly 600 and/or showerhead plate 602 contains or is formed from quartz. In
one embodiment, upper surface 610 and lower surface 612 may be roughened (e.g.,
machined) to have a mean roughness (R,) of at least about 300 microinch or

greater.
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t her et hrough. Hol es 620 may have a variety of sizes and be contained across
upper surface 610 and | ower surface 612 in nultiple patterns. Each hol e of
t he pl ur avotzgioaf3dyel es 620 may have a di aneter w thin arPcangeoodnemmabout
0.05 inches to about 0.16 inches, preferably, fromabout 0.07 inches to
about 0.14 inches, and nore preferably, fromabout 0.08 inches to about
0.13 inches. In one enbodi nent, showerhead plate 602 has at |east about 300
hol es, such as from about 320 holes to about 500 holes. In one exanple,
shower he#@63)| atla 60 me@@me@t,aﬂmwerifs@@dh@a;&nblyo@&]haﬁnaranaﬁne@ﬁmg ole

nbodi h I
ﬁul '?i |p|rr§ é"‘s@ ? mﬂﬁ?%g%éé@@bt ga%y% ﬁé@:gﬁﬁeg”%@% p[p aryl ng ae arre(fers as
depi ct edshdw&hgadeplaﬂe%w reseiwssr hepidcass eyl wr Gasma o adietribetidg phw @ 602

may have 15 rings of holes 620@%9 gures 7A-7D) or |less rings, as 8
(i ngs. ( FPGGPES T8gion thiuiob D HoRS 20 pads Bioudtishoweiasad Plate Gig: ds

the out eirroﬁldgﬁgﬁrlf stfig r@ﬁ?% H})ﬁ/%ﬁ ﬁ%geT@?Zdérg(?%rﬁhdgf 1a! Eémﬁ%l%%bzén

i ncrease as the overa nsity ower ead plate
ext endi niperettiraldhy Holeac29 rmay have arvenf@gpobélzeﬁavvdrﬂeemtpineuaoﬁsﬁ@s uplRe64]

| di h enbly 600 h d te 6
cont ai nsSUTaGa G0 Bt (St SIS B2 B3iTHIG PRGNS ol AP Coe bR Risuly of
surface Rdds 229 Hngy\%vé lara.aﬁ%t&mﬂhﬁwrédgresr&oralamh otos mfchlag |t@%1b63f30 aree

positioned within a first zone extending fromthe center of showerhead
pl at e 60Rches alpoeferam% dom h@oladolﬂi dnchgsoier hbadt (). 44 einebes, and ¢aere hol e

has a dia | ess, t ha nches Sho ass 600 ntaiLns a
second p'P'{?f yy f5th%t'|) lg &IQ flrl? §° tgnﬂﬂﬂ Qeﬁ; che[sh 3Bp% es‘ﬂ??%‘@g‘eé‘io and
| ower sUsHAGShBAd platB SOtk Ihstradut B0OThded, &%cR 23 fsra apesit BROMsNot hi n
a second zone extend| ng from about 25% of the radius of showerhead plate

602 to adeeut 300chaes.eln bR exampihsheweerndplet B0y cen@inmakrat® MJee has a

di ameter of greater than 0.1 inches. In sone exanples the dianeter of the
first pliooed]i t yinodindtbeesmbodihent, shod@rheachassemblye§80 arnstumvarhead miates,

the dia r of the se ond Iura bty o oles is bout I nches or
greater n&é)fé?@fm { ﬁaes %85 %’P ardY ae‘(ﬁdhﬂlﬁr‘;e%%(# eCﬁeYae[M'In?
about 0. é+§n1é’l‘6ﬂ§esa§r dapi@ﬁéoerm [ﬁ?@ﬁ*é]s FiAgpEeS ShoWerHeai Chs¥&hBly BDO &0
used to regul ate the tenperature by
showerhead plate 602 may have 15 rings of holes 620 (Figures 7A-7D) or less rings,
such as 8 rings (Figure 7E). Figure 7B depicts Rings A-O extending radially towards
the outer edge of showerhead plate 602. The diameter of holes 620 may increase,
as well as the overall hole density of showerhead plate 602, extending radially

towards the outer edge of showerhead plate 602.

[0064] In some embodiments, showerhead assembly 600 or showerhead plate
602 contains a first plurality of holes 620 in fluid communication upper surface 610
and lower surface 612. The first plurality of holes 620 are positioned within a first
zone extending from the center of showerhead plate 602 to about 25% of the radius
of showerhead plate 602, and each hole has a diameter of less than 0.1 inches.
Showerhead assembly 600 contains a second plurality of holes in fluid
communication with upper surface 610 and lower surface 612. The second plurality
of holes 620 are positioned within a second zone extending from about 25% of the
radius of showerhead plate 602 to about the outer edge of showerhead assembly
600, and each hole has a diameter of greater than 0.1 inches. In some examples

the diameter of the first plurality of holes is about 0.09 inches or less. In other
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renovi ng heat from deposition chanbers |id assenblies, such as chanber lid
assenbly 1400 or 1500. Water box 800 may be positioned on top of showerhead
assenbl y wOQoiowB®@B box 800 contains a centralized passagensg)oonwshs as
openi ng 820, through body 802. Inner upper surface 803 and outer upper
surface of body 802 both encircle opening 820. Lower surface 806 of water
box 800 faces showerhead assenbly 600 within chanber |id assenbly 1400.

Opening 820 is adapted to receive inlet mapifold assenbly 100, which may be
posi t i on@tArBplesedhr diapeigsofgine segend PhHRliyoef halescisnabew B+ 1biICheR Yd

froma n@te% | Lyl ] ) BBSNESigum
silicon all ?)eg/'z59%8@%'23%%@16%%%)8%%&&%ﬁaur(n%egﬁyz;?éjgéfrgg%gwgh st alé"rs]'ISess
st eel , ninckes pr gredted. al | oys (such as INCONEL (r) or HASTELLOY (r)),
ni ckel - pl ated al um num nickel -plated netal, chromum iron, alloys

t her eof , [o0sw]i VaFigurss 8RBT dbpicdwaterbbx@00onsed e remflatel theaeenporatupe by
wat er box 80Q may contain or is formed frgm al um numor an al um num al | oy.

[ ooge] vwrmv"bw%gfrp%ﬁ@egsiﬁeat chargheish lifthassambiliess sgiphl ¢S 1armBer isho;
- f
such as £Loms0onep qra%@ésgg?{e\étb%g%oq ﬁi;@[g?@%gﬁsoﬁggiﬂ?gofgﬁs%w&%% box

800 contains 1nlet 810 and mruni cation with
passagevaysdddfly 600t i Water ibeqpRG0 tombains @ cestalizedf pagsagavagnsuchi s apening

' ] Ni d i b 0 h inl 810. . The, fluid
absor be. P ATLPRREBBP! rignaT SRS SUSATS ARy ASHOCKAAPPET SUTaPS 2 HeGHer
tenperat ghe paih BRENGS dpeHmye8as. DRIwaPSUrceu806 06t it box b?ngZcheEhe

flurd may be in Iiquid, gas or supercritical state and is capab .
adsor bi nghewerhdad sagsenibly Giawithin haimhsrylidrasaemblyi1400ds Opeaingr®20bis used

[ t 0 includ ter il | v Gl | I | ,eth ,
ot her orARtEd 40 oRRYS et Blriplc resariy i Wi WS Be pRsliEReata Bote
thereof QirfdBexBYAES WAREF Bk 808 SAAY BONtAIRCOLBE firineddRBm ar Bl Siidch as
hydr of | uor ocar bons (HFCs), or conbinations thereof. Preferably, water box

800 is sappliney, lumingm calioys (©.9atduminwoeheragresivilt siljoeoesloys| ¥ch@szl e 8
11 may b Ni [.r i N [ ' i nl utl et
nozai e anaDety, Rttt MeRATRRRRR Aol bleRel Rickel Al iiR3
as depi c4edNCOREYET er I4ASTELEOW)) rifekeliptatadaptedinto, r aickieMsiated ahetal,
chromium, iron, alloys thereof, derivatives thereof, or combinations thereof. In one
example, water box 800 may contain or is formed from aluminum or an aluminum

alloy.

[oo66] Water box 800 removes heat from chamber lid assembly 1400 or 1500,
such as from showerhead assembly 600. Inner upper surface 803 of water box 800
contains inlet 810 and outlet 812 that are in fluid communication with passageway
830. During a deposition process, a fluid at an initial temperature is administered
into water box 800 through inlet 810. The fluid absorbs heat while traveling along
passageway 830. The fluid at a higher temperature is removed from water box 800
through outlet 812.

[0067] The fluid may be in liquid, gas or supercritical state and is capable of

adsorbing and dissipating heat in a timely manner. Liquids that may be used in

water box 800 include water, oil, alcohols, glycols, glycol ethers, other organic

solvents, supercritical fluids (e.g., CO.) derivatives thereof or mixtures thereof.

Gases may include nitrogen, argon, air, hydrofluorocarbons (HFCs), or combinationé

thereof. Preferably, water box 800 is supplied with water or a water/alcohol mixture.
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nozzle 8 11 connected to a line {e.g., hose) in fluid communication with a
fluid source. Simlarly, outlet 812 may be adapted to receive outlet nozzle
813 connewvedittm3@3line in fluid comunication with a flPaird/Sc@bondsss The
fluid source and fluid return nay be an i n-house cooling systemor an

I ndependent cooling system The fluid Iines may be a tube, a hose, or a
conduit. [0069] In one enbodinent, the fluid may be adm nistered into water
box 800 at a tenperature within a range from about -200C to about 40C,

pr ef er abl0P68ls r otletpnzziendl G‘%B%FOEB%Q. W'Tmé”fjé'Prﬂé'rda@W@,UmfF%Wnr\ﬁtﬂé inlghd

fluid co | 44 ' [ NgJ d iahe
amount o e Plucto e 3Va'HALLA TR Y ST TRNE OfaRRate W 11
600 whi | eutheti Bt as rippicieerin igu@004at Indetp8 tolahay menadaptedpier etagive inlat er
box 800 may  be intained at a.predeterm ned tenperature wi.thin a range

Fr om abolioX86 8 o capneietoboe. i dedarse) Mt dEoTimaseien e B8 and
mor e pr ef&irah! Bimﬁlé%ﬂ GRRYB1200%y be a@ggfgd, l%qggeivégzuﬂat AbIAE BAB! dPnected
enbodi ment, passageway 830 may have a variety of different geonetries that
may be uked line imdiuid eommundécationdwitle anfluid detusmp dihat fluid soReesand Waid &30rmmay

I nclude a rtial.lo00 a single.loo mul ti pl e, | oops,. or contaipn branches
or spur sMeNare 2 BliRise SePi BEeE ok BEPRRISY Solind mySETg S HEed i
enbodi Mefies ey ieta tUBETRI sk, bRa dPAuiont ai ns upper ring 902, middle ring

904, and |ower ring 906. Upper surface 912 of punping ring 900 is the outer

surface @hediPPeih (?ﬁ@an%%irﬁgﬁt kmaid%ég%%&%g%sgérwm NGtdr sk 8@@@% t he

outer surface of Tower ring 906. Punping ring contains a centralized
passagewsymparathe agthipaniangepom abaukr20iyta bboet 406 giretardblynfronpabeetd by

si dewal | , rLd 02, mddle ri 904, an ower ring.906 encircle
opent ng 830 10t 201G ngT 86 emPea Dt i ol oA 41U FomraSaiath v Ber
m ddl e récﬂjﬁsi%@l‘la@é&ding‘fy?fo rémevéQRe d}fidddatBuambist bf REaPAdnt @REAIDE? IR
plurality ‘of holes 910 'bet ween up ring 902 and nmiddle ring 904. Hol es

910 pr ovagremblyi w%mmmﬂiagtsf@wa’riggd @seeimbly 600 white naiolagiingi waigallox008

200, PP L8 B R R RO 30D i RECH ARG RAL AL A ©

wi t hi n apregleganiinedn bspdrafrd Withiesa trangdofrbmD.dbduicbes, tddraicrit albgsCfrom
preferably, from about 18°C to about 65°C, and more preferably, from about 20°C to
about 50°C. In an alternative embodiment, passageway 830 may have a variety of
different geometries that may be used to maintain the predetermined temperature.
Passageway 830 may include a partial loop, a single loop, multiple loops, or contain

branches or spurs there around.

[oo70]  Figures 9A-9D depict pumping ring 900 used in embodiments herein.
Pumping ring 900 contains upper ring 902, middle ring 904, and lower ring 906.
Upper surface 912 of pumping ring 900 is the outer surface of upper ring 902 and
lower surface 914 of pumping ring 900 is the outer surface of lower ring 906.
Pumping ring 900 contains a centralized passageway, such as opening 920,
extending therethrough and encompassed by sidewall 908. Upper ring 902, middle
ring 904, and lower ring 906 encircle opening 920. Pumping ring 900 also contains

opening 922 disposed between middle ring 904 and lower ring 906.

[0071]  Pumping ring 900 contains a plurality of holes 910 between upper ring 902

and middle ring 904. Holes 910 provide fluid communication from opening 920 and

through sidewall 908 and pumping ring 900. Pumping ring 900 may contain from
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about 0.25 inches to about 0.40 inches. Punping ring 900 may contain or be
formed froma netal such as alum num alum numalloys (e.g., alum num
magnesi urweiz2biozosoval | oys, such as al um num 6061), al um mroFAsk@bedosnet al s,
stainl ess steel, nickel, nickel alloys (such as INCONEL (r) or HASTELLOY
(r)) , nickelplated alum num nickel-plated netal, chromum iron, alloys
t hereof, derivatives thereof, or conbinations thereof. [0072] Figures

10A- 10B and Figure 11B dei)l ct punpi ng ring assenbly 940 contai ni ng outer
shi el d rabeutoEbhelkesdrpkosi AGOholes. wyChiasy E;M72a%0la§s¢1ql%81pﬁn§b ve a

enbodi megls Ef Githin S.Fg an b&t 69" g@geé"‘lot b pélggh%sg'q?%fe??@ﬁgﬁb% 940,

bet ween punping ring er Shi rlng
comuni cabowtn0\@5t mohperﬁongb&ﬁOO)AIOaldebes Puthpiigytring 900 edndyrcorga®Sor ey

contain or be fornmed fro t al ch.as al mnum @humn m al |l oys (e.qg.,

o U nUrESHeJIC & ITBh SHToys “AEVG: A RV SUEHS | (b unfIARPAL o0
t al k k

et al s, Ha? hBLRAS §ﬁ<§5;r1 patllﬁﬁ ‘°s'uch”h§ §iunﬁhbﬁny%d6ﬁgc*& dtﬂﬁmh%(ﬁw)eté?é

HASTELLOY (r)) nic al um num ni ckel - om um
iron, al $tay§e$9’leteebfmckmr mckel alloyst (seIchafs lNﬁ)ONEh?l ulaHP&'léEl.tllQY%)omlcl{eﬂ}mB]

Fi gures Icts cha a 1100.and Fi qur I cts
chanber HOtH GUUBIG BERG-PIRIHOL Mot PNRG AR LR AIRE PIH n CEMMAES | i o
assenbl i gerddf08r mbmgnsgﬁ;@gﬁcrl bed in enbodi ments herein. Figure 11A
depi cts chamber body 990 within chamber body assenbly 1100, as described in

one embogp nt ﬁ [ul%éﬂoﬁh?@ﬂ?e%né’oﬁ @%@u@'d@@% Bu@‘ﬁgigf‘ra %Qgém'bly‘% 80

enconpassin nC|rcI|ng su stra e support e support
cont ai nscdmiairmg peR3r skheldhinga P50 esncoatpassirtge pumpirigs ting t300s 1gspdescribed, in

bstrates di sposed th d di | th
cnbod e DM e e NS S TERH, W RIRPAAG T AGeEBGi ! y
940, whi glip | BEhWEES %Bfngs*Pin?'l@oﬁaénﬁn‘é@f@}a%ﬁleﬂw g 980" 8hings AU

ring 900, depicted in Figlre 74] Figure 12A-12B depicts chanber |id
pl ate 1000 icRonr Wile OPERINGHIRD élﬁﬂafde&@ﬂﬂs @@teéushlelwpqmgr95ﬂmaac@orm@m4 of

chamber 1000 is i [ a n.Figure 1.2A whi |, ower sur.face
T008 of 2hBebloPBr o, pomet ™ e allehirird Rt Pl s (€ caliib R
assenbl ymaghesiom ddilwh Hieyer sherdsas aRyniNEMdiEDBAedlwshinbimplated metals,

stainless steel, nickel, nickel alloys (such as INCONEL® or HASTELLOY®), nickel-

plated aluminum, nickel-plated metal, chromium, iron, alloys thereof, derivatives

thereof, or combinations thereof.

