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Field of the Invention

[0002] This disclosure generally relates to formation of conformal dielectric thin films in
structures of confined geometry such as high aspect ratio gaps. More specifically, this
disclosure pertains to conformal film deposition (CFD) of highly conformal dielectric thin

films for gap fill.

Background

[0003] Layers of dielectric film are used in several applications in sub-micron integrated
circuits (ICs) fabrication. Some applications include shallow trench isolation (STI), pre-
metal dielectric (PMD), inter-metal dielectric (IMD) and interlayer dielectric (ILD). All of
these layers require silicon dioxide films that fill features of various sizes and have uniform

film thicknesses across the wafer.

[0004] Chemical vapor deposition (CVD) has traditionally been the method of choice for
depositing conformal silicon dioxide films. However, as design rules continue to shrink, the
aspect ratios (depth to width) of features increase, and traditional CVD techniques can no
longer provide adequately conformal films in these high aspect ratio features. In addition,
some gap fill techniques for high aspect ratio features may use spin-on dielectric and/or
flowable oxide to deposit silicon dioxide films, but such films may not have adequa‘te quality

and density.

[0005] Conformally deposited oxide films may serve as an alternative to CVD and deposit

high quality films in high aspect ratio gaps with a much higher density than spin-on dielectric



and flowable oxide. Examples of conformal deposition techniques include atomic layer
deposition (ALD). While ALD can be useful to form conformal oxide films, conventional |
ALD processes are apt to result in areas of low density forming in the films. The conformal
nature of ALD processes means that the aspect ratios of the gaps increase with successive
cycles. Diffusion limitations prevent precursor materials from reaching the bottom of these
high aspect ratio gaps. Hence, the top of a gap may fill with silicon oxide more quickly than
the bottom, preventing further diffusion of the precursor materials into the gap. As a result,
areas of low density form. These areas can expand such that voids and seams may form in
the middle of high aspect ratio gaps. Voids and seams may lead to high resistance,
contamination, loss of filled materials, and otherwise degrade performance of ICs. Voids and

seams ultimately may cause device failure.

SUMMARY

[0006] Provided is a method of conformally depositing a dielectric oxide in high aspect
ratio gaps in a substrate. The method comprises providing a substrate with one or more gaps
into a reaction chamber, where each gap has a depth to width aspect ratio of greater than
about 5:1; depositing a first dielectric oxide layer in the one or more gaps via conformal film
deposition (CFD); etching a portion of the first dielectric oxide layer using a plasma etéh,
where etching the portion of the first dielectric oxide layer occurs at a faster rate near a top
surface than near a bottom surface of each gap so that the first dielectric oxide layer has a
tapered profile from the top surface to the bottom surface of each gap; and depositing a

second dielectric oxide layer in the one or more gaps over the first dielectric oxide layer via

CFD.

[0007] In some embodiments, the method can further include repeating the steps of
depositing, etching, and depositing to substantially fill the one or more gaps. In some
embodiments, depositing the second dielectric oxide layer can substantially fill the one or
more gaps. In some embodiments, the method can further include flowing a fluorine-
containing species into a remote plasma tb generate a plasma-activated etchant, and flowing
the plasma-activated etchant into the reaction chamber to react with the first dielectric oxide
layer to perform the etch. The fluorine-containing species can include nitrogen trifluoride
(NF3). In some embodiments, the method can include flowing hydrogen (H;) into the
reaction chamber while etching the portion of the first dielectric oxide layer. The flow rate

ratio of hydrogen to the fluorine-containing species can be between about 1:1 and about 5:1.
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«[0002] This disclosure generally relates to formation of conformnal
dielectric thin films in structures of confined geonetry such as high
aspect ratio gaps. Mre specifically, this disclosure pertains to confornal
filmdeposition (CFD) of highly conformal dielectric thin films for gap
fill. Background [0003] Layers of dielectric filmare used in several
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[0010] Provided is an apparatus for conformally depositing a dielectric oxide in high aspect
ratio gaps in a substrate. The apparatus includes a reaction chamber and a plasma source
coupled to the reaction chamber. The apparatus also includes a controller comprising
instructions for performing the following operations: providing a substrate into the reaction
chamber, wherein the substrate comprises one or more gaps, each gap having a depth to
width aspect ratio of greater than about 5:1; depositing a first dielectric oxide layer in the one
or more gaps via conformal film deposition (CFD); etching a portion of the first dielectric
oxide layer using a plasma etch, where etching the portion of the first dielectric oxide layer
occurs at a faster rate near a top surface than near a bottom surface of each gap so that the
first dielectric oxide layer has a tapered profile from the top surface to the bottom surface of

each gap; and depositing a second dielectric oxide layer in the one or more gaps over the first

dielectric oxide layer via CFD.

[0011] In some embodiments, the controller can further comprise instructions to repeat the
depositing, etching, and depositing steps to substantially fill the one or more gaps. In some

embodiments, the controller comprises instructions for depositing the second dielectric oxide
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«enbodi nents, the controller conprises instructions for depositing the
second dielectric oxide |ayer conprises instructions for substantially
filling the one or nore gaps. In sonme enbodi nents, the controller can
further conprise instructions for flowi ng hydrogen (H,) into the reaction
chanber while etching the portion of the first dielectric oxide |ayer.
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[0025] In certain embodiments, conformal film deposition (CFD) is used to deposit oxide
films. Methods for forming films using CFD are described in U.S. Patent Application No.
13/084,399, filed on April 11, 2011, and which is incorporated by reference herein for all

purposes. For context, a short description of CFD is provided.

