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type processes.

Disclosed herein are methods of forming SiC/SiCN film layers on surfaces of
semiconductor substrates. The methods may include introducing a silicon-containing film-

25  precursor and an organometallic ligand transfer reagent into a processing chamber, adsorbing
the silicon-containing film-precursor, the organometallic ligand transfer reagent, or both onto

a surface of a semiconductor substrate under conditions whereby either or both form an
adsorption-limited layer, and reacting the silicon-containing film-precursor with the
organometallic ligand transfer reagent, after either or both have formed the adsorption-limited

30 layer. The reaction results in the forming of the film layer. In some embodiments, a
byproduct is also formed which contains substantially all of the metal of the organometallic
ligand transfer reagent, and the methods may further include removing the byproduct from

the processing chamber. In some embodiments, the silicon-containing film-precursor forms
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20 butylsilane, allylsilane, sec-butylsilane, thexylsilane, isoamylsilane, t-butyldisilane, and di-t-
butyldisilane. In some embodiments, the silane comprises a first amine group, and in certain
such embodiments, the first amine group is substituted with a first alkyl group. In some
embodiments, the silane further comprises a second amine group substituted with a second
alkyl group. Depending on the embodiments, the first alkyl group may be selected from the
25  methyl, ethyl, propyl, and t-butyl functional groups, and the second alkyl group may be
selected from the methyl, ethyl, propyl, and t-butyl functional groups. In some embodiments,
the silane is selected from mono-aminosilane, di-aminosilane, tri-aminosilane, tetra-
aminosilane, t-butylaminosilane, methylaminosilane, t-butylsilanamine, n-tert-
butyltrimethylsilylamine, t-butyl silylcarbamate, SiHCH3(N(CH3);)2, SiH(N(CHj),)s,
30 SiHCI(N(CH3)z),, Si(CH3),(NH3),, N(SiHs)s, and (NR),Si(CH3); where R is selected from H,
Me, Et, i-Pr, n-Pr, and t-butyl.



Al so di scl osed herein are sem conductor processing apparatuses for formng
SiI'CSICN filmlayers on surfaces of sem conductor substrates. In sone
enbodi ments, the apparatuses may include a processing chanber having a
substrate holder within the chanber, a reactant delivery systemfluidically
connected to the processing chanber, one or nore 5 vacuum punps, one or
nore gas outlets fluidically connecting the processing chanber to the one
or nore vacuddupuﬂwkﬁahmmxansmsteﬂnbmnmwmtlﬁbaﬁdﬂprmghmgmmﬁdhfmbnnmgdable.
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Figure 1 schematically illustrates a process sequence for depositing film layers via

20  atomic layer deposition (ALD).

Figure 2A schematically illustrates a SiC/SiCN film forming cross-metathesis
reaction between a silicon-containing film precursor and the organometallic

trimethylaluminum.

Figure 2B schematically illustrates a SiC/SiCN film forming cross-metathesis reaction

25  between a silicon-containing film precursor and the organometallic dimethylzinc.

Figure 3 is a schematic of a semiconductor processing apparatus for forming
SiC/SiCN films illustrating a processing chamber, one process station, and a reactant delivery

system.

Figure 4 is a schematic of a semiconductor processing apparatus for forming

30  SiC/SiCN films having a processing chamber, four process stations, an inbound load lock, an



In general, a chem cal reaction may be referred to as a netathesis

reacti on, or 5exchange reaction, or double replacenent reaction if it is of
the type: AA-B+ GDA-D+ CB (Eg. 1), wherein parts of two reacting

chem cal species swap places. A concrete exanple, for instance is 10AgNO3 +
HC1 HNG3 + AgCl (Eq. 2), wherein after the reaction, the C functional
group has swapped places with the NGB functional group originally attached
to the letl:ﬁbhﬁdif‘loaﬂﬂoc&oBﬁoﬁtﬁfcﬁﬂoadiﬂi@mi&mﬂhaoﬂiubm & a¢micemditiod Bsbstraveol vi ng
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(Eq. 1),

wherein parts of two reacting chemical species swap places. A concrete example, for

instance is

10 AgNO; + HCI O HNO; + AgCl
(Eq. 2),

wherein after the reaction, the Cl functional group has swapped places with the NO;
functional group originally attached to the Ag atom. In some cases, these sorts of chemical
reactions—involving the swapping of bonding partners—may be useful for depositing films
15  in semiconductor device fabricétion. One such application is to the deposition of SiC and/or
SiCN films. In some cases, films of SiC and/or SiCN deposited via metathesis reactions are
capable of meeting step-coverage, fill, defect, reliability, and electrical requirements for the
nominal 1X nm memory and 16/12 nm generation logic nodes. In some cases, these films
may be advantageously deposited at temperatures of under 400 °C, which is important to a
20  deposition process not thermally taxing a semiconductor substrate beyond its thermal budget

limits.

While there are methods of depositing SiC and SiCN films other than those which are
the focus of this application, these approaches have been typically accompanied by various
problems and challenges. For instance, conformal film deposition (CFD) of SiCN via the

25  reaction of dichlorosilane and ammonia suffers from the formation of an ammonium chloride
byproduct. This salt has a high decomposition temperature and may lead to severe process
chamber and exhaust line contamination. Films of SiCN may also be formed through CFD
via the reaction of dichlorosilane and t-butylamine. However, this method is not cost-

effective due to the necessity of overdosing with expensive t-butylamine precursor, and also
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15  driving forces. Accordingly, what is sought is a reaction mechanism which provides lower

energy of activation thresholds and more favorable kinetics.

One possible route to kinetically-feasible film-forming deposition reactions is through
the use of an unstable, or at least only moderately-stable, carbon-transfer agent. Gringard
reagents represent one such class of carbon-transfer agents, that so happen to involve a

20 magnesium metal center. Other unstable/moderately-stable carbon-transfer agents are also
available, however. Examples include carbon-transfer agents based upon aluminum or zinc
metal centers as will be described in detail below. Such carbon-transfer agents may react
with a silicon-containing film-precursor to form films of SiC, or SiCN, or mixtures of both
SiC and SiCN in a much more kinetically favorable silicon alkylating process than those

25  described above. Moreover, in some embodiments, these synthetic methods utilize reactants
which are (1) inexpensive and readily available, (2) volatile at temperatures of 400 °C or less
and hence amenable to delivery and deposition via chemical vapor deposition (CVD) or
atomic layer deposition (ALD), and (3) halogen-free, eliminating concerns about the
corrosiveness and toxicity of halogenated reactants and/or reaction byproducts (ammonium

30 chloride, for example).

Accordingly, disclosed herein are methods and apparatuses for depositing SiC and

SiCN films employing metathesis reactions between various film precursors. In some
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and Appar at USgufacture of semiconductor devices typically involves depositing one or more thin
films on a non-planar substrate in an integrated fabrication process. In some aspects of the

integrated process it may be useful to deposit thin films that conform to substrate topography.

30 For example, a SiC/SiCN film may be deposited on top of an elevated gate stack to act as a
spacer layer for protecting lightly-doped source and drain regions from subsequent ion

implantation processes.



Manuf act ure of sem conductor devices typically involves depositing one or
note thin filnms on a non-planar substrate in an integrated fabrication
process. In sone aspects of the integrated process it may be useful to
deposit thin filnms that conformto substrate topography. 30 For exanple, a
SIC/SICN filmmy be deposited on top of an el evated gate stack to act as a
spacer |ayer for protecting |ightly-doped source and drain regions from
subsequent i dnspavpt hp¢radepositign proesssess chemical vapdrdepgriteoar (QVdYemaydepussidt i on
processes,. cheni.cal .v depositian D) may. he.used to forma silicon
1 do PP SRR A anan adrblin ot e o PRt Bl e 'y

et ched tto fomi thetshaces pandure S Howeb et s thelaweanee betweel Bate diasksadeadeef mesn gat e
stacks decreases, nass fransport_limtations of CVD ga ase reactions may
cause " HFEER g_av%@s ole LT BroRhseoFiens mag, e P%e?—éépa?%i ERISYOBx hi bi t
thi cleer GRPRSISucRRRdts typicaBY lckB6R Shibker RpRitfdndstksp atehctNbNHRE sEaROMUL | on at
the bottom corners of gate stacks. Further, because sone die may have

regi ons thinner depesitionyatdes, betomiearadrs of gateisiacksy by becarsesems digopashavene

waf er sqreéi@ﬁfofr@fferﬁ%sc%lvfce IdBns }Igﬁég'tghﬁ)o?t%@fe% ta&'ogh't‘ﬁ@tv%fer gl'lrlfd&m (fgs'ﬁﬁss
variation’ These thickness vallations may result in over-etching of sone

r egi ons iandithindér amt whthimgvafer i dhickregs yerationhi Thaseyhidkngss deriatiodemaye
performance and/or die yield, . Some roaches t.o addressi these
PR o b A B e o R e S T

pr ocEs S, dewtve perforiranomdddyor dixd yisldt ed gas phase reactions are used to deposit
films, ALD processes use surface-nedi ated deposition reactions which
deposit fil on a layer-by-layer basi.s. In one exanple ALD pro a
Substrate suriRESPPIRRS P At BESPuet BiOTF LR TS dERe0RTRERY °
exposed InCodtrghsvihhae® Dlpotess Puthdre theprhaldy fdtivated fged phase ecdstismdraré Bdgd, tosuch as
a silicon-caonfaining filmprecursor. Sone | ecules of Pl may forma
condense{éfpﬁﬂhé'@lsar\&% RRECSEDEE P4 %C'ﬂfiaée@e‘?f)’?%‘?‘hﬁﬁﬁﬁ’n_é MBI CPEREBeci os
and physisnpReavilREvASS & ofd exaliifle A bidRBssC hahfatd Surfab&Nn@@syat ed to
remove gas phase” and physisorbed P1 so that only chemi sorbed speci es
remaln. pRPylatieon@f surfpsepraiive sies, 1§ PRposed (e ld gay Rhasadistitydpm wétaafirst dilmj gand

t ransfer . nle. jg. : i c&fl, i chanber
o that REAESETRD, AR o R Rco b Hin PREACE Cfind ol bR, Rom

pr ocessi agpndbraat phaseratpp dlipasubstipge srtace ancdatling ¢hiemigortred specigsemd phyusopleednd P2.
Subsequent | t heryral ener onL. ln so enbodi S, _ener froma .plasnma,
IS provi ‘88183‘%1%5 £ ﬁeﬂg ubst rrgg%fopnChg}n er ¥ 0'4e \fa\clléq%dﬂé%rr Hee g%sa E|1S(e)nasndbet ween
adsor bedphysis@ded P s@fhafRinlptlebnigyrbddospagiegremalnl | Arsdcaydfilm glecuitérgP2), bhech
filmformng reactign,. to conplete the ALD cycle, the processing chanmber
may b eFdBPREBITFE AL B 58P o b B & t_ﬁ@hw&%@eg%&%a EShi ch
may cont@afbbnso MRt AbmateBeu®s $E2 adwan esriebbs@ath isgaRd. t TR pfREssIagent ,
and possibly to renpve unreacted Pl and P2. Additional ALD cycles may be

i ncl udedchasibpiuMAY] 2310 b EHICERIGGSBIS o © Temare PAPABAE 2e nBbeRaeHlYs theppalnpy
react W L Ad50rReH RhtinlaN! el oh b3 dna300060 @B AR SRS AL e 30
surface. S&@ﬁ anreagf%bn hay é?% % S rsagé-igdiated, 5#' congidefed to
be adsortotactivetd surfacetbactihne betweehedsathed mppti¢cules of PPand P2.dpuning e fiimdayerhat t he
reactd on, il ur s .th te r | [ | ose

br ot it i diEhe A B SR Bl A e B procBink EBhoer e

si | i con- eaniasddniongmbyd reagicachypsaiuctapyuchas dggodinedwbith andyh@ngitr fhaaeetadfl a
substrate, unadsorbed $r c#rsqi na% be rennﬁed fromthe $rocess'ﬁp hanber,
and an of'9%hEHEE Qrgapem tF‘@ﬁ g s ten Feap @k A POTHRY MRoremiyy BeReH §innd ¢ he

processipy iaidas ADDr&aRE vyt Bt inbRded sOoblRHfimh hiclaRssc ONb&I thhthig dohdem
precursor without the Iigand transfer reagent being first adsorbed onto the

subst r at @nRagdiPets P2 maydeta W@Hﬁémrbﬁé‘rﬂls","iﬂto%ébqiﬂggé adporhed qyto the substrate

30 surface. Such a reaction may still be surface-mediated, and considered to be adsorption-
limited, due to the adsorption of P1, and the fact that the reaction will P2 occurs on the
substrate surface or, at least, in close proximity to the substrate surface. For example, in

some embodiments, a silicon-containing film precursor may be adsorbed onto the surface of a
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5 reagent may be introduced first, adsorbed onto the substrate surface, and
after unadsorbed |ligand transfer reagent is renoved fromthe processing
chanber, a silicon-containing film precursor nay be introduced and reacted
with the adsorbed ligand transfer reagent, w thout the silicon-containing
filmprecursor being, strictly-speaking, adsorbed onto the substrate
surface prior to the reaction. However, it should be noted that

i rrespecubstatefunadsodizd r paatrsor emdy) bs pembesl fromnthet preceasisg rgbémber, lhndrianed
l.ayer (or even if re than one), the presence of sone |eftover unadsorbed
uant i {yPrEorRiati, i ateiee R i pRIETEHER Blg ARCPiorSen b ERnber
wi || of treddt iwilisthé edsdttedistlican-¢erthiaing fifDpBiural witkbarsthe ligaddMiRmsfep eeapeacess
contributing_ toward filmformation. Technically, such a process m ght be

y ! !
ref err edP°is Bt AdsATASH iogtontbey seRATapsT BEBES - Thams SMOPHmENE 58 iganq FRISEYD- t ype
Corrpgne%ag’eﬁpfn@? Rtigrudd NRANHdSGhed ohtbakd kRt stiffes i hdralna@ordl film
form ng chem cal reactions occurring in the processing chanber.
Never t hdigesd trapgier 1sagept dsseermoved dionmo grrsoceping skamber ch siligon-gqnRigpg ddgs |
"ALD-ty i hog iJ: i I i r i d the
[ Tke ar QTeQERE olbeRbBGRRE) and Bated WIHERELARY IR kR aRERT windl |
pr ocessdie tshimbn-nentaibmg d@st pichedorakeing, i stregtlytspeakiing, pdsmbeal pato abé¢ substr@yD
conponent (or,.for . that .matter, AL I 20 ot her .t of, secondary
depostt 1 R ies S BEAREHOD o i Eio Pl b Poted b Frentisiiva feviBih FERDRaL b
pr oCcgsS)species formPeRedsbrpGorOImitEE12§%08 bved if mvee thhn LRE), fhegresetr oftogieng
steps and_the sticking coefficients of the ecursors, each ALD cycle may
deposi t RPYEF ri'\nF‘%‘?gth%R?PH@ of the E%i’i‘?e_é%‘?‘“eﬁ’oﬁr BapioRed Somh henBrcSB8ut 1/ 2
and 3 A chihMér, WHDORERAERSES ESulBd REcdriaife aaRUHU B NBardRicMD 4ROpidcksRg il ns
nore than a few nanoneters thick. Furthernore, some precursors my require
| ong exprestitbating taveard flm deanation. deplnicallyapuchdepraease mughifher igfarrefitp 8 awhi ch
may al so . i,nGr b, e 4t hr:ou to )k ) C&% [ £ y al so
be depogll}}tbgg %%Eg{\gﬂﬁaﬁéﬁ%)sﬁagtlg’sghl{glgrpéerisg%plcg,lj gr?’? ire I{&e}%?i v k%‘%?ferqg for
| i t htigr apéranmgfidtftagtion nfythepini toat pHals filnayoreng chenaehl freaghorns| @oaringdin gteacks
conprising_ al.ternating.filmtype Such. ant.irefl ective | ayers,nmy. be
appr oxi HAPEFYPEBOTTE TODBTAC bR The P AT PRt FL APPSR ve
t han CVDALIIDG®RS Ractivdopriceds,” SALD dihiformeihg aeddtive/ptaysl’s andithalike have a

| ower tol erance far w.thin- er thickness., variation than ny CVI

b 0cesS ARG ol 1 PR A0 Fares R ! 2 8o en MOLR et bR BRY Qe i ve
| ayer magesériedadbAmarilyNACRAESa pahdiad CVD &mpoass (b1) @t tBatAnatter, ALD plus
Accordi ngly, various processes and apparatuses are disclosed herein for

f or Mg Wyceteranpe iof yecopfary Aeppsidon AIPEPss dElels PEGUSH Iq ALleyseropxted than Bigar , or
pl anar %Lqﬁ roFéss. both. In sonme enbodi nents, ALD processes and/or
appar at uses e oy a plasma-activation step, whereas in other

enbodi nents, plasma-activation may not be necessary for the filmformng
reaction to praceding opj Wevixpesury timer pethe precystedospgssens and &gt stickingmay or
may not deafRlouafl | " dabft Wi 35 By Q A RyerIPREA H d for
deposi ti%%f I SSl%lQle P%f%g@‘g’d%pené? nc on t%egﬁﬁgﬁﬁmn??qﬁmﬁg tt ﬁggee%?’

f eat ur esfoarmnfply, of betweamiabowy 162 aridd3 Ae dllwisnyLDhpoctessee maychei tireel consuthmgeep”
one both filmprecursors/reactants from.th ocessing chanber 2)

o ovidii nghdh cepr R S5 ot e I5Y Bhhdac Y b AEES 8 PRAS SRS 1 e a
di f f er enfeqiiird lohg eqmisirs aintes@RotdeNto deposinbreadeaghdte odnfyrnidl dilvedwhioh enaly adso

processi ng chanper 3) jgniting plasma while one of the
filmpr e@grregsﬁrsg ﬁ"é@é&é?%‘\g@%fgmﬁr esent in the gas phase, rather than when all

filmprecursors/reactants are cleared fromthe processing chanber, (4)
Conformal films may also be deposited on planar substrates. For example,

antireflective layers for lithographic patterning applications may be formed from planar
30 stacks comprising alternating film types. Such antireflective layers may be approximately
100 to 1000 A thick, making ALD processes less attractive than CVD processes. However,

such anti-reflective layers may also have a lower tolerance for within-wafer thickness



15 treating deposited ALD films with a plasma to nodify the properties of
the fil'ms, (5) depositing a portion of a film by plasma-enhanced cheni cal
vapor deposition (PECVD) after depositing a first portion of the film by
ALD, typically in the sanme processing chanber, (6) etching a partially
deposited fil mbetween ALD stages or cycles, and (7) doping the ALD fil m by
i'nterspersing dopant delivery cycles with filmonly deposition cycles. O
cour se, ‘ahihgor? thanl insiy C3Th (prooessbsalam able to giavidar iFousxampler a pE®s A bihek AL D
f.eatures w Idﬁ ar ent fro ri ous. ort ns of , ;hi s discl osure.