[0073] Figures 11A depicts chamber body assembly 1100 and Figure 11B depicts
chamber body assembly 1150, which both may be contained within chamber lid
assemblies 1400 and 1500, as described in embodiments herein. Figure 11A
depicts chamber body 990 within chamber body assembly 1100, as described in one
embodiment herein. Chamber body assembly 1100 contains edge ring 980
encompassing or encircling substrate support 960. Substrate support 960 contains
heater 962, which may be used to heat substrate support 960, substrates disposed
thereon, and surrounding processing region. In another embodiment, chamber body
assembly 1150 also contains pumping ring assembly 940, which includes outer

shield 950 encompassing or encircling pumping ring 900, depicted in Figure 11B.

[00741]  Figure 12A-12B depicts chamber lid plate 1000, as described in some

embodiments herein. Upper surface 1004 of chamber lid plate 1000 is illustrated in

Figure 12A while lower surface 1006 of chamber lid plate 1000 is illustrated in Figure
19



openi ng 1020 of chanber lid plate 1000, as depicted in Figures 14-16A.
Chanber lid plate 1000 may contain or be fornmed froma netal such as

al um numwael2arvaeseysal | oys (e. g., al um num magnesi um si | iPconisadoboyssys such as
al um num 6061), alum num plated netals, stainless steel, nickel, nickel

all oys (such as INCONEL (r) or HASTELLOY (r)) , nickel-plated al um num

ni ckel -plated netal, chromum iron, alloys thereof, derivatives thereof,

or conbi nat ions thereaof. [0075] Figures 13A-13E depict gas nmanifold

assenbl y14BodShqweihead,assemkin690n 88 ofierhshewar , IMRY B sppseskwithino and
1500,
cont ai neoTig 1698 SLERRGCH 1T Blate 08! Bo depuiBdh FlleS HACBAY Chiifber

gas condiid pkate R0OGQmeay t3AalrBBr @eﬁonhegdmmandetetl sutB@3 alochididfdalextiewdi ng

t hr ougho mani f ol d housi ng 1308 of ga ol d assenbl y 13Q0. ndui t
1309 ot BIRNE P Son IR | GrAAS U L oRERH { B1QYSnodis A JOBITEiH CD6adt | ot
1312 at é’lHHlﬂﬁmﬁilélte@ rhdtls, SEamIERndEbl nkkef rﬁd‘l@e‘?'&%*/é (é?iéh'e@ MNCORED® or

t hrough mani f housi ng 1308, and to outlét 1322 outlet plate 1314.

| nl et 13lf’r_lASrT@LLlQeY®doth1kerlaied1 alumainum, fiicked-plaseduméetaht Ghwamivrnhiran f altayts
precursor _so ﬁe. nt ai ni ng first. chemtﬁglwqqrecursor while inlet 1320 may

be coupltg(?r%? 'VFﬁt?‘Frﬁ 056: p%té&r]s h a second precursor source

cont ai ni n ond ch precursor 76] In o e di nent, Fiqures
14 and 1[8&\75§ch E‘Te§al1e%r/R ﬁé% geRicth %e‘?“gﬂgo'gss?‘éﬁﬁmg’ﬁ'mﬁ%comaél ¥ g PPenot e
plasma_sysitamedRumhin +RamBat {RPnEaRbildY ofaomr! ot sambluesdibdng | n
fluid conmunication with centralized channel . Lower ‘inlet manifold 130
of cent rembeditheriianmeeinl 50Gas nmaniisldi apwnblymaﬁﬂ) econtadi6s aaid least eang @ashol es

138, whi t th h si.d 1,139 o ' 1
e ovi oo Sangil: B s EPoRRE iR R, B SR oTaulE  Fid s T3,
channel d&flet g4 ORBUIRITPIOL BRAT B4 @xt@ﬁamgnhmjg%ui%ﬁamw ReusIAg 1 1B08Nstd
directly towards or substantha eg%/ﬁtovvar s central axis 152 extending

z

t hr ough gafemanigld-asserblyt 130 T hanehdt 1362 eﬁen@dmnmmllﬁil‘e%mlwqmp be

positio o] ti al
o devel 12RO 1805 AR chliet 135 eyl BAE TR, < Graibob B S04
assenbl yeﬂenag froADimleavies20c itaolgh ransifas seading 13680 ah8Qd Gutien13zmahentlet
enbodi ment ure 15 schematically depicts |id assenbly 1500
plate 13 4. Inlet 1310 may be coupled with and in fluid communication with a first
precursor source containing a first chemical precursor while inlet 1320 may be
coupled with and in fluid communication with a second precursor source containing

a second chemical precursor.

[o076] In one embodiment, Figures 14 and 16A schematically depicts chamber lid
assembly 1400 containing remote plasma system (RPS) 1405 positioned on inlet
manifold assembly 100 and in fluid communication with centralized channel 150.
Lower inlet manifold 130 of centralized channel 150 contains injection holes 136 and
injection holes 138, which extend through sidewall 139 of lower inlet manifold 130
and provide fluid communication between annular channel 140 and centralized
channel 150. In some embodiments, injection holes 136 may be positioned directly
towards or substantially towards central axis 152 extending through the middle of
centralized channel 150. Injection holes 138 may be positioned tangentially towards
or substantially tangentially towards sidewall 151 of centralized channel 150. Figure

16B illustrates lid assembly cover 1406 over chamber lid assembly 1400.
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contai ning RPS 1405 positioned on inlet nmanifold assenbly 500b and in fluid
comuni cation with centralized channel 550. Upper inlet manifold 510 of
central i 280 20tvema®B 550 contains injection holes 536 ana&crnjseavioms7ol es
538, which provide fluid conmuni cati on between annul ar channel 540 and
centralized channel 550. In sone enbodinents, injection holes 536 may be
positioned directly towards or substantially towards central axis 552
extendi ng through the mddl e of centralized channel 550. |njection holes

538 may 8877 osi i anvsler embediment| Figusevd bashemaligaky depicts lid assanliit 1590 y

e crornatie, 9%, PAog iRl bnt U Mot acSoibly BoBhe R gy pbT, "
assenbl i gsmiditatiod W0 dentidliged X&hanndIVB50¢ haupper aivist| adrifofd o (Apel | ed
Materials, Inc., located in Santa Clara, California, Further discl osure of
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are incor herei n reference In thelr entiret provi
di scl osus%0.f & samel embadlgm‘rﬁs,am;ﬂqnoa hlles 686 ¢Mm;rberpos&rmnédllmelcﬂyrﬂmwatxﬂsdy, a
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assenbl ysmbmanttaﬂmttamgﬂntgyllyhawbﬁis didewals Seirof genuaiized@imnpet §80.assenbl y 1800

contai ns vacuum punpi ng system 1810 containing a plurality of valve
assenbl i pe78} 830A magaa] syssmsand czes;h(anmersﬂmdm)aspemblydmatrmayrtwrusgdsm
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y Gas s e

assenbl urces may Irectly or |rect y connected to a
cheni cal discippling @f plagasa ssygiems, TAchmmrs,orar‘ghsiesp@pmbneghamuansiensa

tank, an_ anpoul.e, a bubbler, a.v rzer g not h 0, 0

store, ‘?%ﬁ%‘?’&ﬁ Iy € ?’aniy c ’E‘%f Bﬁ o&l g%‘r% %gagﬂzﬁuﬁg ol y

may al sog heefgrsmviich @r@qmpémiéameré’howrre@%ﬁ@ln ek eRErehAttbQsro0idet he
further disclosure for a plasma generator, a plasma chamber, an ALD chamber

body, a substrate support or pedestal, and chamber liners.

[0079] In another embodiment, Figure 17 illustrates ALD chamber assembly 1700
containing chamber lid assembly 1400 equipped with RPS 1405. Figures 18A-18B
illustrate gas purge assembly 1800 that may be used with ALD chamber assembly
1700 containing chamber lid assembly 1400. Gas purge assembly 1800 contains

vacuum pumping system 1810 containing a plurality of valve assemblies 1830.

[0080] Gas sources (not shown) provide precursor gas, carrier gas, or purge gas
to chamber lid assembly 1400 or 1500 and/or with ALD chamber assembly 1700
through a conduit system. In one embodiment, gas sources may be coupled with
and in fluid communication with gas manifold assembly 1300. Gas sources may be
directly or indirectly connected to a chemical supply or a gas supply. The chemical
or gas supplies include a tank, an ampoule, a bubbler, a vaporizer or another
container used to store, transfer, or form a chemical precursor. The chemical or gas
supply may also be from an in-house source. Proper control and regulation of the
gas flows from gas sources to gas manifold assembly 1300 are performed by valve
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gas flows fromgas sources to gas manifold assenbly 1300 are perforned by
val veassenbl ies 1720 and 1722 coupled to control unit 1750, as well as

val ve asswotbiw/@mI®8. Gas mani fol d assenbly 1300 i ntrodu®eI/Use@omssigases
into ALD chanber assenbly 1700 and nay optionally be heated to prevent
condensati on of any gases within the conduits or lines of gas manifold
assenbly 1300. [0081] Each val ve assenbly 1720 and 1722 nmay have a

di aphragm and a val ve seat. The di aphragm may be bi ased open or cl osed and

may be a@%@@@t@@sd%an@rﬂaaéwupé% t:pmlwmtrh@@.n%ﬁoweu@ﬁsv%aﬁéembly
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of a drigmay mvmeegu%wsfa@afseg alive perodons Rw 4R LbbdP.030 sReshber

enbodi ment,; each val ve assenbly 0 and 1722 may contain a nass flow
cont r ol Ilélectrlvaliy apb:éé@dwabdesga@ymrgwdesdms ghgasenin timegeericisdasidweas
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precur sqirdvideapilses dfagases MUtigR 9@&6@3 Qs highbhsaiboun B sBesrwdd.. Altdugh
delivery system may contain valves {e ALD val ves or MFCs), conduits,

r eser voi tHghentimeup@dod for gasmpuising I%@Qﬁ@blearadﬁmcado‘}w AOERES UtilZeseALD
valves to generate pulses of gas while being opened for an interval of about 5

seconds or less, preferably about 3 seconds or less, and more preferably about 2
seconds or less. In one embodiment, an ALD valve pulses for an interval within a
range from about 0.005 seconds to about 3 seconds, preferably from about 0.02
seconds to about 2 seconds and more preferably from about 0.05 seconds to about
1 second. An electrically actuated valve typically requires the use of a driver
coupled between the valve and control unit 1750. In another embodiment, each
valve assembly 1720 and 1722 may contain a mass flow controller (MFC) to control

gas dispersion, gas flow rates, and other attributes to an ALD pulse sequence.

[0082] A precursor or a gas delivery system within an ALD apparatus is used to

store and dispense chemical precursors, carrier gases, purge gases or combinations

thereof. The delivery system may contain valves (e.g., ALD valves or MFCs),

conduits, reservoirs, ampoules and bubblers, heater and/or control unit systems,

which may be used with gas manifold assembly 1300, chamber lid assembly 1400

or 1500, ALD chamber assembly. 1700, and/or processing system 1900. In one
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whi ch may be used with gas manifold assenbly 1300, chanber |id assenbly
1400 or 1500, ALD chanber assenbly 1700, and/or processing system 1900. In
oneexanplwp 2a10d@Bi9sery system may contain gas sources amrdTamsbas/oaessenbl i es
1720 and 1722 coupled to control unit 1750. Delivery systens configured for
an ALD process system are described in commonly assigned U S. Ser. No.
11/127,753, filed May 12, 2005, and published as US 2005-0271812, U.S. Ser.
No. 11/1 19,388, filed April 29, 2005, published as US 2005-0252449, and
now abanekaiegle, 8. delivasy sysiem 102 gontayy gast sowgeeansherlve mssgotdiegnty 20

publ i she = - : [ er
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control s&kbwah8ondédQRAkh B0 i Sorafit hBRn b Fefcfdhitid RAhelf@%tiRdystored in
the nenory or executed by a renotely |ocated source (e.g., conputer or

server). The software routines are executed to initiate process recipes or
sequencel§083The Gontroleunit 1 ¢hfl.isveh, asva@rograsyned dersengl sbomuten avagle statipin

bper at 1 ooty ook Mo i oREE i EBbRATR ALE Bidriberl A85arfB0: [T 1 8nE0r e
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assenblies 1720 and 1722 during the execution of process sequences
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routi nes,dmynfifes %ofé@f@%é@ &Jhﬁgfgﬁﬁ%ﬁg%@%&% mtr‘a??ﬁ&&sé%gﬁhkh&?e.

I ntegrated circui her type e 1 npl ementation or
conbi natlilostrativedyof comred wnit HAGAvWeorapri$&) 88htréb proc@ssing unit 7&PWRYsUppoane of
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[o084]  Software routines, as required, may be stored in the memory or executed
by a remotely located source (e.g., computer or server). The software routines are
executed to initiate process recipes or sequences. The software routines, when
executed, transform the general purpose computer into a specific process computer
that controls the chamber operation during a chamber process. For example,
software routines may be used to precisely control the activation of gas sources
through valve assemblies 1720 and 1722 during the execution of process
sequences according to the embodiments described herein. Alternatively, the
software routines may be performed in the hardware, as an application specific
integrated circuit or other type of hardware implementation or a combination of

software or hardware.

[0085]  Control unit 1750 may be one of any form of general purpose computer
processor that can be used in an industrial setting for controlling various chambers
and sub-processors. The CPU may use any suitable memory, such as random

access memory, read only memory, floppy disk drive, compact disc drive, hard disk,
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and sub-processors. The CPU may use any suitable nenory, such as random
access nenory, read only nmenory, floppy disk drive, conpact disc drive,
hard di skworzoswmp3@Bher form of digital storage, |ocal oPCTAIYRM00/049838 i OUS
support circuits my be coupled to the CPU for supporting ALD chanber
assenbly 1700. Control unit 1750 nmay be coupled to another controller that
I s | ocated adjacent individual chanber conponents, such as programabl e

| ogic controll |ve assenmblies 1720 and 1722. Bi-directional

f
cormuni cBRABHETBEIELAT GHerIPrags looB) 5 mate, aY Aiiais SHRRAT EirHilaRY £eof
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collectively referred to as Sign ses. In addition to control of process
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renovi ngyasRkeiridpergerjases thsh iakedurdds, vafvecxsyEphisliesPr7R0eas 1922 yatiemy1900
contains two deposition chanbers 1940 and 1942, such as ALD chamnbers
conf i gurRegrasNmgpla tipgignicanirallensi deonted yel oA 7R MY dien.configyeaek to be

enbodi ad a 1 Vi +nasi LLongd. | :

Tola. praseoasiBR o Blkonidsh  cBliol 8 “AERYeciREs Lbed RS o) Jhficah
posi t i ormdcess. plGdrtat mnit90250 bepo bt carmechedringthsadd toafigh@tbtny casedl, the922,
1924, 1926, 1930, 1940, an 1;;12 8 di sposed around the perj et ec{) of
and coud@eMai 9§NesRIQr raNkoYeH 2or Fgg?? Pnva AUBRAFpFYSieM EHLi anbA

chanber ﬁac&@ﬁolﬁlmlﬁaﬁﬂe% 'raﬁﬁge%ﬁ%ﬁﬂég tl%gmﬁ cBﬁgBieggﬂﬁfﬁgggmﬁr an

anneal i ng chanber, posi tiof chanbers 1920 an 22 ma ently
be a degwsimg chanber, a vacuum chanber, or an anneal i ng chanber, and
deposition chanbers 1924 and 1926 nmay each i ndependently be a preclean

charber ’[0(?86?' a‘ﬁ&ur%h"f‘gb (%p’ic’(?%1 psrggleésrlrr% is(y)/gtem 1900 containing various deposition
chambers for depositing and removing materials onto substrates. In one example,
processing system 1900 contains two deposition chambers 1940 and 1942, such as
ALD chambers configured to form titanium nitride, as described herein. In some
embodiments, load locks 1912a and 1912b may be positioned on interface 1914.
Processing system 1900 contains transfer robots 1910a, 1910b positioned on
platform 1902. Deposition chambers 1916a, 1916b, 1920, 1922, 1924, 1926, 1930,
1940, and 1942 may be disposed around the perimeter of and coupled with platform
1902.