[0026] Manufacture 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 conformal thin films. A conformal film can
be deposited on a non-planar substrate using atomic layer deposition (ALD). In contrast with
a CVD process, where thermally activated gas phase reactions are used to deposit films, ALD
processes use surface-mediated deposition reactions to deposit films on a layer-by-layer
basis. In one example ALD process, a substrate éurface, including a population of surface
active sites, is exposed to a gas phase distribution of a first reactant (A). Some molecules of
reactant A may form a condensed phase atop the substrate surface, including chemisorbed
species and physisorbed molecules of reactant A. The reactor is then evacuated to remove gas
phase and physisorbed reactant A so that only chemisorbed species remain. A second film
reactant (B) is then introduced to the reactor so that some molecules of reactant B adsorb to
the substrate surface. Thermal energy provided to the substrate activates surface reactions
between adsorbed molecules of reactants A and B, forming a film layer. Finally, the reactor
is evacuated to remove reaction by-products and unreacted reactant B, ending the ALD cycle.
Additional ALD cycles may be included to build film thickness. Plasma, or other energetic
means, may be used in conjunction with heating, or as alternatives to heating the substrate in

order to drive the reaction between reactant A and B.

[0027] Depending on the exposure time of the reactant dosing steps and the sticking

coefficients of the reactants, each ALD cycle may deposit a film layer of, in one example,



+[0018] Figure 7TAis a cross-sectional inmage of a CFD oxide gap fill w thout
et chi ng between two deposition steps. [0019] Figure 7B is a cross-sectional

i mpage of a CFD oxide gap fill with a non-conformal etching step between two
deposition steps. [0020] Figure 8 illustrates an exenplary CFD processing
station. [0021] Figure 9 illustrates an exenplary HDP processing station.
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present in the vapor phase when a plasma (or other activation energy) is struck. Accordingly,

one or more of the process steps described in the ALD process may be shortened or

eliminated in an example CFD process. Further, in some embodiments, plasma activation of

deposition reactions may result in lower deposition temperatures than thermally-activated

reactions, potentially reducing the thermal budget of an integrated process.

[0029] Figure 1, shows a temporal progression of exemplary phases in a CFD process, 100,
for various process parameters, for example, inert gas flow, reactant A,_reaétant B and when a
plasma is struck. In Figure 1, two deposition cycles 110A and 110B are shown. One of
ordinary skill in the art would appreciate that any suitable number of deposition cycles may
be included in a CFD process to deposit a desired film thickness. Example CFD process
parameters include, but are not limited to, flow rates for inert and reactant species, plasma

power and frequency, substrate temperature, and process station pressure.

[0030] The concept of a CFD “cycle” is relevant to the discussion of various embodiments
herein. Generally a cycle is the minimum set of operations required to perform a surface
deposition reaction one time. The result of one cycle is production of at least a partial film
layer on a substrate surface. Typically, a CFD cycle will include only those steps necessary
to deliver and adsorb each reactant to the substrate surface, and then react those adsorbed
reactants to form the partial layer of film. Of course, the cycle may include certain ancillary
steps such as sweeping one of the reactants or byproducts and/or treating the partial film as
deposited. Generally, a 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 reactant A, (ii) delivery/adsorption of reactant B, (iii) sweep B out of
the reaction chamber, and (iv) apply plasma to drive a surface reaction of A and B to form the

partial film layer on the surface.



+[0025] In certain enbodi nents, conformal filmdeposition (CFD) is used to
~deposit oxide filns. Methods for forming films using CFD are described in
U S. Patent Application No. 13/084,399, filed on April 11, 2011, and which
is incorporated by reference herein for all purposes. For context, a short
description of CFD is provided. [0026] Manufacture of semn conductor devices
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pressur 6140140%%}0]5@@%& GHRL ahy 93éﬁtb§d1 ents! ?éa@tr\éﬁtnﬁ éx?osul?@g%Sécuss' on
of various e |rrents erein. nera yacycerst e mn

oper at i dddArreguhavedh dwatper dxoeating $wasma1e sui@ptosaturaonn tiewdbr mact@mtdB th“mre The
result of on cl uct i op. t ast _a rydial fil
Cubot r ate oD RECRTR LR i Bale flriSER R TR B sty o B ufe
necessartjmé DS(IZiﬁJ:lh&/tel’m@&’adtaﬁdBei]ibser&(phaS’eaaOAant to the substrate surface and
then react those adsorbed reactants to formthe partial layer of film O
course, the cycle may include certain ancillary steps such as sweeping one
of the reactants or byproducts and/or Zreating the partial filmas
deposited. Cenerally, a cycle contains only one instance of a unique
sequence of operations. As an exanple, a cycle may include the follow ng
operations: (i) delivery/adsorption of reactant A, (ii) delivery/adsorption
of reactant B, (iii) sweep B out of the reaction chanber, and (iv) apply

pI asm to drrve a surface reaction of A and B to formthe partial film

Y



y[0031] Referring to Figure 1, an inert gas is flowed during all phases of
process 100. At reactant A exposure phase, 120A, reactant A is supplied at
a controlled flowrate to a process station to saturate exposed surfaces of
a substrate. Reactant A nmay be any suitable deposition reactant, for

exanpl e, a nitrogen-containing or an oxygen-containing reactant. In the
enbodi NgR#333h Mo drhishdirents, suFR&d aabbrb%dflh%yécie@maknémsa{sydﬂswnﬂmgut ,
deposi tion cycles 110A and 110B. Unlike a typical ALD process, where film
pr ecur saflands @g heaybytraispses. awkingdt difffraktae achiqve spifaog spfuragas opteagiantBeact i on,
react ant : ' ' .