Before A &“‘f%ﬁ’ﬁf‘?ﬁ‘@t‘?l&a@ 1r‘f Gfs)&‘i‘_rfﬁlf"éﬁ ?Stgari%%‘great er depth, it is
useful to review and understand the concept of an ALD "cycle." CGenerally a
single ALD cyAdcerdisgly, hearisus ipidcedsse tand fapparstisdsi iﬁaﬁils’cﬁﬁbﬂ hegtid orPRihingm a
substrate ?ﬁtﬂrfa e deposi t.i n reactjon énaZS t| The result, of one ALD
cycle is™ Yk gIPTE Teyer deppstion ( 8 )i g A lansh SEREASHT: 1 at e

surf ace. boTNDIIﬁasbhﬁé enfBbdMhdAtE VOIS phbdesel nal/MAE }SHi'itMseE hRSecspBps pR&GRSSary to
deliver and adsorb one or nore reactants to tﬁe substrate surface, and t hen
to reactactivtionges Bddrers incethen qahodirents pasae-acéypdion nayanat ibaInepessasy fsf i | m
O cour Sthe - f@i'n@ng Y&akﬁomy rb&:@h u@ﬁ(e@&@sret Q"in@f? Q)'f lohl%f %‘os%fb‘f‘eof%aﬁ% hne@s

sweepi ng one or e of the reactants of products fromthe 30 proceSS| ng
chanber , may posbe daphmed imra pamqtlmhLDoprocdse aa@/odemmatuxadsem fomd(emsﬂpart i al
film, eél {Slgﬁnfel 6s1 %én@n c'?ill‘Be e%%og e%“ﬂn&? sé’fegtuges areZ(;)anlcrgm A un| que
sequence of Operatti 1Im c% th 8 Bwi ng
oper &t i ore&ucifd )thedaknev&rqy{raﬂsmr“p\tvan mfe br Ibmh ﬁhﬁ-épﬁdd:ﬁ&@fs/réa&amtsaﬁ'bmAthe(l i)

del i very/ adsaor |Im recursor/react ant (iii) swee out of the
o 0 eas] HESHAR HbeDr ) prey i Com Bras o O ehEhstame B o Rer BAFOY 1 he
surface wRi&c4 didRreat filh-prRurBorractaik I8 inderrhi@dstly Boviallihiodhe prokdsin@yRimieR t he
surface. The 7 above-nentioned features will now be di scussed in further
detai | . (pigingne plasmr Mg ongwf AbDfip-areciusersireactagtsye PEARS indhegaaBhSfe in
whi ch a GieMHarwiRATN fim-blebilord feal GFTBEL QBarey BURSHE BrReSitil damnal (1 2
filmprecursor/reactant 1s adsorbed onto the surface and regact ed Wt

anot Her tréating plepesited XL eflots awith whple$manty nandifiyathe mopdnfeesaqfsﬁlﬁb@msm(ﬂor to
initiati . i t y or
may not %e@oéjé%??g&?ﬁf&fb% ebgﬁ)?f%%g g%.nggd %]ﬂ:?mg ”ggﬁeiﬁe%@ OSith% épﬁé@%aﬂg‘

sur f ace- depdsidhgeal ﬁmepottionmf thenfilobge AEITH) oxhicatintin tltemamélpfbdaﬁkuig ¢hamiber, 166)ng

cact ant S0 AR ACRHES ASOUTE AP FBeR B OElieatig /SHAHDE MG Png  one

or nore g by Rikgspefsirdopbid deledre cyh@nvithBlni-6@¢ ldapdsitiva ey eled) OOF carspdhisy f 1 ow
in basic ALD. In basic ALD, reactant A flows only for the purpose of having

the f®achshitnoiasbrustivenprd yarious athes possiblesilelp af%aéuresawﬂb%@paﬁﬁh@@@ v3fousn ALD
cycle, 15 fieRUrant dkeid@es not flow. In accordance with certain ALD
enbodi nents descri bed herein, however, reactant A flows not only during

phases associated with its adsor ption but al so during phases of an ALD
cycl e that peBefererdebpng dntp dhes fasegoing 1 HilD depdepin sreatsr depthrris asefiptoe, in

many embediEMiSmdéSand ﬁl@tcoﬁbeﬁ) O ADHOcLdie” p(ﬁ?fé%ﬁ]ﬁerel gﬁ{'gﬂ?ﬁ{ycms ke the

apparatus Is dosing a secon eactant (reactan during at
| east a pcmmumnsebbf aper@pnAlréuirgd lte perfaracs avhsgata sarfdceBiaposmlsteacmpntm gas

phas Fﬁ%% ffl&n'e L& cotf%la% A 5yl LISOMR%XPA&“?HR} &ts;ﬁgeds?a BRI| gl Ha%,]sfll'l

reaction a € substraté surtace contrndous
r eact ant sustyatsurthet.i Vepiedlyt an ALD dyehomlloﬁnlmdmarmmosaktm M CH3CAry cmdelwéxh a

oLt A BB AR, S el RS A 1
vari at i oRgcteRs €8l fdh it 18Ms agattidl Mylet af FiEAL I®McoaR®, an ALD cycle may include
certain ancillary steps such as sweeping one or more of the reactants or byproducts from the
30 processing chamber, a post-deposition treatment of the as-deposited film (or partial film), etc.
Generally, an ALD cycle contains only one instance of a unique sequence of operations. As

an example, a cycle may include the following operations: (i) delivery/adsorption of film-



25stabilization of flow associated with turning the flow on and off.

As' a specific exanple, an oxide filmmay be deposited by an ALD process
using a principal reactant (a reactant which is adsorbed onto the substrate
surface, sonetines referred to as a "solid conponent” precursor or, in this
exanple, sinply "reactant B') such as bis(tertbutylam no)silane (BTBAS). In
this exanple, the oxide deposition process involves delivery 30 of an

oxi dant psermtsosEacytgeN(iid ﬁehﬁdry/@dssrpoimh o€ filmiprashrsbt/ wastantrid,t (lidl sweepBdout

gont i nuo# Lé’ Ido%rI I qﬂ%mlb ?w r1I ned 2 & 4herm Cet earnt | anzle elzggr achposure
phases 8% SO Con P%P?%%M/durlng dr'syiR plasna exposure
phases. r&egon bDA aﬁdartptﬁmn dtmas@punm]d:‘lﬁnd@pr oit thd sunfaceFi gur e 1. For
conparison, in a basic ALD process, the flow of oxidant would stop during

delivery of e princi reactant to the, prpcessin er. For xanple
The 11 ow of rdac de oot GeBis il AP B GRERE MY ATHRT Sehita ol

specisf i GoBxa)ah 8$.D rTeﬁtﬁlohes'it@)tbarébnsﬁMéd dslonesn whioh b Tilia Y6 partiad figh) is amﬁehl ar y" 5
reactant As used her ei n, "auxiliary" reactant. is any reactant that is

not a "piihyPpEte S‘F@ﬁ%t‘%“ﬁta ﬁlﬂsprgﬂﬁ%@%aéenbﬁ@é@r ed g theispdaceaad gsasise nay
cont ai N \gith &laEe Bim Pe'é rsbﬁreﬁ&laﬁtdvlﬁéh P B MEYRE &tdélﬁ@rbed'\ﬁh&ho eligamAtori S
contributed to the | mformed by ALD.” Exanpl es of such elenents are netals
(e.g., dheimaption aﬁa)emlmamnahy embedinestn @ dasglasneomay §pt b%wde{ﬁdmtlate

ger mani Uy, ande G2 %f%ﬁ@ﬁtr‘bn% stFBlcRnQlatR £&t@n; RURDLmbEHAIR 88 AfD
auxiliary reactants I'ncl ude oxygen, ozone, hydrogen, carboh nDnOX|de
nltrnuS1ﬂxrﬁenmgmumhomnmﬁbkﬂknmﬂWnbe@nand t he Ilke The conti nuously
flowi ng reactant nay be provided at a constant flow rate or at a varied but
controll ed flgu ur{f‘tz (conpnuoh.? o {fr recrany) 2SR &lliafit’ ”@Lrﬁin\lﬂl}]h?o g gte of
an auxiliary reac d an ‘exposure e prlnary

r eact antprosssied chaefoeddmﬁ[y onb5oremzrmpbmons of alleD ckehaowhetn tha reactant wruldant

(e.qg., itro e) contin sly du the entire

Gopast ¢ b dcmerg ey ot LEE 1Pk ACH 55 R pltelop A ke i an
(e.g., HEBAR)the $ead@hi ¥®oMdontd Hheé sitRGieaGESCet Nt PhEt piRdseP6LES ALD EfclBTBAS
during its dosing, thereby reducing the exposure tine needed to saturate

t he Bubdeicné Asé?@ﬁ dokflogy, dptchoreence Path gerfpin; e rembodingatsades¢nhed thegsf. of
oxi dant Hm\)éva'e rdaBRhEASASWS Hotr&ﬂy(aﬁrlﬁQ Bhakls laésk&ht'eﬁ' QA fhadsoR At 21sBr esent

during the plasma exposure phase. In some enmbodi ments, the continuously
f1 owi ng dueagtrémes fof GnsALD cycleathateperiorm epertiensootber thie adwuptiva aff At vioror  nor e

deposi ti Q(Em ny %E}bgzﬁgﬁg \ {eagtgﬁt A ﬁ(§£53 OW I a?lfol:e% ?tchﬁnlgérrélrnle I W rate

during a cycC secon ng a second
cycl e. praramsl fist dqsing arseamtl acmcsma(rr@cenplB (hgnedl)aﬁhlust therirfg abVeastfa porgonaff ah hem is

cont Juo at, 25 st t of the has during a
por t1%n &R0 cHte BisEfohentd Rkl b baenii, TP et SRR PrG e af ¢ o
del i ver yplasfmatigeipf)hédsto dreaci mbtlort WOthe eabduattt surfatd. | No@ethasthe cBhexﬁ@hgrye, it
may be ippartant to eggé?é gnts t hat d not appreciably react with one
anot her wewa&a@ Kege fo %Eﬂaf’tt%{‘t‘ihéﬁ TIn SEVRAEOD Rh i fa F‘Wgas—

Typi cal lyg, tnlgenrﬁa dgankfc seﬁyla&lvdaatge fogakd cémﬁm&uspﬁasembo%ehhe fbbgkrate

surface and exposed to either a p asnme or sone
estabhshed flow avoids the delays and flow variations caused by transient initialization and

25  stabilization of flow associated with turning the flow on and off.

As a specific example, an oxide film may be deposited by an ALD process using a
principal reactant (a reactant which is adsorbed onto the substrate surface, sometimes referred
to as a “solid component” precursor or, in this example, simply “reactant B”") such as bis(tert-
butylamino)silane (BTBAS). In this example, the oxide deposition process involves delivery

30 of an oxidant such as oxygen or nitrous oxide, which flows initially and continuously during
delivery of the principal reactant in distinct exposure phases. The oxidant also continues to

flow during distinct plasma exposure phases. See, for example, the sequence depicted in

10



30 anot her appropriate activation condition or nethod for initiating the
surface-nedi at ed reaction. Choosing such reactants invol ves considerations
of at least (1) the thernodynam c favorability (G bb's free energy <0) of
the desired reaction, and (2) the activation energy for the reaction,

whi ch should be sufficiently great so that there is negligible reaction at
the desired deposition tenperature. Feature 2 (reduce or elimnate a
sweep stlpyre 1l nFmreJonmiaﬁsomnhodbMMD procesprtbe dlow afi qdant esuldistdp duringeduces

t-he tine @ssSOC ed wit tep that ul.d not nal | e.5 perfarned in
basi ¢ ALBIVTY Yt rieiple BERRCR. P8 Woisite Fhimtes phrorhels” g BFvedle
react antreac&axﬂ@w&‘lﬁdeﬂp&m@na@s@ﬁmdden{z@ed,he substrate surface. Little or no
adsorption or reaction occurs in a basic ALD sweep step. However in sone
enbodi nments, an ALD c a reduced -swe lg\)rllgtep or Jm nate the

| e
Sroon ot on R oM PEUEE B oh bt Rarims S s fR Ty s B ) RS AL D

Process ReAMRNCRs hikdWtrdih h SHRBRNST @Rt i§ QRP Y&Wtahs thhDisPi serPrdipa? Fi gure
1. No sweep step is perforned to sweep reactant A fromthe reaction

chanber .Tepdiatdo s uggesied %V§v9e%"¢ﬂ%ﬂaéﬁeﬁ%anbéﬁa¥ GPW% af ¢legrpery dhat e pelidogt ¢ he

first r ‘31%(<31fnf3t@1tr1pérﬁtu?e'1 widd Quets 1?6&nt§b1§¥@ﬁpth§tfﬂn9 fofm@Phy A0H) |Exa9ﬁi’lés°c§ffmd
after delivery of the second or |ast delivered reactarnt. The concept of an

ALD "swesigh elemeptsorre pirigle (ea@pelarrgnwe erd Hitanpunyh serdicerduoloty @-gl.5sikiesinaandng t o
various CEIBQIH{I U no &51 rymet§110§a¥e§ SH8n OrEQ & Etech(Yl?ﬁy ?{alcgﬂ{sges one

of the por se reac froma reattion cha r and rcally occurs
onl yiaaf tiecludebxmn yozofie, shydfvgmeaaatb@ntmor@xmenmheusmidd ranmudmer al&@t ahpjnes,hat
react ant nl(lﬂcl onger delivered to the reaction chanber during the sweep
phase. I—ﬁﬂ?@} the reactant remains adsorbed on the substrate surface
during the sweep phase. Typically, the sweep serves to renove any residual
vapor 20 phaskher@atdhwnslyi flovtihg r@hanbmlay abt;eo\rlﬂdraieatraeamsam ﬂbxs ratdserdpad on

the substrate surface to the ired | evel ph ase .may al so
e ki BuCi b Sy et I8 Tl cofuit an Bl e Herop AR S pant | on
bypr oduciegdtarit 4y &6 duHRS tah AkBosutl piREE wheh tRAFHBarilPactd§s a¥RRRIPNRSE 1S
used to prevent gas phase interaction of two reactants or interaction of

one Feactdpwleniinhogds reposition. shearidagh (B&hexyaen W ngjtrowsy exide)omayh8owyr f ace

react i oNeoplifudSReaiing tﬁ@(im%% dBbERSh eI B RPAGH RImBE R whéh Bieep
phase may be acconpli'shed by (i) evacuating a reaction ch anbgr and/or (ii)

f | owi ng Ryimarygeactaohies-nBRBAShs dhisercds This inereaseehe potial PWSsolufghf BHhBASeact i on
chanber . Xdr{ﬁg 11!2 Qoifl %Eﬁ[legélpxljeha gstﬂg pr%s ?%nr{éeﬂée(?e% t? %&&aﬁ%ﬁ%h&f‘at@ erfa@g rt gas

or an au ary re AP SUCH tas. & feont i nuous auxiTrary réactant.
El i m nat $temtlpbefone 1gmmgpthpnﬂmamabe Bew acfcanifbdnit sim@dbemﬁck'ea@afd wi tedoe the

cont uous he ot t. In the iment d cted in
F out o At b oA W aeedt ftefe §line CTosHE AoRgndp RUBS OB ar t er
i ts adsomhplb@ihueidP bWRgStdsdnt 8b®s 84 Takd flow aePleetiREolst bESId ot @ereby
reference nunber 130 in the figure).

deposition cycles. For example, the reactant may flow at a first flow rate during a first ALD

cycle and at a second flow rate during a second ALD cycle.

When multiple reactants are employed and the flow of one of them is continuous, at

25  least two of them will co-exist in the gas phase during a portion of the ALD cycle. Similarly,
when no purge step is performed after delivery of the first reactant, two reactants will co-
exist. Therefore, it may be important to employ reactants that do not appreciably react with

one another in the gas phase absent application of activation energy. Typically, the reactants
should not react until present on the substrate surface and exposed to either a plasma or some

30 another appropriate activation condition or method for initiating the surface-mediated
reaction. Choosing such reactants involves considerations of at least (1) the thermodynamic

favorability (Gibb’s free energy <0) of the desired reaction, and (2) the activation energy for
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In various enbodi nents where two or nore reactants are enpl oyed, the
reactant which has its sweep step elimnated or reduced is an auxiliary
reactant. As an exanple, an auxiliary reactant may be an oxidant, or a
nitrogen source, or a carbon source, or a nitrogen and carbon source such
as a conmpound containing one or nore al kyl am ne functional groups 5 (as
described in nore detail below). In sone enbodi nents, a primary reactant
may be ahsir¢actom wioeh alilmﬂdwge fsuffivieptle @ueas o0 thabfthere s segligible weaetiornht thee
princip &:Hgﬁ&}agto ?ﬁé‘“ o be reduced or elimnated. In sonme exanples, no
sweep steﬁ 88??6} g8 %r delivery of an auxiliary reactant but a sweep
step is optlonally performed after delivery of a principal reactant. 10As

nmentioned, theasmeépropheser ale'mzdanaot sveeep fstep)-y Ire bértaim em‘enmtliﬂnedts ,Sherptogesseduced

in duratj b ALLD E
exanp! o, S B FROER b S SERHIRT SO Aok s, B PRES PURRLYAE dur i ng
certay n @B@ﬁﬂédrﬁﬂbasm_mwclh%aﬁamm aaeéﬁafa&meépogte;abpperf&mzd 6860846 Of

| ess, e. for about 0.001 to 0.1 seconds. Feature 3 (igniting plasna
whi | e orféa%‘fnt tlhéeh@a@t anck adspebeg apiaefhe Substiatie syfase-pHdtle) or o adspyRten (s

feat ur e, regtidh 38EMRs inSa bAMW AED RREPEEp. ahbwéea%@sﬁ@ chBYENREGMCAED §elef r oM
t he proceSS|ng_chanber This is contrar at occurs in a basic ALD

pr ocess, mghenploy Baediced puecpctap telighnatg t }{JGtSWéW stemeftar dialicrry of ere gpeetstion s
d h
provi ded..on a eerxalhg %OALB[}@&F{ SAGLARGR lﬁh’ d&né‘Qwé nsqi&{ isReR3ed sl N the

processing ¢ at t eat'ure eces y ‘occur when
r eaclcantpr@sehled\m Fagmm il NN sweepdtapi is gpetfbrmad| tasweep orattannA dfonatheAeBtR@  cycl e

as depicted,in Fi However, the SC od ts are not limted
5 this SHEmRE e St avRn e S T AR PR rab R Birmse o
an ALD czypbecybut bulersvarptstdp Rveptiondliynpetosinyd dited dddivary SLe Gy¥ednd. orFustt her,

t he reacc;? resent in vapor phase during plasnae activation may be a

pri nci paf®'Veé fBReMor an auxiliary reactant (when two nore reactants are
enpl oyed in an ALD cycle). 25For exanple, a sequence mght be (i) introduce

reactant A, (The) cd@u%gebann @JLID Yswaeh? @RPCE fiRes hpptarsBhadid iwhhé &liddldsref | oWl ng
strike a {%fasma an ge. In such enbodi nents, the process enploys a

pu
pl aska € lvaf%wnpeeee lmerﬁecﬁeeer%”ry@ﬁwm SPROT PHASSACMAYHS O PUrees eReridr al

exanpl e yhQLKRr H&Qe réachils fFRN g H’éa@fl&?glahﬂelaaﬁ%%%c%s SRGUERE hdlvest&PS-
I f activation plasma is provided at a time during which the specieés for

form ng suRker3oantssegnpletd! Imitheravdrdsy dhat feactprtiisreg longeralehieaned toitbe wagiiohi ed to
thepro Eﬂ?ﬁ kbgl S{)ev%gtﬁ FeR eV re &
conform %ﬁ{g dLﬁ g ¢ er?% eposilﬁi ‘lyvon r a‘% v ﬁ(&r% ?@‘giag%}{lfe? O%ntggégbg%?te
However surﬁacqodlamgahasmapapham: @mcaﬂy d]&lsyveemsermg tdebrh«m:rgnyafcsidmwm whi ch
are sed for f.or the tlonll ited |a eré1 aux
eactint§RE el R B Abainte e B BGre Rk e andRisb e Siiead Foare ¢he
vapor phésiedléxdl] IAaSWEep@fépQﬂﬁhﬁse Ry aBo dahovel weiRlyeads@Bed dpécica(ech. tdaamiaby
increase its reactivity in the conformal film deposition

precursor ligands or feaction byproducts) from the substrate surface. In basic ALD, the

sweep phase is used to prevent gas phase interaction of two reactants or interaction of one

reactant with a thermal, plasma or other driving force for the surface reaction. In general, and

25 unless otherwise specified herein, a sweep phase may be accomplished by (i) evacuating a
reaction chamber, and/or (ii) flowing gas not containing the species to be swept out through

the reaction chamber. In the case of (ii), such a gas may be, for example, an inert gas or an

auxiliary reactant such as a continuously flowing auxiliary reactant.

Elimination of the sweep phase may be accomplished with or without continuous flow
30  of the other reactant. In the embodiment depicted in Figure 1, reactant A is not swept away
but rather continues to flow after its adsorption onto the substrate surface is completed

(illustrated by reference number 130 in the figure).
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5 reaction. In certain enbodinents, this feature is enployed when
depositing a silicon-containing filmsuch as an oxide, nitride, or carbide.
O course, in certain enbodinments, there is no plasna activation step
required. For instance, in the formation of SIC/ SIiCN filns enpl oying a
| igand transfer reagent and a silicon-containing precursor, deposition my
be acconplished w thout plasna activation. Post-deposition plasma treatnment
of the deposilhedrid® Sn@dsneMs fwHens fwh onenae reavtaptsi arp rampdoyted e thehresétarsl
properti of the fil and . al s rovide ot her advanfages. See, e.d.,
Fearur e g 1oeBage miid, g iR % b GufleY FealRE AL BT EtamiSiorea Al
films): durilfahemectentingi eedit sxiddnh @r @l mtseERn FaYrcS & W& afbion abiiree, vatal nigogeal € i N
the atom c | ayer deposjtion process-a role other t“p#n to actjvate or drive
the fil APASATPRE SYHCT g ﬁwr@eﬁ*ﬁnﬁgorés}ewglseﬂbowere HKYFRBNTE HRGUPRR gFRU S0l e 15
I's past -@derestibédh RbRSIRil bASK BN séthe ERMBodNxehis 04 Pﬁgl_ai’y‘ }a®antNahEbe ROVEVET,
t hat dependi ng on the enbodi nent, the post-defp qualifier nerely indicates
that a pliiomeonginingflm-prepyrsar Qfeauesped syeant ofdhe prngipab reactant may alsprbsady
b een depr%ﬁl!l & %r eﬁﬂfna&eﬂstlﬁ@gﬁe eQQﬁf)l’ %%BWGE 9 ri)é fBRmbd gﬁérn&ﬂb&%;m)égbe
i nterspersed between two or nore iVl cycl es. BIaErm treat ment s y be used
t o nodi fauxdiagy osactant butf a lsweqpr stperis iopgonalty rpeffotmmsl sy sdelivep odi 4 iponcipalvol ves
a 20 pl arseg&énqcti vation step, the plasna used for post-deposition plasm
treatment”is typically different, or fornmed under different conditions, or
enpl oyed under different conditions than the plasma used for activation,

t houtth t hi s iAs mettioned,ebs awedpyphabe needs®t bAduliyn clonmatel dut simpbs tedde@oisi t i on

pl asma treat nent may.be perforned in.the sence of _a reduci or

oxi di 2i rTaHP SOTERESOR &8 5™k RibhrainAsE oNd PETCERSRr SEERBIP o T BHEP whi | e
this is piate oRcRoGAishoh dshf adhiliGgSeactink didhg dvetaipl catboBin®mt ALSL dyoles afayt he ALD
reaction. The pl as treat nent operati otn may he Eerformed bet ween every
cycl e of bansafomngd 197 phaws Q2 seropdiiiess s yiop bt 000t fo)-I s5copds- some | ess
frequent basis. If the plasma treatnent is perfornmed after each ALD cycl e,

it may be consdalgs 8didrilepiasmaivhil®bnd BRhArEaENE B-8sehORMUhdgat Phase):
di stinction between plasma activation and plasma treatnent is understood
|I'

when!B0 Wil B FgUsuch Pewane | igtilfdebelamealbrestvais havar hrshitcloresd BFeMpEict or nmed
on regul ﬁ}BcésﬂhgrcHﬁhbcer. t118dist Qnitadyl SN WIRES iP5 P LYS! RSoesO wHete RY be
performed variably (e.g., at varying intervals of ALD cf\;cl es), or _even
r andoni yplagnep activgtesinces otkey apastien dfiyingnogerpidei tsipgevidesl only atter the vapor phase
reactants are no longer present in the processing chamber. Note that this feature would
necessarily occur when reactant A flows continuously during the plasma portion of an ALD
20 cycle as depicted in Figure 1. However, the disclosed embodiments are not limited in this
manner. One or more reactants may flow during the plasma phase of an ALD cycle but need
not flow continuously during an ALD cycle. Further, the reactant present in vapor phase

during plasma activation may be a principal reactant or an auxiliary reactant (when two more

reactants are employed in an ALD cycle).