[0087] In several examples, deposition chambers 1916a and 1916b may each
independently be a heating chamber or an annealing chamber, deposition chambers
1920 and 1922 may each independently be a degassing chamber, a vacuum
chamber, or an annealing chamber, and deposition chambers 1924 and 1926 may
each independently be a preclean chamber, a plasma chamber, a sublimation
chamber, or an annealing chamber (e.g., a SICONI® preclean chamber). Deposition
chambers 1930, 1940, and/or 1942 may each independently be a deposition
chamber, such as a CVD, an ALD, or a PVD chamber. In one example, deposition
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chanber, or an annealing chanber (e.g., a SICONI (r) preclean chanber).
Deposition chanmbers 1930, 1940, and/or 1942 may each i ndependently be a
deposi ti onochewmioary3 such as a CVD, an ALD, or a PVD charbens2000/0e93es
exanpl e, depositionchanber 1930 nay be an ESIP(r) Ti chanber and be
utilized to deposit a titaniumcontaining material (e.g., netallic
titanium titaniumnitride, or other titaniumalloys). In another exanple,

deposition chanbers 1940 and 194¢ ma each i ndependently be may be an
TXZ(r) Atembey E93heay BRAMESIET T mberriph bet utiized (19 fepasion ditavmg

mat eri al : [ [ e Lok T ang: Lt lde, 4 '
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material, (e.qg., titanj njtride) on subsfrate,. vapor deposi ti.on

b ocese. D& TRV e Abn X2 A THpeSRmPer Bk bF GtinddiaOebestheodtanie

( PE- AL P)corité‘inm@;em%%@r%_t(e,g}.,hﬁe%lﬁ& GRS titdrfitirhShifTdeN @r idthér BahRim &hbgy) and
mai ntains a fast deposition rate while formng a titaniummaterial, such as
met al | i cduringsan D priocass.um nitride, titaniumsilicon nitride, or
derivatives thereof. [0089] In one enbodinment, titanium precursors that may
be used i Ritridd PE- AL Brong descri bed herein include

t et r aki THEL Ryt ar no ar-tth TDMAT) , tetraki s(diethylam no)titanium
(TDEAT), titaniumtetrachloride (TiCl4), and derivatives thereof. The

PE- ALD poessgsseSmbediiéme of hiee dnventionl prdeidecmetiiddsaiol Yepopitisigng varistybsit r at e
with a nitrogen precursor and a ni tl;}g%%rglepl asma or other ionized reﬁgent

pl asma. oSG (-8 StrnivRpiBIde) 0 8 FAL YRRArAenosionsNesesSs SHGhasd
into inl : l~ar '—rﬂfea(ﬁ r i(BIEE&E HON S and
138, andﬁmﬂ%%cyg?\ﬁe%hg@g clll'a n()erfa%g@%a% nlctegjo'g'erﬁr)\ (g aétrr'a)?'i sm?gc%iuae tlé’| ly
pul sed fthemracé¥®Shastitbecwnia mitiatied délaynnet Maidtdinomfast depdstton Bde whilee
process gas. cont.ai ni ng TDMAT and the nitrggen plasma ar.e. seguenti all

bul'sed (BTAING 4 HIAHHA TeRGHaY FUSh asdueriicy Taab. R Wa T Ede, PRnUeR ¢ | s
sequent i @rid¢, 8XBERHRIVES thBRJPr ocess gas and the nitrogen plasma. [0091] In
one enbodinent, a titaniumnitride material may be fornmed during a PEALD

[0089] In one embodiment, titanium precursors that may be used with the PE-ALD

processes described herein include tetrakis(dimethylamino)titanium (TDMAT),
tetrakis(diethylamino)titanium (TDEAT), titanium tetrachloride (TiCls), and derivatives
thereof. The PE-ALD processes described herein include sequentially exposing a
substrate with a nitrogen precursor and a nitrogen plasma or other ionized reagent

plasma.

[0090] In one example, a process gas containing TDMAT is pulsed into inlet 122,
through annular channel 140, from injection holes 136 and 138, and into centralized
channel 150 and nitrogen plasma is sequentially pulsed from a RPS into centralized
channel 150 from inlet 120. Both the process gas containing TDMAT and the
nitrogen plasma are sequentially pulsed to and through showerhead assembly 600.
Thereafter, the substrate is sequentially exposed to the process gas and the

nitrogen plasma.

[0091] In one embodiment, a titanium nitride material may be formed during a PE-
ALD process containing a constant flow of a reagent gas while providing sequential
pulses of a titanium precursor and a plasma. In another embodiment, a titanium

material may be formed during another PE-ALD process that provides sequential
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process containing a constant flow of a reagent gas while providing
sequential pulses of a titanium precursor and a plasma. I n another

enbodi menwQ 2a10tdos@ai um nat eri al may be formed during an®eChars2008/0445D8 pr ocess
t hat provides sequential pul ses of a titanium precursor (e.g., TDVAT) and a
reagent plasma (e.g., nitrogen plasma). In both of these enbodi nents, the
reagent is generally ionized during the process. The PE-ALD process

provi des that the plasma is generated ext ;:r nal fromthe deposition chanber,

such as PHS@S P& Rokitanpim recyetkiagorTRMAS %@éﬁ?g?ﬂirplﬁémﬁECGAQD“HFQﬂ%%ses
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descr i bdteduansyrgensadator or avradIOafhsmuenqy [genedationt &y aadtber errd:odlmeotataed in
Santa C California, tailed,descrj |on n ALD ch

Found | reaMAbANGIeREL; B chd) Tafthed oiREE s BhotikicanB pibesss B chroVies
commonl ysefigintiBEsulSeSof Seitanilie: pré@(ur%ﬁianea%eabehed on Cctober 25, 2002, and
publ i shed as US 2003-0121608, which are hereby incorporated by reference in

their enphdgty. Ché}nBBPtlﬂPras%Eﬂ%bgﬁﬁ‘ﬁoo ao,ch@merm%prgé GHiIREd! Guﬂﬁgrﬂlﬁ in

both an ALD node as well as a conventional CVD may be used t0 deposit
titani ummae&eadssqr@edescﬂmbedimemt@bmmnIayldamaygmdompled vatkt vamaus ALD

7,204, 88 ChISI tedh n ferenceln ts, entirety.

Cooos) eharii todidsiRERfibe] ReFiinpcafiel AL kTR b alsng Usef ufing. o
pressur esokhé hbh ther émdim@msam@@&n@e@lhéﬁ@rrr arl adreutavailabier fronPr RpSiieab! ¥
fromabout 0.1 Torr to about 10 Torr, and nore preferably, from about 0.5

Torr to Mptauials e jocated iy SeateCaraoCaliipsniaL DA sletalessdesatiptioni afean AbPei n.

Al so, t t t t e r f SS
than aboieraggeriay bet it W EShoiBy SRR Fs bt 1BR BN QL et
f rom abas|878206, hﬁdaiwmhoﬁ%ﬁ@nemw Soger. rN@fm/th Y79 fikt o @utoB&029C t o
about 370 0C, for exanple, about 360 0OC during
2002, and published as US 2003- 0121608 Wthh are hereby incorporated by
reference in their entirety. In another embodiment, a chamber configured to operate
in both an ALD mode as well as a conventional CVD mode may be used to deposit
titanium materials is described in commonly assigned U.S. Pat. No. 7,204,886,

which is incorporated herein by reference in its entirety.

[0093] In some embodiment, the deposition chamber may be pressurized at a
pressure within a range from about 0.01 Torr to about 80 Torr, preferably from about
0.1 Torr to about 10 Torr, and more preferably, from about 0.5 Torr to about 2 Torr
during several of the ALD processes described herein. Also, the chamber or the
substrate may be heated to a temperature of less than about 500°C, preferably,
about 400°C or less, such as within a range from about 200°C to about 400°C, and
more preferably, from about 340°C to about 370°C, for example, about 360°C during
several of the ALD processes described herein. During PE-ALD processes, a
plasma may be ignited by an external source, such as a remote plasma generator or
a remote plasma system (RPS). A plasma may be generated by a microwave (MW)

generator or a radio frequency (RF) generator. For example, the plasma generator
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several of the ALD processes described herein. During PE-ALD processes, a
pl asma may be ignited by an external source, such as a renpte plasma

gener at orworom/mammet e pl asma system (RPS). A pl asna nmay Pog/usesmenatsesl by a
m crowave (MAN generator or a radio frequency (RF) generator. For exanple,
the plasma generatormay be set to have a power output within a range from
about 1 kilowatts (kW to about 40 kW preferably, from about 2 kWto about
20 KW and nore Preferably, fromabout 4 kWto about 10 kW [0094] The
subst r at @ayee et o haEk srppwer QUERYL; within s kangafrenh abprl 1 drilowatts e

t
pattern Ny) Lp | | r on.
" excanp 20U RS KT Bftferabiy; i L I 1T 20 o) Bt AfRhS itofer IR
anot her fee@mboit 4KW tewbout a0&Wontains a dielectric surface. The

depositi on chanber conditions such as, the tenperature and pressure, are
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as to facilitate the reaction of the titanium precursor and the reagent
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gas thropahowt tlneeﬂﬁgﬁlg ﬁ'repéﬁégﬁrgre dOafiPSh " R siBlY 1R 48RRI Wilie?in
titanium précursor gas tormed by passSing a carrier gas’{e.g., nrtrogen or
argon) tamathgh exampipothe sfbstraté tcoritains paediglentric sthfacepoTihe deposition

heat ed deig%evr]ldi ng cht'the titani um precursor used during the process. In one
exanpl e, CHAMBRARN '%ﬁ%hrﬁﬁxéherﬁmemwe@%%ﬁséar%@r%aﬁwfﬁdtﬂwf@%et hi n
a range : S <Rl has
a flow rﬁa"ge Ce)é’avm%tlP | nn épr@‘%gré’%? rg%?]agg%l?tn II?%Ogl'lseemlte'%gb asg@'ﬁr a%%%gqggz%éﬁldry

pr ef er abdfitheftitanmuabpretuod anddhe reagdrdgasl, 000 seem and nore preferably,
from about 300 seemto about 700 seem for exanple, about 500 seem The

tit ani unjopysgcurinoongasmbodinidrt, tie@gistiats may ke expobedead tordagem agas
deposition gas. A reagent gas usual ly has a flowrate within a range from

about 100reugiiaut dhapuielesAbBocydem Theesuhsitsts may b sxboseddo & dishive
about 2, &%Quﬁs%‘?%lafgﬂngﬁrtgfoﬁégiﬁ abbrrief E;Q@(%Hj?,“ﬁitr%@@n St?reéngH) ﬁﬁBHﬁh 1200

seem I n one ex , nrtrogen pfasma 1s”usedas a reagent “gas with a fl ow
rate of abpaotlelofbalitsmiam prdoairsarbsThatanpeyle reag o bedtedodépending am the

recur sor s or the deposition.gas contajning the titanium precursor and
F he r eagtgﬁﬁi%gégrqus%{ qqpe]qzdur%ng th% process. ,n onegl examp‘e, an ampoBIe contalnlrng

TDMAT may be heated to a temperature within a range from about 25°C to about
80°C. The titanium precursor gas usually has a flow rate within a range from about
100 sccm to about 2,000 sccm, preferably, from about 200 sccm to about 1,000
sccm, and more preferably, from about 300 sccm to about 700 sccm, for example,
about 500 sccm. The titanium precursor gas and the reagent gas may be combined
to form a deposition gas. A reagent gas usually has a flow rate within a range from
about 100 sccm to about 3,000 sccm, preferably, from about 200 sccm to about
2,000 scem, and more preferably, from about 500 sccm to about 1,500 sccm. In one
example, nitrogen plasma is used as a reagent gas with a flow rate of about 1,500
sccm.  The substrate may be exposed to the titanium precursor gas or the
deposition gas containing the titanium precursor and the reagent gas for a time
period within a range from about 0.1 seconds to about 8 seconds, preferably, from
about 1 second to about 5 seconds, and more preferably, from about 2 seconds to
about 4 seconds. The flow of the titanium precursor gas may be stopped once a

layer of the titanium precursor is adsorbed on the substrate. The layer of the
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period within a range from about 0.1 seconds to about 8 seconds,

preferably, from about 1 second to about 5 seconds, and nore preferably,
from abowo20m@aryds t o about 4 seconds. The flow of thectriusasvwmsps ecur sor
gas may be stopped once a |layer of the titanium precursor is adsorbed on
the substrate. The |ayer of thetitanium precursor may be a di scontinuous

| ayer, a continuous |ayer, or even nmultiple |layers. [0096] The substrate
and chamber nmay be exposed to a purge step after stopping the flow of the
titani uriipPREUrRIBEUISRE. MAKebe | Jvdipe@iindPUs hidYPBagefRNHWOUSaIAYSE QI eMaAl ned
or adj “Srtnﬁﬂipié% }%w previ ous step during the purge step. Preferably, the
flow of the'reagent gas is maintained fromthe previous step. Optionally, a

purge g y admi nistered, into the depqsiti chanber .with a fl rate
Lo dopdiRy e T SiTBiale Sderether BB e a8 d 2Uaos ek aabsipBiid
about 20@esteindfthabnahiuin PRELUTSEIMyadNATH® FlewPFRé esfabbkYreabeMyald by 30
seemto about 700 seem for exanple, about 500 seem The purge step renoves

any exce®gintaingdioiadisied fropr thenereytavsrste ALERY Mg PYrde stepn Rrateraklyoltiet i on
chanber . p : r ' ri B a)) nge
from aboft'f%wg).f ?Hé gg%ﬁ%@ ?%ﬁ%%‘ﬁg%égﬁﬁﬁs{h%p? '(aaefvédrdagﬁ?t%,s' frag%g\% IB/l’J{é ?mr cond
t o aboutgds seydeladministerad mtptied depddition thambabaith 2flowcatedwithin sakmge 4
seconds. The carrier gas, the purﬂe gas and themprocess as nmay contain

ni t r ogerfTORyRRBE RO seRffoid 2boud SEHEBrRTEFRIBP|YrTTOM 8BRS 4P4 $E&5HT 19 ABPWOT .
In a pref ,ébf)fﬁcé:ﬁm)%& gf&ieh gkhgr "6t Qﬁéutcgﬁé At %ta{bg@?niod QOJ4] for

Thereafter, ow reagenit gas nay be mai ntai ned or adj usted
bef or e | gEnplegabopl 530racciheTlsel pstgasiepmeyndeseapoerckdsatitahieinp peecmséror a

ti [ i t hi . f) boyt 0.1 t bout 20 ds,
b of o1 aHATH eGSR e deRaition CEamBREs ThnPUigs SIS draY 19 v,
from aboshnRicRRE I8 {iReaPONd Svifs oD dangd NI B 0.4 NSedrREM RBWAE ghas

turned off. I n one exanple, the reagent Tray be amoni a, nitrogen, hydrogen
or a consgaoadsopreférabiy from abouin secanddniahopt Sseapnds,and owee ppéfesakly, a

hyd | nbi ned ,Th | iLh th
nusor bedrane s e @RS, A 8888t r Tk PEdicua 4FE Fuos Baranthing "
t her eon. proBe 810X AEY Eontalit nittegdraMydibgsmBaminsisiad ad§ord heshiChailirAgent to

formnmetallic titanium_ However, a variety of reactants nmay be
combinations thereof. In a preferred embodiment, the carrier gas contains nitrogen.