crbod menr QSR G Hol P nhAelchF <l iPoiBR RS B 3RRe

pr ocess sstfatei Bor examplecligapds wicagddi om adsdrptian ofeastanmt A And/boB/nragtbdockisomeon and

stabilizatdion tinme.conpared t AL .0ocess where reactant, A.is first
Curned. ORhaETUER! PEknk ok caBeliT B -Limt  Afe-SReN ihinms or 1
and fi nahlbpdineaay eshtinaoun RildyercifGeactadh B ay be pesviredi byembdditan flawRfgure 1
depicts reactant A exposure phase 120A as having . a constant flow rate, it
wi |1 be 2BHBF diseraiclcpulsing reagignt Fiinfohe eracessitabien dureg wastad B expesuiephrse a

vari abl g4bh0VhisBMy BRoBIPL @S M NuFadRIsSHARE afld dLdoftidh §36 sl Wtk OSur e.
I n sonme enbodi nents, reactant A exposure phase 120A may have a duration

t hat exceewsving waganttheamparadita @ sondany flawisewnaripnd ddigionalyaer aligrnaivel op
exanpl e, e i o] | Qur, ipcl r. n oSt - ation
exposur eso{n?rree 1 élnqng?gglgc{)ramogéisgg%po H%Sygﬁaisge fgﬁﬁeﬁqﬁﬁtl Sér}lla?{nils?a&}géct ant A
exposur expirass of RAdtameB, i ncl ude a controlled flow rate of an inert gas.
Exanpl e i nert gases include, but are not limted to, nitrogen, argon, and
hel i um [(034]i Reiot togasivatinn dfethp iptasimedegast ghases sasthntvid tnfmypcesaoved &oav the

tenperature control of th r ss station, evaporation of a liquid

r eact antPrOSEY A FNEER PUSFy O IR EMF GHEPUMEN Gy HePRg (B BiReESS AN or

[ eNDVi NGndY DGRBS SasIFHRAES reht s WHRrPFAGRRB 33 At ANslasia BARERSSoSHAkk 0N

- plunmbing. [0032] At reactant B exposure phase 140A of the enbodi ment shown .
in Fi gurewanted spesignmight ibe Qupgl | Eurther. avesping Biel Rigesss slatipaeeyt pmye

process ggifadel Mlofbed ?el'@%x?!fsathﬁ hBE ofERARE erSdP Shd bfadibf2he ik eREmHEATPI €

of a silicon dioxid I'm redctant B may be a silicon-containing reactant

such as shieef{ tzeses -t yrickudenbiispleans BREAS) .argimi helinthe amdripsrigamntInothe Fi gur e
1 depictgs, .reac B ex ure phase 14QA as _havin onstant. flow, rate, it
i 1 o eRSREREhoy TLRORE RS A, SRetPhEE, BoR°B bl S

var i abl eohtirmaps imait gae steedpl. olnesbmai dnibodinidnes, Seeqpephate 160 piag Seidedinearosur e.
Further, it wll .be a&&r ecipted that reactant B exp(;@ure .B%ase 1ﬂgA may
have any"¥ti TAB2EOUGPAPES. °f ﬁ@%ﬂﬂ%ﬁ%&f%ﬁ%ﬁt LalqNe gL ARV BY e XpY tb_S phase
140A rraxapg.@vi@teatmﬁlE@éepqma@xmmh@g?e&mﬁu&ﬂnrs@h@_eﬁl%aiafeﬁts:sat uration time for
reactant B. For exanple, the enbodinent shown in Figure 1 depicts a

react ant[o@,sposweaakmmt 1100 EXRPHINE dnlyMBuithBR bdatiseh isBmé easiAtherd
exposure phase 140A. [0033] In sone enbodi nents, surface adsorbed B

speci es HEsAsEE s flowgag of oply HUBQE $VeIeR EasesIR Arerepsd dher dirationueft eeeeP naki ng
it diffi t aehi r S i : L ous. surface
condi t1 GREeridP,oF B '] Ao plh AL A8 oy SERRLID pordff L ViR

subst r atreactut fhageodyRamicehanaptbrstich angHordomelrieabadcteristims e bthp pragassatatioract ant s

A and/ or may. bl ock. sone surf.ace tive sites reventing .tLHLt her

adsor pt ia8(r§13/05 ¢ 8%%05%35189 pllg}mlﬂg 8?r di'f 'fy"}g \%ﬁ ds%%ghedﬁﬁ&'&?%eﬁatsg,16@%hpfln°l?8us

adl ayer siopflintigeg &xanipld3 tiedurftdnofavswées! phise Mg e alptim@zed blyladjis@ienfofither

di scretely pulsjing reactant B into the process station during reactant B
exposur WSFRER How Aate- THiiE mayyeics drppsitionicysletimge Which way fmpeve sest#ei on and
desor pt ig@ugipacesses while conserving reactant B conpared to a constant
flow scenario. Additionally, or alternatively, in sone enbodi nents, one or
nor e SWgeEsepNas astiviRYn PRask 18O AL theRBIDOBRIENE GRSBCHFiMBe XY i€ Prodfdeli€act ant
B. [0034] Prior to activation of the plasma, gas phase reactant B nay be

r enoved t¢ revatchsurfacod caagonsthgtwasn sirfacovaseqrbed sssetants oY andy Bs oher examolgi aent s.
Sweepi n 0 j VOI s._nh I i re reactant B
s unst SbFRS BRS A 5 B8y T Blkn Sy AUANS ek PRTo IR B GBRT T
Furt her ,A sadias. Thedehadipzlo peysthat attéran withy surfan® udsoshed framceana ds o¢sobihglingands
that may ot herwi se renmain and contam nate the film Exanple sweep gases nay
i nclude, but are not limted to, argog, helium and nitrogen. In the

enbodi mrent shown in Figure 1, sweep gas for sweep phase 160A is supplied by
the continuous inert gas stream |In sone enbodi nents, sweep phase 160A nmay
i ncl ude one or nore evacuati on subphases for evacuating the process
station. Alternatively, it will be appreciated that sweep phase 160A nay be
omtted in sonme enbodi ments. [0035] Sweep phase 160A may have any suitable

o, . o N Y L o o, o o o



+filmformng surface reactions. I n another exanple, ultraviolet (UV)
radiation may directly or indirectly activate gas phase nol ecul es of
reactant Ato formreactant A radicals, which nmay then interact with
surface adsorbed reactant B. [0037] According to various enbodi nents,
activation phase 180A can include one or nore of a direct (in situ) plasna,
a renot I t . sure
and i croneg g srhce Bk BACnRBRSE Emple SR O SARR AT