25 For example, a sequence might be (i) introduce reactant A, (ii) purge A, (iii) introduce
reactant B and while B is flowing strike a plasma, and (iv) purge. In such embodiments, the
process employs a plasma activated reactant species from the gas phase. This is a general

example where ALD is not constrained to a sequence of sequential steps.

If activation plasma is provided at a time during which the species for forming the
30 adsorption-limited layer (a primary reactant) is supplied to the processing chamber, the

resulting step coverage may become less conformal, but the film’s deposition rate will
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perfornmed for a few ALD cycles, to reach appropriate filmthickness, and
then tHe plasma treatnment is enployed. Thereafter, filmdeposition is again
performed for a nunber of ALD cycles without plasma treatnent before the
treatnment is again performed. This super-sequence of x nunber of ALD
cycles, followed by plasma treatnent (filmnodification) may 5 be repeated
until the filmis conpletely formed by ALD. In certain enbodi nents,

t he pl agymicaliyeimtmerset Hayevee, {fanidsoranastivitemooeuisnirly atiing delivest Bf sgeciesng t o

nodi fy qQne .or nore pr rties,of . the surf. on which.the ALD filmi.s
Gonos + Qe frevRf FasoR fibinng pesofioR HelifRTnd? A silidy Fesblel) BIREIOES doped
gr undopﬁfiﬂonﬂﬁlitﬁ n&i(}jﬂnbt?@d%uﬁo'l’ﬁeqjh 'lzn;hﬁgtfﬁraétﬁzaieahe }zaBBEpmdiﬁbdilﬁdy sothpanest tmaly be
etter able to produce a high 10quality interface with the_subhsequently
deposi t S8RIEE B PPTerfeactiye apd Hisrgby dacTRass ‘érrﬁQﬁt‘d@,’ Hé.tef@. conffrpal leﬂ'ﬁggl? ftion

reliabl geghigf!t I inCadrtal eRBbdilRAts! i ¥Gkure 8s SmpldlRl 86ken 85Positih®, siBbsh-
The pretreatment of the substrate prior to ALDis not Iimted to any

part i culQptapling flm svdatsntthoxide, migdes o erreiAe o @fraontss, int ¢eatajir @nbadgaentent
i nvol ve o) - Folli en- : L Qs
I'nvolv St}lﬁ)é’ R lgsntnﬁ aclﬁ}égfo%%ﬁ%[)rgélﬁéﬁa Fopfntsﬁéf?cgz, i ﬂBE i’f)(g-gﬁng?n %fe ?I.C/SICN films

nitrogen ‘ogen-plasma, a a-pl asma, argon-p umplasm, 15
hel i um sampdeing hyideadytansiermeadent ande siligomperdaihing aprebulsvr, cdepesiiion mhe bpr esence

of heliu hyvdy oge rgon, nitr.oge hydr egen/.ni t rogen-form n as,, and/ or
ammoni a. CPERAEF Bhall st sgvaiate R RO B EaEtE 2L SedRt: or s

i ncl1odi MYC/SiONUiIhs NBdwdvietT th8dinipPovenihe physsat profeRics efahe filmd feCinapaioot her s
known to those in the art Q/ergll, t he .tr ?ltment may occur before, during,
and/ or drPdfe othes adyantagsy SeRnER- SBRTYESUY ?}hé %% ng ALD cycling, the
frequency of treatnent nmay be chosen for the appropriate deposition

condi tions. Tepiveakl lasibeardatia BEAbpobitéd ADDCAIMsNOTn e epbbdithehtdatheonce
per cycle. The plasnma conditions enployed to nodify the filmsurface
may be ST BB R e thetpigrgie 1ayisr %qmﬁfla? BIoETSE i@l pihep Fhan
conposi t ABva BN ivE R BInd fFRaGaRhdto8Mirih P ichCANDRY I8 MRS hRGnARNE 106
tailored for the desired nodification are oxidizing conditions, reducing 25
condl% i ofspostdepepitign cdasina frsment ofiethe LAER-foanade fidinat eNolse homguern that
frequenc t é . ies to
genar at EpHER: SrnQERERAEnC 8 plh R BpatREmatert el HRI £olbihbisiREt €% 0

t he substaatwbatewdtr portienanfpheslmhasAdlidady beenpieperated.i Ear inktancec pestidepassidnf i ed by

pl asma treatnent include .intern filmstress h tance, density,
4 R rldEefh

esi
e dnos Pl reatment e inkdMpgtsld betverr i driidre ATIF (VI PR SEamefl

densi ty, m&t be dseddd edodity foh€ or more film properties. For films whose deposition involves a
20 plasma-activation step, the plasma used for post-deposition plasma treatment is typically
different, or formed under different conditions, or employed under different conditions than

the plasma used for activation, though this is not necessarily the case. As an example, a post-

deposition plasma treatment may be performed in the presence of a reducing or oxidizing
environment (e.g., in the presence of hydrogen or oxygen), while this is not necessarily the

25  case during the plasma activation of the ALD reaction.

The plasma treatment operation may be performed between every cycle of the ALD
process, between every other cycle, or on some less frequent basis. If the plasma treatment is
performed after each ALD cycle, it may be considered to be a part of the ALD cycle—as long
as the distinction between plasma activation and plasma treatment is understood when

30  employing such nomenclature. The plasma treatment may be performed on regular intervals,
tied to a fixed number of ALD cycles, or it may be performed variably (e.g., at varying

intervals of ALD cycles), or even randomly. In a typical example, film deposition is
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30constant, carbon content, electrical properties (Vfb spread, etc.), and
the |ike. For exanple, ALD formation of SIC/SICN filns via the
reaction of a organonetallic ligand transfer reagent with a
silicon-containing precursor generally does not require plasna

medi ati on/activation. In many cases, these reactions may be thermally
driven. Neverthel ess, plasnmas may be used to nodify the physical, chemcal,
and/ or gledotmédctor apfewpelDicgslenfto réreh appropride fibmi thiekindss, | and .thdnnthe pirsma

enbodi nAL fil n SICN ma ified,vi snma

Cr eat morertpenh B YT, oS B TR g ish Rl exe BonEl B alited f 8L8h e
conpr essdyolas avithopRplabing techtnidne Hefdrmtnm lesideRs i aged perfornttdl eThls aipdr-voi ds
whi ch adversely af f ect he el egﬁ’re'lﬁﬁ roperties o e de S|ted films may

f
be, at |EHEPCYH ’tmatlreyo ALY %Y&@S%@&P%k{] cefceb glagN

st oi Ghi axBtgeMte@luntinge Afin eRAPIGAY fdrdedbyRY e t uned Wlth a 10 nitrogen or
am ne plasnma. In sone enbodi nents, the electrical properties of a Si C Si CN

filmformed via ALD may_ be nodi fled Pl asma treatnent of an ALD Si C/ Si CN
film (for exdhpseéain Feba@ﬁemﬁythp {PJastayrepiEncsb ey bewarfammed before initiatianedofs j | m

has beerlA]QEFb%lhﬂgeQ m@éilﬁploﬁ'é BPnIoF@EFoBEﬂﬁ% o B RembObeNGREr #edAStmReER ALD
cycles, such"as after each ALD cycle, after every 2 ALD cycles, after every

3" ALD cydepesited afn arions/emiodimentet fége is gfade froaligpn {dopad pr uBlopgdlosg, et c.
In some gamodhren E]n% mBleAFTBThE SRjafFRAt ﬂ@é’gﬁg t%ef)é [ 7B dt%fﬁr&(ﬁ: c%oem?lgﬂu”ber

of ALD cycles wthi'n a certaln range have orrre
per f o mqugliy 1pt|etfmamttr ka'smtfanueaﬁy depositasir ALB film. ]Ithe AMtBfxy miagsprdmad(ee elgeen

per f or med, ,or after o 3 ALD cyches hay, erforned. In sone
Brboat et S FelighlE kel Rrops i e RN e o P BERRIPRRED AL cycl oo
after a prior sequence of ALD cycl es have deposited a SiIC/SIiCN filmof 20 a
certai n m ni riheptdueatareassf, thé eubsiras pance, ARD tietot tlinétep teyayoptsticdgpénma of ALD

cycl es de osits at |east bout i C/Si CN fil or | east, about 2 A,
oYCLES Rt leppigbod iR, the Drefepeniinmve g W dieE S0 A of
-Sid Si Cl\ﬁnfrd)gempldsﬁaasmeg@vﬁg@eb {aSma Sanith @6 4B 1abin € ak FoRNla sy hélRin-plashg per sed
between ALD cycles after the_prior sequence of ALD cycles deposits a

Si ¢/'5i oNrefippAnRea}; bsirogeprinpsahaamopipAngeal apd AHEcwe in ﬁteckrﬁeegeegf bef4rhed by

any two tnt BoR! QfRIzRAL h?éﬁ%gerﬂﬂlﬂb%%%hﬁthg k%ﬁs SBd/of Whnésa. | Plasksanpl e,
a range i'ckniesses between about A and out 25 A, or a range of
t hi ck nesrge@SSb& wer e ghahled B0h Aarend pldsoatgenerators. mcludmg, thengborn lisritsd dé.ment s,

a treat npj, F%Ptr% e 2diPle %tﬂe{r?%ﬁ% ﬂkrea ed. to modify the

properties o he” as eb05| s i ncl ude
el ectromagnetic 30 radiation treatnments, ther rral treat ments (e.g., anneals
or high terrpé?\@tahlr éhepmastest)t ma'ndcmhéeﬂord(dunmwnd/for taftetséLDr@&tm@nM&lmy be

per f gy med. al o nat | i.ncl udi n

o1 e "G Qe DO ERE Bl Pl ARG bt SEHTEY tor WGP ReDRs” o1
any of tdmposathmm&mdmsns | ygpicajly aberacdtmemtwil pt@ur nbmaresiftes thfah on@ngendydient , t he
treatment involves exposing the fi I m to ultraviolet radi ati on. As

descri bed bel.gw, Arr}l a_ spec fi cle g tthm tchod | nv es a |tl cation
of V- 1 adi at 1 08 P o R B R i SR SF ey e TR gt e Tpila 2iBieed i o
ALD) . Sudkir@l dhasgd itndilin pm;erﬂi@duwer ecrm;ﬁisitimhn atn&mgelﬁeepthsnsd d’dﬂditlbﬁethaﬂdmpr ovi de
| oroved, ol el Sale OOl angey SLD COLLaL, SRSl Subgdirent WY
25  conditions, etching conditions, power used to generate the plasma, frequency used to generate

the plasma, use of two or more frequencies to generate the plasma, plasma density, the

distance between the plasma and the substrate, etc. Examples of ALD film properties that

can be modified by plasma treatment include, internal film stress, etch resistance, density,

hardness, optical properties (refractive index,. reflectivity, optical density, etc.), dielectric

30 constant, carbon content, electrical properties (Vfb spread, etc.), and the like.
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treatnment. These two operations can be perfornmed concurrently or
sequentially. In the sequential option, the UV operation optionally takes
place first. In the concurrent option, the two treatnments may be provided
from separate sources (e.g., an RF power source for the plasma and a | anp
for the UY) or froma single source such as a helium plasma that produces
I0 WV radiation as a byproduct. Feature 5 (depositing by ALD and then
transi ti oni ngot exaaip@®/BLD feormatich o£Hibd Civefilins, vid the reaenph of e drgandmetaléic
generated | ar.t b LD .and...in part. by a CVD process such _as.PECVD,
Toorcal nipand iERK s s ruRe S B imat plego RS R0E 3R 5L IR P st and
t he PECVYhR:diohiabtivatisn DB hedyn®dess oS dactidvhé fhay @b tHehhsllyn@d@dn Ndlevdithelebs case.
M xed 15 ALD/ CVD processes. . aB i hprove the ste (S:eﬁ)veralge over that seen

Wi t h CVIMETEH B R Ao HE § Physisab vRerping: afé% Al prapertien Rfrhg fat seen
Wi t h sALQeBbHBE filth) BOMCAIRAmIPLINALY fith BESi@SAd/ K iCRMmAPbEBsiRd Whi | e
one ALD reactant is flowing in order to produce parasitic D operations
and t hervébplagmpitegiandni. g Rensifieps dhes¢ ditms magsbe advantpgeous becaysa dyoegh the| ns,

etc. ZOICQm(f)?JSEig‘A an?%%ﬂf e filrh \ﬁ%le%[lleg'?(fg%tl"é\l"laeggésaﬁﬁ v %w%?ch%&%&éﬁ?d
and/or two or nore ﬁhases may be enployed. For exanple, an initral
porti on affect the electripal iprgpeties o€ hesicpesded filmd May b lat lvast gattipllp relimmatedaddi at e

portion of the film bei sited b .and a. frmal portiion of .1he

Prh £ o aBims s Petmsloin ot RRES ShiBiomaty S e Wnctiad R AGLbs Blef b 8° voai 1
t he 16VD ri@sdeh @n afnetphembi [Hon@SeniBodfrhanss)thetelceaicabmbpaticsaifalSiavgiCfilar to
deposi ti 5 th ater portiaon of the filmb LD. ty. L phase may
be enpl f?&ﬁe%bé'f‘v\gé Ré b%LBOQﬂ%&“-NBﬁ%E&%‘P’eﬂ%BﬁéB i .%ﬁ@@ﬁpﬁ@% Tduri ng
such a tdkample! iodtnRRAREmARYe ﬁérhfrﬁi@d hftéthé Base fENMhOYRE deposhbd, e pldsie ALD or
t he CVD phases. Typically, though not necessarily, the conditions permt

si mul t arfessReny may be fipewpersadcbaraeen AhB @YIost sk agafichrrei el yeleopilerThe
LLF‘QZ 'dt 'egglypie‘ggrﬁrpc?gl_eé, éﬁ%ﬁ%&% {\El‘g%&’l@é ARENREH FALD Felbl, afBBevelicchLpRY be
15 cycles, etc. In some embodiments, plasma treatments may be performed after some number
of ALD cycles within a certain range have been performed, such as performing a plasma
treatment after every 5 to 10 ALD cycles have been performed, or after every 2 to 3 ALD
cycles have been performed. In some embodiments, a plasma treatment may be interspersed
between ALD cycles after a prior sequence of ALD cycles have deposited a SiC/SiCN film of
20 a certain minimum thickness, for instance, afier the previous sequence of ALD cycles
deposits at least about 1 A of SiC/SiCN film, or at least about 2 A, or 3, or 4, or 5, or 10, or
25, or 50, or 100, or at least about 200 A of SiC/SiCN film. In some embodiments, a plasma
treatment may be interspersed between ALD cycles after the prior sequence of ALD cycles
deposits a SiC/SiCN film having a thickness within a range of thicknesses defined by any two
25  of the aforementioned minimum thicknesses such as, for example, a range of thicknesses
between about 5 A and about 25 A, or a range of thicknesses between about 50 A and about
200 A.

In some embodiments, a treatment other than a plasma treatment is employed to

modify the properties of the as-deposited film. Such treatments include electromagnetic

30 radiation treatments, thermal treatments (e.g., anneals or high temperature pulses), and the
like. Any of these treatments may be performed alone or in combination with another
treatment, including a plasma treatment. Any such treatment can be employed as a substitute

for any of the above-described plasma treatments. In a specific embodiment, the treatment
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transition phase may involve delivery of one or nore reactants at a | ow
flowrate, i.e., arate that is significantly I ower than that enployed in

t he correspondi ng ALD phase of the process. Feature 6 (deposit by ALD,
etch, and then further deposit by ALD): In such enbodi nents, ALD deposition
is perforned for one or nore cycles (typically a nunber of 5 cycles) and
then the resulting filmis etched to renove, for exanple, sone excess film
at or neavoleesr expesiag ahé¢ rfamc® (Hraciokyp )radifitidn. oviesdddsyribadr bélew, diy al gecdic ALD

deposition. QO her exanpl.es of structura atures in t gsited film

t hat mf“ﬁ’@dﬁe@ﬁéae f’}‘?l‘@ds‘PY'ﬂ?Yeérap ap .O%%\graglaé‘ﬂ%ﬁ? ar ﬁ‘gi)eﬂﬁﬁé’? S¥hISprocess
Wi |1 depetitt iOR befig fomiednipALDD Hiechettedagsbnt dy s6iiee Sodddinat befe@istlictoper at i on
may be perforned with a fluorine containing etchant (e.g., NF3) or 10

hydr ogerfind provide impreved elertricelisHEIABRts, a renpte plasma i s enpl oyed to
produce the etchant. Cenerally, a renote plasm etches in a nore isotropic

fashison than 13 @ithiACepebifia dibodindn@ Rt EVPre&fRnIeRHEbAlcbypled MMihde pldma
relatively high fraction of radicals to the substrate. The reactivity of

these rdefagpeng nehpss, Bry oppretonsyrany ke peréoamed soRQTSAOT Ipqveptidlyr ebies. At
the top 59{1?%1/1?13& (%p:fign,ftﬁ@-w Sperdiibf ofnﬁtq{raﬁ?ga?(eﬂﬂi@cl:egﬁr%@ IR RCEREERAE Hp i the

consequen etch at "a higher ra urther down the recess and
at t he bwotsamethmay ddi pravidedvrom seperetehsurees ¢s8.. amRH pewafopeetthethew | |
etch at | ower, rat | Sy f caourse Lrahl.e..r tivigy profile for
addr essipﬁl}%m%ahaél dﬁrl%gﬁgor#% 6’tvé)§r %ﬁrg% Sﬁ“«,ggeosso Iﬁ{I gﬁéhoa%% uhr%}l}nﬁ (faasfn tt %pfoé@éeés?s
openiong. U¥nadigtitintas abgprobenef it of using a renote plasma in etching is that
the plasma is relatively gentle 20 and hence unlikely to damage the

substrate layer. This .can. be particul gr benet i ci al e underlying
subotrate | aygenrd S uGRRe BoH wndl it SPGB g DT R LrE
(tail orienpddiredis, ke aiphasi filnois gahéritedildpdrt BNALDranddh pat py a (WY padcedshe
exanpl es pres rein con n ALD processes enpl oyi ne or t

react ant¥ch F%ﬁ%\‘gg qeﬁlﬁ_}‘??ﬂ%fthet ggb&%‘fﬂﬁl ‘géhee PyjoR %_C"s%htg’geftg%"tdaﬁts%a n every
ALD cyclge PHRYEY QlortidisS p&tédithed cbéid, REhd A BRSReedFhdtShe tHEREMe ALIXRIdOCESSES
may enpl oi/@three or nore reactants. Exanples include (i) ALD of tungsten

usi n¥ asAkRACYRAmracesieh GARABPToY e s Sieih CRESERge! QST ithié seemiithfdY B gdene add (i)
ALD 0f SlddlfeaRPithsBveIHloNpBiniP AL B0l Beh AN APHEASH ARl QY 0Rs, The

di borane can renove frgmt e growmng filmor 1t can ebe I ncorporated

i nt o t heplasmaner dthexpptivation as applisd Mrle bae ALBorectan anflibemgimprdents prpduce

addi t i On%lrasFthaé{/'ﬁn& era{tﬁn? %(%’ thse9 é%:‘!’{gvé: %Fg[lhgls de logﬁ{i&lil(fﬂes?)%a&m%l%ﬁf flgssb&s lc ALD
processpcyc e enploys only the reactants 1o create thée’base 1rm

conposi tfilen, ¢te. g., SiOx, or SIC, or SICN). This basic process is perforned
inall or nearly all ALD cycles. However, sone of the ALD cycles are

CneoH] o0, 20 A SRl AL B ob B PRI B0 o
addi t i on@brer €¥Dt hatss. mdhBS emphiyed N For yoingse, MAYinidiab por€ioP lo® Yhet filtn Sftbe
deposited by ALD, followed by an intermediate portion of the film being deposited by CVD,
and a final portion of the film deposited by ALD. In such embodiments, it may be desirable
to modify the CVD portion of the film, as by plasma treatment or etching, prior to depositing
25  the later portion of the film by ALD.