[0097] Thereafter, the flow of the reagent gas may be maintained or adjusted
before igniting a plasma. The substrate may be exposed to the plasma for a time
period within a range from about 0.1 seconds to about 20 seconds, preferably, from
about 1 second to about 10 seconds, and more preferably, from about 2 seconds to
about 8 seconds. Thereafter, the plasma power was turned off. In one example, the
reagent may be ammonia, nitrogen, hydrogen or a combination thereof to form an
ammonia plasma, a nitrogen plasma, a hydrogen plasma, or a combined plasma.
The reactant plasma reacts with the adsorbed titanium precursor on the substrate to
form a titanium material thereon. In one example, the reactant plasma is used as a
reducing agent to form metallic titanium. However, a variety of reactants may be
used to form titanium materials having a wide range of compositions. In one
example, a boron-containing reducing compound (e.g., diborane) is used to form a
titanium material containing boride. In another example, a silicon-containing
reducing compound (e.g., silane) is used to form a titanium material containing
silicide.
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used to formtitaniummmaterials having a wi de range of conpositions. In one
exanpl e, a boron-containi ng reduci ng conpound (e.g., diborane) is used to
forma tiwenoumos®@Beri al containing boride. |In another examsb@y/ aws7s
silicon-containing reducing conpound (e.g., silane) is used to forma
titanium material containing suicide.[0098] The deposition chanber was
exposed to a second purge step to renbve excess precursors or contam nants
fromthe gﬁfVIOUS step.. . The flow rate of the reagent gas may be mai ntai ned

or adj udPeslf r othe H@p9$l89n shamhes pvam eXRESethio guseronsh ewgepﬁeepi@.r@ﬁwvepur ge
t hi
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700 seem. for, ex about 500 see The second pu S
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preferably, from about conds to about 4 secon [ 0099] The ALD cVcle

may be rfepoaatealit 200 scemploedkowtr hiOAOdsachi c&rmasmrefpnelfmablyt drdnorabomt &00al i s

d ted on. th trate.. The t L al be d tdth
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from abaqsl cdAddetea f@p(éuﬁméo&erfbd vthirexaange. fr@hqwoui?@ AseEBﬁdm&%we% as

descri bed herein may deposit a titaniummaterial at a rate of at |east 0.15
Al cycl e,sapoefier pisifgrably, flosaaboot P sepprg ée aborbd segpedsrans moreprefesahly.0. 35

;Sité?ﬁl)ﬁéf matERisesEndr E@*’)M%f%ﬁ”r o L??vﬁ;iief o ated Lo nucleation :
T :
he. expdPHfEnt S0 AV BUFE e B¥ raRpalRPr iRl areicpinte) mamaRioihe  °

enbodi mMafhnjuth rhat@hiaHmB f@p@’sltéﬂ] dRYhdesuriaRs dmhé NaRAT MeteRE Mdy Beocess
that provides sequenti al exposing the substrate to pulses of a titanium

precur sdiemdednmtitautb@kn@@@@ﬂs thench08Q Aa pretegally lpssatan. 500&\ sdsnorst e
by ough Brareap el b ER Al AGEH AR ARRD BlPle 2ok 3 CTrBafibhisBe, 7™
The tit a4 ¢&Bcribed herein may deposit a titanium material at a rate of at least 0.15 A/cycle,
preferably, at least 0.25 A/cycle, more preferably, at least 0.35 A/cycle or faster. In
another embodiment, the processes as described herein overcome shortcomings of
the prior art relative as related to nucleation delay. There is no detectable
nucleation delay during many, if not most, of the experiments to deposit the titanium

materials.

[00100] In another embodiment, a titanium material may be formed during another
PE-ALD process that provides sequentially exposing the substrate to pulses of a
titanium precursor and an active reagent, such as a reagent plasma. The substrate
may be exposed to a titanium precursor gas formed by passing a carrier gas through
an ampoule containing a titanium precursor, as described herein. The titanium
precursor gas usually has a flow rate within a range from about 100 sccm to about
2,000 sccm, preferably, from about 200 sccm to about 1,000 sccm, and more
preferably, from about 300 sccm to about 700 sccm, for example, about 500 sccm.
The substrate may be exposed to the deposition gas containing the titanium
precursor and the reagent gas for a time period within a range from about 0.1

seconds to about 8 seconds, preferably, from about 1 second to about 5 seconds,
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precursor gas usually has a flowrate within a range from about 100 seemto
about 2,000 seem preferably, from about 200 seemto about 1,000 seem and
nor e prefwoablopoddsom about 300 seemto about 700 seem PLorusecsanpdses about
500 seem The substrate may be exposed to the deposition gas containing the
titanium precursor and the reagent gas for a tinme period within a range
fromabout 0.1 seconds to about 8 seconds, preferably, from about 1 second
to about 5 seconds,and nore preferably from about 2 seconds to about 4

seconds. arch&grecrieigraplyeflrem abpwin? frasendsde et rhpesends. ophdflowce thee
titaniu | - | | r may
be. a i StnTh ARy G Rl e Shored G eI BriedraDt I hBidHELE REF O
Subsequeik! substiate.s ubisé tigdraumn greduasdremayr iee ex plissedtihgows ayege cobhiipuoud
purge gas may be adn}' ni s}ered Into the deposition chanber during the purge
step. | NAYReORWELMUtPIRIGYEFe gas is the reagent gas, such as ammoni a,
nitrogen or hydrogen. In another aspect, the purge gas may be a different

gas t harl0019a] r ausequgatly. thersubstiais and chambes g exgasedris aurgemssi-afand

t he pur S ' : ) e \ ve a
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pr ef er ablhyoné razpeahaht 2@gesgasnis theboagerit, §&8) swmasaadmoni® pitrebenadl vy,
from about 300 seemto about 700 seem for exanple, about 500 seem The
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precursor thereon may be exposed to the reagent gas during the next step of
t he ALD gxaooplesaboyt 9@hatem, Ehe purdecstegasemmmesanyaexdasisstitanisih prequigors ane

time as the reagent,_qgas into. the deposition chanber.The reagent gas,may be
ot od 418 PTG D GG Ao BB e P K oY bR 5

range fregRceemd 1408 maenpékodkdtiin a range from about 0.1 seconds to about 8

seconds, preferably, from about 1 second to about 5 seconds, and more preferably,

from about 2 seconds to about 4 seconds. A carrier gas, a purge gas and a process
gas may contain nitrogen, hydrogen, ammonia, argon, neon, helium, or mixtures

thereof.

[00102] The substrate and the adsorbed titanium precursor thereon may be
exposed to the reagent gas during the next step of the ALD process. Optionally, a
carrier gas may be administered at the same time as the reagent gas into the
deposition chamber. The reagent gas may be ignited to form a plasma. The
reagent gas usually has a flow rate within a range from about 100 sccm to about
3,000 sccm, preferably, from about 200 sccm to about 2,000 sccm, and more
preferably, from about 500 sccm to about 1,500 sccm. In one example, ammonia is
used as a reagent gas with a flow rate of about 1,500 sccm. The substrate may be
exposed to the plasma for a time period within a range from about 0.1 seconds to
about 20 seconds, preferably, from about 1 second to about 10 seconds, and more
preferably, from about 2 seconds to about 8 seconds. Thereafter, the plasma power

may be turned off. In one example, the reagent may be ammonia, nitrogen,

30



3,000 seem preferably, from about 200 seemto about 2,000 seem and nore
preferably, from about 500 seemto about 1,500 seem |In one exanple,

anmoni a iwoussdoa®3a reagent gas with a flow rate of abear/ub2&004eem The
substrate may be exposed to the plasna for a tine period within a range
from about 0.1 seconds to about 20 seconds, preferably, fromabout 1 second
to about 10 seconds, and nore preferably, fromabout 2 seconds to about 8

seconds. Thereafter, the plasma power may be turned off. In one exanple,
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step to mabariads badpgs widedangerof compositioas) asdescribeshih¢ied.deposi ti on
chanber. The flow of the reagent gas may have been stopped at the end of

t he previoolos] StEye alepositiont ebamiber ngay Nee mxpgsedtepa sécorite pueggestepotas i s
used as a purge gass. Al ternative, a R s, different than the
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range froMUge dasothat Je Biferent dhapdie rgadelifas My hecpdmigstered itay 1
second t@esaitn eh&nBENAT. he%@g@ﬁf §aP'oR PR g®lgus rhaPRaRBOM o RRE M &O
about 4 seconds. [00104] The ALD cycle may b€ repeated until a

pr edet err@ngedrarhiationt dH0ofccrmio abouh2O90nsacsn.i prieferablye ros abdubR0@ isecm
substrate. . The .t ni um rial e deposi t ith a, thic | ess
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herein may deposit a titaniummaterial at a rate of at |east 0.15 Alcycle,
period within a range from about 0.1 seconds to about 8 seconds, preferably, from

about 1 second to about 5 seconds, and more preferably, from about 2 seconds to

about 4 seconds.

[00104] The ALD cycle may be repeated until a predetermined thickness of the
titanium material is deposited on the substrate. The titanium material may be
deposited with a thickness less than 1,000 A, preferably less than 500 A and more
preferably from about 10 A to about 100 A, for example, about 30 A. The processes
as described herein may deposit a titanium material at a rate of at least 0.15 A/cycle,
preferably, at least 0.25 A/cycle, more preferably, at least 0.35 A/cycle or faster. In
another embodiment, the processes as described herein overcome shortcomings of
the prior ant relative as related to nucleation delay. There is no detectable
nucleation delay during many, if not most, of the experiments to deposit the titanium

materials.

[00105] The titanium precursor and the reagent may be sequentially introduced into
the deposition chamber during a thermal ALD process or a PE-ALD process. The

titanium materials formed by process herein include metallic titanium , titanium
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preferably, at least 0.25 A/cycle, nore preferably, at least 0.35 Alcycle
or faster. In another enbodi nent, the processes as described herein

over corme whantoowaivags of the prior art relative as rel aret/useommedseat i on
delay. There is no detectable nucleation delay during many, if not nost, of
the experinents to deposit the titaniummaterials. [00105] The titanium
precursor and the reagent may be sequentially introduced into the

deposi tion chanber during a thernmal ALD process or a PE-ALD process. The

ti t ani unitrides titaniamf gilicardnibjde rascdasyativee ithereak | Adwitebtearaagent farderming,
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(S 201 6) (CISiry AndictBralanedi (B):SIHg, ( B3kEShIorddisiensy (SChye bEiEn8) . (B,
erivatives thereof, plasmas thereof, or conbinations thereof. e

time int @PQEANS déﬁﬁe%ﬁﬁ'@ Q5N he=tgk) a‘ﬁ‘?r?dﬁ“ﬁ?%c{h\eé‘%ﬁf’ i RAYRAP eéeéep ndi ng

upon a n&gﬁqsﬁaﬁ%n; ﬂ’ﬁa‘r@?ﬁ such as, for exanple, the volune capacity of the
deposi ti on chanber enployed, the vacuum system coupl ed thereto and the

volatility/reactivity of the reactants used during the ALD process. For
exanpl e, [00106] a The dimeointerrabldposhe i pulsehahtibe titapiune aprecorser| isngyeariablere t o

stabilize the,.process conditions ,such as, for example, carrier/pu S

{1 ow andORREIING LR 2 PHRtRer it dReSrSRudT 2u reMie: thsy YUK, ePs Tt ot o
for the {peoggpssitas oMaNRIrsémbrAEd! ehé VaRDaRT s?/StféEn tdupletbtidré® Bhe theocess
conditions requiring a | onger pul se tineg; Sgg@ a | ower_chanber pressure
t e

neans t hmlatilﬁwr%%kvgx of thasrqastania sigad styring Esesst ko exaarier (Tngr e

0, oKLy AL, BobMASE oA Ao SPRFE wrid ', REBRES R QpOLde e

provi descenditidrig Quctnas,doperampfe, phatanmoge sastfloat and térepstatareyveqlianga of
the titani um precursor js adsorbed on the substrate. Thegge}f excess

titani un'PﬁB@EB'r"%rtm%r@) ﬁi"h‘ﬁe'i How ﬁ%tecfﬁém?eprms 1985 Mad%H @ P%‘grrtr‘? grlanger
deposi ti . GhaMikzdMe!ft8cess conditions requiring a longer pulse time; and (3) a lower
chamber pressure means that the process gas is evacuated from the deposition
chamber more quickly requiring a longer puise time. In general, the process
conditions are advantageously selected so that a pulse of the titanium precursor
provides a sufficient amount of precursor so that at least a monolayer of the titanium
precursor is adsorbed on the substrate. Thereafter, excess titanium precursor
remaining in the chamber may be removed from the deposition chamber by the

constant carrier gas stream in combination with the vacuum system.

[00107] The time interval for each of the pulses of the titanium precursor and the
reagent gas may have the same duration. That is, the duration of the pulse of the
titanium precursor may be identical to the duration of the pulse of the reagent gas.
For such an embodiment, a time interval (T,) for the pulse of the titanium precursor
(e.g., TDMAT) is equal to a time interval (T,) for the pulse of the reagent gas (e.g.,

nitrogen plasma).
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constant carrier gas streamin conbination with the vacuum system [00107]
The tinme interval for each of the pulses of the titanium precursor and the
reagent owe 20e0b@de t he same duration. That is, the duratriusaocef4dshe pul se
of the titanium precursor may be identical to the duration of the pul se of
t he reagent gas. For such an enbodinent, a time interval (Ti) for the pul se
of the titaniumprecursor (e.g., TDVAT) is equal to atine interval (T2)
for the pulse of the reagent gas (e.g., nitrogen plasma).[00108] @
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time interval (T4) of non-pul sing between the pul se of the reagent gas and

t he pul sdeposition chamber.
[oo110] Alternatively, the periods of non-pulsing between each of the pulses of the
titanium precursor and the reagent gas may have different duration. That is, the
duration of the period of non-pulsing between each pulse of the titanium precursor
and each pulse of the reagent gas may be shorter or longer than the duration of the
period of non-pulsing between each pulse of the reagent gas and the titanium
precursor. For such an embodiment, a time interval (Ts) of non-pulsing between the
pulse of the titanium precursor and the pulse of the reagent gas is different from a
time interval (T4) of non-pulsing between the pulse of the reagent gas and the pulse
of titanium precursor. During the time periods of non-pulsing only the constant

carrier gas stream is provided to the deposition chamber.

[00111] Additionally, the time intervals for each pulse of the titanium precursor, the
reagent gas and the periods of non-pulsing therebetween for each deposition cycle
may have the same duration. For such an embodiment, a time interval (T1) for the
titanium precursor, a time interval (T,) for the reagent gas, a time interval (T3) of

non-pulsing between the pulse of the titanium precursor and the pulse of the reagent
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of titaniumprecursor. During the tinme periods of non-pulsing only the
constant carrier gas streamis provided to the deposition chanber. [00111]
Addi t i onawvbypioidesossi me i ntervals for each pul se of the trCramszemvoprsecur sor,
t he reagent gas and the periods of non-pul sing therebetween for each
deposition cycle my have the sane duration. For such an enbodinent, a tine
interval (Ti) for the titanium precursor, a tinme interval (T2) for the
reagent gas, a time interval (T ) of non-pulsing between the pul se of the
titani ungqs aedastimne intarvah €T ) @F sendiulsing be theapulan @f he reagenhgasaad (T4)

of non- pyl_sj bet . f e S I . L he
titani ur#'ﬁr %@g? sogrmgg@#'pﬁ‘vé}gtcﬁgsogaen%&vg{i\(ﬁ%qf&or%ag%c}@ggpfég %F Pﬁnéeg)fgft'é‘ For
exanpl e, cydie.a For examipeR as iat firendeyeditiort Sydle (€4}, iamimerihierval(T()Tib) the pulske
pul se of the titaniumprecursor has the sane duration as the tine in%erval
(T1) forokthe tixamige precurser has Ahe samer ddatian asithe Smsesivtrak (Tq {%éli'% PHise
cycles ( . ; | 30| | se : t gas
and the @gm%%}%wn ?or%%%r%f)}s%naﬁggﬁ%nﬁt({eﬁgsgépgﬁﬁ%fsoﬁzetC?‘ i'atrﬁ?ﬁ%é‘g)?g@%r sgr
and t he d@atjontofgsechi pulsdof fthe seagkdogads aod thy gesiod€0f ricn-phisingapetwesnt he
duration, of each_ pul se of the reagent gas and the periods, of nap-pul sin
bet ween TRPYIEF 46 7 HARATIRIEAVGR BPOdlP 6ROSHOTHE sk fegasiipn cydle””
5Ubseque{ﬁ%%‘efi‘f@%&m@%s"tﬁé'cﬁﬁaﬁ@of eaéh Pllse diIROPEAdetIdas ditPthbberiods of
Alternatively, the tine intervals for at |east one pul'se of the titanium
pr ecur songn-philsing: hgtweeny dlse gudse loé the rtitavivmopremmseupsd rihet isagebbgagen f or

one or npre of t deposi tion cl of the.titaniummmaterial deposition
process W%&\?Epéﬂ?q tﬂ%?ycg?ﬁ‘ g%(% ng".)’ r,ggpegial'y.an enbodi ment, one or nore
of the time intervals (Ti) for the pulses of the titanium precursor, the

tinme inteowals Alfcthafidly! ife Riwhe eRtcdlalt hiorr gagert @®s pulde dfi e itikdreumal s
(T3) of non-pul sing between the tPuu' se _of the titanium precursor and the
reagent Rf@sUE®d. teeraagest pas anddhe peripdsrt nIHPRIsing greleetween forReNglses
of ther : ' i : r . [ s for
one o rIPE LR BeBthial Bydies BTG AdlerT HelRiiof brodiE thay Fitie
exanpl e, different fdurstiorde pbsr $uahnam potbodiraént, ,oniehar morne of titeetimel infeflals f(y) t he

Fi'me. i ey Jae PUKES SlobBrEM B BEsCASarnine Pgnyas dde s P chent

CeBoem CAGSHELEE, e O U i BUSGRDR Blsk™ RRRRT e
precursor and the reagent gas and the time intervals (T,) of non-pulsing between the
pulses of the reagent gas and the titanium precursor may have different values for
one or more deposition cycles of the cyclical deposition process. For example, in a
first deposition cycle (C,), the time interval (T,) for the pulse of the titanium precursor
may be longer or shorter than one or more time interval (T,) for the pulse of the
titanium precursor in subsequent deposition cycles (C....C,). Similarly, the
durations of the pulses of the reagent gas and the periods of non-pulsing between
the pulse of the titanium precursor and the reagent gas in the first deposition cycle
(C1) may be the same or different than the duration of each pulse of the reagent gas
and the periods of non-pulsing between the pulse of the titanium precursor and the

reagent gas in subsequent deposition cycles (C; ...Cy).