deposi t |00nn<b5P9I13eammt& gagiphats meletihes efimbatintrénto fm Feapteame Alradsakpowhiohed by
deposi tln%ﬁ tﬁé/ %E]C}Q,Eéh s&r?a@%ns%ir@e% Wi Eh peact ant A exposure phase 120B, and
conti nui n 'II11 ﬂ fgﬁf

sure Siweep phase 160B and pl asma

activati 0038 nbodi nent a formed in

acti vat.lﬁmh torieg i&%@%éﬁ%? S ERRE Mo (304 R BRI P TR ace.
Thi s nayfprdcd@n aingrpaial apéraamla@ﬁnasuwraa;adoreaip@@@e AsiBMI IfRE eadiatiagt | on
rate between re%ct ants A acpd B. For exarrB pl asmas for CFD processes may

be genertXPRYra3NdBIFYaYg radiptinh GPPIUsEUSYTEY FBha?q O eopclpdendengsities yr e gas
usi ng tWQcieanaai k! iv tﬁ@uﬂbs&ln@hﬁ&eﬁ.guénv1§f5115@@I By IRposiOh ORILSRMB, 1O form
the plasma. In this exanpl e, the inert gas such as argon or Heliumcan be
used al Gﬁglmmﬁlng Maticreagiant A e!ﬁmurémW B208. and eofiamingonitia Bréxpgsuse phase
oxygen- | oni zation of the gas

qaph ?ghdfsgg&%%%qra__lg%afeﬂ% doatfo%gl@ée%%gg .

bet ween t rgnites t pl asma, creating free

| ect I I ted
: efhgm@ﬂfs?ew@%rﬁ%@ﬁmﬂ@d AR A 980 TORSRoELAEL A0% Mhsyptaarate
CoI | i si aclirectly dtoes theashlestrhrecongacsi This negpravide mbﬂenplmammsﬁ}mnmenmhceal

speci es that artl Ci e in the d 0Si proce e preci at ed
t hat thémﬁc &ugn 'g%ﬁ'éve%tﬁ?ﬁcg‘ﬂts é‘"g:%l%g’ﬂ ‘?sl?sé‘l?ls\rqd%rdégg SIeFm ting
exanpl esngf beeédﬂeﬂat’eﬁdﬁsapblyﬁ{gtw PadRy ﬂ&fiﬁﬁcyg@&) d‘leﬁi fol ebww FrssEROME uBiAadwo and

substrate support pedestals. It wi]l be appreciated that plasmas for CFD
pr ocess &8P ehecqupieriaBy dHY Btitablsrges Juat e ueedhiar famsthsttasma: A his

capaci t'exgmﬁl@ume Gk Yas RfichEs Gi shq)rtnanangéa% bd ?9@‘941%'* wifl Ra&4IROA! fReNt s, a
plasma fornmed in activation phase 180A nay be forne In a renote plasna
sour ce. ekpmplewitegsugprteining, or acrgemecpetalm@m@@t;r mdmmathlee)ﬂﬂstne porazatien sour ce
can ent hanp [ t

react an;% g tﬁerg%s gorre I?ﬁ!bggale& tﬁ?‘ ls]é RFhese%Lﬁ%ltg% e%nés Q;ee%{' hee el%cqﬁﬁls ?notrlllg,

el ect ronﬂasmaaﬂichaigs regich. Hiihgke elaeromy am)hcmelamai by IheSRIPr'&ieMQﬂmla?mbﬁldet he
activated,ks hes t hat en)erlth(g fh rhln(Il ude radical s vm}

Subst antTHY $4 TR ETrens Algiesples Il et oRs wEREFRIERT BRISEHFDMEY o
ent er i NdoinheadiaBgpaeies thANpdredipdté i @e de@amﬂ pSCRSk. | 10 wHIP PR aF e 1At the
Exanpl es _of gases that may be fed into a renote plasma source, providing

t he act |R7Faf‘ na3ebs eeupledndp o suitapimelesierdes rﬁlonah%ﬁge?xa‘ﬁ?](ﬁﬁ e§&kectaodss oxygen.
[0040] lifk 1 &RMBro ’H?ﬂﬁ C a eye reto
radi ati cl)n l1?(%0moa&cg’)u%’q t&stlggr%g%@%h@uga%gr %%?ﬁ?éuﬁ%?ﬁ P%%%i\éo&r eé'gpggn be
used i nepprdtingd Iﬂ‘raﬁ)abba@ﬁdfoaﬁﬂDrraoqegws e e Bumed diytons ou moessuitklle mextadpl e,

radi cal f ﬁ ! eF t eposi tion process may be formed by
exposur eﬁﬁ?ﬁ{ ﬁ%a gglré’t ng\ n solr?etpgﬁ‘godl ments, a WV |light source may
emt f one or ths hos c one nor

react an SR "Pe ga? iP al'cim %hﬂ{_ﬂ?ﬂ ﬁ@ﬁ? Lg"wa&%&%@ b¥ay
occur Whlﬁfl r&nbtﬁép(tésﬁiﬁtsohﬁel n dige élﬂaﬁ‘dlmeﬂﬂs Cdeavdhed speEﬁE fiexaipdntote glabMal i ght

source ma be m)untﬁd Wi thin or ogt&de t he chanber . #V radi atlon may pass
it ther

t hr ough S89F FfoTiEdne ghamtber ResinedBe Syhstraly and g caSHBBdiEPS, LV
eXPoSUr @nfhafinRARYthdE 'a@ﬁvatt&i Ugfercfe@%@mae emsereleaso& GRAGNE and FfRgh %ﬁ&%’?' e . a
react ant can be exposed radiation prior to be inlet into a cRanber,