A transition phase may be employed between the ALD and CVD phases. The
conditions employed during such a transition phase may differ from those employed in either
the ALD or the CVD phases. Typically, though not necessarily, the conditions permit
simultaneous ALD surface reactions and CVD type gas phase reaction. The transition phase

30 typically involves exposure to a plasma, which may be pulsed, for example. Further, the
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5 reactants enployed in the basic ALD process, although this need not be

t he case. Such ALD processes are particularly beneficial in preparing
doped oxi des or other doped materials as ALD films. In sone

i npl enent ati ons, dopant precursors are included as the "additional™

reactant in only a small fraction of the ALD cycles. The frequency of
adding the dopant is dictated by the desired concentration of dopant. For
exanpl e, trankitionl pjieatmayGpvadvuddiveryreonb er mocd 1edeahts at zekwrﬂrommth igyelrateof t he

base mat gri.a deposi tion. Unl i ke 0 rocesses,
cone AU S EEERI I R e el A BE P S ng PR se D RS
Cenerally, the ALD tenperature will be between about 20 and 400 C. Such
t enper at ur e Megnbe 6 (Mepeit 'bp/tid)nétth depbdict i forthemdepoeit dynd 281 olin such

tenperat ure sensiti rocess su deposition on a photoresis In
- pec: bodia iy BTN te RHSERR B B BerREen anuReIE SRUTRSGIC | s
used s orcydRudd théd the resulidg el ik eRhédDRdSremdse, T8 ex@nPle, sRHOEQGSHils! atCRr €S) .

I n anot her enbodi nent, a tenperature of between abqut 200 and 350 Cis

enpl oyed"fbe Te590 1P TAngs r @ casPlo rfolitvde s iffigher cycles oAALI) flspasition. a¥l&E, ALD
is well e%;ufn e of a{—uc@lﬁm%athﬂeaql ful ldBosited AR aif Ry beehknal f?nga)’mﬂﬂﬁixe&ann-ghus for
exanpl e, processing may be integrated in processes at the 32 nm 20
node, thHlezezoham dhosrs, for this precassrvilbdepend pe theimatprial delbe etghrd. Hayomel casasy of
these. T n C h o] ogadnmap
For - Sem oo orRi Baf iR Bile ALLEE ARG lBEATERE TS

t echtiol dgylragengui renent s for many years. Generally, they reference one-half
pitch of a nmenory ceII In a specific exanple, the ALD processi ng i s
applied to "2X" Vi n t. ther f 2 9 nm
and 25 beyondt cHEH EFRedN TR SRHC P ATLY o BopBRhE ing
concer n Gereratiyna tmmedplmmzr @aelles @i & oworecisaepiciashiod then & ldirms plaamya. aAsrembtiend

application in ot r croel ectroni.cs qr toele r

on- o1 © 1 g, BFARC R BT GRS 35 HUES Bt PMAGR SEraRers o vhe PSRy as
wel | as fehctivity ahihesd anhaalwﬁp va§ wigiQd eerfieal ppsifbi within @He ré&dsngAL the tcﬁ;l@
30processes discl osed herein. Applications for conformal dielectric films

in the sbfdfatupcthyyadigaleirg m%@ﬁnfégﬁﬁ%@@ﬂ/swawn%w% gish af 3 higher rate,

el ect r ocRp i hGfhef UEWA th@RledsNarft 'het'he fhoftbielS s@}ﬁ@ rROGH RlIEhave been%@ dygocesses
may be enpl oyed to deposit any of a nunber of different types of film )
Whi | e notberetore thes veidaatgh @2 lomes eaie.edhisdp of noursop deyinblyi rercdizity iprofiafar i al s,

t he

addressing the problem of too much deposition occurring at the recess opening. An
additional benefit of using a remote plasma in etching is that the plasma is relatively gentle
20 and hence unlikely to damage the substrate layer. This can be particularly beneficial when

the underlying substrate layer is sensitive to oxidation or other damage.

Feature 7 (tailoring the film composition with additional reactant): Many of the
examples presented herein concern ALD processes employing one or two reactants. Further,
many of the examples employ the same reactants in every ALD cycle. However, this need

25  not be the case. First, many ALD processes may employ three or more reactants. Examples
include (i) ALD of tungsten using as reactants diborane, tungsten hexafluoride, and
hydrogen, and (ii) ALD of silicon oxide using as reactants diborane, BTBAS, and oxygen.
The diborane can be removed from the growing film or it can be incorporated into the film if

appropriate.

.30 Further, some examples may employ additional reactants in only some ALD cycles.

In such examples, a basic ALD process cycle employs only the reactants to create the base
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5 disclosed ALD processes may be enployed to formfilnms of conductive and
seém coriductor materials as well. Silicon carbides, nitrides, and
carbon-doped nitrides are featured dielectric materials. SIC/SIiCN Film
Form ng Cross-Metat hesis Reactions Enpl oyi ng Organonetal |ic Co- Reactants
10SiC/SICN filnms-i.e., filnms comprising SiC, SiCN, and m xtures of SiC and
SiCN- may be deposited onto sem conductor substrate surfaces via the

vari ous fdmogsapveitian Hegi, Si@eactSiGner BCHY! et bisar piopess Thper@arned ah alatrure of

a Cross- ne actji on was de ndi cat ed above,
& & & TRy R PRekER S HoRRvetontera T RED R e ey iund spdhs ERaS andor o
of a orgnéyoaa?aaé lfiogn ih_bgaaﬂditéblﬂclsadsslsﬁlcﬁm?ﬁﬁ@gﬁﬁés1tvu1ntdsyc&sSIPIot @szaag\n;qa(rjﬂlgyBﬁiapg 15
precursor (0] ormvari S | | ure an

i |lustr aePH’H?XAB“ep%Ts@P{?I aéiﬂ&waglsreﬁfé%%% hi@?sg VPE%‘EtCP/S‘ﬁ% may #e\soRyesa the same

or ganoMbathdntCenil&adn thedasit @;U)’ﬁ@@e%%lt%\lgﬁhhﬁ f&ddldotbd thech® formation of a
filmconmposed of both SiC and Si CN species. Figure 2A depicts the

cross-netathesis reaction 200 of trinet hyI al um num 210 with th
si | i con- cont &UAR Ag-1 PraseisPeetrmegicutsris Agnefisial 1943’%“%619%%%‘%5%%%) 220.

Fi gure ZRBpeeRhftialstAITS AhSs. "RiBmReH I%nfeﬁﬁﬁ&ﬂsoﬂop%ﬁpprgéurﬁhrﬁrﬁﬁehﬂélﬁdeﬁcés260
with the sarre silicon-containing BTBAS fil mprecursor 220. Bot

cr oss- mehataddiiosaly é@étammnmm@lsf@acrl@@ of the MD tysles ol haafreqneney <ff| aldfhngso
conpris 34, a

S O 1y oy B ek BEnl RSl RoBHhd 0 bBhl TFEL Dot P 0Pl
( Not®® tt'piecursm)r Fiag be m;luzwd anaeRB 0th d:wlecmfrtWSe materielf depbw@tidn. | m 230 25 1 s
desi gnated schematically by the boxes surrounding the Si CN-type and

Si G-type r ea%ﬂl? n&é? gp}%} aep%g}%oﬁg%cgs%@ ome ALD, Q&ges{e%%a rb\% dl}cpe%S

reactions-as er 'stm reaC i ONS ere iCOn=Cont &i ni ng
precur sarlafiody &8s esnpemian @ntatigtthoAdD gpephirs wilhat beivees about 20cmEt i C
rati o of 3{3’& to SICN in the éesultl ng depgsmed SIC/SICN films is tunable.
In some ‘VRpEdiSHehicmperafure may 5e ghosemjoperpit depasiion iihihe SOMPH R B FRSTEF at i 0 of

SiCto %eg}{l\l'enprto@%s @ﬁ&?%& rd@ﬂ')sftlohr@] 93{)h¥t@fé§lsf‘90ﬂehelnr§ lspdch e cApRMAL R, Qf
0rgan0nEta|||C Igan transf er reagent and | i con- cont al ni ng precursor

(i n 15hi sewpgratuRTBAB)tweeregbout J0nandn&0G 8@ cs |U©¢d &dvadrivble pdtterningheprflicktionsor mi ng
reactions_.occurs S o} ontraolling the wra one or
oo r eautaiet viapoldte T Pl an A TRt inon el %y b abRCor Reftieh Abfieriop

adj ust i ngdBbe °Stivdmploypddbr memotiatricationssprocdssing CN.  For instance, the SiC
content of a filmmay be increased relative to its Si CN content

As suggested above, ALD is well suited for depositing films in advanced technology

nodes. Thus, for example, ALD processing may be integrated in processes at the 32 nm

20 node, the 22 nm node, the 16 nm node, the 11 nm node, and beyond any of these. These
nodes are described in the International Technology Roadmap for Semiconductors (ITRS),

the industry consensus on microelectronic technology requirements for many years.
Generally, they reference one-half pitch of a memory cell. In a specific example, the ALD
processing is applied to “2X” devices (having device features in the realm of 20-29 nm) and

25  beyond.

While most examples of ALD films presented herein concern silicon-based
microelectronic devices, the films may also find application in other areas. Microelectronics
or optoelectronics using non-silicon semiconductors such as GaAs and other III-V
semiconductors, as well as II-VI materials such as HgCdTe may profit from using the ALD

30 processes disclosed herein. Applications for conformal dielectric films in the solar energy
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5by increasing the flowrate of ligand transfer reagent to the processing
chanber”. For exanple, referring again to Figure 2A and reaction 200,
increasing the flowrate of trinethyl alum num 210 pronotes the formation
of tetranethylsilane 234 relative to bis(tertiary-butylam no)di nmethylsilane
232 in reaction 200, thus causing a corresponding increase in the

carboni zation-essentially, the ratio of SiCto SICNin the deposited fil ns.
10 Thi s fiedd, bech s ephatvivbkaid deviaesy ah éhe elettroahramstsh yiell, wnd numtikt (feldsl drecause
partial exchange/ met at hesis of the silicon-hydrogen bonds in the BTBAS
filmprd@itd6r 220, sonething on the order of 10-100 equival ents of
trimethylalumnumw || start to poach the silicon-am ne bonds of the BTBAS
filmprecur sALRPPocassesvalaly .bel ampddyredrto wispabst, ang dfi ggimenbdr ef eliffatntagpdsarfi zat i on
inthe d OSi\@’ﬁ‘@ fil mga% be achi eved b¥ oversaturati.ng the reactign 15
chamber h e st @4 PG framplsE ArPSENE éPée“Ph%"“ﬁ?fRyﬁhe‘gF‘Bﬁp‘-“Ftﬁ“‘i hi E'€case,
trimet hydiglased AWD processésanay be ERPpRYEd dfof fing Uf CondBetdidthntl §8fidoAduckR0,
oversaturating the reaction chanber with many equival ents of dinethyl zinc
260, i ncPdgEalhes Vel $iliern qaplides, ifrides,mng ﬁﬁ"tbég'df’l?f% Higidasmare deptyged dielectric

t et ranetiybsiil.ane 234, once again due to increased netathesis of BTBAS s
silicon-am ne bonds, which again results in an increased ratio of SiCto
SICN in the deposited film 20 Conceptually, but w thout being |imted to a
particul ar t%&ﬁgﬁN FHe Emming Grose MetsdhasistReaetinns Emplayings Organgmelgiisuence of
LeChat el pgr;.5:,Principle. Such control of filmconposition is useful because
films of predom nantly SiC species versus filnms of predom nantly SiCN
species will t Pi_cal | y have differing physical, chem cal, and/or electrical
prop¥rties, a31é SSENBymea.gi Agng eranprissigcHECome; jaad maxtiss o6 PiCsnd $IENSI-CN,
these p | qal hem cal I i £S: A j.usted
and engi ey eqPSER oR senflildRgf R SRt SRE e ot R eyl O O
may be ewpitopedis¢insedrheriix Yhe gpreod egturg efsa cresemtthbdsialravien War defsarbedng

SICS CNfilms, In so cASes i.S. lts i.n the fo tion of confornal
S G o P ek iR SRS B i bRl Wi Erofn B
subst r atigvelvé kieeactioiesfsa ofghorhetalliri@and hanstat teagend fwithhe siticbn-comaiving

reactions 200 30_and/or 25Q . ALD-type process typically invol ves
adso’rSptiRfﬁc"ésforf%@“giVF‘T‘%‘ﬁ%?Jg@@ﬁi%ﬂWﬁg precursor-in these cases, BTBAS-onto

t he substrate surface prior to introduction of the organonetallic |igand

transfer reag@pired DAOCaridNEB RIS StwdOpdskiBIEDE bss-Méththesd rdaetidh@ ihvdlvihgdnt 0  a
particul ar theory, the conformal nature of the resulting filmis e‘general |y
t hought qrganemetalliqyligand S@ng spagent Which desulfs dhteformatiompBaASImegpmpasediior bed

onto t hepgser Alde SR fs?@&es.at Faglife A€ dbhibR- the ScrossitiRathistid AG8HAL 200EST
saturated-limting the thicknesS of the resulting filmand pronoting the
films corctylryeiauno 2lle widnttber sipeast¢ontaigme shlapepigeursdie % r thiet-5
surfgee. . inae i r i .

o oo o uafliify 25, Hpiie BRRNINE o RERREE, e BLEL 200 BB e
mai nt ai n2afgwith she eavfico sitredn-ointaimiog STBAS fierfrenunion 20| Bdtlplceoseyetadiesisf  ALD.

I n any event e he substrate surface iLs,saturated. wgt .

i1 con-Etn APhatss 85T SEIM Rirdefit 2ol FREPHRYSH A SiG hmedresiongent
(or agengredudt R23dnertaah@silank) iafgt Ay Si@NIypauitadtid heyduete2gl, Gis(RARnANd

di met hyl zi nc 260, . for 10 reaction 250-may_be introduced into the_ processing

chanber , by Poydimpthylstianes (pte that ek igered 2 Hand BHERASCIBRasitiog of His @38 on

films s desibfbtod &WeitidallP bPHRE BENeD Guibimal@SHE Si iand ERGSAlehdtiohO
ALD-type processes, it should be readily understood to one of skill in the

art t hatpradusis 233rand284ns and nodifications of the foregoing ALD schene
enpl oyi ng reactions 200 and 250 are feasible. For instance, in

One feature of these reactions—as well as other similar reactions where the silicon-

containing precursor possesses an amine functional group—is that the stoichiometric ratio of

SiC to SiCN in the resulting deposited SiC/SiCN films is tunable. In some embodiments, it is

30 feasible to adjust the stoichiometric ratio of SiC to SiCN in the deposited films by varying the

relative amounts of organometallic ligand transfer reagent and silicon-containing precursor
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15 sone enbodi nents, a punp-to-base and/or inert purge may be enployed to
elt+ m nat e unadsorbed silicon-containing precursor (e.g., BTBAS) fromthe
processi ng chanber prior to introduction of organonetallic |igand transfer
reagent (e.g., trinethylalumnum dinethylzinc) in order to prevent any
gas- phase reactions of these species. However, such a punp-to-base or inert
purge may not be required. As another exanple, in sone cases, a 20 plasm
may be gandfigicesd BIBAS) ptdientpihohe sedctign chanberwhen thedilin fanmgd resafienst he

reacti on between the adsorbed silicon-containin recursor and the
or ganometsyPi dn| oG Oﬂgﬁeglfsercov%%{ﬁwhe %%@;srog ‘E‘Fafgrfﬁ‘-’rﬁcr??%'ﬁﬁ Bhthgay not

be requig:ecssifiEhahibet MRE rovide AGhdcRiEs @} adjudhinOBle 9BicARImeiRAMLS Bf PiCAs B
activation, their kinetics being such that they are adequat e:re/ driven by

t her mal BaBF gipr instance|thes b epptany af 2 HHn mayhstingseased rlaiyedo ithSICN speHer
exanpl e nf: - oy gl I ed with respect
ot Rl Nndr g e i S 6P kol G AR o Y sl BRRY ©C N "y B

used, for instance, to densify the as-deposited film (as described in

great er det aifor bedmeply, referrmecgpingoiligire Afsind apaction 8. dagreasingdho flowirelet r i cal
Pr oper ti 8Suin{daRernBRRGHhD & gﬁi{oﬁgeﬂe PLAS RNt S RHIRPhSIsR SRSh 1%#3«@%' n
detail above w'th respect t LD processes, however, it shoul e

under st dos(tertivay-butytasenqdimictlgéglane 232 mentatiad) 280 thuptdaoned aacvdresmndmgqui r ed.
Finally,. note.that although the foregoin [ ses ,haye been. descri bed
s er P R U e eBH AR AR TG Fr B Cur 26 S ot iy U B S48 bed ont o
t he mubsThiat® Sevahigcaviile florequisaiemdoor pinedddlnminued 118y evill pedwse  paatial

i ntroduction of the or onetalljc ligand transfe gent, sone

enbodi rre%e%an&e/weraghﬁékssgfa Hifosiiconshzossldbinas o @ﬁeéBéégn_gf%P@mSer P*Yand
transf ersohRag@Nbn adsRided 100100 dghRaRHR T tdMeth§lduldfmén R¥ill Qfart @ foaty Aduct i on

of the silicon-containing fil recursor. Referring once again to

Fi gur o5 PHRORRPIEERONOROLUARTRAD RIorPISFRIGT20 R Wb BATIETeY, aHHEBEtieEsSi ON
[11m 230, L A5 1l 50 dObAL S HSE I Sad R by 2w RURIAGHC S Rlaighact i ons

200 5 an e al um num cont ai ni ng byproduct “speci es 5 1S shown in
Fi gute 2ohamberdwitinthe zbmeactanhthai mansfprdomhe albsiugrouspecthesags Fimshghlowmunn Fi gur e

2B, h er, th h | beit..si g .0d ' whi b
For moa i B par e o goAEh Ao 268 Rufl P BhersdMRREHE e REE AR Vil T L "

215 possasseguivaleas of einiethyliiyd 26yineeeaging itp Aowrata,clie @rontotést the lrmiatidho

center, reactjaqn, 20 formone or. nore other bhyp cts whi ch have one
or 10 PEBHYE i HReegheBi i S FEe SHORERY B PRI S SHsgpamne

Si mi | ar | pondfywhiek ghis refults §aCH RoredRd GAHI0E dieve ST & tROHEpokiesdt fildmlt v
am ne groups attached to the zine center of byproduct 265 replaced with

met h3A ~ orenspriuallya bahyitkaré being dgmited de 8 egiculae fivsene & Foskty o mprdalgtet hesse fi | s
will Cor&faamﬁgresns@auéﬁeé sfééc%at%n&@mg&- Vi ﬁ&h%@ﬁt’?ﬁ_o‘?ﬁﬁﬁ?%&&ﬂnﬁ?ﬁ%éﬁﬂe

processi ng chanber. 15Properties an aracteristics o "0ss- Metat hesi s
For med SieCi8e ONnspf pred@ni@ArslyNCspares viersusrBtnusfi predontirantly S8EN specagshvadli s

d_ShB CHnED ! predGHBIY LT o relontiaently S
For o P bF Eine P65 TREREE. SRRkl WRPc DR R BRRR B0

parti al sthichibypieicaaval &MSiCorgiEN, Hesé peysimat, ehedialj@asd/vr biectrical properties

25  may be adjusted and engineered.