[00113] In some embodiments, a constant flow of a carrier gas or a purge gas may
be provided to the deposition chamber modulated by alternating periods of pulsing

and non-pulsing where the periods of pulsing alternate between the titanium
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the pulse of the titanium precursor and the reagent gas in the first
deposition cycle (Cl) nmay be the sane or different than the duration of
each pul seoabiwdesrsseagent gas and the periods of non-pulPsrTnig2dmeysesesn t he
pul se of the titanium precursor and the reagent gas in subsequent
deposition cycles (C2 ...Cn). [00113] In sone enbodi nents, a constant flow
of a carrier gas or a purge gas nmay be provided to the deposition chanber
nodul ated by alterpating periods of pulsing and non- puIS|ng where t he

peri ods WECHROSiaY Hia 9a30and g9st kel Witk the CcaRiqIfRirae asostiea. whde tBggent
gas al ongs Yddbit - ﬁ@lé ny%é}l%é%‘?ﬂﬂﬁ% ShFiganl g\éﬁbsésesﬁéé?n periods of

non- pul st ng 1 nclude o carrier/purge gas Stream [00114] A PE-ALD
chanber, as descri bed herein, may be used to formmany material s including
t ant al un[po‘naht aA UPEALD icdh@,mbert asi dm;cnibachnieminnmay te, used Herfoom many
tungste ungsten nitride al.t..hafpiu Sui . id thereof
oxi Ses. rnalBS TiydibtOBLI L LT i dn iR o e e FEnGaRYos
ot her magapsRNS-tuh Qﬂeila5hnhae0m@1h@hmml eobaucqaaﬂﬁumseseﬁtudj@é/%emy Ridear med
on the titani um ni de materi al by a CvD process and thereafter, bulk

copper |©eemﬁo@em\@dlveatherepf i eombtiratiansribetedbyasweltap q@h@d@wnalaq anot her
exanpl e, a copper seed |layer may be fornmed on the titaniumnitride nmateri al

by 3 PVOOBIEF o5 ARG EAL opeP ka SRR o) B 5ART bEHd Sheilth e,

I nt er connect otess anot nple, & copper see ayer

be fornadam’nanftg/ tal meLprooestsr iathel tradreaftey, Mkmpgbeqtrdémmearmaﬂsthand
thereafter, bul k copper_is dep05|ted to fill the I nt erconnect by an ECP
pr ocess. INfE{ceRRAt &Y &% K&K Brogess. tntanathen snarmplgea mopeer §Pe§éﬁx%§"%3é bg seed

| ayer t oophkg *bnathggmwmkﬁaé irlakerial b?'%PY? %rog@g@ﬁha%rgﬁﬁép DR oG oS

or an electroless deposition process I'n anof her “exarpl
t ungst enissdaubditayeto frli)thé)enifemmw royt ba ECPapiccess. t Ini deotinet endiaalpléy aa

PE- ALD th ft K t t d fi]l t
it or COMRAE! BEeR IS PRI TBIPLO S STAATD i beoBeterih birhst RPblESfp! e
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PVD process and thereafter, bul k tungsten 1s deposited to fil
i nter corpreceséoylraammepemmie dhe altqrumerdtrmmptertaégervesrasaa(seaéria)@(etapl e,

I%EE ZE%S:)‘%@@E{%QRBXE hgm glrecg[)?eaeposntelaeby} 'atnangn?ar%icteEé ¢ dFPLRLBlesdY 2

deposition process.

[00116] In another example, a tungsten seed layer may be formed on the titanium
nitride material by a PE-ALD process and thereafter, bulk tungsten is deposited to fill
the interconnect by a CVD process or a pulsed-CVD process. In another example, a
tungsten seed layer may be formed on the titanium nitride material by a PVD
process and thereafter, bulk tungsten is deposited to fill the interconnect by a CVD
process or a pulsed-CVD process. In another example, a tungsten seed layer may
be formed on the titanium nitride material by a PE-ALD process and thereafter, bulk
tungsten is deposited to fill the interconnect by an ECP process. In another
example, the titanium nitride material serves as a seed layer to which a tungsten

bulk fill is directly deposited by a CVD process or a pulsed-CVD process.

[00117] Several integration sequence are conducted in order to form a titanium
nitride material within an interconnect. In one example, the subsequent steps follow:

a) pre-clean of the substrate; b) deposition of a barrier layer (e.g., ALD of TiN); ¢)
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tungsten is deposited to fill the interconnect by an ECP process. In

anot her exanple, the titaniumnitride material serves as a seed |ayer to
whi ch a twogstoe3dal k fill is directly deposited by a CyYDTso@es39ses a

pul sed- CVD process. [00117] Several integration sequence are conducted in
order to forma titaniumnitride material within an interconnect. In one
exanpl e, the subsequent steps foI | ow. a) pre-clean of the substrate; b)
deposition of a barrier |ayer ALD of TiN); c)deposition of titanium

nitride G8Position of tHarILE) rwélagslpy gi°o$r/’de ;5884 DofpresSitign qf cseqdhiceprer BYP or

s oqucEEloIBYs AEEPSH POB RlioRUl aRTIAH pFbtik cdbpBP By KR A Biofhar e
T ) e T o o ‘*eg""‘@“’w
32pos.t.<a‘pﬂ§4>' bhpun%ﬂar@vgﬁyf Eoi0) ‘iV’?P%Sr\‘dRWQ% tiigapiyg| nitriderRy g@foth?uéﬁ t eps
fol | ow. @dndlaRpshtt 4y 6%; Itbyklua@@r b iEephy ﬁﬁa/ﬁ@@ b)PHB &.ﬁé(s;? gpsmkstep:

c) deposi t I on of titani y PE-ALD; and eposit seed
copper b;ppqaleethyrECE’ssln &hther eksfbpie thewetisegquerdieps fallowofa) dpositioppafr by

o L 338 o B A B, BiRTRD oS BHRRTRB B s

deposi t 'WPELALD'E ﬁﬁdlﬂ)‘déddsit% Sysddet Cbppe %Wel@):trél%@§5ECP06r pVDCfme%dby
el ectrol éss or ECP. In another enbodi ment, the subsequent steps follow a)

pre-cl eddy depw@ors @b@ui@c@pper)bsdeb@yptasan EGP or PXR.uih anethiet @xeynpis:- theD;

Gepost t1 aiveapUl eRess KbG, AEaeeO 8T, FTES ik BY AR T et cps

fol l ow thAjoutgpesdg;i ®Ndepositibardfi ﬁt@niuﬁweﬂiltr(d% by PPEAIADDand d) bl)spo@n)uon of
deposition of titaniumnitride by PE-ALD; c)_ punch through step
deposi t i ¥PPST byialegiralasspt EChe byamfﬁhmmbgﬁmn@)t H\@pﬁmenaﬁnwte@éé@ﬂ%pper

by el ecty O;I)Fésﬁ?lea":rcﬁ ik L}@:tlfa%l 8);"?@89% lgﬁﬁgmtéﬁ@ﬂw ﬂtn ér'll:}§/ Ep D EXdEcC):P In

anot her xarrp sequent t1’on ri‘er
| ayer (Edegpqsnlaﬁ-dﬂ.@eaf c@;dﬁ)r bylegtusiess, tEEtEBlmij_\Hl_) mﬂ!owéd lﬁlyenepd)é.m@mobbula

PE. ALD, CARPoEPY digBs it AORTIN SXEEPIbJBEa CBpIaP U IR (ew: ELBSBPSIRDO dnd c)
?ﬁf’?’i'wt S B AP OPEIARY ot D) RBRe AT arilih MRS BY P AN
(e.g., REnshBhojudh $ep; d) depesion pbiitaofunt nitadé bynRE-ALDj@nblye) deposition of

seed copper by electroless, ECP or PVD followed by deposition of bulk copper by

ECP. In another example, the subsequent steps follow: a) deposition of a barrier

layer (e.g., PE-ALD of TiN); b) punch through step; c) deposition of a barrier layer

(e.g., PE-ALD of TiN); d) deposition of titanium nitride by PE-ALD; and d) deposition

of seed copper by electroless, ECP or PVD; and e) deposition of bulk copper by

ECP. In one example, the subsequent steps follow: a) pre-clean of the substrate; b)

deposition of a barrier layer (e.g., PE-ALD of TiN); ¢) deposition of titanium nitride by

PE-ALD; and d) deposition of copper bulk by electroless or ECP.

[o0118] In some embodiments, titanium nitride materials formed by the PE-ALD
processes described herein, have very little or no chlorine concentration or impurity.
In one example, the titanium precursor gas contains TDMAT and the nitrogen
plasma is formed from nitrogen (N2). The substrate may be heated to a temperature
within a range from about 340°C to about 370°C. The plasma may be applied at a

power within a range from about 4 kW to about 10 kW. The nitrogen gas may have
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PE- ALD, and d) deposition of copper bulk by electroless or ECP. [00118] In
sone enbodi nents, titaniumnitride materials fornmed by the PE-ALD processes
descri bedwbepsim3ohave very little or no chlorine conceRrCTASR@/089578
impurity. In one exanple, the titanium precursor gas contains TDVAT and the
nitrogen plasma is forned fromnitrogen (N2) . The substrate nmay be heated
to a tenperature vm'thi n a range from about 3400C to about 370C. The plasma
may be applied at power within a range from about 4 kWto about 10 kW
The ni t radlew wie wﬁkw Rarpagefiraw atnué smom $o ehaye2/008nsespbutl heoptesealm t o

i Ui n PRGSO oA s et el Bes i SERE oA PR ey c.,

st eps i nghaide Tetrhods to clean or purify the via, such as the renoval of
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nitride barrler | ayers. Further disclosure of overall integrated nethods

are descearbegniynhassigeedet/adl Pah Npe 6c4898:0%1 .y whiohi @nmormraiedpher.emm its
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as descrddpsbitier eham@enesach >ash@imeraas baeterr seinsib@nee aotléa«hs ghamper.2, K00
mMcm preferably, | ess than 1,000 mM¥cm and nore preferably, Iess than

500 MmN cembpdimerits ofi the W'Qﬂecbéﬂf%téés angspunakthiengh stepscarer appliedagy
substratyg of R tﬁ#ié Yarf ?&es f%ﬁﬁ% 8@0 sakP o ro%l%llqﬂ%ré{%'((j;@sf@dgaare

processing 1I's performne rlca I'on" proces
subst r atdestuibtdde rmmreMetah urpltrm:eemmitgwlyzassigaeﬁeutsrmu No1d,041% 2881 whichl s

such as silicon, Llcon oxlde Lalned silicon, silicon on insulator

(SQ), c'ﬁr"ﬂﬁfﬁpa%%@i gr9iR inpfis g "E?é% Y &e1erens® nitri de, doped silicon,
[00120] The titanium nitride materials formed during the PE-ALD processes as
described herein generally have a sheet resistance of less than 2,000 puQ-cm,

preferably, less than 1,000 pQ-cm, and more preferably, less than 500 pQ-cm.

[00121] A “substrate surface,” as used herein, refers to any substrate or material
surface formed on a substrate upon which film processing is performed during a
fabrication process. For example, a substrate surface on which processing can be
performed include materials such as silicon, silicon oxide, strained silicon, silicon on
insulator (SOl), carbon doped silicon oxides, silicon nitride, doped silicon,
germanium, gallium arsenide, glass, sapphire, and any other materials such as
metals, metal nitrides, metal alloys, and other conductive materials, depending on
the application. Barrier layers, metals or metal nitrides on a substrate surface
include titanium, titanium nitride, tungsten nitride, tantalum, tantalum nitride, silicides
thereof, derivatives thereof, or combinations thereof. Substrates may have various
dimensions, such as 200 mm or 300 mm diameter wafers, as well as, rectangular or

square panes. Unless otherwise noted, embodiments and examples described
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germani um gallium arseni de, glass, sapphire, and any other materials such
as netals, netal nitrides, netal alloys, and other conductive materials,
dependi ngworrotoe3@ppl i cation. Barrier |ayers, mnetals or poEtiskomiosesrgles on a
substrate surface include titanium titaniumnitride, tungsten nitride,
tantalum tantalumnitride, suicides thereof, derivatives thereof, or

conbi nations thereof. Substrates may have vari ous di nensions, such as 200

mm or 300 nm di aneter wafers, as well as, rectanqul ar o_rmﬁtzuare panes.
Unl ess diereiatecpigiarably eanstigtaskon subsidales with a208asm diBmeier @i & 39P&nm

pref er ab&lgm%qgﬂl}ﬁé ep,%gl?rEHRﬁtangﬁ%W &l &Oopg&e%'sag%feé’ Trr‘?é e%b%%ﬂrggﬁ?sn,em <

di aneter, nore Focesses Oor Ssone e

descri bedbdwbednhe’mm banltbé i titided Otodelppeslt titahian wﬁrldetamdieotb.éld titdriierm
tltanlummaterl metallic titaniumor tlt umS|I|con nitride) on

many sub@taFedla& %tﬂd ’Eﬁ%ﬂ'&c@@”'%@ét‘ﬂ@?'@g‘ BHCOh NKtAd Bdﬁ%@hﬁﬁ bgjratepand
I nvent i og, P%db%%faﬂiﬁ bRGHIES en#BHdgrﬂéﬁtsr&ghé' Fg}érﬁ tr@a?%@&%ﬂﬂtﬁ%lﬁ
e.g., |< 0> or SI<I 115)

waf ers, such as crystalline silicon I con
oxi de, shutaraewt imiteddo sesiitorcuctorevatsns, Lauchokﬂomtstmllinemjﬁqmﬂ(qagxl S)‘szQOeon,

doped d f tt d tt

Subst r at2s Siet) 5 St o 3R slZbhestlopp GresBemhpBPPES, orcindpped
reduce, |9<31¥§|l|€cﬁﬁ dApRHO WrtioPed MM wagté %d%ﬁ%rﬁ&ﬁoﬁHQﬁipraﬁbmeW\%@G@
[ 00122] om c | ayer deposition"” (ALD) or "cyclical deposition" as used

her ei n r&tikestrates may I@ee@xensedltm at psdigadinent procass to pebisle, etelictreduce,
conpounds_.t.0 _deposi t e eri ubst.rate surface. The two,
three or ’H‘ﬁ'?@ }I) %8%‘3('9% ﬁﬁ a 9k%ﬁ1e lﬂ%s[qﬁi%ﬁvrfﬁ‘éeu ntroduced into a
reaction zone or process region of a deposition chanber. The reactive

conpoundser®y BAtormica et depfsitiprs, (AUBS o, “cydliear de bsindn’orasoub@d Infraéihe of
matter useful for a vapor deposition process. Usually, each reactive

conpoundefeysdapie é?GHe’BHﬁ' anty CP‘]'H?“&BI QQWPCP%{PP@/\F%MG @@mﬂﬂh'ﬁéstté dgansit a