W t h r adidedubesanky W%?Wé@dlmntﬁavﬁlpe@tlsfﬁ@tISE®1Q§nt1h€tr ¢mer thhechemberbincluden t hese
enbodi €y r a
Feact ant otk B RhBIAIRR HORE BB AR CHE R B o3 AN AE 7 50
can i nvahmbaxg’osmnéilwocmbh esedl om sémoembodimsith| Exhmplas ofgasecthat fey bexanpl e,

di cal t hat ti t th f d
FRASIE LR Ny ST TN O S

mavelenghmﬁnmhﬁﬁﬁﬁg&nmex&ygﬁ one or nore reactants or activate a reaction.
In some enbodi ments, visible |ight exposure may occur when a reactant is in
the reaction chanber. For exanple, a bight source nay be nounted within or
outside the chanber. Visible Iight may pass through a wi ndow to reach the
reactant(s). In sone other enbodi nents, exposure to visible |ight that
excites a reactant can occur prior to a reactant entering a chanber. For
exanpl e, a reactant can be exposed to the radiation prior to be inlet into
a chanber mnth radi cal s and/ or other actlvated spe0|es enterlng the

[T o N Y L = . o A NN N oy o



+ [0043] In some enbodi ments, activation phase 180A may involve one or nore
of the above-descri bed nodes of activation. Activation phase 180A may have
any suitable duration. In sonme enbodi nents, activation phase 180A may have
a duration that exceeds a time for activated radicals to interact with all
exposed substrate surfaces and adsorbates, formng a conti nuous film atop
the Sszﬁd@Lelé Yorh @G rbofiflenRX 3Rlafion g,nsseelrﬁasada{ﬁehwoﬁb Re [0 Aol

i.ncl udes a post-saturation exposure tine 190 In actlvat on phase 180A.

[ 0044] Kronmsakly bg*bcsdumenm;y appropmiaie by Bghtzounicy aan tmugdem@qmm(msdhaedtl me

and/ or RLQ VI d|n of exposure ha 3 ast-reactlon
T oas meAnd G hatd R () s CFAOBUERICIARER (RYe LR piFcPal O ih,

one errb@ldpdmmn pr@tecsnﬁaﬁbengmaw B)aeq)oaﬁatcam A radratnmylrpsroﬁmaﬁ@oﬂh&na;uaf ace
for adsorpﬁl on of reactant. A E r exarrlpl e, % silicon nitride filmfornmed

£ rom r edcY Nah! rcs e PRGHEEDA fenPrgoreeReEneths SBossn & F¥AGENE OB MAF ni ng
react antedtBMishGVRtiate W fedGRnt NRAL sdmyerh&ﬁllrﬁén@c@vr bsﬁﬂﬂe ﬁi‘ay%é@&eﬂh@ﬂ&
reactants. Treating the silicon nitride surface w | asna or ot her

act i vat ireastashisrig jhenrggetion sharabery fpbej@mplroadsV fight souree |mavdleuwnsq9b§@qment
adsor Pt P BuAR (EBRkHRA BYeAlRtol hapIALd hRh A AT, [aBR Rl 3o
treatnents include electromagnetic Pat| Of treat ments er mal treatments
(e.g., dmneat sther emb@mnerﬁﬂﬂéVakmsarmhsnesqr prantb & Irmctamkmtermgya dlambbese
treatnment s my . be al on rrblnatl r treatnent,
ot uh 16" SRS fBErb b pPa 18 Ly B BRI Rg uh SR o ISR, Wi

i nvol veSadidgdOandvgr toliteer fdctimated sbhéldssadmtaﬂing)mhe ABamies.Cr lbekksb adnthvdindnta

speci fic enbodi nt8 /}‘he nmet hod i nvol v ﬁ a pI ication of W radiation to
a film i3l t‘P&PErES e d80A QR B RPnEYFeRhLY ‘b"ﬁr?ﬁwtt ar EaﬁieXBPs%%%lfaS%Iepoa tion of
the film Such treat rrent serves tqQ reduce or elimnate defect structure and
provi de [P0 oliegoe sabedigentspy astivgHommbese 18904ean Inyolve exppsires e adfation

embodi MgRYnP & VisiBIY 1igh€RuRRNt FéraRakpleC AHARLEShetiel fha? pRiiRPAR ih MR lEPRSkion These
two operations can be perforned concurrentlé or sequentially. I'n the
sequent ipstcesspninobe fasmeefn gmee embasiimentis apvay élghc@ufqerreqy emif lighteof®dpcur r ent
opti on, e. pr te [C , an
I povverotr Ehoﬂér %v%lén%ﬂ{s%ggcﬁ tg%n%mg%n JB o‘?;{ﬂaoqg?erafc{af?{;“ﬁ?% a?e & re?&%m gﬁ gl&ﬁa U

sour ce swbhdiagns, hxsibilmhglpleammret hnay oqmuodulneee rl:Mtanamh mtth@ reaaisonachaynbpeoduct .

0046] | nb t fil
E:Ii el e!:t fnc%oﬁnﬁgga%t)g]“trgg?rfgﬁqy@mwgﬂg eh&\‘? B ggd] u\ré'?iie K8y aryi ng
pl asma  Qliayqiabethragh iaWwahd o (e e Eb%btameg)er $n sorﬂ&ﬁ%]eni%ﬂin&nfﬁﬁ%o%aﬁm es

di scussed herein include two reactants (A and B), it wi|ll be aEpr eci ated
that any° §isiiaHek thifpseifes 3f repdait Cah PECURRYOHE %Wﬁ?tWeeﬂte\'i\W‘S RishemRE- dOpe of
the presQifpidl $¢daLBHI Ean BdeGRNRI ﬁ@@@&&ﬁ%%rm@ tS bBGhIE: MEAE (cRRthbANRitRN | nert
gas used to supply plasma energy for a surface reaction can be used.