Reactions 200 and 250 depicted in Figures 2A and 2B may be employed in an ALD-

type process (as described above) for forming SiC/SiCN films. In some cases, this results in

the formation of conformal SiC/SiCN films—films which conform to the surface of a
patterned substrate’s three-dimensional features. Formation of these films via reactions 200

30 and/or 250 in an ALD-type process typically involves adsorption of the silicon-containing
precursor—in these cases, BTBAS—onto the substrate surface prior to introduction of the

organometallic ligand transfer reagent into the processing chamber. Without being limited to
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above, the relative nunbers of SiC-type and Si N-type bonds is tunable,

adj ustabl e, for 20 exanple, by nodul ating the flow of organonetallic |igand
transfer reagent into the processing chanber during filmformation. Thus,

i n some enbodi nents, there may be a roughly one-to-one m xture of SiCtype
and SiN-type bonds-for exanple, if reactions 200 and 250 in Figures 2A and
2B are carried out under conditions strongly favoring the fornmation of

bi s(terta mrgrclﬂmttyd:cmyn the)):dtifnnnaﬂyiasiré ahthe28&ltingnfilnt segeneralip dhavght ®, armef i | m

may 25 red yco f. SiGtype.b s-for I i f

Tenct oteBunotna 385 ke B FIRAS m B ARSLOR i Lo SRR e #4981 1 ng
the for roatitRie—ofe.! @k sarfadebdcsinta@urd@4-—lintltifd tHel thitkh@E of RIROLEsUTERE Filmi f an
organonetal lic ligand transfer reagent having all cg@am ne function groups

i s enpl dvéoprO@ommg thendiimiseconfrmancentn & eiUrerfilePRebaren ghihey SYSTAEN- t ype

bonds, QA f5QUT B coli¥e, %@Qﬁ&rﬁ)@d raﬁ@s%t a%eae@mﬂefé@ﬁ&ttbomggfgee%geenﬁl ALD-
appropriately, other ratios of type bond to Si N-type ‘bond are
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10: 1,
saturated with silicon-containing precursor, the organometallic ligand transfer reagent (or

“agents)—in these cases, trirﬁethylaluminum 210 for reaction 200 and dimethylzinc 260 for
10  reaction 250—may be introduced into the processing chamber, which then reacts with the

adsorbed BTBAS forming the SiC/SiCN film.

In view of the preceding disclosure relating generally to ALD-type processes, it
should be readily understood to one of skill in the art that many variations and modifications
of the foregoing ALD-scheme employing reactions 200 and 250 are feasible. For instance, in

15 some embodiments, a pump-to-base and/or inert purge may be employed to eliminate
unadsorbed silicon-containing precursor (e.g., BTBAS) from the processing chamber prior to
introduction of organometallic ligand transfer reagent (e.g., trimethylaluminum,
dimethylzinc) in order to prevent any gas-phase reactions of these species. However, such a
pump-to-base or inert purge may not be required. As another example, in some cases, a

20 plasma may be generated within the processing chamber in order to activate the reaction
between the adsorbed silicon-containing precursor and the organometallic ligand transfer
reagent, however, plasma-activation may not be required. For instance, reactions 200 and
250 do not require plasma activation, their kinetics being such that they are adequately driven
by thermal energy, but plasma activation is not precluded either. Another example of a

25 feature described above which may be employed with respect to these SiC/SiCN films is
post-deposition plasma treatment. This may be used, for instance, to densify the as-deposited
film (as described in greater detail below), improving its physical, chemical, and/or electrical
properties. Other possible post-dep plasma treatments are described in detail above with
respect to ALD processes, however, it should be understood that these post-dep treatments

30 are optional and not required. Finally, note that although the foregoing ALD processes have
been described in terms of the silicon-containing film precursor being first adsorbed onto the
substrate surface to form an adsorption-limited layer prior to introduction of the

organometallic ligand transfer reagent, some embodiments may reverse these roles and have

22
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ratio ofprgetale agfhet 0 silicon atomin a deposited SiC/SiCNfilmmy be
about 1:10, 000, 000, 1:1, 000,000, 1:100,000, 1:10,000, 1:1000, 1:500, 1:200,
1:100, or about 1:50, and in some enbodi nents, the nolar ratio may fal
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group transrtet, “the
processing chamber during film formation. Thus, in some embodiments, there may be a
roughly one-to-one mixture of SiC-type and SiN-type bonds—for example, if reactions 200
and 250 in Figures 2A and 2B are carried out under conditions strongly favoring the
formation of bis(tertiary-butylamino)dimethylsilane 232. In other embodiments, a film may
25  be predominantly composed of SiC-type bonds—for example, if reactions 200 and 250 are
carried out under conditions strongly favoring the formation of tetramethylsilane 234. In still
other embodiments, if an organometallic ligand transfer reagent having alkylamine function
groups is employed, a film may be formed which consists predominantly of SiN-type bonds.
Of course, by choosing reactants and reaction conditions appropriately, other ratios of SiC-
30 type bond to SiN-type bond are feasible in the deposited films. Thus, in some embodiments,
the ratio of SiC-type bond to SiN-type bond in the deposited film may be about 20:1, 10:1,

5:1, 4:1, 3:1, 2:1, 1:1, 1:2, 1:3, 1:4, 1:5, 1:10, or about 1:20, and in some embodiments, the
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al' kyl droups bound to a central netal atom of noderate to weak

el ectronegativity which, without being limted to a particular theory,
results in at |east one carbon atom of the one or nore al kyl groups being
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according to their ability to transfer either an alkyl group or an alkylamine functional group

to the silicon atom of the silicon-containing precursor. In the case of alkyl group transfer, the
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A wide variety of silicon-containing precursors may be chosen for use in
SICSICN 15 filmformng cross-netathesis reactions with organonetallic

| igand transfer reagents. The silicon-containing precursor will oftentines
contain just a single silicon atom however, in principle,
silicon-containing precursors with nmultiple silicon atons are feasible for
use as well (disilane (Si2H6), for exanple). The silicon atom (or atons)
are typi cugddoyletadiiujl@nd trassfergreagentwitlty pioallyoliavalokg br glpmqulsyl gaovipR bogrdaaps,

hal ogen at o d dr.o t.ons, . 2 Qul avi silicon
MR N R S S e S

am ne orpahwu(ugelnbogr, @tHuE] id & lest ofig eaibdroataﬁl of thé bﬂener maepﬂndlgm@p@ einge
enbodi nent i

silicon ato nde o 4 al kyl g ps,..or 3 al kyl
gr oups dwaleapmﬁareaa | Igatt qérhsyﬁoré%‘%@f)sﬂ SeHap lw&rcaaemm o tie 8RS gr oup
and 3 hYQhﬁﬁﬂﬁngprlersdrUSﬁcH &gé‘noméeﬂllﬁg&ﬁﬁ)oug&ﬁﬁélm&vaﬁ;gkyilkﬁrﬂé%n%hﬁ@ may be

sel ected inclu are not limted to i-Pr, n-Pr, and

t-butyl sughes ZoRamhgiedt ps chasen froanthe ¥ Gk E Hhdv i e s G, 1571 (igon at ons,
may haVE‘cﬁ{dH ggnn Bl ﬁ R beaded,¢9,)Shld Pﬂ%@qgg}c@gﬁmu&ﬁﬁ gpﬁjg‘?eg)tﬁé} ot her

substituen each By one- di 511 ane _ exanpl e ydr ogens
attac hedsuttdﬂea@‘gansﬁneitatlhc tagopoidsc orednde Sparidusi alkglx aliqnﬂllewnotorepduadsasandw t abl e

for use fil je¥el I t n Si H4
di sil anezillfy dSSI’ %ugg gg‘?Ri%gé?‘%ﬁg) %Qéetch f{p% ‘ﬁg’ﬁeeﬁ 5 @85‘%‘0%?/ si | a)ne
Ij _ b;nhoy: stht e Et, dmnaztﬂdyit B1: ﬁmaﬁ)néll'ﬁ}sulﬁsﬁllﬂ))l?.lm the cmbhkt\figl){)aflehc(sbiﬁfrbﬁl-la) 3),

i et hy u si ] .ane i | ane, s si |l ane
Chexy! 1 PlaBe i Lo Ardiofafist2 e herdptiedp b BB A el ERfeHadp o Bt
A si | i coR s (R ARsthEAitAle Iotrganamhﬂnﬁﬂﬂl &mptusd. gyl edistiRipeiat @ nbRItBathal ogen
atons in addition to possibly a gr oug{; and/ or hydrogen atons is

r ef er r edwhils e ledtsr () 1§J§quah?é’3 tontﬁpl@nﬁp A% abyl funetianghsi@npatien more than qneon
2{ g% s) W@%Tﬁg, @3;9&%& 1% ﬁngelcg ?Guxﬁ‘it Qr@oumrbe%da@}s%%att Eepechifc Aky1al ogen

| ogen atom | odosilanes, bronosilanes, 5 chlorosilanes, and
f1 uotsosi gravpsgeprasentsd byuhe &1 desiguations manbe ﬂlffemqbr Shus; therggoupditdenpginds

hal osi | e PRl PLRULALIYR L UALAS] FARSH: NIBYE! O LBRGHINS, Al g aReC oS

that can € I n certalrn enbodi nerit's erein,
the sili gompscﬁmhﬂemdmthymm arit diethylaint, preebnd mdh@l‘eﬂ@zl@dmfdsreexaﬁlp&t rluck.

Specific exa S si l.anes sui e for film cursors

hel utle SHIE HEGARPYY 1Y B ey Eor BETFACIRY Saftedhand B eiesHosty FaRM osi | ane
(HSi C13)Et, L0finci, eidsbdtANBut(fb SIkEDL2 kimpheity Gérk ah@ s WantefolléwsSitidfbregoin

chl or oal | yI si |l ane, chl oronet gw sil ane, dichloronethylsilane (SiH (%I—BélZ)

chi ofbdi #era3sh a3 hera follevest o qeyrl%'m%éhe PESSERFP GRI0BF 95 inposp gther chemical

di -t - butypbGhl Qibestdeanio mMiRO rf&:‘nc%‘aﬂaﬁ p% |aﬁ;8%on€:ﬂlbf&'ié& b%»et‘ﬁe@&)ﬁ'nﬁleé 3569
t but yl di net hyl chl or osi | ane, and dirmet hyl chl orosi | ane. Speci f

exanpl eslong a4 thelpesengnebthe lpAditions ﬁaln@@nal subgtitupnic) d@qsmah@gdqrnmpam@ve I‘hﬂt are
not im L.ad U, £PARNLRLS 5%6)%&1&#& %%c&ﬂ”&&?&ﬁ{nﬁ%g?éc?r‘é tb‘éf ?utsgd these

chl ori ne contal ning conpoun avi n hor1ne aton(s),
ei ther iodine, bromne, or fluorine at or‘r( s), respecti veI y For instance,
t he bronosi l aﬁmllcltby,rae}srpmm&: mlgyltamutert'ramhﬂen‘mgsirgmme(awsi ligasy] transfer réagersmosi | ane

(1 B gty gl of 0 RTRHR OB o AR T pBagce o ome
oxygen awmlemdéganwbabmghnwfnlﬁammmg limited to a partlcular theory, results in at least
| one nitrogen atom of the one or more alkylamine groups being nucleophilic enough to attack
the somewhat electrophilic silicon atom of the silicon-containing precursor. Such
organometallic compounds include various alkylamine zinc compounds such as Zn(NR;),
30  where R is chosen from the Me, Et, i-Pr, n-Pr, and t-butyl functional groups and, once again,
it is to be noted that Zn(NR;), may possess different types of ‘R’ functional groups as

described above. Other suitable alkylamine organometallic compounds include various

alkylamine aluminum compounds such as AIR(NR;);, or AI(NR,);, or AIR;NR;, as well as
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20 referred to as an am nosil ane. Dependi ng on the enbodi ment, the silicon
aton(s)" may be bonded to 4 am ne groups, or 3 am ne groups, or 2 am ne
groups, or 1 amine group. For instance, a particular filmprecursor having
2 am ne groups and 2 hydrogen atons bonded to a central silicon atomis
BTBAS 220 (bis-t-butyl am nosilane, SiH2(NHC(CH3)3)2) as shown in Figures 2A
and 2B. Ot her specific exanples of am nosilanes suitable for use as film
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ogens, or just to 4 hydrogens. Possible alkyl groups which may be selected include, but
25  are not limited to, the Me, Et, i-Pr, n-Pr, and t-butyl functional groups. Silicon compounds
having multiple silicon atoms, may have silicon atom bonded to silicon atom, reducing the
number of other substituents on each by one—disilane (Si2Hs), for example, has 3 hydrogens
attached to each of its two silicons. Specific examples of silanes suitable for use as film-
precursors include, but are not limited to, silane (SiHs), disilane (Si;Hs), methylsilane
30 (H;SiCH;), ethylsilane, isopropylsilane, t-butylsilane, dimethylsilane (H,Si(CHj)y),
trimethylsilane (HSi(CH3);), diethylsilane, di-t-butylsilane, allylsilane, sec-butylsilane,

thexylsilane, isoamylsilane, t-butyldisilane, and di-t-butyldisilane.
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25 m crowave surface wave plasma. In other enbodi nents, the plasnma may be
ignited and formed directly above the substrate surface. This may provide a
greater plasna density and enhanced surface reaction rate between reactants
A and B. For exanple, plasmas for ALD processes may be generated by
applying a radio frequency (RF) field to a | owpressure gas using two
capacitively coupled plates. 30Any suitable gas may be used to formthe
plasma. In aAtisuhsdsn eondpunhé hadnglits sidicdn gem(s$boﬂtded30 ancgmnmon'e Hamlgbmmormy be
usedtofor a secopd exa are

oxygen_ o SaHHGR o BrpTD AL eSS B FlasRels TR fnfo o BAGRNE. o
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the gas hHaaRBeHomheohZahlegdy atoms, R | jhajogen gafﬁ’ffles I?%X%eash@m%#@aﬁu ng
free £l eGfid08fnds) ahbeﬂlmr@ﬁmesdhé;f@er 98 tabRUER Nse TRE $8m Pr&ufols ORRhA S

accelerated by the RF field and may collide wth gas phase reactant
mol ecul dwlosarels; mrmmlaﬂy fluveesdardsewny fmm whative halbidet pacienthhiecnn| eteh &ﬂmgﬂnf or m

radi cal S. t p '

appr eci a%ﬁgg%lﬁ ar %ﬁngﬁn@ §%e§c 8&{358‘% ?v%lggﬁné;o gaﬁrﬁﬁéb‘fa&ag ectt odes
Nﬁn i rr?prgsmgt wléam:)plesna)fs s&heictSp@d@s egmnlblasjef qhﬂa:os;bsesqugakde ﬁlrmscbaﬂﬁ Chat
shower heads and. s edes a

ol 2 nms MO B b atod Al 58 FER BBl R EORaRT UBHE et nods
ot hefo t h@ehispiame tHYSICEY URbhdtBlodsilant @smgyldﬁldy@al@ls@a& chloromethylsﬂane :
Post - Depgsition Plasma Treatnent of SiC/SICN Fil ns Deposited via

Cr oss- Metighlpremethyisdans i ofRHASIER)| ai Haerofimcthyisiiers, be‘lhéﬂ/(f’et@ﬂﬂ a8 subgest ed

in the db\ftﬁk'lﬁ&‘o%’ﬂ‘angf dfl ?@ﬁt’jfcﬁlof’oﬂgﬂé’ chldreiseprbfyctiang, Ehl%mc-%?&%@ﬁldﬁ@ fine
and/or providing a plurality of plasnma exposure phases may provide a

post - depmyltimﬁthyrhémwbne,taméat imethylchlgrasilaned Specifie examplgsfofdedosibane.ons  of
the depol?rb{n%glailkg Mng! ﬂu&{}ﬁlﬁg&eﬂﬂddg bgte%{eeﬁ&' Pﬂné&'][t% ?&g@g&%?@ldﬁ%' @n by

post -dep plasma treatnen prepare t surtace orption of
subSEquemblecwlactstamuBé fto Iﬂmsprohhmmsmostaamg/ oompl@pds ibuf bavingd, mqiquubtlte film
| ayers. FEor. exa ne. enbodi ts I r of .20 SLC/ SI CN fi

for med ViRHES SEE et iehdSE PETURT. oh (T A roRE e FPuc Bt ahcer BT ot s
adsor pt i grometilant bsregpeiting toltidpsresilane HMSiCLPlsaspRmbosieat (BSBrgf such a
surface may nmake hydrogen bond sites avail abI e for binding, facilitating

subsequent a tion and,surface.reacti o i\ Wil e certain
oo mont s 1 RS EbTHbIS BIARED SO TG 0o PLEF A ERURMM25

t r eat meniddpivase, polsst,1b1walmy1 %ﬁu@@ﬂiyﬂfdgaﬁ @d)nishaiyg%ﬂ)éto‘iﬂ}bl hadbehdobsaetodd is
iterations may npl.oye thin the scoeof the present disclosure.

Fur t Ber, ref@crrewtp |as Bé aabwéeneat Repepding agrfhe sm %F@nthl}fsW@r%%%ﬁ%ayéVcl es

may be i los 3(dns8 for O NEinWiga&ibs QG MERH | FALD
deposi t|1§)t§nﬁ([3§(§/gﬂgZﬁnu!llétnlél\?vl{lﬁysaO§3 it ?g%lﬁa?eoé t hat wany Ztt}?t gﬁﬁee%%y;r of ALD

deposi t i wetaesech partioelyr ffDlHEBIéQIES(IIrha‘F’@B I2Zaminggrogps andrehysiregspatonsewndedito

cycles. ;!: géntl%f(ﬁnpdn atom is BTBAS 220 (bis-t-butylaminosilane, SiH,(NHC(CHj3)3),) as shown

in Figures 2A and 2B. Other specific examples of aminosilanes suitable for use as film-

25  precursors include, but are not limited to, mono-, di-, tri-, and tetra-aminosilane (H3;SiNH,,

H,Si(NH,);, HSi(NH;)3, and Si(NH,)4, respectively). Substituted mono-, di-, tri-, and tetra-

aminosilanes may also serve as suitable film-precursors including, but not limited to, such

compounds having their amine group substituted with the Me, Et, i-Pr, n-Pr, and t-butyl

functional groups. Specific examples include t-butylaminosilane, methylaminosilane, t-

30  butylsilanamine, n-tert-butyltrimethylsilylamine, t-butyl silylcarbamate, SIHCH3(N(CHj3),)2,

SiH(N(CH3),)3, SiHCI(N(CH3),)2, Si(CH3),(NHz)2, (NR),Si(CHs), (where R is either a

hydrogen or is selected from the Me, Et, i-Pr, n-Pr, and t-butyl functional groups), and
trisilylamine (N(SiH3)3).
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30 in a scenario where a plasma treatnent is used to alter a filmdensity,
at” |l east 50 or at least 25 or at least 15 or at least 10 or at |least 5 or
at least 4 or at least 3 or at least 2 ALD deposition cycles may be
performed before or between plasma treatnent cycles. In a scenario where a
plasma treatnment is used to prepare the surface of a SIC/ SICN filmfor
further adsorption and surface reaction events, a plasm treatnent phase
may be i ncor feemaddciivatiex ef §iCALON &ilel BarménggCrosaMeenthesiadReadidds deposi ti on
phase. Plasma treatnent of the deposited filmmay alter one or nore

hysi cal andigy., 5, el rical charac istics. ofcthe fil I scenari o,
g %I asma trea llent%]e rf“%q/5 Bré)ﬁeésls?sy ezsimﬁ)g\g}m%%w&é%%dzlln%%tpﬁ IARP ' Ig]%nlszﬁ??@ér}% 9T s may
be nore ghahlily phisish aotivdiddarit wilhbelapmidibted thdt] MEmahy embodimentoslicheAltB, film

properties, such as filmstress, dielectrjc constant, refractive index,

and/ or TR4S¥4t '@a}’wailsooé’eaﬁ]eﬁ‘giﬁgd agivaled vi iﬁ'g Bitaonh PNPUAE K sTBPOVHE pl asm
used si N RPembARRIIC BRhdRRALsBf redgAePIASIréSIndtathe¥is RaGionsl€n fhminE®iC/SE@N Ment
may al so_be used to vary the 10 conpressive or tensile stress

char act éimsds ®at & many ddbrss ivpeeof Tepsrionsghe bramgsiveamisk arhkigefiqs|ag fgh
EXPOSUr &pdtl HESedtBY¥nd Rfal %Sﬁeﬁla@h;%fv'eﬁ,?f&égfoiﬂg fhe GORFBRA MRt 3k l@fWatink! asmas
may al so be used to renove contam nation fromthe deposited filns (e.g

hydr ogerlasmiarbesforreedeinriibriprioaess shanghest Off spurpt, Alsthauidrbsappesaiateddatiia semtect | ve
et - . _ . od
10 oV, BECSDL L0 o S PIERPBOHSS6y4To0 405

si | i mon-actvdtad by ;mgorf-themgly remtplssora-related ehérgy cowges) andthat gdénerally gaychethodnsf er
reagent. It wi ll be appreciated that. nodifying the concentrations of

var ous UcHEAHIRaMES TREFORY D6 hadi e iFoR dit B dRfecangFar- Sy al
proper t ikample, inf@riel dnibodn¥ntsS¥iiaPoR: (UNVkiALIDS hadTserv@abdaith atiohttB&aal,

hydr ogen, silicon, and/or netal atom content nay nodulate a filnls

di el ect MoB-RsMershicd SAETEVFOHCF i | m etch rate. Certain post -dep pl asma
treatments, may additionally 20 enploy ultraviolet (UV) radiation to

nodul at e t he MR £3haRMYSIC/BICRCE I $8lming CPeItMEaHeis RoRnigaPosi ted film
It is possible that, in sone enbodi nents, untreated SIC/ SiCN fil ms may

exhibit relatjvely poor electri.cal performnce due to the possibility of
fixel char ge AHOPER: @s&%&@h%alemﬂw o SECRATCE e dh 1 Pﬁeré@ésﬁm e, in

unt r eat aferfilaly deROIHd 8dsOMEdRedi rd¥Btiond D in\bthENembJUiBEITE of §RRSiond) p¥RmACEN
found to exhibit si gfnl ficant wthin-wafer flat-band voltage (Vfb)
1

vari at i cstvatigavpayestil]l b pretomed.e Mgbiistanes: 4 sqyps empediments plapEat actiyatipn of

W-r adi %ib%?cﬁ”ﬁ’{n% %J%ﬁ{ogglea&faﬂg% 'ﬂ%sxhhﬁh%&‘e?% 8siffdn taag;e&%& fRY ipelp to
al l eviate suc probr' ms. For exanpfe, such treathents na

passi vattbéralallpartatateddshetins, petbmtiadly redudingk echsomatigre oftthe lavatablepthemaait (1)
at tﬂ)e i,nterface oft trtle Si C Si fi Inrplvvi 1tnh t he I%]ngdd%l ti ng beS-%rtla\‘/%ed (2)

wi t Hoh (HEESPI A BISEr ! BIOEFSE T PR Pt Wed I SR ""{%) BT heeXposed
sur f ace ALDtphsessi hdySiveiNoédul Bt oo .terigadtieg Wi th t he presence of surface
charge. In sone enbodi nents, using such treatnents may help to

significantl rqduge tE@ Vt h spread of an %s-d osi ted 1S)i?/SitCN film
Exanpl es of POSIOAUER oF s PRSHE SOURF mRY vaY FEendis TLU CHESTEER (19 PWS ove
t he physdngtldinddil, of may eetpréfemblepoOperat d@ensatdn @har Relosy plasr sodte Alel)- f or ned
SICSICNfilnms include, but are not limted. to: .
generated outside of the main reaction chamber), an inductively-coupled plasma, and/or a
25  microwave surface wave plasma. In other embodiments, the plasma may be ignited and
formed directly above the substrate surface. This may provide a greater plasma density and
enhanced surface reaction rate between reactants A and B. For example, plasmas for ALD

processes may be generated by applying a radio frequency (RF) field to a low-pressure gas

using two capacitively coupled plates.