and/ or n upsta a o] ct f r r or
corrpounorgg\&lt soqpu sedaﬁl Etﬁogt tﬁgbgﬁ%[fgt %gﬂfalz)%nen&o Istg@/édmtr)?/e aér; ﬁ'os'{% ?%érrge}ﬁ%el ay.
Next, a cEnpouhds mayratternaiiveboog odradiuBedsntpld sdttiontzont g precess reglonouffe

foIIovvedb a second eIa Co und A and o oynd. B react .to forma
deposi t &1 ARRPSHIPE ChARRET ol e AV REARROHNIS TRV S ad SRS iR RIAAnt 0

the depog rptdroﬂu@ hsdREr Ef&té"dﬂf Qﬁ‘aﬁé}%%%'l%k AV LU PosRioREpiEss.” SRy, any

r esi dual active conpound or by
each reactive compound is separated by a time delay to allow each compound to
adhere and/or react on the substrate surface. In one aspect, a first precursor or
compound A is pulsed into the reaction zone followed by a first time delay. Next, a
second precursor or compound B is pulsed into the reaction zone followed by a
second delay. Compound A and compound B react to form a deposited material.
During each time delay a purge gas is introduced into the deposition chamber to
purge the reaction zone or otherwise remove any residual reactive compound or by-
products from the reaction zone. Alternatively, the purge gas may flow continuously
throughout the deposition process so that only the purge gas flows during the time
delay between pulses of reactive compounds. The reactive compounds are
alternatively pulsed until a desired film thickness of the deposited material is formed
on the substrate surface. In either scenario, the ALD process of pulsing compound
A, purge gas, pulsing compound B and purge gas is a cycle. A cycle can start with
either compound A or compound B and continue the respective order of the cycle

until achieving a film with the desired thickness. In another embodiment, a first
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products fromthe reaction zone. Alternatively, the purge gas may fl ow
conti nuously throughout the deposition process so that only the purge gas
fl ows durwogotoneswsne del ay between pul ses of reactive ecmusadad495The
reactive conpounds are alternatively pulsed until a desired filmthickness
of the deposited material is forned on the substrate surface. In either
scenari o, the ALD process of pulsing conpound A, purge gas, pulsing
conpound B and purge gas is a cycle. A cycle can start with either conpound
A or comreousoB canthimingtdompouriteAr asyeeondyreourser coftairieg cpoipoundt B land

hi evi filmwith the desired thi | th nbodi ment
ot pr dEulPied PRGHISS! T SRRPIK & A3 Bag SARACUPSL oogn g the
conpountypRRtbrechdinber. PAREHHARENIS ANpAsBi dTth HRTRNEEGHSEr AMfy SasiapsRPamat el y

pul sed into the deposition chanbér. Aternatively, a pulse of a first
pr ecur so¥ithr@y polser b bacandnpreguraon whilbsa mflse of et dhisd prreewrsebdogli Nt a

pul se of thi.rd r SQr rl ap. i i ] ei t her pul se of
the fi rs?V%élﬁg 'Eg'gg%glﬁﬁrei@ﬂ gg@%ﬁ%%ﬁg]ana reé:gé‘é'qug%‘l\ﬂ""&%s used herein
refers to a single gas, multiple gases, a gas containing a pl asna,

conbi nat[pens] of‘Pygsses guyl/ae usggdihorsn réfeps e assinglegaspynultiple ajaseaf algasst
one reactive conpound for a vapor deposition process. The reactive
conpound®r&riningag dlasmaagombinalions Qf-gasess angder HAsIas, A RRFESSHas MAYy
during t RPN EANaT t & ge
gas of IR led T RAE 1L LRI Fon vaBo AR o680 The Kfagive
Pr ocesseompdiri ofrdagentemay of int hestatevefirgasy plasma, vapareohtidid dwing the
depositing a variﬁtgx of net aégscont aining materials ant al um or

I e.q. . t
t ungst en’APOREEPARSINGN MIPEFSSal RIF00f PIOSERSTRY GOMAIN 2 {’ngrﬁﬂs ADBIBLES or a
PE- ALD pfiRf8StScdiaifild tdaetitd chbifpotRdALD chanmbers and processes descri bed
herein. I'n one exanple, tantalumnitride is deposited by sequentially
exposing a substrate to a tantal um precursor and a plasma during a PE-ALD
pr ocess.OtherAlDrocessedl e, tungsten nitride is deposited by sequentially
exposing a substrate to a tungsten precursor and a plasma during a PE-ALD
process. t . et u | {J d IS
Geposi ¢ Aol s EnRRHRR}S o1 Z icron Rl e MeRfod¥fof deplsiiHBRE Vel o
t ungst emrmptad-contaiming nlaterfallsaig omy. dtantalgna dPHuAgSlepr cortaiing materials) on a

or a

substrate by a thermal ALD process or a PE-ALD process by utilizing the PE-ALD
chambers and processes described herein. In one example, tantalum nitride is
deposited by sequentially exposing a substrate to a tantalum precursor and a
plasma during a PE-ALD process. In another example, tungsten nitride is deposited
by sequentially exposing a substrate to a tungsten precursor and a plasma during a
PE-ALD process. In other examples, metallic tantalum or metallic tungsten is
deposited by sequentially exposing a substrate to a tantalum precursor or a tungsten

precursor and a plasma during a PE-ALD process.

[00125] Tantalum precursors useful during vapor deposition processes as
described herein include pentakis(dimethylamido) tantalum (PDMAT or Ta(NMey)s),
pentakis(ethylmethylamido) tantalum (PEMAT or Ta[N(Et)Me]s),
pentakis(diethylamido)  tantalum  (PDEAT  or  Ta(NEt)s,), ethylimido-
tris(dimethylamido)  tantalum  ((EtN)Ta(NMey)s),  ethylimido-tris(diethylamido)
tantalum ((EtN)Ta(NEty)s), ethylimido-tris(ethylmethylamido) tantalum
((EtN)Ta[N(Et)Me)s), tertiarybutylimido-tris(dimethylamido) tantalum (TBTDMT or
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[ 00125] Tantal um precursors useful during vapor deposition processes as
descri bed herein include pentakis(dinethylam do) tantalum (PDVAT or Ta( NMe
2)S) , pewmobakimsawbyl met hyl am do) tantal um (PEMAT or TaPNTHEISpMj045YS |

pent aki s(di et hyl am do) tantal um (PDEAT or Ta(NEt 2Js,), ethylimdotris(

di met hyl am do) tantalum ((EtN) Ta(NMe 2 3) , ethylimdo-tris(diethylam do)
tantalum ((EtN) Ta(NEt 2)3), ethylimdo-tris(ethylnethylam do) tantalum

((EtN) Taf (EE) 336 tertiarybutylimdo-tris(dinmethylam do) tantalum
( TBTDMT (d?v @I(J)‘lﬂﬁ Me fgrtigryb )é'mlﬂgﬁWdt%WY'ﬁWﬁP)t r i%r(taﬁuat hyiT&fiRR) or

t ant al T

tgpt ?alrjy q@%&cﬁ?h@ﬁ%%%h&%ﬂh% "%GJHY"‘F““)( ‘IlgﬁlELHmorT?TEAT or

BuN) Ta[ N(EEiNW%IN&)t)Me};;ﬁr terﬁamn’yyllmw@mﬁ(dmétdyllaimlbg) aantddmt ATAIMATPA or

(TAII\/ATA or gtA N)Ta(NI\/E 2).3, wherein 1A Oyl is the tertiar | group

(C5Hn- d mé( Meelyp2.- yheraipt i éf’%rry?l ﬁhao t?Ftlas‘(%ﬁ“M‘c hQreHa d@n'}ifant aum
TAI EAT t t I

'Eant al ugc(ﬁﬁﬁi{pmggﬁa(xghy Q#m(m?étt@kgi %IIIa,m'tgg);ltE rﬁéﬁuhgyl(ﬁi tﬂg (,gozl'aFS

or TaCl Amylms)ﬂ'a(bdﬁtg)éeserttlhwmyhmldo tus(rdﬂnylmlelhylmntdme)rtaotalur[mO'MIMATTAlmysten

th d d

Gescri badmuraralRiE sl olabialiin haRsLls by ik Soi SEiser Teae, hafoho)

t ungst enpdonfbihh s NHdredty) 2) . bis(tertiarybutylim do) bis(dinmethylan do)

tungsten (( BuN)2WNMWe 2);7?), bis(tertiarybutylimdo) bis(diethylam do)

tungsten (( BuN)2WNEt 2 2) , bis(tertiarybutylimdo) bis(ethylmethylam do)
t ungst erl09426BuN)ungsken Npcaisors tthagdnan brexigelfuodudag dher ivaper vdepasiioneof

o combi BLEons, 10588 lned ROAGTInALAL RARRRESEHARIG0) AShomN AR RIS T o

as desc rtuh ehe((QUN)bvm(N(ld)éBn)g r bgqan(eeylg;tynrpld@&) nms(dﬂiietmﬂamtdwﬁ enbBten
anmoni a dra2| ne l_qk.lqg , yl hydr az , di met hyI
hydr azi HéB héé’M k) Ve ( th‘\i?‘l( 'WPUM'EH@Q)arybLR'§ WBV'&E?'H@ ( Bu‘(JHQ ,

henyl h )
Kol 12, %ﬁ?ﬁ”&“ﬁg"ﬁ%ﬁi( e R L R G T T R T
source, (¢BaN)2W(NENE) g)aztwh@s(dft ekafluorideyetagvativieg! therede ¢iVedBibiEtions
derivati Y\g?ec} hereof, plasmas thereof, or conbinations thereof.

[00127] Nitrogen precursors that may be useful for forming a metal-containing
material during the vapor deposition processes as described herein include nitrogen
(e.g., plasma, Ny, or atomic-N), ammonia (NH3), hydrazine (N,H4), methylhydrazine
(Me(H)NNH,), dimethyi hydrazine (MeoNNH, or Me(H)NN(H)Me),
tertiarybutylhydrazine ('‘Bu(H)NNH,), phenylhydrazine (CsHs(H)NNH,), a nitrogen
plasma source (e.g., N, N, No/Hy, NHs, or a N;H; plasma), 2,2’-azotertbutane
(‘BuNN'Bu), an azide source, such as ethyl azide (EtNg), trimethylsilyl azide

(Me3SiN3), derivatives thereof, plasmas thereof, or combinations thereof.

[00128] A suitable reagent for forming a metal-containing material may be a
reducing gas and include hydrogen (e.g., H» or atomic-H), atomic-N, ammonia
(NHa), hydrazine (N2H,), silane (SiHy), disilane (Si:Heg), trisilane (SigHs), tetrasilane
(SisH1o), dimethylsilane (SiC,Hg), methyl silane (SiCHg), ethylsilane (SiCoHs),
chlorosilane (CISiH3), dichlorosilane (Cl,SiH,), hexachlorodisilane (Si>Clg), borane
(BHs), diborane (B.Hg), triborane, tetraborane, pentaborane, triethylborane (Et3B),

derivatives thereof, plasmas thereof, or combinations thereof.
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[00128] A suitable reagent for formng a netal-containing material nmay be a
reduci ng gas and i nclude hydrogen (e.g., H2 or atomc-H), atom c-N, anmonia
(NH3) , hyodnramw/as9gN2H4) , silane (SiH4) , disilane (S PEB)US2000i%T7$ ane
(Si3H8), tetrasilane (Si4H O0) , dinmethylsilane (SiC2H8) , methyl silane
(SiICH 6) , ethylsilane (Si C2H8) , chlorosilane (Cl SiH3) , dichlorosilane
(A 2Si H2) , hexachl orodisilane (Si2C6) , borane (BH3) , diborane (B2H6)

tri borane, tetraborane, pentaborane, triethylborane (Et3B), derivatives
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Met al - cont ai nigg material s that nay be_forrre%#urln thermal ALD or PEALD
pr ocesseld aOtaRSexarmelg: AdYasRacepiain Nitmgen) ampenifu it Rt EXampgst en,

t ungst enaPiésH}%@ont’éir{saé}hH'[?nié gﬁ@ﬂwm htride, alloys thereof, derivatives
ot co n on

t her eof I nat1ons thereof. enbodi nent, a netal - contai ni ng

mat eri al be E = t alni tpd | ow

of o rod9TB gaMFR AL thallos fr hg e TRl By Mol fCREOH PR “and
a pl asnmeALDnpcetdes agnbestirivedt he@imtclde aahklurnngantaluen i rlriden tubgstéon, med
during anot her PE-ALD process. that provides sequential pul ses of a netal

pr ecur soNgeNa NtEdge Htaniims danipm gilrideorliohe setrrio larvatives therect afent

i~ ge”erédrh%inbﬁ8h§GiHel%§?.' g Lhe 8 ggﬁﬁﬁ%nt??%tgﬁe&ﬁaﬁﬁ | &R mAy De

pl asma nay be generated external fromthe deposition chanber, such as by a
renot e ploaned dizingr aid-ALRASoCceys tentaiig iangorEad o rod cesaeent gaplvelslea may

be generated.from a mi.crowave frequenc energtor or a radio frequency
(R goriPiking SRabeBlial ey Cher i mafal cBreRbestin anfca RPESEIRs( off FHPLRST
del i ver %bﬁ&%&ﬂp@sh@tﬂ%&mmﬁrmaké?iﬂ&ﬂﬁx%@@&*nﬁ@i‘mrinbh&w&héﬁ PE-fRp be
delivered through the central channel of the inlet manifold assenbly,
process that provides sequential pulses of a metal precursor and a reagent plasma.
In both of these embodiments, the reagent is generally ionized during the process.
Embodiments provide that the plasma may be generated external from the
deposition chamber, such as by a remote plasma generator (RPS) system. During
PE-ALD processes, a plasma may be generated from a microwave (MW) frequency
generator or a radio frequency (RF) generator. The plasma may be ignited within
the RPS system and delivered into deposition chamber. In many embodiments, the
plasma may be delivered through the central channel of the inlet manifold assembly,

through the showerhead assembly, and into deposition chamber.

[0102] The RF generator may be set at a frequency within a range from about
100 KHz to about 1.6 MHz. In one example, a RF generator, with a frequency of
13.56 MHz, may be set to have a power output within a range from about 100 watts
to about 1,000 watts, preferably, from about 250 watts to about 600 watts, and more
preferably, from about 300 watts to about 500 watts. In one example, a RF
generator, with a frequency of 400 KHz, may be set to have a power output within a

range from about 200 watts to about 2,000 watts, preferably, from about 500 watts
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t hrough the shower head assenbly, and into deposition chanber. [0102] The RF
generator nmay be set at a frequency within a range from about 100 KHz to
about 1. 6wbHMa10/dos9ene exanple, a RF generator, with a frequsecayoeds7d3. 56
MHz, may be set to have a power output within a range from about 100 watts
to about 1,000 watts, preferably, from about 250 watts to about 600 watts,
and nore preferably, from about 300 watts to about 500 watts. In one
exanple, a RF generator, with a frequency of 400 KHz, nay be set to have a
power oupphlounittFhwatts anfysuffacerchbobsiraieonapbesxposaddata plado@ hawing a

pr ef er abl from about 500 ttsto.about 1,500 tt.s surface of
P bstr atRSer PRESEIRR anes vl udinh antinar, fam BRCa o BHRPARE & abouty ue
Wi thin a0 engRts/crAfM peRIADIO; RmVEBIUR/0C08 Katts/calFadtabbidt 8.0VAkts/chif, 2,
preferably, from about 0.05 watts/cm 2 to about 6.0 watts/cm 2. [0103] The
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about 438Gbd®. "AID, MEeTthameY or the@ BupsRate ha)lHe heateBabta Hiferatde of
exanpl e, about 300 OC. In another enbodi ment, a netal -containing material

may be flessriardabewgbQ0°On dreferably withinegasgefemm mboui 189°G éo@batit 4P0%ul ses

exampl o, st BIoFE el b ARG o St ARt Ee Tor P aBBHE 300G one
or nor e |dilotitdir eraboditart2d metiecenthiningeehatdredl endy bé foedlimng tithermal
substrate contains a barrier |ayer thereon, while in another exanple, the

subst r atALR precassdhat piovides: satiestiak pidees vha '@@Qbﬁﬁeppfﬁ?r@ﬁ‘grﬂ)@ag?@hdi tions
such as, the teH_gerature and pressure, are adjusted to enhance the

adsor pt i[0104bf t HBepsubsisategmar o foheexapple; ageséisoasstkstfaiei haviage aphe

one. embdafétat oot Ydding PG (B! SEY" 30 BeRN bR B e RER 0 Barn lslt
t he wholtefdA. cncdampiBetheudiiistiats comuiriea Sapastadydrahardtri, avhileria umotitsr gas
formed by passing a carrier gas (e. nitrogen or argon) throu

g.., t gh an
anpoul e ¥mplaeiie Pthstais gontaine arfieleckicngiirfaee.nedhedderpwtien rhagbarnhe
met al conditions such as, the temperature and pressure, are adjusted to enhance the

adsorption of the process gases on the substrate so as to facilitate the reaction of

the pyrrolyl metal precursors and the reagent gas.