Al t er natradiedly and/onetharirsty atechtspediesy enfsingnihe icharebareadn dbass enbodipends.t a
film For i m may be

f or med b)c/tl\(r?a)l(]%@!l%ﬁ leA %Q'F&i ?Oggﬁgéggﬁﬁgﬂ%hl?ﬁﬁh argat%&n{]éég%ﬁig lEaés%)r nore of a

ni troge tain r_one or silicon-containing reactants
Bnd 8 oRERL" B0 chBaGRRRL: sl PSR T804 e b BRE RN RL BT RELTREL e

si | i conradiationl anﬁgex‘aﬁ‘@dH. aartlcarsﬁedlé‘sethau permgpate emmheademosngom @aictssnmay be048]
Certain enbadi nents di scl osed hereij &Y\Fertal nto ﬁ ns. Device and

package & c 40 iSOME YRy ErHcHaYe SPFrCFer‘l‘)hgfmt glhtb%tngrfei O Yk such

t r eat menfeqhételed dého8@P td icktiteOlond tdr URbMI Riactahtd CorUsdtiatet 4 @B&dNoAI | In @bmehal | ow
trench |sol ation (STlI) structures. While the various enbodi nents descri bed
bel ow r embedinegtsg NYAPWRYS $XPABPE iMaxt QS6¥, When gir¢actaBiisalp ghe sagi@dchaRer-t his i s
merely %Poaa}nhr@ tg @lﬂcro\&Jal/ﬁ%toﬁl%E ! M%an%p#doﬁﬁtteh %,thlﬁngr tobf‘s‘f-deO{thEhaﬁﬂb'elt abl e
appl i cations, l'1zing other suita I'mmateri a be wthin the
scope ofMichevayee syt pas sthianghire wikdow herreaqht thm telactaﬂlt§c) be Ialppmmlcaheed t hat
Cel'tal n ergogl en?s tCS OderSCtl'lnl?.ed herseg'lnt C]t cact I'l[P ch O% Srsersor tQ aLe 8% r{p
embodi nENts  GELE: FHE et M IRETUTE & Ssﬁ of iR a &uppb %\L[f? 511 owed by
an et ch eapenghichimBes. @esexmhﬂasj afrbHctdﬁeéanU&i @msem@ﬂﬁ]ra&ia@m&mrmeﬁilare
schematic cragss- sectl o% di aq%arrfl illustrating sean VOIch B n during
deposi t iBf dothambeh Nyith radicals and{py piher qctiyaied, spsgics cRIGHYS HiSi BaARPe BBl 1
deposition technique. For exanple, Figure 2A shows an exanpl e hi gh aspect
ratio structure 201, such as a trenchjoforned in a substrate 202 prior to
being filled. To fill the trench, dielectric filmsuch as a conformally
deposited oxide is deposited conformng to the walls of the trench by a
conventional CFD technique. Figure 2B shows the trench after multiple
cycles. As the dielectric film203 fills the trench and fronts of the film
conf orm ng to each 5| de advance towards each ot her the trench w dth 205

o o A b1 T .



. [ 0051] Tapered etches can achieve selective renoval of gap fill, such that
nore deposited naterial nay be renpbved near the opening than fromi nside
the high aspect ratio gap. In instances of high aspect ratio gaps with
CVD- deposited tungsten (W, tapered etching can be achi eved by supplying
very little etchant of NF3 into the processing chanber (e.g., use of a | ow
et chant fil mens

i it ai ringtmteRlsCadiafin Wst 2500 Bl BY bonkuBbR oo oGl it TRARISRC Bloctit

et chant phhsng |ts way into the hlgh aspect ratlo gap. Thus, the
concentration of etchant inside the gap is |ess than near the openi ng due
to the qo@t3anin berhag;rrﬂmdfmuilifsd aativanign iphaseWb80A Mia9 mhelv@ e driauer¢edf, ththe use
of tapered e échln y.the aforenentloned met hod on CFD oxi des in_high

aspect PEPY% e@%{g}s ST & eoieBPhml Agtivatiop Ries 48040, Bay digde @0y otitable
t enper atdufa@ioh elngsomeeklhﬂiéﬁln@@ a@NAtib¥ Phast 880DL nedyWaQe @Stubhtion lecﬁ’ ‘&ce%ﬁs) 9

reginmes, the etch profile is still substantially conformal.

addi t i onimeotos ReHyased rasdicalsi ginterastnithl albexposes swhishate suefages w@da@@mrbaree; by
Sputter fSifh donthlo SN £6p B SlUke sBHER. #9; USRGIJ hethBBaARAPILY Y 25T
(HDP), cornefs can be renoved over short distances along the sidewalls of
hi gh asFégure | incluslegyapest-s#pratior exposure limet 190 ésactiaationgdaset 180A. r edeposi ti on
cusps that hinder gap filling. [0053] Further, reactive ion etching (RIE)
can be Ue®d]t &n tsaper el@ﬁmimmtdeextmdﬁlghlnaacp'fyaﬁoxr ahergy geypssurb uimes Lamld/oet ch

porymor e ELREY ol 6B b BRaRTHS PR s Eab Heumerial o P rmy” "

requi r e nemtsuefagnipsitions of] GES4Epdshglirfim3 1ahowe edbodm@sip! agdtedsingWsiitaagr am
illustrating, a method of filling high aspect ratio gan with a CFD oxi de.

Fi gur es “ANanpatipn may REspate the é‘l‘r83§§ Tyreadsorptien ofyieagittfk Fon axemple YICER f f er ent
stages @ftride BIRE6RfRdGon kdacliddoha Sific@SERedinih @ kdaBtalPRR Yhitldgéh-Cdnlisys de.