30 Any suitable gas may be used to form the plasma. In a first example, and inert gas

such as argon or helium may be used to form the plasma. In a second example, a reactant gas
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(A) Post-dep treatnent of ALD-formed SICSICNfilms wth a UV cure,
optionatly 5foll owed by hydrogen-anneal, in order to reduce fixed charge.
(B) Substrate pre-treatnent prior to SiC/SiCN filmdeposition using
treatments such as, but not limted to: H2-plasma, N2-plasma, N2/ H2-plasm,
NH3- pl asma, Ar-plasma, He-plasma, He-anneal, H2-anneal, NH3-anneal, and W
cure in the presence of He, 112, Ar, N29 H2/N2-form ng gas, NH3. Plasma

pr ocessisugh anyxyigen ermitheda wiay he usadito fismphaplaemy elner third exanifde, ncwmaep ga; but
not limte m cr owa irect ~.and the

Roncur 1 GHES @ il fsht % o8 sty TR e SR o0 Rk Eriifisns ©f heFud ng,

but not datdgbti@doft @isesHAap baenBloyb- PdnisfiBn oNﬂle"é’asﬂJeﬂﬁdEﬁ thd\bidtep by IHB RF

Ar - pl asm,  He- Plasna He anneal , H2-anneal, 3-anneal, and UV cure in the
presencelidd igpites the plagga, Rsating figp elecpmsi wgtbg asmgdischorggs FREIr 0 d8E%i ng may
be i rpl efEiofdadiakbleistaed %g%mﬁeﬁ A8y aofd with %a@%b&' rBfbtant RRIGAIRO!

limted to, m crowave, renote, direct, and others known to those in the
art. Iso€¢1b§w@0€1ﬁhésecﬁ1¢c§©tlﬁ wﬁhlreaptaob@glgﬂﬂgs ey fopa ragipdl ispesidsildt partistpatebut  not

limted |

ol asrm, e SERAE, BHASEE, 1 W BERGANE Greq thdt e RE RO Py RRLOTMEN DUEE, .
groups ofuitdbl® ebogrbdss. Norghmumgoefxampl}sa;fcﬂlwociﬁymvladq pfacesn Mtdwéhutimout

1- 10 cycl.es, ,or ab 0-100 or ab t 100-.1 about
Too0- 10, UoBer SR Sk et Gefpiso 1 AR PoebPRptand fiscgie 55 AEB £ P m
gr owmad fsrbteayus tnddybe(fymeltsy Gfe dridae bhitablel hethbd¥esihies thdnt dapaityvedouplg: dfet hods
descri bed ﬁ? vg (e.g., He- pl asma, UV-treatnent), followed by (3) 5 cycles
of ALD fi §Flﬁ$ﬁgfin some enbodi ments, such a nmethod may be used to grow
a filmof any desired thickness. (D) W treatnent inparted as a

byproduct by rRyDepositon PlasaeTrédnsitrdopRHESiaMi EiimeSDopkiedN ia Wrdsadi at i on
under the right conditions (e.g., a hellun1plasna enlts WV radi ation). For

exanpl e, 6W@w§b§€W¥Pbsprocedure for in situ W "cure” i nvol ving pl asna
treatnment during ALD cycling involves the follow ng operations: (1) W

treat ment vi aadpRlimdTore (idly 1eIR¢and a8 SugabdePid R @ibduesondt Ratufter SRS r at e
surface to forman adsorption- l'imted | ayer; (3) Purge; (4) dose with TVA

(tri Het hsutending M cxpepure Wme aaden IAVidingip PA'e@b%é d’lan’B,&QOSBG(@?SqSlWQ{e and
( 6) Repeﬁbvﬁb edplgos% d?p&sﬁloﬁ'r&{c@%ﬁ‘ trohfrent GN Hulld '3?1(9& b&ﬁ" sgff§der E(Hnbﬁy Sf( 'ﬂﬁss

ran cure conditions nmay enpl oyed in aQ%
| i st ed cdﬁppsmis InGederaie| scenaripe deenmatswa@eoqontanenaé@bsw [OH- erd@ima( e.g.

pedestal b b rﬁ%ﬁ%@&k}e%ﬁ@%ﬂﬁ?@%%scﬁﬁ@ o??@os&l lerje%gtgﬁﬁ/tf%rg%re% 4fd ng the

cure. For nany rication appltcations erature will
be Iim tmﬂ/dr@iepdimum of 50bseqmmt ﬁlmrhaytem oo ukandfil€) 1ﬁ:soﬂiberrﬁod1mmtsphmyer efimpl oyed

durinp be .inert or ctlve e ges t.hat nay be
or es8h - SEARHYC FIR feRd Mot umadRel Ao oiogh Ty, BrE e SIS L GRE, and
ammoni a. adkbtibh @Wshtnbuef fiihPhecIRERS PﬂaMniJﬁ‘eaiﬂﬁeﬂttothubﬁ) 226urf360 nﬁt@/Crﬁhke
preferably about 4000 to 18, 000 sccm The power of the UV | anp for

exanpl e, h¥sEogsatkond sitah available fqp bindiney facilifating w%?%vwadaefp&mﬁn%&rfe%s 5 and
7 kW AN .gaRnhepsdi@t € duration of exposure to UV from

While certain embodiments include one instance of an ALD cycle including a plasma

25 treatment phase, it will be appreciated that any suitable number of iterations may be
employed within the scope of the present disclosure. Further, it will be appreciated that one

or more plasma treatment cycles may be inserted at intervals (regular or otherwise) between
normal ALD deposition cycles. It will be appreciated that any suitable number of ALD
deposition cycles may precede or follow one or more plasma treatment cycles. For example,

30 in a scenario where a plasma treatment is used to alter a film density, at least 50 or at least 25
or at least 15 or at least 10 or at least 5 or at least 4 or at least 3 or at least 2 ALD deposition

cycles may be performed before or between plasma treatment cycles. In a scenario where a
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10 such source is between about 20 and 200 seconds, or between about 50

and 100* seconds, e.g., about 90 seconds. Finally, the pressure may be held

at a |l evel between about 0 and 40 Torr. The physical and el ectrical

characteristics of the deposited filmmay al so be altered by adjusting

ot her process paraneters, such as deposition tenperature. Applications of

SiC and SICN Filns 15Filnms of SiC and/or SiCN forned via the

cr oss- ngflandaasiasnane datsedtosprepaseihe sedack @f @iSIC/SEYN fidna dorefustbariadéoyptain and

appllcatl i n_ sem conduct or ce nf or na ns .may be

oot Ul A B RB R DA HiFry BREGTL PP PEAPPBRS ™ vt AL Tory and

12/ 7 nmeggrtgfeaucﬁmngegbsm@dgﬁaseQ her applications of Si C Si CN based

conformal filnms include, but are not limted to, lowk filns (k

appr oxi mat el or | ower n_sone exanples) for back- 20, end-of-line

(BEQL) i nt o PHRTECRaSRH Y B gvaﬁlfeéafﬁwgay ST GRndl STE I ot ch

St Op AN SRAGEEhak RSt ARP kSR, QR Sne &RRAY, H?las@ahleﬁtﬁi‘ehﬁﬁay Ne%s1Wﬁév$l and

copper adhesion and barrier layers. Many different conp03|t|ons of Fo

di el ect rdepesited filBEDepsifindellsrsngay. Ra mue feigbrisisien thaps perydestired; fdmss i Ip

pr epar edsoweaenmoanwngc 8RR PropeAlE] ubiP Rakiin? Pipdsk GRUEANS cEsladt, réPlcri®l ﬁllae,@t op

| ayers, low wet-etch raté spacers, and otherw se hermeti ¢ and confornal
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apprm:n adoatprdshiat onltdnside wondst |cp:irectémy1e$ sf dfe dspQ¥itsd GNinf | Fon dxampleg extended

substantially the sanme con%03|t| ggﬂéorned Vi a squgntlal Ies of

deposi t i SFMAFBOTHET PSS YNGR 2 ep°~°1‘ COmBEST HeTiess ﬁs&@ﬁmaéﬂa

deposi t egt Ficd/ @i fMhovt | dBRtaRInatiBR Yirdta Ul dlef)éﬁsﬁédl MPmS QEROSHyldspas). fRrsolmdst ance,

the carboni zation |l evel of two sequentia deposited layers of Si C/Sl CN
film mayerpRodunentss pasidep plasme frsatment gay BF e Vsé?rcﬂgwwn@hﬂ cgBssaL2tyOfhe

di fferenf.iin6ac hcbfbfiied it O 'ﬁ@pcﬁﬁp@ﬂlmg@lﬁ% béen! l'eist%tverI RIRthdRYcRR of
characterized as predomnantly a SiCtype fiTmand a second | ayer forned

at 0p150f thc sitiggn-pantainiag ddm er¢cuesdr with phee@remqmtﬁllm/hgangﬁ@mfwmgefntl Mwilr vice

versa. g)g%la%mﬁgllﬁ%%%g REYSEHraki BTS2 s%oﬁ glim%‘tsfrt.lfo‘fh i é’(’lﬁgls comon

first corrp Itron ma posited via seq tent eposi
foll owecthb;eleth&abaqi[mrphyaxbalct&pmhem anthefﬁlmevEcvraéxahmgeemdofatl&l st Gﬁrﬁbﬂ\l film

havi ng a .commo econd..conpo t|on t her words SO

SequencaBrE PYTBEE qafat, e B5tal aln bHent dRh LRl BT RIEBG: ¢ e

fil m maycdastamostididred fildiogtch maé. arrc&tam lpogarép ;ﬂiﬁh@dtrmﬂms thay @fdilonaly 3, ofr
4, or 5, or 6-10, or 11-25, or 26 Ose%u yers of SIC/ SICN film

havi #Y emlon iy igfet E3Kbtdiatipn b madulats gy s dm of Rlegtrica) propertigs oftheqr 4

or 5, orqdodifdd fdh. 11-25, or 26-50 sequential layers of SiC/SiCN film having

10 such a“second conposition to forma SiC/SiCN filmstack having groups of

| ayers of alternati n? conmposition. In sone enbodiments, a third, or a third

§

and a fourth IEénpesitle ity samee E‘}ab?‘@ﬂle’ﬂtﬁ:r BRftpated sSifweti iCN fms. gy sahib I‘tayer S
of ot her [.¥Pay Ror faécmaﬂgxrfmﬁcebaué 4 e 2@&?&1‘1"[}1[’@5 nean cﬂ;ﬂge H @SN film

| ayers, réepen di'ng on the enbodi nent and particul ar applTcation of the
enmbodi nedﬂposﬁﬁmﬁdm 1Thig hapbeeprsed, forr exzampbar it unfegateg- ADQD- d@pOSltid PEide d'ﬂmS:S 26- 50

SEAURNC T ik AHSLRe LoDl b 1 BSaTRYRReA LEARLEAL Hhlind voRfee2, O

3, or 4, uentra ayers o °C/ si CN
filmto G\Qg)maalaﬁmﬂsm Hbweter hmvscm@ gmbatimentt, ﬂxa;yée;s txadlttrenmwtth gV -batiavean

SiC/SICNfilmand the other fil . _For ge acer for a
gat e deviELer B PEA g oh B neerenF G DGioger BeRSEPLp GHe Gné SeBirro Qg For
ni tri de/ &lahdpf) BudXirG@nERAGRAY paisifalke/alleviate defects related to fixed charge which are
present (1) at the interface of the SiC/SiCN film with the underlying substrate, (2) within the
30  deposited SiC/SiCN film itself, and/or (3) at the exposed surface of the SiC/SiCN film—i.e.
dealing with the presence of surface charge. In some embodiments, using such treatments

may help to significantly reduce the Vg, spread of an as-deposited SiC/SiCN film.
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20Appar atuses for Depositing SiC/SiCN Filns It will be appreciated
t hat ary -suitable process station may be enpl oyed for depositing Si T/ Si CN
films according to one or nore of the enbodi ments descri bed above. For
exanpl e, Figure 3 schematically shows an enbodi nent of an ALD process
station 1300. For sinplicity, ALD process station 1300 is depicted as a
st andal one process station having a 25 processi ng chanber 1302 for

mai nt ai ni ng &xbhoplep rof gRogr-depetredtmentsrevitich hiayweheeapplied iwi drderbte @apgpswecihat ed

t-hat a plurality, of ALD process stati,ons, 1300 e.incluyded.|i conmmon
| ow pr eEpppigal coésﬁe%%’ﬁ) PEORFTHES RS nEaragistics, g}gx&ﬁ)ﬂ{?&?ﬁiﬁﬁggjﬂ}?ﬁgﬁ in
Fi gure 3Jndai@vsutiendtlpardso:station, it will be appreciated that, in some
enbodi ments, a plurality of process stations nay be included in a

processing tq Foy exanple, _Fiqure 4 depic n empodj rent 30qf
rrplti-statior(R_LPBEt' BitFiAHe, P AHEDIoRRA ﬂbﬁ%cﬁf S@a%ﬁgtagweo%&?mn thin a
si nglse poR&R&Shy e dedparRReal 4 drdeidirbdiRE fixéd chitdel be appreciated that, in
sonme enbodi ment's, one or nore hardware paraneters of ALD process station

1300, including those discussed in detajil bel ow, my be_ adjusted
pr ogr anmat i céP?§uwat9rfge-8Patw&Pbprw§9 S /SI P depesition using Jﬁ\iaﬁniﬂ‘%é‘é??s

station gh30@ ok Birlide ot NBLPIRLAC @E—‘b‘la@ﬁla,cN@ﬂ‘?—%lasﬂa@,@Hh—%la‘sﬁa,f Aﬂkwﬂkrﬁa,_He-

comruni cation, via one or nore gas inlets 1313, with reactant delivery

syst em Idomankeanngl il epmeds Nahaneral.iapd L&V grisde dhs prassaec efote.H, dirsNei but i on
shower h 1 W IR r | : f I stem
1301 in ??zgﬁze %Q%m‘% éf?nlgHg e@gsg?asfirggezf §1P g Eﬁ%g Ibg %ﬁ%%d ‘gﬁgf %)r?&té & %glln% :égéﬁy%tg%p rocess
gase¥® prindnding baehotmntediiq nsibower ) d@B-rdB@6, digoigamhtbe bke.nor e val ves 1305 for
controlling the amount of gas flow ng through gas inlet 1313. One or nore

m xi ng vessel i : r [ ct Lop. of , orocess
gases to m xi(% IaJ‘.)g{:/ueﬁs/e g&e}lrg%g%ﬁtz&MI}gg %Qéjcélgyprog%g{l)aﬁitg ,tl% é%ggé%gﬁgm g*rr%@ be

st ored imvt lingted do:f di,rplgemag N, iptasapDis/Hz-plasma, Hils-pldmsubsphseatHdplasmgry t o
t he process statjon. r.exanpl e embodi nent _of Fi e 3 |n es a
Vapori 2a8s B Hhrnieb SVRE MR 664 UGS G ecprrsnth okttt MogiVed ©o

M Xi ng Veasiak gds M. | PlagiBroesbiag miw HeSimpYeaartddzaith 04idaephkmi $emerstal be a
heat ed vaporizer. The 15 saturated reactant vapor produced from such

vapols zdpeuding thepharsimited Qomiree s datemptss girsatsnd gthepskngwn te thgse in
i nconpat,phg. Qé‘étﬁﬁ)lié fhd H‘i‘%‘ecﬁ?ﬁh‘i‘ SRGRLLidLRARY %etapmal iBEIR&HLS, BUTBIot 1iRAkE 1§ €S-

These smal | particles may clog piping, inpede valve operation, contan nat e
subst r atlemoteqilasmaghiYecxpppro aliicetplasoag et mirsowrye ifsme. 15 sares ernbedimnends,

sweepi n i.ng. Lve el e i act ant.
However gﬁlgﬂvvg{é ibgéﬁ’%ﬁe‘éﬁ%ﬁgﬁﬂ\t/ﬁg@& geg\k'%e:ﬁpér %ﬂgr?gfﬁ?)n% cé{as'scraw gf"é‘@g%?isﬁ é\)fc:jegn cycle
time, degmadimfroprimtess abot li- theychas oarghputt1 0- 108 escles, or swoue 1@0+b0di ayeles,s

del i i pi i zat.i i 30 t t d.
' st 2kt D00 £5A6R oA AP ESbiARE) HEE Db f el ot
non- 1 i m follogedkam)loae ophmire]pglndawﬁquemhcﬁfny\ba:mwﬂnztab@dbs@flieatflé%&(d)@.ghas an
I NCreasi n enperature pro e extendgln rom [ OX te egr ees
Cel si us H%péﬂgﬁ‘ao@ﬁw&r@t&s%ha% o (0ol SVEE @ ALD Him growth. In sothe

embodiments, such a method may be used to grow a film of any desired thickness.