[o105] In one embodiment, the substrate may be exposed to a reagent gas
throughout the whole ALD cycle. The substrate may be exposed to a metal
precursor gas formed by passing a carrier gas (e.g., nitrogen or argon) through an
ampoule of a metal precursor. The ampoule may be heated depending on the metal
precursor used during the process. The metal precursor gas usually has a flow rate
within a range from about 100 sccm to about 2,000 sccm, preferably, from about 200
scem to about 1,000 sccm, and more preferably, from about 300 sccm to about 700
scem, for example, about 500 sccm. The metal precursor gas and the reagent gas
may be combined to form a deposition gas. A reagent gas usually has a flow rate
within a range from about 100 sccm to about 3,000 sccm, preferably, from about 200
sccm to about 2,000 sccm, and more preferably, from about 500 sccm to about
1,500 sccm. In one example, ammonia is used as a reagent gas with a flow rate of
about 1,500 sccm. The substrate may be exposed to the metal precursor gas or the
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precursor used during the process. The netal precursor gas usually has a
flowrate wwthin a range from about 100 seemto about 2,000 seem

pr ef er ablwo 2brooms@bout 200 seemto about 1,000 seem an@Cwuarseoopnedses abl y,
from about 300 seemto about 700 seem for exanple, about 500 seem The
metal precursor gas and the reagent gas may be conbined to forma
deposition gas. A reagent gas usually has a flowrate within a range from
about 100 seemto about 3,000 seem preferably, from about 200 seemto
about 2, dempsiiemgassaniainieg fhe feetabprpcursosangiibetresgentsgasmfara timeuperiodd00

seem | e I amronia.i s d, a r a ] fl ow rate of
about 1, WBOR SR e AR Gt Beli0 1S AR SR sl bl R e
or thedegsmindi nalgst 55 e8¢EHdY, Redt MerdBiatbrabig Gkorh Gboan @ ddwndeageiiogas f or
atinme period within a range from about 0.1 seconds to about 8 seconds
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The et adisporinuosisiayary comtirmialisdapat ermavansmubipl layeent i nuous | ayer or even
mul tiple layers. [0106] The substrate and deposition chanber may be exposed
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flowrate of the reagent gas may be mai ntai ned_or adjusted fromthe
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preferred enbodi nent, the carrier gas contains nitrogen.
step may be conducted for a time period within a range from about 0.1 seconds to

about 8 seconds, preferably, from about 1 second to about 5 seconds, and more
preferably, from about 2 seconds to about 4 seconds. The carrier gas, the purge
gas and the process gas may contain nitrogen, hydrogen, ammonia, argon, neon,
helium, or combinations thereof. In a preferred embodiment, the carrier gas

contains nitrogen.

[0107] Thereafter, the flow of the reagent gas may be maintained or adjusted
before igniting a plasma. The substrate may be exposed to the plasma for a time
period within a range from about 0.1 seconds to about 20 seconds, preferably, from
about 1 second to about 10 seconds, and more preferably, from about 2 seconds to
about 8 seconds. Thereafter, the plasma power was turned off. In one example, the
reagent may be ammonia, nitrogen, hydrogén or a combination thereof to form an
ammonia plasma, a nitrogen plasma, a hydrogen plasma or a combined plasma.
The reactant plasma reacts with the adsorbed metal precursor on the substrate to
form a metal-containing material thereon. In one example, the reactant plasma is

used as a reducing agent to form metallic ruthenium, tantalum, tungsten, titanium, or
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[0107] Thereafter, the flow of the reagent gas may be nai ntai ned or

adj usted before igniting a plasnma. The substrate nay be exposed to the

pl asma f owoaotoaesodperi od within a range from about 0.1 eerarsd@onemsabout 20
seconds, preferably, fromabout 1 second to about 10 seconds, and nore
preferably, from about 2 seconds to about 8 seconds. Thereafter, the plasma
power was turned off. In one exanple, the reagent may be ammonia, nitrogen,
hydrogen or a conbination thereof to forman ammoni a plasnma, a nitrogen
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about 100 A, for exanple, about
from about 2 seconds to about 4 seconds

[0109] The ALD cycle may be repeated until a predetermined thickness of the
metal-containing material is deposited on the substrate. The metal-containing
material may be deposited with a thickness less than 1,000 A, preferably less than
500 A and more preferably from about 10 A to about 100 A, for example, about 30
A. The processes as described herein may deposit a metal-containing material at a
rate of at least 0.15 A/cycle, preferably, at least 0.25 A/cycle, more preferably, at
least 0.35 A/cycle or faster. In another embodiment, the processes as described
herein overcome shortcomings of the prior art relative as related to nucleation delay.
There is no detectable nucleation delay during many, if not most, of the experiments

to deposit the metal-containing materials.

[0110] In another embodiment, a metal-containing material may be formed during

another PE-ALD process that provides sequentially exposing the substrate to pulses

of a metal precursor and an active reagent, such as a reagent plasma. The

substrate may be exposed to a metal precursor gas formed by passing a carrier gas

through an ampoule containing a metal precursor, as described herein. The metal
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A. The processes as described herein may deposit a netal -containing
material at a rate of at least 0.15 Alcycle, preferably, at |east 0.25

Al cycl e, wonrelpmadser ably, at | east 0.35 A/cycle or fastecT/usaooneisher
enbodi ment, the processes as described herein overconme shortcom ngs of the
prior art relative as related to nucleation delay. There is no detectable
nucl eation delay during nmany, if not nost, of the experinents to deposit
the netal -containing materials. [0110] In another enbodi nent, a

met al - capreaursion gaseaistaily lhases flow ade mdtdird ariange drayn lebouPEOAISOCHT e 8bgutt hat
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about 4 'seco e nmetal precurs gas may be stopped once

t he net aubstrateir Stve etadrectsdr omayt be & dissbnth@ousT lyenetaitinppas Uaysasromay
be a discontinyous |ayer, continuous |layer or even nultiple |ayers. [0111]
Subseque‘?]‘quuﬁﬁge BY6& rate and chamber are exposed to a purge step. A
purge gas may be administered into the deposition chanber during the purge

step. |rObHE aspebeeaueriyihesubuEteandrharaheieie Ywosedie R RTEHiRM A,
s e e 5, AEHISERSS 1ASRES epbRRR A RS B8 Ayt IAser
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nitrogen, hydrogen or argon. The purge gas may have a flow rate within a range
from about 100 sccm to about 2,000 sccm, preferably, from about 200 sccm to about
1,000 sccm, and more preferably, from about 300 sccm to about 700 sccm, for
example, about 500 sccm. The purge step removes any excess metal precursor
and other contaminants within the deposition chamber. The purge step may be
conducted for a time period within a range from about 0.1 seconds to about 8
seconds, preferably, from about 1 second to about 5 seconds, and more preferably,
from about 2 seconds to about 4 seconds. A carrier gas, a purge gas, and/or a
process gas may contain nitrogen, hydrogen, ammonia, argon, neon, helium,

plasmas thereof, or mixtures thereof.

[0112] The substrate and the adsorbed metal precursor thereon may be exposed
to the reagent gas during the next step of the ALD process. Optionally, a carrier gas
may be administered at the same time as the reagent gas into the deposition
chamber. The reagent gas may be ignited by the RPS to form a plasma. The
reagent gas usually has a flow rate within a range from about 100 sccm to about

3,000 sccm, preferably, from about 200 sccm to about 2,000 sccm, and more
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and ot her contam nants within the deposition chanber. The purge step may be
conducted for a tine period within a range from about 0.1 seconds to about
8 secondswoposfmes@bl y, from about 1 second to about 5 secon$sgoamsb7sor e
preferably, from about 2 seconds to about 4 seconds. A carrier gas, a purge
gas, and/or a process gas may contain nitrogen, hydrogen, ammonia, argon,
neon, helium plasnas thereof, or mxtures thereof. [0112] The substrate
and the adsorbed netal precursor thereon may be exposed to the reagent gas
duri ng tpreferakly, ﬁpepab@uttm saa@rrbo@@@sru 508t sasal Iy one, easamnlerarga@nrmys be
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reagent seégual thg glasma bl QV\trrh@trferWd Withinaa ranges floh® Bbalbrol1 d66briketd t o
about 3,000 seem preferably, from about 200 seemto about 2,000 seem and

mor epr efahaub|3P, seqandsaprrieraity fearmrmahost dbsraond tegbasdd sagengseans anpiee,
ammoni a ﬁéf&ﬁﬁ@éﬂanﬁaﬁﬁggfgé?cg?d% twaéﬂbtﬁﬁfee%\gnpgm’h%fée?fgegﬂh 1%15991&?&% The

substrat'e my expose or a In arange

f rom aboutyObd tametmdﬁf t dnaboat extdinple¢ ahdsreagent ena;bllge dniraoniah mitroges,econd
to about 10 seconds, and nore preferabl f rom about seconds to about 8
Seconas. NYHRRGEA SPMETRIODRBREONEIS HE PIRETARYEPoAN ATTRODEP B5aW e,

the rea%ﬂ&g%@#ﬁé&%@'%ﬁ%@geﬁ%é&ﬂ&%r SthBaatoR th&repp! ﬁé'r@éb‘iaﬁ'ﬂ@é@ﬁrf’

while the p plasma, a nitrogen plasm, a rogen
pl asma areaatscwnlibthmﬂdmrbedemaﬁaf preCuesarenctharsubstratenta foeact metaltdontdining

adsor bed recur subs to form net al - contai ni.n
o+ o AL TR ittt o Relact s ioieed o e BguEaAad ot s,
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ruthenium tantalum tungsten, titani umor alloys thereof. However, a
variety tuﬁgsteactn@mwn reaiyallpys tharaot. oHbweners variety of aeaﬂtalgtsrmayerbealsedwt@vr ng

a wde ra Qsitions s, descri be here| 0113 The d ti.on
Chanber TAHY BlaLERRERINY P aRaRERAVIRG A Bk BB, eetiott e RREALT
or cont aﬁgrgﬁmts fromthe deposition chanber. The fl ow of the reagent gas
may have been stopped at the end of the previous step and started during

the purggifjer. Tht 850G INantRs hayUB8deRsosedPiy € s886nd Yur§é Nabp VIS
remove excess precursors or contaminants from the deposition chamber. The flow
of the reagent gas may have been stopped at the end of the previous step and
started during the purge step, if the reagent gas is used as a purge gas. Alternative,
a purge gas that is different than the reagent gas may be administered into the
deposition chamber. The reagent gas or purge gas may have a flow rate within a
range from about 100 sccm to about 2,000 sccm, preferably, from about 200 sccm
to about 1,000 sccm, and more preferably, from about 300 sccm to about 700 scem,
for example, about 500 sccm. The second purge step may be conducted for a time
period within a range from about 0.1 seconds to about 8 seconds, preferably, from
about 1 second to about 5 seconds, and more preferably, from about 2 seconds to

about 4 seconds.

[0114] The ALD cycle may be repeated until a predetermined thickness of the
metal-containing material is deposited on the substrate. The metal-containing
material may be deposited with a thickness less than 1,000 A, preferably less than
500 A and more preferably from about 10 A to about 100 A, for example, about 30

A. The processes as described herein may deposit a metal-containing material at a
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a purge gas that is different than the reagent gas nmay be adm nistered into
t he deposition chanber. The reagent gas or purge gas nay have a flow rate
wi t hi n a warngm/fsmm about 100 seem to about 2,000 seem pprafSesoaiohysss f r om
about 200 seemto about 1,000 seem and nore preferably, from about 300
seemto about 700 seem for exanple, about 500 seem The second purge step
may be conducted for a tinme period wthin a range from about 0.1 seconds to
about 8 seconds, preferably, fromabout 1 second t.o about 5 seconds, and

Tore pr eraie £618 leastobal aboisycle, peeferafly.t at @@@b@_-%kéé@&lﬁsmommaf]erabm D
s Cake B QRLARYEIL BEddieP 4 BT ARBHIU IR By lodfE as described

met al - comnér@imovercomieesticrtconmifigd ef theppdort atlrelative as rdlatddiessudiestion delay.1, 000
A, preferably I ess than 500 A and npre prefer abl_?/ from about 10 A.to about
100 A, fB'Pe@x'ﬁr'ﬁ?I ‘é‘:‘teﬁ‘l@@lﬁ n%@eﬂ'onrﬁﬁ'aﬁ!r%{f@gﬁén&s' pekeshed “Pl%leépﬂr"ﬁﬁ?ts

deposi t &gﬁ&h-tﬁgm(ﬁ'g%@g%ﬁwg@éﬁé}g arate of at least 0.15 Alcycle,

preferably, "at | east nore preferably, at |east 0.35 Alcycle

over coma®3dr t canite SBRRLRR e Pk, S BP HREEPATET it WaftB isEelding.
del ay. Tiysgre 4 shumsbélebechaiore suotl eat ifon al@ingleduhe ngolumiey caphcinotof mbgt ,  of

the experinents to deposit the metal -containi n(% materials. [0115] The tinme
i nt er val eRASIiE ghamkeroemmayebt e pracis osystemy £ouRlade theisdadang thson a

mb f i i
Gepos t | P BRYREIRHEL B rotiaie PEBH B3k AL TR fRRer el Banldle, (e
vol at i | i layde-ealatriesdéyosifiort brambac treayt leadtedch hmgengimehto #tabilipe dhe gsocdssr

example, (1).a |arge-valune deposition chanber, may lead to.,a longer, tinme to
tab | | 2eniShs SHedeas dehBRTEs CaUiaTRAESS B8s oRa EMpSRtE: FAUR0 gac
f1 ow andohgapsiiab tie: (0PE YKo hRTEPIndHictesS G mAZhISB IbaNES afibager at ©
for the process gas ney also lead to a longer ti to stabilize the process
condi t i cirsetegtabilizegthe process codiiens fagejrirgnal Iqrgjer pulsanimer Andii8) a fovesysur e
means that the process gas | vacuated from the deposition chanber.nore
i okl y Sagten RIFSETS s, el AP oBers, BBy Syaccnen o8t J68 Wi BPons
are advagHageaUphores gliRRiCFEfMindIal IGhdst pelsef tilnde MRt gbnéraCtHes Proddsevi des
a sufficient anount of precursor so that at |east a nonol ayer of the netal
conditions are advantageously selected so that a pulse of the metal precursor
provides a sufficient amount of precursor so that at least a monolayer of the metal
precursor is adsorbed on the substrate. Thereafter, excess metal precursor
remaining in the chamber may be removed from the deposition chamber by the

constant carrier gas stream in combination with the vacuum system.

[0116] The time interval for each of the pulses of the metal precursor and the
reagent gas may have the same duration. That is, the duration of the pulse of the
metal precursor may be identical to the duration of the pulse of the reagent gas. For
such an embodiment, a time interval (T,) for the pulse of the metal precursor is

equal to a time interval (T,) for the pulse of the reagent gas.

[0117] Alternatively, the time interval for each of the pulses of the metal precursor
and the reagent gas may have different durations. That is, the duration of the pulse
of the metal precursor may be shorter or longer than the duration of the pulse of the
reagent gas. For such an embodiment, a time interval (T4) for the pulse of the metal

precursor is different than the time interval (T,) for the pulse of the reagent gas.