Each of the bl ocks 310, 320, 330, and 340 in Figure 3 may correspond to the
schemat i"RACHNBHAY ARV %Sqrfa@whesmmreswsadsmtlomﬁ smseqwe@tsrpe&zmts/ elngatigd65] The
process e h hlgh
Pepect Aoy ARREHale bitn Dy oAl B NS Th, ey RO

aspect rfettﬁaollgiapg Sﬂﬁseqwub&tsor@tlen exhrebetion eyems cdmatidd:tﬁcmrtoaztldsstartad_aﬂneams used in

t he produgti Th ap widith can v accordi ng . to variouys

enbodi mgnct% g} egﬁ Wﬁi’dF aﬁ%‘g" Bﬂag?ﬁq‘ﬁb@%{a“ﬁ?@atﬂyaf"& boltlt tFﬁaH??W\SsLde $r nore
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subsequent processes, which may lead to device shorting.
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[0050] To reduce or eliminate the presence of voids and seams in the fill material, different
types of etches can be applied between multiple successive deposition cycles. Etch
chemistries can include fluorine-containing chemistries, including xenon difluoride (XeF,),
molecular fluorine (F2), and nitrogen fluoride (NF3). Other etch chemistries may include
tetrafluoromethane '(CF4), tetrafluoroethylene (C2F4),  hexafluoroethane  (CaFg),
octafluoropropane (C;Fs), and sulfur hexafluoride (SF¢). In some implementations, an active
fluorine-containing species can be introduced in combination with other species, such as
hydrogen bromide (HBr) and/or methane (methane). In certain embodiments, the etch may
be a plasma etch, such as an HDP etch. Other forms of plasma étching can include but is not
limited to capacitively-coupled plasma (CCP) and inductively-coupled plasma (ICP). The
plasma may be generated remotely or in the chamber. In some embodiments, NF; is fed to a
remote plasma generator. Activated species, including atomic fluorine, are generated within
a remote plasma generator and flowed into the chamber for the chemical etch. Still further,

other chemistries may be chlorine-based.

[0051] Tapered etches can achieve selective removal of gap fill, such that mofe deposited
material may be removed near the opening than from inside the high aspect ratio gap. In
instances of high aspect ratio gaps with CVD-deposited tungsten (W), tapered etching can be
achieved by supplying very little etchant of NF; into the processing chamber (e.g., use of a
low etchant flow rate relative to the cavity profile and dimensions) while maintaining a high
kinetic rate (e.g., high temperature) and consuming etchant along its way into the high aspect
ratio gap. Thus, the concentration of etchant inside the gap is less than near the opening due
to the etchant being consumed along its way into the gap. However, the use of tapered
etching by the aforementioned method on CFD oxides in high aspect ratio gaps shows a
conformal etch profile. Even under low temperature (e.g., about 50°C) and high temperature

(e.g., about 250°C) regimes, the etch profile is still substantially conformal.

[0052] In addition to chemical etching, removal of top corners can be achieved by sputter
etching. In sputter etching, such as used in high density plasma (HDP), corners can be
removed over short distances along the sidewalls of high aspect ratio gaps. However, such

etches can result in redeposition cusps that hinder gap filling.

[0053] Further, reactive ion etching (RIE) can be used to taper CFD oxide in high aspect
ratio gaps, but such etch processes can be complicated. In some embodiments, the RIE etch
may rely on polymer that must be subsequently cleaned in a separate step, which may require

wet chemistry.

13



4750 100 400 7 4.5 1992 250 750 100 400

[0054] Figure 3 shows an exemplary flow diagram illustrating a method of filling high
aspect ratio gaps with a CFD oxide. Figures 4A—4D are schematic cross-sectional diagrams
illustrating different stages of a process of filling high aspect ratio gaps with a CFD oxide.
Each of the blocks 310, 320, 330, and 340 in Figure 3 may correspond to the schematic
diagrams in Figures 4A, 4B, 4C, and 4D, respectively.

[0055] The process 300 can begin in block 310 where a substrate is provided with high
aspect ratio gaps. Figure 4A shows an example of a substrate with a high aspect ratio gap.
The substrate can be a semiconductor substrate as used in the production of ICs. The gap
width can vary according to various embodiments, which may range from about 10 A to
about 10 microns, or more particularly from about 100 A to about 1 micron. Exemplary
depth to width aspect ratios can be between about 2:1 — 30:1, 2:1 — 10:1, or 5:1 = 10:1. In
some implementations, prior to depositing a CFD oxide, backfilled structures (not shown)

such as thin films of silicon nitride (SiN) can be deposited in the gap.

[0056] The process 300 continues in block 320 where a CFD oxide is deposited in the high
aspect ratio gap, which can be illustrated in the example in Figure 4B. The CFD oxide can be
deposited using CFD techniques as discussed earlier herein with respect to Figure 1. In some
embodiments, the CFD oxide can be CFD silicon dioxide. The thickness of the CFD oxide
can vary according to certain embodiments, which may range between about 10 A to about

1000 A, such as between about 100 A to about 500 A.

[0057] To deposit a CFD oxide such as a CFD silicon dioxide film, the substrate surface
may be exposed to a silicon-containing precursor. Any suitable silicon-containing precursor
may be used, such as selected from the group consisting of a silane, a halosilane, an
aminosilane, and mixtures thereof. In one embodiment, the silicon-containing precursor is a
halosilane, such as a chlorosilane. In some embodiments, the silicon-containing precursor is
an aminosilane, such as tris(dimethylamino)silane (TDMAS) or bis(tertiary-

butylamino)silane (BTBAS).

[0058] Other gases may be introduced to react with the silicon-containing precursor. To
deposit a CFD silicon dioxide film, such gases can include an oxygen source. Examples of
oxygen sources include O, O3, H0,, NO;, N;O3, N2Os, or HNOs. The oxygen source may
be an oxygen plasma. A carrier gas may also be used. Typically, the carrier gas is an inert

gas.
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[0059] Any suitable number of deposition cycles may be used to achieve the desired
thickness. The suitable process conditions for depositing CFD silicon dioxide may be
achieved by tuning CFD parameters, including but not limited to, flow rates for inert and

reactant species, plasma power and frequency, substrate temperature, and pressure.