(D) UV treatment imparted as a byproduct by any of the plasmas listed above which
25 may emit UV radiation under the right conditions (e.g., a helium plasma emits UV radiation).
For example, one specific procedure for in situ UV “cure” involving plasma treatment during
ALD cycling involves the following operations: (1) UV treatment via He-plasma; (2)
BTBAS dose and adsorption onto the substrate surface to form an adsorption-limited layer;
(3) Purge; (4) dose with TMA (trimethylaluminum) and its reaction with adsorbed BTBAS;

30 (5) Purge; and (6) Repeat steps 1-5 to yield a SiC/SiCN film of the desired thickness.
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25m xi ng vessel 1304. In sonme enbodi nents, reactant liquid nmay be
vaporiZed at a liquid injector. For exanple, a liquid injector may inject
pul ses-of a liquid reactant into a carrier gas stream upstream of the

m xi ng vessel. In one scenario, a liquid injector nmay vaporize reactant by
flashing the liquid froma higher pressure to a | ower pressure. In another
scenario, a liquid 30 injector may atom ze the liquid into di spersed

m crodr opl et A trimge efr ¥Vsalye equditionsymapder ¢mpldyddninaatheaf ¢ liséd ventextpi pe. |t

ill b [ dth | | d | i. f h |
dr opl ot ségdrggeaglgi:ﬁ%%gemag e(rjag'lt“gf? PRt Sérﬁ%of?’é‘ﬁe.tf ge-gg%/eél\é?tlglgﬁflﬂ;ﬁ%mg% elirxeélzbee Peend’ 97

vapor i z adbo@Mm50FeEs &Rl abouBpe @ aluikNtheR)irel ERU+GRanF de€ide ifibrithtidh dPplicatidaynst r eam
from vaporization point 1303. In one scenario, a liquid injector nay be
mount ed tH¢ rgper| igmperafirk iwily beekmied tgehout 450510 oheivers ¢ abeut #002°G.i diied

chovcr nesipgE FRNA e Sk b BYRITR SO0 Broret IR REOAT =

el ect r i dsl pryseadaringi thatee wiclile dielikk, poove mitsagpp fprnlidd 4asgaad amtmohianCheet wor k

1316 for poweri | asma. .In,so e {ments, the plas ner.qy, y be
contr ot 1 53¢ o8 b Basin e s Pt e 20 00, S, ity PR s Pag SRt gas
concent rsatmoMhegpowaE of Gigrice Ipnpaiay, fon eREnﬁl@,UHS&BetWé@qatbﬁC% andénd r1]<_251t\/,|ainas ma y
power puls { mng. Fqor exanple, RF power supply 1314.and matchi hg networ
1316 mwrsér%bgww u ﬁ? a§@|i7tl%1\gl_ THBRREPPIAY ARMRTAORRXPRIS i UNaUPRg
desi{ed LENRRSi i 8awREn sRMI ERAndSIVBGE&Rds, BX BERLESatlt S0 RANE S,
include, but are not |limted to, powers between 100 Wand 5000 Wfor a 300

mm waf erabopt Yesgrends. RmaPyyibe Pessypt pad 89 heldwya favelbefrucerrbpeieandoA0 ety
sui tabl erﬁ(fr ?@Hﬁ@fl}{nd 'eféﬁ@gﬂ?chg%%ﬁ'sﬁfc%”éémeFﬂ:eggé?%@fggl\‘jve%l/ ya1s]o31}é‘§1?@r¥d RS

configure control oW f requen I'” sour ces

i ndependwintstiyg otherpreceanprrivecters FSualmpd depbsitierf eepemney RF frequenci es 15 may
i nclude, but are not limted to, frequencies between 50 kHz and 500 kHz.
Exanpl e hi gh- fr ies may include, but are not limted to,
frequenci es gg@&eggﬁggxmd%tg@gﬁ%g GHz. It will be appreciated that any
sui tabl e paraneters may be nodul ated discretely or continuously to provide

pl astfa ener gyFikrofthe agd/iof SE&N farmed ivortbs cross-fnotathesis readegnspliscéoyed hereiat nent

of the as-dgposited Si.C/ Si fi.lns..In,one non-limdti e . he 20
Ol o CRROFRER T R Epplicaliods. b Pkl pRPisiel o BB SR ENIR T,
t he subshipbeussiil ffaroeepr@hatgeadt foataefill appliciiopns HOVIErd nigh@syn®@Rl 12/7 nm | n

sone enbodi nents, .the plasm may be it ar in-situ b ne . or e plasnma
o t o LR PEcCREE ] eh AT S Ry et rPE B s sy bifor e

vol t age, ar€ ubf Bidfted BN Tk flifs gk appfbxiRfa@E 3 0. orlIBwaN & e SGBHRS) Bor bakias M
density and/ or process gas 25 concentration may be neasured by one or nore

opti ¥l @Wrafding{BEREL intersemsyt iselatdsy applications, qopfosmaleSiEhbblamsHeneish sire or

nor e pl agiBgRadamieish Gﬁ)bn?,ec&l@&ﬁ{aﬁrim%h{%éiv%m?%i,Ua%tde&) B85 §6heSn_and

1l
measurenents from such in-situ plasma nonitors.” For exanple, an OES sensor

may be usseuerilayess. Mambdifkrehiowmpbsitiony dlowikndielpetoey fanBEOLprewsstingtandfe pl asma
power. | i re6d I: di ts,, other. npni.t.ors nmay
be"tisea el R RRITENIIAS ey i ALP BB RC Tl bl TR B0 CH

nmoni t or sforaigh istop llaydes, ldwitvetadteh raad spacars, taed otherwisdhgraeticland conformal layers.

25 It should also be appreciated, however, that for some applications of SiC/SiCN films, the

degree to which the SiC/SiCN film is characterizable as conformal may not be critical.

It should also be appreciated that while multiple layers of SiC/SiCN film having
substantially the same composition may be formed via sequential cycles of deposition
(whether by CVD or ALD), in some embodiments sequentially deposited SiC/SiCN films

30 may have differing compositions. For instance, the carbonization level of two sequentially
deposited layers of SiC/SiCN film may be different—i.e. the ratios of SiC bonds to SiN

bonds may be different in each layer. In some embodiments, a first layer may be
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(IR) monitors, acoustic nonitors, and pressure transducers. I n sone
enbodi fents, a sem conductor substrate hol der such as pedestal 1308 may be
tenperature controlled via a heater 1310. Further, in some enbodi nents,
pressure control for processing chanber 1302 may be provided by butterfly
“val ve 1318 which controls gas flow through gas outlet 1317. As shown in the
enbodi ment of Figure 3, butterfly valve 1318 5 throttles a vacuum provi ded
by a dovwhsmactea'md\faa(pnedwmmy(arﬂjc tswmﬁ\lm) andHoyeevst 1ayérrfosm¢tbatqnbbidmmes,

pressure,contr.ol LOCESSi N 302 may al so be adj us by varying
Phe Tl owtrapeited 8 pRffeERl " SO Altube Y o 25 ocBoi, EhElimes 1505,
for i nstsanesl laydts 0DSIC/GAN ifilth &Havihg k3conimors Grse cempeitidiemby be idogostiedwiat r eam
vacuum punp nmay be used to evacuate reaction q gzoducts from processing
chanber Sf@‘(‘??“flhii‘a?@‘ﬂo@efé’C'G&tfP'é‘fW@PBW the, seAueptial géeposien of spyarel, layeie mical

bypr aducs;s/HORSHlt h'atv'lﬂglga @bmARA tsBd Al NGmPBLifbdn. 2iP 5l \%xtds OMes'bm%fﬂoﬁ{t ih Iae
reaction of organonetallic conpounds to form Si C/SiCN f

ment i onesdqusmey &f rowlEpler dapesitionp cyeles sthe teampesitionmey the dpmlt@rae”dml may be
mul ti-staby;e gi gfér%&ﬁ{@lcggin (B0 enbb@efis 1 %@9‘8’? g fgﬁhﬁ{f?tdr% ¥d, 81 £hs 3R

enbodi men I-Statlion processing to aving 4°processi ng
stati on5262im&q(1¢rmiblellams of Ji/CNNiilm kaveigrgklea fifst powpessginngreahembied w2th14. To

d i h 2414 400 h
Pbound 1658 Tige g ba8s AT dfesatas 1o yalegsoar s e Saiie, o "
whi cto Meyiclk anfycbsde carnp&ﬁiminetopfcﬁﬁ‘nrfﬁ SiOIBICK. filkn rs&blethafz]ﬁ@@ro@s &t npsher i C

pressure, is.confi ured 0 nove ers fr a cassett ed throu h a pod
2408 mt"éeFﬁB%ﬁ%}n B S)LEE"‘??LG‘? iments, & s%rh"b?q‘ gratf%% §ompo i's

pl aced byay BE HOLAthrddED a®Well. POHRSHRY, 12§’e¥2 ommep tm@ dfrmﬁmqa>l aRé Heock
2402, the atnD@Pherlc port 2410 is closed, and the |oad |ock is punped

down. Whiateespetsed ibatisemdhe Sie/SIGE kﬁlmme@oﬁmqné@g en thepembodimartngndsthgr ce,
th f t | ack
e Wa giaggﬁ}’ar*aﬁ%lt ro@ﬁce L BmBodifFR &l aS 8P L n%m%i’lf%é Ego!r(?f‘% §C

prior t Into a processing c rther,” the
waf ets al %Smwu@mahbmredf anotheh 81m tptpe mmay Heqdtdrmhied kvith402r 2,fawB3, exdhwpbeer t o

eTove IR B, Ay SRS GBS W Sic IR R I ek, 2428

to proce53|ng cham, ahot her ) pl aces
t he waf egroupstad layees dieamnting beween SIEdSiSJNiﬁanfin(Bthf: othet fikh &lpeOFos baivipld, A t he

react or processin VWi le the e eplcte in. Figu 4 includes
| oad | och’é"i’lel tPAKT| 1Oy g&ﬁpfl‘é"d?"at"@éf gbgdbmia‘ﬁ ﬁ‘ogaﬁ’%‘r?fls fralﬁﬂé‘i?fl entry
of a waf@rideRfiRoRoAHOGRSE stdcRL | ON By be prOV|ded Each of the 4 process
stations 2418 shown in Figure 4 may have a heated pedestal, as 30 well as

one or nore gas inlet [t will reciated that, in sonme enbodi nents,
eachmbrocess‘@Fﬁﬁ?ﬁ%&gﬂihpﬂ%@mhgey’ﬁﬁgﬁ@?ent or nultlple pur poses. For
exanpl e, in sone enbodi nents, a process station rmay be swi tchabl e between a

ALD Si T/ Si CNf ivkim f)@ra@bfé&ateﬂr Hee afy MRbshlaorss Atabofinds, foer erﬁﬁlb%@dn@orsorfe
other type of film_|In _sonme enbodi nents, a process station ma

swi t cha e@O%@&éQS&N filmes preardingstorRngerr anere #f BrecspPqdimentsriessH

chenmi cal F&%R%;gl@eﬂgék@' RAmAREL SR wWIRH e mbOditichi ml Aumg;roc%&si s%mtﬂsu@' y, in
sonme enbodi nen processing chanber 2414 may include one or nore matched

pairs oquagLsml}dmjy ALD process station 1300 is depicted as a standalone process station having a
25  processing chamber 1302 for maintaining a low-pressure environment. However, it will be
appreciated that a plurality of ALD process stations 1300 may be included in a common low-

pressure process tool environment. While the embodiment depicted in Figure 3 shows one

process station, it will be appreciated that, in some embodiments, a plurality of process

stations may be included in a processing tool. For example, Figure 4 depicts an embodiment

30 of a multi-station processing tool 2400 having 4 process stations 2418 within a single

processing chamber 2414. Further, it will be appreciated that, in some embodiments, one or

33



5 PECVD process stations. While the processing chanber 2414 depicted in
Fi‘gure<4 conprises 4 process stations 2418, it will be understood that a
processi ng chanber according to the present disclosure may have any

sui tabl e nunber of stations. For exanple, in sonme enbodi ments, a processing
chanber may have five or nore stations, while in other enbodinents a
processi ng chanber nmay have three or fewer stations. And, it is noted that
10t he prmare sidwgrepraabeters 13 A I epicessesthtion 150 Liméufﬁnghthssq' distusspdan de@dess
station an e waf er handl i ng

yot em 2855y RSt prerr e By P vt SeLtb e Biiber 2a1a. 1 som
enbodi nents, wafer handling system 2490 nay transfer wafers between various
process st at A3 @dkSs atadbmr13b@tpmﬁdesathat peecsssirgy altandrr d302 as linaffuiliock. |t

wi Il be appreci tedthat an swt fer, handli

PR e R R R S R A PR AL G I S R LR
handls ngprépaatsnd delivers decgssr @sés R 5o ddaibutibs shéwehdaadiz0e Kithed p@casmgem
contr ol I er 2450 havi ng machi ne readabl e code with instructions

cont r ol |5hAgbET bY0ds Reagiarti deliyery S&ﬁﬁnﬂéph\mléieg@é{néglgo‘f%ﬁs% destor tblfaflmamo and

oper at i NAMRIcbAHBoHRIBRIER! hsQf prith A6 WRBvdrP ¥ sKAPheadVISHEMnAUHe Rl h&k 2450
may i nclude one or nore nmenory devi ces 2456, one or nore mass storage

devi ces vabvepd3Q5 fogsentembngothe gmosntni@es dewing thrpggh gayriplebsige Qupser merg

i ncl ude angl i tions,
St epper "Mia <Rl GRARHAEL L3RRGS A0h R0 ulddBludnATthol Bk BIRRRE e on
pr ocEssoves@4534rachi ne readabl e code 2458 | oaded into nenory deV| ce 2456
from mass storage device 2454. I n some enbodi nents, system controller 2450
has instructigns. i e > 1. e for i;ng and
controlling a erf}&t%% g% TV %&és oPé Bgrgézl}sg&ﬁ%gq%%ﬂﬁg% ‘iaﬁ&ézoaﬁgggﬁ%d

enbodi rresmbsb,quemsdehmryant ﬁlelﬂrecress?4ﬁﬁoma§drmmplet itlensmbeditnbt 6O Fipuaf 3machi ne
readabl e [ t he abave- il m.deposition

o aos RO o Bhnor e ot 093 0 o r i TR faaE: Sh e RupPiet b PHR e ¢ ho

timng, vessel UBE. ah s&ds embodimanthSlapaivtion pSihalI00 MnayesHeated vejvare Thand/ or
station tenperature, wafer tenperature, target power 30 |evels, RF power

| evelSs, Prrgedaractasl opRT BiPHYteHafiempBglsYaRPTIZEh IR SORJFRSE Wy dewnstispm

posi ti Onge)i@ ¥g.OF R YT RBIPhLSH1O fasRs RAME cGiHeAledRERERERaPefhRIsHR bY
process te&of}’;éﬁ;gog F%@Slll nstancgﬁ t| n g%rrse enbodi rerer$ts t he Fargcﬁl neS r eadabl e

code 2458rtigles. | Abpsgdemall psmlpl@s:tmaynslogmlpmgerrqung/ah/er@mcat@m coidiripatey

system gHeh.as [ Ccﬁt ﬂ%e &)n H& Yo Sd)ﬁ&llegsmrgl %]'r iSuld Wofe S\YC-EE%% and/({ ai ni ng

instructions may I n ructlons oduci ng a sl
film presacsting thetcte:lwérg: piring essmoge cheinileocactant.t Hatvetdnesvekeping dre- d::dmeral ni ng

fil recur sor _adsor .surface of the substrate under. c tions
wher £by RS S RRESE BRCRTAigR £V Rignep pescotbd ropess o BEGEBREY (e | i ¢ el
I ayer . Tinesmelcifbotintintsp &livieBYypiping Aownstdadeof Vipbiizitivh ot 1803 Spebateay t he
reactant delivery systemto, int rodrce an or ganorret allic _ligand transfer
reagent TS MW Fewslesdgixagaiesst 134 paaplse hehest Jasrdmdn ang pen-lmgigy

transf erexraﬁ@g:epl}pufg%%arémﬁ&f@b&@%@ﬁ&ﬁﬁl 398 hb CANMGONH t&hﬁ&a&fel ;m)ﬁreecur sor
to forma f ayer and a byproduct which contains substantially all of

t he met a¢xt@rhntgrféom appraximateiy, $9Q degrees gelsius tp rappiswinataly éﬁ%d@ﬁrﬁﬁérﬁeémusmchu ne
readapl e, % 2498gy include instructions for operating the one or nore
gas outlets {for exanple, 1317 in Figure 3) to evacuate one or nore

reacti on byproducts froma processi ng chanber (for exanple, 2414 in Figure
4). In some embodiments, reactant liquid may be vaporized at a liquid injector. For

example, a liquid injector may inject pulses of a liquid reactant into a carrier gas stream
upstream of the mixing vessel. In one scenario, a liquid injector may vaporize reactant by
flashing the liquid from a higher pressure to a lower pressure. In another scenario, a liquid
30 injector may atomize the liquid into dispersed microdroplets that are subsequently vaporized
in a heated delivery pipe. It will be appreciated that smaller droplets may vaporize faster than

larger droplets, reducing a delay between liquid injection and complete vaporization. Faster
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Machi ne readabl e code 2458 for operating and controlling process tool 2400
may be ®onfigured in any suitable way. For exanple, various process tool
conponent subroutines or 15 control objects may be witten to control
operation of the process tool conponents necessary to carry out various
process tool processes. Machi ne readabl e code 2458 nmay be witten/coded in
any suitable conputer readabl e programm ng | anguage. In sone

enbodi nmap@;izatimn: Imap gedieacialohgh ©b pépidzl 8@~ istrearn fama vapygizatih pomt 13081 iIng

process too . ji.ncl ude | ut/o ontraol. nci

ot r ucBasrpgp. »Buid EGP Fay BF OBt SOR DR S 030, il ve. ror
exanpl e,sc&neb, Phaseingdctor ailble niduatdsredBito ishe@ldibkeddnes.or nore instructions
for execution by system control I er 2450. The instructi ons for setting

process conditions f r an may pe incl ude
P orr eapond ndP AT FRBMBRBRLE SR ed ARG REL AR iaRTE O Rkh SRR 3 B AR phas es
nmay e sigq8emy dédidicadly rdngathicatOwitnah R oWdilSstlpplSitlBWSnd ﬁfatcmgA{e@v&kocess
phase are executed 25concurrently with that process phase.

machi ne Péadeinodcrpga resyreln Wimerrhodinestss s pé?éma@eergny@y&ﬁ@f)@rollﬁ»émr y

devi ce Z4afolas Q)ﬁé %Tr %’or&“otf h %‘)5@55@ RaGoR tpEéaLdI@r %@%&@Mw‘%n efPReYLrden sone
enbodi nment s. |l es of such machine readabl e code may i ncl ude programs or

sect i onPoyfkr, rﬁlﬂd?gfr mces@@qﬁle@@ an%@unhiﬁmapewgo@ﬂ&q tgningg For expmply, RE pevgess gas
control gé@grﬁ'ﬂ afid Pfa?%% rr?et&&ﬂtlﬁ% n‘?’:& of ataang {tl Onﬁ&ﬂér 8ot 91 am

and a pl contro rogram may
i ncliwde pleotai huezmgad@sir@ cadposﬁtmn pff oxclémb spemﬂs cEmpnpimloﬁ stlimbﬂe @oerenssed to

spaci ng DR oL lBier 3p ol BirReB T BE g S REEx Oyl Bt p°
process IgRSvisQ KRR swep sQPlAN3 1By frolide RFrppekl ofaryeaan ﬁedF.Qd@r fEﬁrsome

controlling gas 5__conposition and flow rates and tion for flow ng
gas int &H&?&lwtwepomé@w Slarmaynke somfigyred &p %‘HB&“&P iAo

st abi | i zer HhRePERERY iichthdehy Bf B afotifdr AtE Ay 1e%w BERULE Rmerqaéncws gram
may i nclude machi ne readabl e ‘code for control the pressure in

pr ocBss mavainchde, b'?/ut ragqynptalimiiesl tof dieqesegiep betwegn t5ﬂ 7zt gng RO Kidz. IEX@IFIEIC exhaust
t etc.
system gf; l{-g‘g t I | b egﬁéﬁcieg ri'nay‘%naﬁﬁ e, blCYfe | B BmftEt é@?g&égﬁ% B?t%rlfé}pl.8

10A heat eF ram may “i ncl ude nachine rea
control IMHg anth@. 45U Hentt wol e dtmmcuanfgi that anytdoggble paramedrst maybamotlhlated

substrat ter nati vel t he .heater contr ro caontrol delivery
of a hea SC{ert%! § 8?ntalg%us¥y to rov1de 81 ma ?ﬁer%y f%{ F_lhg gg% etrf:agc? §ns or for post- c%
plasma treatment of the as- dep051ted SIC/SICN films. In one non-limiting example, the
20  plasma power may be intermittently pulsed to reduce ion-bombardment with the substrate

surface relative to continuously powered plasmas.

In some embodiments,. the plasma may be monitored in-situ by one or more plasma
monitors. In one scenario, plasma power may be monitored by one or more voltage, current
sensors (e.g., VI probes). In another scenario, plasma density and/or process gas

25 concentration may be measured by one or more optical emission spectroscopy sensors (OES).
In some embodiments, one or more plasma parameters may be programmatically adjusted
based on measurements from such in-situ plasma monitors. For example, an OES sensor may
be used in a feedback loop for providing programmatic control of plasma power. It will be
appreciated that, in some embodiments, other monitors may be used to monitor the plasma

30  and other process characteristics. Such monitors may include, but are not limited to, infrared

(IR) monitors, acoustic monitors, and pressure transducers.
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A plasma control program may include machi ne readabl e code for setting RF
power l®tvels applied to the process el ectrodes in one or nore process
stations. 15In sonme enbodi nents, there may be conputer software and/ or
prograns which provide a user interface associated with systemcontroller
2450. The user interface may include a display screen, graphical software
di spl ays of the apparatus and/or process conditions. The user interface my
be confi gur edntsomacobpdimienisus s¢mioonduator substrpteihotden gudieasi pedestdl 368 mayi ce) ,

keyboards,, touch screens, .touc 1 cr ophones tc. 1n some 20
oot B e B Rh S il PHEDAATT0. PR REE kB finghd HOTEre Byt
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process tool sensors. The signals or controlling the process nmmy D€ out put
on the ahelugl ganaledd3 . gint wmecmbodiments fhectowosizeant vesnomgrispt may beugd.

Non-limting exanpl.es,of process tool.sensors nmay. be i ed.i ncl ude
moas 11 o euanEr 3RS o RIS otk PaRhe 07 nafS oBRR 527 6

t her roc adsple exadple, chathidb pympducid ednytifating baotkdnihg eetid ekonsn@dftcasi hfddr

al gorith may be used with data fromthese sensors to maintain process
condi ti o'gs.reacgon OeforgFﬂgmﬁtﬁﬁ‘érca‘PB%‘}“&FHb%%%b@&(ﬁﬁg ‘her ei nabove may be used
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wafer may be exposed to a remote plasma treatment in the load lock prior to being introduced

into a processing chamber 2414. Further, the wafer also may be heated in the inbound load

lock 2402, for example, to remove moisture and adsorbed gases. Next, a chamber transport

25  port 2416 to processing chamber 2414 is opened, and another robot (not shown) places the
wafer into the reactor on a pedestal of a first station shown in the reactor for processing.
While the embodiment depicted in Figure 4 includes load locks, it will be appreciated that, in

some embodiments, direct entry of a wafer into a process station may be provided.