47



precursor is adsorbed on the substrate. Thereafter, excess netal precursor
remai ning in the chanber may be renoved fromthe deposition chanber by the
const ant werpicn3@as streamin conbination with the vaceamusgeabems7§ 0116]
The tine interval for each of the pulses of the netal precursor and the
reagent gas nmay have the sanme duration. That is, the duration of the pul se
of the nmetal precursor may be identical to the duration of the pulse of the
reagent gas. For such an enbodinent, a tinme interval (T1l) for the pul se of
t he met alo118] eculn edditonetheapetiodsiof hpe-pulkieg etwearn eatbrofithe plgascobothet he
reagent gas., [0117] Alternatively, the tine interval for each.of the, pul ses
of “the. Pt MPELEPs SRl tersent sis Pl B8y b olhey BFasiRhy i a B
That i s, dlifafiod W #ié peried of hsnwlsw? Bbtvidbh 8BéRpuRESTURS PhictARYrdearsdi@inder or
| onger than the duration of the pulse of the reagent gas. For such an
enbodi nmed@ch pulsera thereagent 9es1s idesticeheFpusyeh ah ameodigeant, piimeuntival s
differen ] ' t

gas. [ 01187 Ch et DebER R shisel ot e MAALPHCESySr ANE HAE BHRS) of e

pul ses ofeaigent gas ¥ egueicter s timeainterivhe(T.¢ af @oh-mAsingietivase thd putsenef the

duration. That is, the duration of the period of non-pulsing between each
pul se of reagenheeaangrtbeRUWR ohire Btdl W%Pﬁég%f yring Higyime RRriodssof non-

i denti Caéﬂgﬁ%qr@%ﬁ% %ﬁéﬁ%rﬁ@r’@as &rddri%s hﬁﬁﬁé’cﬂo Eiﬁeﬁ&,{it@%%ﬁéﬁg

bet ween e metal ptfecursor a e puls reagent gas

eagent. B ana ATRYBYS Rig bodarbt AR RS Bt Bich SRS BLrkoas

of nonpumstdlgpreBlissor ehd: e treageritagas enagamvet differentsdiativhdeThab i, e
deposi ti on chanber. [Q119}é Alternatively, the periods of non-pul sing

bet ween @@akonof theppied e5nen-pulsingelyeqly aach BulseMdhe H&et?eﬁr@éHfSO@a’t’@drray
have dif u | .0 S | efl-0 ale) | si ng
bet ween ée%écrﬁ BB{]Q%SQPE [l?]aeq%tggls rgra (I;El;er ggpﬂ%t&?e'gi%é%ﬁa@ e{hIgf g?%fe“oﬁe%@%t gas
may be speridderof onoh-poisiig thewetheeakh giulsn aif tHeheepgentodasf amdrthpuhrsstalg

bet ween each pul se of the re nt gas _.and. t he al recursor, For such an
enbod; meECUEROY T FOT SHER ARAMpIaMEsY. & UMEpBISIVAY TELe e LI GaPREESE ehe
metal pr H%%@H}é‘ﬁfétél ea&r’séfegﬁa th BulcBaA Ié r@@@efdtt adiif LHafasht &M Bml M

interval® (T4) of non-pul sing betweenh the pulse © e reagent gas and the
pul se of intesvall (T} et mosepulsiDybietyeemdhe ipwisepet thed seagent gaspand they puiseyoft he

const antm%?e{l rﬁrggursor. During the time periods of non-pulsing only the constant carrier

gas stream is provided to the depoSition chamber.

[0120] Additionally, the time intervals for each pulse of the metal precursor, the
reagent gas and the periods of non-pulsing therebetween for each deposition cycle
may have the same duration. For such an embodiment, a time interval (T4) for the
metal precursor, a time interval (T,) for the reagent gas, a time interval (T3) of non-
pulsing between the pulse of the metal precursor and the pulse of the reagent gas
and a time interval (T4) of non-pulsing between the pulse of the reagent gas and the
pulse of the metal precursor each have the same value for each deposition cycle.
For example, in a first deposition cycle (C4), a time interval (T4) for the pulse of the
metal precursor has the same duration as the time interval (T,) for the pulse of the
metal precursor in subsequent deposition cycles (C....C). Similarly, the duration of
each pulse of the reagent gas and the periods of non-pulsing between the pulse of
the metal precursor and the reagent gas in the first deposition cycle (C,) is the same

as the duration of each pulse of the reagent gas and the periods of non-pulsing
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gas streamis provided to the deposition chanber. [0120] Additionally, the
time intervals for each pul se of the netal precursor, the reagent gas and

t he peri owle 20fo/ms0¥3pul si ng t her ebet ween for each deposi Promseyoloesnay have
t he sanme duration. For such an enbodinment, a tinme interval (T1) for the
metal precursor, atime interval (T2) for the reagent gas, a time interval
(T3) of nonpul sing between the pul se of the netal precursor and the pul se
of the reagent gas and a tine interval (T4) of non-pul sing between the

pul se of betmeneg‘gaewlsyagf dhe metalppresgresr ang thet rgagent @assir seshauente t he

sanme val ye for each deposition l e, For exanple, in a first deposition
cycle ( ?[,)OSEU(%I] CIE?%&Z%VQ"I)’(r?fﬁg&B’r%IX'he pul se of the netal precursor has
the same durati e

as the tjnme interval (Tl) for t ul se, of nmet al
or ecur s s bt Ruelss i miepatbsicr ot Tegstphe B of e "ieda
durati O”En‘éfcu%ft‘ﬁ,htﬁéulle%%eﬁf ghQ%n@%@%’éricﬂﬁsofaf%-EU%ir'@efHe@%et%eﬂc’fBr RHESHMNY
bet ween the pulse of tThe netal precursor and the reagent gas in the first

deposi t i more of Itee (deppsitiont ¢ysle ok the meial-dontaining: nedtedalc depegiten progdss

reagent gas ,and t r,ods of n- pul si nghet ween t he I f t al
precurso axm%ehg#@g%ﬁeqﬂrag% > i %%&%‘qu% %@?Pi’iﬁ@{/i’ﬁ%@ ?ftcg% %& n) ,
respect i wedrvals| Fidr et pulBas iofethi, mbke grec@rsbAtBEVighe ih@ivals (Tepfdr wiee
pul se of the metal precursor, the reagent gas and the periods of

non- pul sPwges Rbthepieageshgasthe imeinteryals (d8) eftoriewisiiathaiweepdhe pulse efhe
met al - C e Bl BB EDH athRQC}aﬁéé&“%#H 8fid e e | X,R/aij% Lﬁﬂoﬁﬁofng{gﬁ@{qgons-

For such an € one or re nme rnterva

pul ses odbetileennbibagdulpgsobittioreagehe gas rand thicemedd] préddsof arayt havep diffeeentof
the reagent gas, the tine intervals (T3) of non-pul sjing between theﬁpul se
of the n¥alges ;5?%9[]?5‘8er|%| qeﬁ’QSF'QBg@W!e 8% the gyel 'tqerﬁ’gsit'ﬁﬂe?r\?59§s-( [ of

non- pul sj t . : { r r sor
may haveé%??@%f \gﬁ? W\&%PES@H%@@%O&EI% 1%??5@%0@@%2%?/2@&@)? hltslge&gll{/%l i cal
deposi t i metgpre@ssor Fay kex kmglee or ishodef thast o posidre dimes idémwal (0q) fortthe ti ne
I nt erval l5JT1) f

r the pul se of . the nmetal precursor | anger..or. shorter
than' onePUre aBeuhAR! PlecHodt it Sa5Sadient REPBEROE SR melal SBUBMGor | n
subsequep darfhs! SNt Pulses( 6 the FBhged Ghbaahd thé NSeribisabi }ibh-Bihisinge
pul ses of the reagent gas and the periods oOf non-pul sing between the pul se
of the nigetwieepribeuiss obig mistal pregwaer gad the reagent igastin dieg dissttdeposition
cycle (Cy) may be the same or different than the duration of each pulse of the
reagent gas and the periods of non-pulsing between the pulse of the metal precursor

and the reagent gas in subsequent deposition cycles (C, ...Cp).

[0122] In some embodiments, a constant flow of a carrier gas or a purge gas may
be provided to the deposition chamber modulated by alternating periods of puising
and non-pulsing where the periods of pulsing alternate between the metal precursor
and the reagent gas along with the carrier/purge gas stream, while the periods of

non-pulsing include only the carrier/purge gas stream.

[0123] While foregoing is directed to the preferred embodiment of the invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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cycle (Cl) may be the sane or different than the duration of each pul se of
the reagent gas and the periods of non-pul sing between the pul se of the
nmet al preworemvooanyd t he reagent gas in subsequent deposiPCirars2@ypohesss (C2
...Cn) . [0122] In sone enbodinents, a constant flow of a carrier gas or a
purge gas may be provided to the deposition chanber nodul ated by
alternating periods of pulsing and non-pul si ng where the periods of pulsing
al ternate between the nmetal precursor and the reagent gas along with the
carri er/glaigs:gas stream while the periods of non-pulsing include only the

carrier/gurge gas stream [0123] Wiile foregoing is directed to the
preferred enbOdeBierhead assemblydat a ¥APOLHARISHGIHPIOGEEHONBRRINY nent s of the

i nvention ma i A ; | t j o] f,
and the_ scopi? SHoMEYERE ke BODreRBl tah Guidald Boucifisyfape sy BHebRR) -
shower heexteadingrfion tfieceatev &ptive dateosdye ohthp slomeerheadphatesi ng: a

ot endi ng 1 conf FHP BENE o hpTach B BB snon UL AUR.Lam SHEape ard T
First plysgdrmt urdcd)pssiidried Withh 0 ANS G leaPeriind! ffdHe thePcentet agerand

the bottom surface, positioned within a first zone 'extending fromthe
cent er oshawerhehdvplateetod apbul 25%oohwuradigswodfthe Isbonadhead platehand reaolr head

pl ate, and each hol e conprises a di aneter of less than 0.1 inches; and a
Becond plp EorRrSae 7 SRR R STieSs IETHRPSE P8R wi (h ' e top_sur face and
t he bottom sugkaeénd prREality @h edies ihTiuld eomARMchtioRNEitE tHetopi 18face R RipRUt
25% of the radius of the showerhead plate to about the outer edge of the

_shO\r/1ver hefafattqmeﬁt@f,acaneﬁé%i@ne%dvi@i@@r@@fqoms_zwejemw temgakette? Yoheinthe. 1h
- i [ t
firs: pi'GPafT By A7 SHopEaieraBRIY oBoyt i Rubor L BL e YiobATR b oo

assenbl yard eatlaholeZcomprsess a didmetdr afigtcaitercthahloet #bhesd plurality of holes

is about 0.1 1 inches or greater. 4. The showerhead assenbly of claim1,
wherein the showerhead plate conprises an increasing hole density radially

ext endi ng towﬁﬁgssﬁdﬂ\?erﬂ%c?rases%ﬂ‘?oly of claim 1, wherein the diameter of the first

plurality of holes is about 0.09 inches or less.

3. The showerhead assembly of claim 2, wherein the diameter of the second

plurality of holes is about 0.11 inches or greater.

4. The showerhead assembly of claim 1, wherein the showerhead plate

comprises an increasing hole density radially extending towards the outer edge.

5. The showerhead assembly of claim 1, wherein the showerhead plate
comprises a material selected from the group consisting of aluminum, aluminum
alloy, aluminum-plated metal, stainless steel, nickel, nickel alloy, nickel-plated
aluminum, nickel-plated metal, chromium, iron, alloys thereof, derivatives thereof,

and combinations thereof.

6. The showerhead assembly of claim 5, wherein the showerhead plate

comprises aluminum or an aluminum alloy.
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5. The shower head assenbly of claim11, wherein the showerhead plate
conprises a material selected fromthe group consisting of alum num

al um numvabl2o1/00398am num pl ated netal, stainl ess steel, pairalsedos/omsekel

al l oy, nickel-plated al um num nickel-plated nmetal, chromum iron, alloys
t hereof, derivatives thereof, and conbinations thereof. 6. The shower head
assenbly of claimb5, wherein the showerhead plate conprises alum num or an
alumi num al l oy. 7. The shower head assenbly of claim®6, wherein the

shower heéd pl‘é @ showeihead assembh mincl@imop, whereimethgl showemead glate

el ai m 1, SR80 RRPRRRRLANSE Rl b il S8 AT AR B3ERBSs P, .

the groumndeitisoisti ng of quartz, ceramc, fused quartz, sapphire, pyrolytic
boron nitrite (PBN) material, glass, silicate materials, silica materials,
alum na materials, zirconia materials, alloys thereof, derivatives thereof,

and conbg nat i 9 d4a : i in
The shovdr neat 1 S1gvafiead” escclfibh THLRERC 1ESREE Mo, SholBlbadifice
conpri si cgnpasesaambteriat sefevtdd Eooo tipagsoury cansisting af iquadzc beramaic, fudeer ei n
the central [zed channel extends thro he inlet mani fold assenbly; . and
i ot A SEPERTEHONTAGTF PO AL RGN TaleRh 1455 RIIGEEH M SR BlIcR o
the centialdied A0ARE Mmat8ASst Qir&&ﬁacrﬁafdrﬁié,za‘?ﬂxg hRoRRE, ﬂm@bg tﬁ@lﬁ}_of,
injection holes conprise a first plurality of 1njection holes extending

t owar ds @nd sopbinationalthgreobwar ds a central axis of the centralized channel

and the injection holes conprise a second plurality of injection holes
extendi ng tangential or substantially tangential towards the sidewall of

the centgal i Zpige CélisVietheadl asddr@biynlctt clagni Bol Whaesitnbky sRbwehiiadd Hlate
wherein the first plurality of injection holes contains three or nore

i nj ecti ofPARISES @wRitZ.he second plurality of injection holes contains three
or nore injection holes. 12. The inlet manifold assenbly of claim 10,
wherein the inlet manifold assenbly

10.  An inlet manifold assembly, comprising:

an annular channel encompassing a centralized channel, wherein the
centralized channel extends through the inlet manifold assembly; and

injection holes extending from the annular channel, through a sidewall of the
centralized channel, and to the centralized channel, wherein the injection holes
comprise a first plurality of injection holes extending towards or substantially towards
a central axis of the centralized channel and the injection holes comprise a second
plurality of injection holes extending tangential or substantially tangential towards the

sidewall of the centralized channel.
11.  The inlet manifold assembly of claim 10, wherein the first plurality of injection
holes contains three or more injection holes and the second plurality of injection

holes contains three or more injection holes.

12.  The inlet manifold assembly of claim 10, wherein the inlet manifold assembly

comprises aluminum or an aluminum alloy.
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conprises alum numor an alum num alloy.13. The inlet manifold assenbly of
claim12, wherein the inlet manifold assenbly conprises an al um num al | oy,
and the avormnrums@Bl oy further conprises magnesi um and ®CTiusen9/ni9s78 The
inlet manifold assenbly of claim 10, wherein each injection hole has a
dianeter within a range from about 0.06 inches to about 0.12 inches. 15. A
chanber for plasnma-enhanced atom c | ayer deposition processes, conprising:
a substrate support containing a substrate receiving surface and di sposed
wi t hi n al&hanble ijeldpandoldhagassnbly iofl claimetdh| whereinpthedinigt trhanifeld essemely body

enconpaset pfises, 8 el AR, At AeATR G Y S Bl el U8 enas
t hrough amesiliobet mani fol d assenbly, the inlet manifold assenbly further

conprises injection holes extending fromthe annul ar channel, through a
sidewal| of the centralized channel, and to the centralized channel; a

shower he a ﬁﬁﬂi’f’é. L . di t i,nl et
mani f ol d?gsszfnﬁﬁ%g wa e!&%ggerﬁpg)ggfg@%"ﬁgbm%@é@{gb?ﬁrﬁ@gﬁﬁﬁ Bmedngsssaenbl y
and t he dihmatehwititinassmgel fyom abdub OrGEniptkep taaboutly $2 drchdissposed above and
coupled with the inlet manifold assenbly, and in fluid communication with
the centralized channel; and a processing region disposed between the

substrat g5 1 ecgi thAphi" §8€ eplaBhalehititieds Witbah€ Rlyek NBepbSNER hprstdakas e-
comprising:
a substrate support containing a substrate receiving surface and disposed
within a chamber body;
a chamber lid assembly coupled with the chamber body and comprising:
an inlet manifold assembly comprising an annular channel
encompassing a centralized channel, wherein the centralized channel extends
through the inlet manifold assembly, the inlet manifold assembly further comprises
injection holes extending from the annular channel, through a sidewall of the
centralized channel, and to the centralized channel;
a showerhead assembly comprising a showerhead plate disposed
below the inlet manifold assembly;
a water box disposed between the inlet manifold assembly and the
showerhead assembly; and
a remote plasma system disposed above and coupled with the inlet
manifold assembly, and in fluid communication with the centralized channel; and
a processing region disposed between the substrate receiving surface and a lower

surface of the showerhead plate.
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