Each of the 4 process stations 2418 shown in Figure 4 may have a heated pedestal, as
30 well as one or more gas inlets. It will be appreciated that, in some embodiments, each
process station 2418 may have different or multiple purposes. For example, in some

embodiments, a process station may be switchable between a ALD SiC/SiCN film forming
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conposi ti ons have been described in detail within the context of specific
enbodi nents for the purpose of pronoting clarity and understanding, it wll
be apparent to one of ordinary skill in the art that there are many
alternative ways of inplenenting these processes, nethods, systens,

appar atuses, and conpositions which are within the spirit of this 20

di scl osure. Accordingly, the enbodi nents described herein are to be viewed
as i | | ugtroess medodndtaneAldd mddgﬂsdorimingmmw@hcrcmpfecpﬁfdmr dtlb@ne tthbodiments,
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one or nore gas outlets fluidically connecting the processing chamber to
the one dprosevestarigeudfi fHuhpdl banadasteyd therrn asorepsing etrambstrpedosdingy tartiehi ne
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react ant lvery systemto introduce a silicon- containing filmprecursor
and an om@mdunmtala |pa:0dessgm1@hammsmey ha@ag'mt of mage tstasiops,owbis iimgothdranber
so that ei,t ads

ont o face of _a _subst e, hel g i.n the:
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anot her to for m a fi | m | ayer 15and a byproduct which contains substantially
all of the also r;lieplcts a nogEélment oF a wafer handling system 2490 for transferring
wafers within processing chamber 2414. In some embodiments, wafer handling system 2490
may transfer wafers between various process stations 2418 and/or between a process station
and a load lock. It will be appreciated that any suitable wafer handling system may be

15 employed. Non-limiting examples include wafer carousels and wafer handling robots.

Figure 4 also depicts an embodiment of a system controller 2450 having machine
readable code with instructions for controlling process conditions and hardware states of
process tool 2400 and operating various components of process tool 2400. System controller
2450 may include one or more memory devices 2456, one or more mass storage devices

20 2454, and one or more processors 2452. Processor 2452 may include a CPU or computer,
analog and/or digital input/output connections, stepper motor controller boards, etc. System
controller 2450 may execute on processor 2452 machine readable code 2458 loaded into

memory device 2456 from mass storage device 2454.

In some embodiments, system controller 2450 has instructions in the form of machine

25  readable code for operating and controlling all of the activities of process tool 2400. In some
embodiments, system controller 2450 has instructions in the form of machine readable code

for implementing the above-described SiC/SiCN film deposition processes.  These
instructions may include instructions for controlling the timing, mixture of gases, chamber
and/or station pressure, chamber and/or station temperature, wafer temperature, target power

30 levels, RF power levels, DC power levels, substrate pedestal, chuck and/or susceptor
position, and any other parameters of a particular process performed by process tool 2400.

For instance, in some embodiments, the machine readable code 2458 may include
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| i gand transfer reagent; and instructions for operating the one or
nore gas outlets to evacuate the byproduct fromthe processing chanber. 2.
A sem conduct or processing apparatus for formng a SICSICN filmlayer on a
surface 20of a sem conductor substrate, the apparatus conprising: a
processi ng chanber having a substrate holder within the chanber; a reactant
delivery systemfluidically connected to the processi ng chanber; one or

nmor e vadostmcpomsder, operating a reactaphdelyerynystemgsish @sitdaetant delivérglisgstdnh y3@lomnect i ng

the processing anber to the one, ar .25 nore yacuu unps;. and a system
cont ol 1aRTEcmo Maf nrubonste? BEndh iEwalRa® BREHSTERER Pl
I nst r uctfilanpreb@soromdy did pRcémgrdambanto dak ite s¥icGysintdinihg filmt precusd a
silicon-containing filmprecyrsor into the processi chanber so that the
si | i con-38% 59%9@%#??%%&%& E3if _uag%fcfpﬁém i ﬁheae%f?? SUEORFORHBNE 1 r at o
unders cogebuirdo? RstmdaR h@RYptioR8inmisddl 1hFeP N TRAR tistriétiths hialy Mtsp RGeS Mdtrub@EH¥E an
adsorption-limted |ayer; ~instructions for operati ng t he react ant
del i ver yfoB paerating dhej iepeterd (delivery BFigannatradudecan prgapmatalie digand frapgdernt i nt o
the progessy 1 RSO BEBRURS AL 1k [edcfAgENt
reacts vC\ﬂ% ?%h{]ﬁ‘é&gl‘g ocfc_%?esg%sﬁgﬁtggn{&contta?n% ]%Hl m ﬁ%elglﬁt?%g)ﬁ& t?éc%g%grr erﬁrcg film
| ayer andith theygisodad silishi-contaiomgalilns pratyseraiat foan |ay fila layef ande Hopreduetl  of
the I gap 1c}t1 rc%rq aInEs}rsu{)gtgrgc%ﬂgl;alﬁ%g the metal of the ligand transfer reagent. In some

10 embodiments, machine readable code 2458 may include instructions for operating the one or

more gas outlets (for example, 1317 in Figure 3) to evacuate one or more reaction byproducts

from a processing chamber (for example, 2414 in Figure 4).

Machine readable code 2458 for operating and controlling process tool 2400 may be

configured in any suitable way. For example, various process tool component subroutines or

15  control objects may be written to control operation of the process tool components necessary
to carry out various process tool processes. Machine readable code 2458 may be

written/coded in any suitable computer readable programming language.

In some embodiments, machine readable code 2458 for operating and controlling

process tool 2400 may include input/output control - (I0OC) sequencing inétrucfions for

20 controlling the various parameters described above. For example, each phase of an ALD
process may include one or more instructions for execution by system controller 2450. The
instructions for setting process conditions for an ALD process phase may be included in a
correspbnding ALD recipe phase. In some embodiments, the ALD recipe phases may be
sequentially arranged, so that all instructions for an ALD process phase are executed

25  concurrently with that process phase.

Other machine readable code stored on mass storage device 2454 and/or memory
device 2456 associated with system controller 2450 may be employed in some embodiments.
Examples of such machine readable code may include programs or sections of programs
such as a substrate positioning program, a process gas control program, a pressure control

30 program, a heater control program, and a plasma control program.
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I nstructions for operating the one or nore gas outlets to evacuate the
byproduct fromthe processing chanber. 3. A sem conductor processing
apparatus for formng a SICSICN filmlayer on a surface of a sem conduct or
substrate, the apparatus conprising: 15a processing chanber having a
substrate holder within the chanber; a reactant delivery systemfluidically
connected to the processing chanber; one or nore vacuum punps; one or
nore gas outMehﬁmﬁhupdmnmhmgpm@nmenmynghkhemmhmce&ddﬂgcomaﬁmpnmeﬁthe one

t t dabl
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t he processing chanber so that the organonetal ic ligand transfer reagent

adsorbs onto a surface of tﬂe substrate,un r con % S mhereﬁr t he

or ganonet al | ‘AtproF“ggéﬁﬁs t9gR r8$ra?le‘5@’elﬁf1“‘fi% ey ?B‘H £o s §8d

| ayers;  compositibtf b @41Ss irmro;@uaﬁzﬂ@t foR @otviHg a8 At dRE ofl@bieVitbiess Hati®H t O
i ntroduce a silicon- contalnlng]l tmprecursor into the processing chanber
12@
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10 A heater control program may include machine readable code for controlling the
current to a heating unit that is used to heat the substrate. Alternatively, the heater control

program may control delivery of a heat transfer gas (such as helium) to the substrate.

A plasma control program may include machine readable code for setting RF power

levels applied to the process electrodes in one or more process stations.

15 In some embodiments, there may be computer software and/or programs which
provide a user interface associated with system controller 2450. The user interface may
include a display screen, graphical software displays of the apparatus and/or process
conditions. The-user interface may be configured to accept input from various pointing
devices (e.g., mice), keyboards, touch screens, touchpads, microphones, etc. In some

20 embodiments, a user may operate the user interface in order to enter a recipe of process
parameters/conditions (either by manually entering parameters, loading from a file, etc.)
which are read and executed by the system controller 2450. Such recipes may include, but
are not limited to, process gas composition, process gas flow rates, temperature, pressure,

plasma conditions (such as RF bias power levels), pressure, temperature, etc.

25 Signals for monitoring the ALD processes may be provided by analog and/or digital
input connections of system controller 2450 from various process tool sensors. The signals
for controlling the process may be output on the analog and/or digital output connections of
process tool 2400. Non-limiting examples of process tool sensors that may be monitored
include mass flow controllers, pressure sensors (such as manometers), thermocouples, etc.

30 Appropriately programmed feedback and control algorithms may be used with data from

these sensors to maintain process conditions.
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4. The apparatus of Claim2, wherein the silicon-containing filmprecursor
fornms an adsorption-limted | ayer prior to operating the reactant delivery
systemto introduce the organonetallic ligand transfer reagent into the
processi ng chanber. 5. The apparatus of Caim 3, wherein the

organonetal lic ligand transfer reagent forns 10an adsorption-limted | ayer
prior to operating the reactant delivery systemto introduce the

silicon- cont aibei ;li}:g)afaitdsl’pr@rees{:ldbﬁ:ﬁbed nicrzitahevephagebs iuagl Ginasshfnction GitAn
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any one of Clains 1-3, wherein the organonetall 't gand transfer reagent
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visible or UV or X-ray light with a tool such as a wafer stepper; (4) developing the resist so
10  as to selectively remove resist and thereby pattern it using a tool such as a wet bench; (5)
transferring the resist pattern into an underlying film or workpiece by using a dry or plasma-

assisted etching tool; and (6) removing the resist using a tool such as an RF or microwave

plasma resist stripper.
Other Embodiments

15 Although the foregoing disclosed processes, methods, systems, apparatuses, and
compositions have been described in detail within the context of specific embodiments for
the purpose of promoting clarity and understanding, it will be apparent to one of ordinary -
skill in the art that there are many alternative ways of implementing these processes,
method>s, systems, apparéltuses, and compositions which are within the spirit of this

20  disclosure. Accordingly, the embodiments described herein are to be viewed as illustrative of
the disclosed inventive concepts rather than restrictively, and are not to be used as an

impermissible basis for unduly limiting the scope of the appended Claims.
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12. The apparatus of Caim9, wherein the organonetallic |igand transfer
reagent*is a 25 netal allcylam ne conpound. 13. An apparatus according to
any one of Clainms 1-3, wherein the silicon-containing filmprecursor is a
sil ane whi ch does not contain a hal ogen atom 14. The apparatus of C aim
13, wherein the silane conprises an al kyl group selected fromthe nethyl,
eéthyl, propyl, and t-butyl functional groups. 15. The apparatus of Caim
14, wher®e gldile sil ane conprises two al kyl groups selected fromthe nethyl,
ethyl, propyl, and t-butyl functional groups. 516. The apparatus of C aim

14, wherein the silane is sel.ected fro hyl sd. | si|
| sopropyhsi | dhnpergitol ePEHEE bt BRI SSERIEN Al o 8 86rce

di et hyl siflaasmicoflductdruiitystraic| theappazdths/domipraing; sec- butyl sil ane, thexyl sil ane,
i soanyl silane, t-butyldisilane, and di-tbutyldisilane. 17. The apparatus of

O aim13, wherein the.si i i TSt ani up. 1018. Th
apg:a;nat us of eagﬂ?éﬁréﬁﬁ1’lg??h%g?%vﬁ%tr’r’%él’?Stfea?est?(’li‘%{“fsﬁ%"%%Lcr}%a"?o;egg 5bst i tut edevm' th a

first alkyl group. 19. The apparatus of Cl aim 18, wherein the silane
further conpras&sanaddaennystan fhedigriuonsacbslito thetpeetepdingrrhambeccond al kyl
group. 20. The apparatus of Caim19, wherein the first alkyl group is
selected fromthe nethyl. 15ethyl, propyl, and t-butyl functional groups,
and the seconoﬁegfﬁlﬁeVga%é%uﬁ?)p'ilrgpssel ected fromthe _

one or more gas outlets fluidically connecting the processing chamber to the one or
more vacuum pumps; and

a system controller comprising machine readable code, the code comprising:

10 instructions for operating the reactant delivery system to introduce a silicon-
containing film-precursor and an organometallic ligand transfer reagent into the
processing chamber so that either or both adsorb onto a surface of a substrate held in
the substrate holder under conditions whereby either or both form an adsorption-
limited layer on the surface and thereafter react with one another to form a film layer

15 and a byproduct which contains substantially all of the metal of the organometallic

ligand transfer reagent; and

instructions for operating the one or more gas outlets to evacuate the

byproduct from the processing chamber.

2. A semiconductor processing apparatus for forming a SiC/SiCN film layer on a surface

20  of a semiconductor substrate, the apparatus comprising:
a processing chamber having a substrate holder within the chamber;
a reactant delivery system fluidically connected to the processing chamber;
one or more vacuum pumps;

one or more gas outlets fluidically connecting the processing chamber to the one or

25  more vacuum pumps; and
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met hyl, ethyl, propyl, and t-butyl functional groups. 21. The apparatus of
Cl'aim 17, wherein the silane is selected from nono-am nosil ane,

di am nosil ane, tri-am nosilane, tetra-am nosilane, t-butylam nosilane,

met hyl am nosi | ane, tbutylsilanam ne, n-tert-butyltrinmethylsilylam ne.
t-butyl silylcarbamate, SiHCH3(N(CH3)2)2, 20Si WN(CH3) 2) 3, Si HC1( N( CH3) 2) 2,
Si (CHL ,)2(NH2) 2, N(Si H3)3, and

(NR) 2Si ( CH3) 2 sypbtemeoftrolier sehpridirgriméchima rehdaMe, codit, thel coBe compriRing: and t - but yl .
22. A nethod of formng a SICSICN filmlayer on a surface of a

sem conduct or - SUbS{LaLg,ls rfonf‘%f%%%ﬁxgﬁﬁé Hegctglt&adgﬂ%ryisk Qmﬁﬁtiﬁlpo‘?iu&oﬁﬁiicéﬂ-”g:

I ntroducing a silicon-conta M precur sor 0 € processing
chanber; 25i nbnathigy fil-precasgainanit prédessing gambiet scathaf the sileageoitaininigo t he
processi ng chanber; adsor bi t silicon-cqntaining fil r.ecursor,
the or ganonet APrRECYTSogZAtPTes %’H%Tae%"&g‘éea R subsfraigin ero“r?f’g‘t‘f’ﬁ%wbﬂgfégg’é under
condig i ons wh@ic®h¥otainfify filRk pro@irdor fefivaa Addsdhiniesd-lhyeri t ed | ayer;
reacting the silicon-containing filmprecursor with the organonetallic
ligand transfer 5 reagent, after either or both. have forned.the

adsor ption-1i ni tednﬁt@gté‘ﬂs fog eRsratingnier reaRtpnt Jehivenn FYsteBy By dHTRICUA ch
cont ai ns subsdrgdiohRtallle Hbindokrahdia rRbalt @fo e pReRmgEtaalbed Gol thea
transfer reagent; and renoving the byproduct fromthe processing chanber.
23. The met housaomeiaflicriigand tnsfesirpadeniereasts i wigh theopsaibsd ificopcentaini@ur sor

forms the film-precursor to form a film layer and a byproduct which contains substantially all of

10 the metal of the ligand transfer reagent; and

instructions for operating the one or more gas outlets to evacuate the

byproduct from the processing chamber.

3. A semiconductor processing apparatus for forming a SiC/SiCN film layer on a surface

of a semiconductor substrate, the apparatus comprising:
15 a proces_sing chamber having a substrate holder within the chamber;
a reactant delivery system fluidically connected to the processing chamber;
one or more vacuum pumps;

one or more gas outlets fluidically connecting the processing chamber to the one or

more vacuum pumps; and
20 a system controller comprising machine readable code, the code comprising:

instructions for operating the reactant delivery system to introduce an
organometallic ligand transfer reagent into the processing chamber so that the
organometallic ligand transfer reagent adsorbs onto a surface of the substrate under
conditions whereby the organometallic ligand transfer reagent forms an adsorption-

25 . limited layer;

instructions for operating the reactant delivery system to introduce a silicon-

containing film-precursor into the processing chamber so that the silicon-containing
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10 adsorption-limted layer prior to introducing the organonetallic |igand
transfer reagent into the processing chanber. - 24. The nethod of Caim 22,
wherein the organonetallic ligand transfer reagent forns the
adsorption-limted layer prior to introducing the silicon-containing
filmprecursor into the processi ng chanber. 15

film-precursor reacts with the adsorbed organometallic ligand transfer reagent to form
a film layer and a byproduct which contains substantially all of the metal of the ligand

transfer reagent; and

instructions for operating the one or more gas outlets to evacuate the

5 byproduct from the processing chamber.

4, The apparatus of Claim 2, wherein the silicon-containing film-precursor forms an
adsorption-limited layer prior to operating the reactant delivery system to introduce the

organometallic ligand transfer reagent into the processing chamber.

5. The apparatus of Claim 3, wherein the organometallic ligand transfer reagent forms
10  an adsorption-limited layer prior to operating the reactant delivery system to introduce the

silicon-containing film-precursor into the processing chamber.

6. An apparatus according to any one of Claims 1-3, wherein the SiC/SiCN film layer is

a conformal film layer.

7. The apparatus of Claim 6, wherein the surface of the substrate upon which the film is

15  formed has patterned three-dimensional features.

8. An apparatus according to ény one of Claims 1-3, wherein the metal of the

organometallic ligand transfer reagent is selected from zinc, aluminum, and magnesium.

9. An apparatus according to any one of Claims 1-3, wherein the organometallic ligénd

transfer reagent does not contain a halogen atom.

20 10.  The apparatus of Claim 9, wherein the organometallic ligand transfer reagent is a

metal alkyl compound.

11.  The apparatus of Claim 10, wherein the alkyl groups of the metal alkyl compound are
selected from the methyl, ethyl, propyl, and t-butyl functional groups.

12.  The apparatus of Claim 9, wherein the organometallic ligand transfer reagent is a

25  metal alkylamine compound.

13.  An apparatus according to any one of Claims 1-3, wherein the silicon-containing film-

precursor is a silane which does not contain a halogen atom.
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14.  The apparatus of Claim 13, wherein the silane comprises an alkyl group selected from

the methyl, ethyl, propyl, and t-butyl functional groups.

15.  The apparatus of Claim 14, wherein the silane comprises two alkyl groups selected
from the methyl, ethyl, propyl, and t-butyl functional groups.

16.  The apparatus of Claim 14, wherein the silane is selected from methylsilane,
ethylsilane, isopropylsilane, t-butylsilane, dimethylsilane, trimethylsilane, diethylsilane, di-t-
butylsilane, allylsilane, sec-butylsilane, thexylsilane, isoamylsilane, t-butyldisilane, and di-t-

butyldisilane.
17. The apparatus of Claim 13, wherein the silane comprises a first amine group.

18.  The apparatus of Claim 17, wherein the first amine group is substituted with a first
alkyl group. '

19.  The apparatus of Claim 18, wherein the silane further comprises a second amine

group substituted with a second alkyl group.

20.  The apparatus of Claim 19, wherein the first alkyl group is selected from the methyl,
ethyl, propyl, and t-butyl functional groups, and the second alkyl group is selected from the
methyl, ethyl, propyl, and t-butyl functional groups. o

21. The apparatus of Claim 17, wherein the silane is selected from mono-aminosilane, di-
aminosilane, tri-aminosilane, tetra-aminosilane, t—butylaminrosilane, methylaminosilane, t-
butylsilanamine, n-tert-butyltrimethy.lsilylamine_. t-butyl silylcarbamate, StHCH3;(N(CH3),)s,
SiH(N(CH3),)3, SIHCI(N(CH3),)2, Si(CH3)2(NH»),, N(SiHs)s, and (NR),Si(CH3), where R is
selected from H, Me, Et, i-Pr, n-Pr, and t-butyl.

22. A method of forming a SiC/SiCN film layer on a surface of a semiconductor substrate

in a processing chamber, the method comprising:
introducing a silicon-containing film-precursor into the processing chamber;

introducing an organometallic ligand transfer reagent into the processing chamber;
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adsorbing the silicon-containing film-precursor, the organometallic ligand transfer
reagent, or both onto the surface under conditions whereby either or both form an adsorption-

limited layer;

reacting the silicon-containing film-precursor with the organometallic ligand transfer
reagent, after either or both have formed the adsorption-limited layer, to form the film layer
and a byproduct which contains substantially all of the metal of the organometallic ligand

transfer reagent; and
removing the byproduct from the processing chamber.

23.  The method of Claim 22, wherein the silicon-containing film-precursor forms the
adsorption-limited layer prior to introducing the organometallic ligand transfer reagent into

the processing chamber.

24.  The method of Claim 22, wherein the organometallic ligand transfer reagent forms the
adsorption-limited layer prior to introducing the silicon-containing film-precursor into the

processing chamber.
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