[0060] The process 300 continues in block 330 where a non-confoﬁnal etch is performed on
the CFD oxide. Figure 4C shows an example of a fluorine-based non-conformal etch on the
CFD oxide creating a taper around the top of the gap. The tapered etch selectively removes
more CFD oxide material near the top of the gap than CFD oxide material inside and near the

bottom of the gap.

[0061] For the purposes of this description, “near the opening™ or “near the top of the gap”
is defined as an approximate position or an area within the feature (i.e., along the side wall of
the feature) corresponding to between about 0—10% of the feature depth measured from the
field region. In certain embodiments, the area near the opening or near the top of the gap
corresponds to the area at the opening or at the top of the gap. Further, “inside the feature” or
“inside and near the bottom of the gap” is defined as an approximate position or an area
within the feature corresponding to between about 20—60% of the feature depth from the field
region on the top of the feature. Typically, when values for certain parameters (e.g.,
thicknesses) are specified “near the opening” or “inside the feature”, these values représent a

measurement or an average of multiple measurements taken within these positions/areas.

[0062] In certain embodiments, the fluorine-based etchant is NF3;. The NF; etchant may be
introduced into the chamber via plasma activation to provide activated species (e.g., radicals,
ions, and/or high energy molecules). However, the NF; etchant can be a radical-based etch

with substantially no ions in the chamber.

[0063] The flow rate of the etchant typically ‘depends on the sizé' of the chamber, etching
rates, etching uniformity, and other parameters. The flow rate is also selected in such a way
so as to remove more CFD oxide material near the opening of the gap than near the bottom of
the gap. In some embodiments, the flow rate of a fluorine-containing reactant such as NFj is
less than about 2,000 sccm, less than about 1,000 sccm, or between about 100 sccm and
1,000 sccm. (While flow rates are presented for 300 mm wafers, they may scale linearly with

wafer area.)

[0064] The degree of tapering in the fluorine-based non-conformal etch can be tuned by

flowing varying amounts of hydrogen (H,). In some embodiments, the NF; plasma etch can

15



+»250 '0 100 400 7 4.8 1885 [0066] At block 330 of the process 300, an
etching step can include etching a conformal |ayer of dielectric material.
The etching step can include exposing the substrate in a reaction chanber
to a plasma generated froma process gas including a fluorine-containing
species and H2, where the flowrate ratio of the hydrogen to the

fluorine-co .01 i | Si: . 0 1.
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r eact i onmsothpicdlér ettlong Fohdisats fiomctha 3 phasmacatelf. oimnathérywatis hmarg etchentaonf or mal
| ayer of diel erature in

bt veen CABYTET SRR dRT AbBI ™ S8 RB e FoRAmEL ORI aisdie obe GG DBG: 120G
A t enpergadess Rclohs dxygers Ubisini,ahe atgdn dvenot et witlradltaiiem Nay) sbeheloBbvgeen about
150€ anctio ?h%oelfléh profile can be substantially a result of H,. Thus, introdﬁcing H, flow creates a

more tapered edge near the gap opening for a more non-conformal etch. The addition of H;

can also reduce the overall NF; etch rate, which can be useful in controlling very small etch

amounts. In.some embodiments, the ratio of H, to NF; can between about 5:1 — 1:1, 3:1 —

1:1, or 3:1 —1.5:1. Figures 6B — 6D illustrate the effects of adjusting the levels of H, flow

relative to NF; and the degree of tapering. The flow of H, with NF; is not as a carrier gas.

[0065] A non-limiting list of reagents and process conditions is listed in Table 1. Each of
the process conditions reflected in Table 1 represents different flow rates of H; and NF; to
adjust the ratio of H; to NF;. As illustrated in Table 1, flowing more H, with NF; etchant

may slow down the etch rate of CFD oxide.

Table 1
NF; H; He Temp. (°C) Press. Time to Etch | Etch Rate
(sccm) (sccm) | (scem) (mTorr) 150 A Target (s) | (A/min)
500 750 100 400 7 4.5 1992
250 750 100 400 7 11.8 762
250 375 100 400 7 7.3 1228
250 0 100 400 7 4.8 1885

[0066] At block 330 of the process 300, an etching step can include etching a conformal
layer of dielectric material. The etching step can include exposing the substrate in a reaction
chamber to a plasma generated from a process gas including a fluorine-containing species
and H,, where the flow rate ratio of the hydrogen to the fluorine-containing species is
between about 1:1 and about 5:1.  The fluorine-containing species can include NFs.
Exposing the substrate in the reaction chamber to a plasma includes non-conformally etching
the conformal layer of dielectric maferial. A temperature in the reaction chamber can be
between about 50°C and about 150°C, such as between about 80°C and about 120°C. A

temperature of the substrate in the reaction chamber can be between about 150°C and about
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» 750C, such as between about 400C and about 500C. A pressure in the reaction
chanber can be between 1 niforr and about 30 mflorr, such as between about 5
mrorr and about 15 mlorr.. [0067] The process 300 continues in block 340
where a CFD oxide cap is deposited over the non-conformally etched CFD
oxide to fill the high aspect ratio gap. Figure 4D shows an exanple of the
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+[0072] In sonme inplenmentations. the first dielectric oxide |ayer can

i nclude silicon dioxide. As such, the first reactant in vapor phase can

i nclude any suitable silicon-containing precursor, and the second reactant

i n vapor phase can include a suitable oxygen source. A carrier gas, such as
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tuni ng ChiDbpdewveet absut St inaddugsbong 1@ Ut Imedmé imple@enthtinnsfthewné ai Rord gapsi nert
and reactapt speci.es | asma power and frequency, substrate tenperature.
and pr e§§ﬁB%ParF%%$ﬁ]StrP§ur€§rtai n enbodi ments, an average thickness of the

as- deposj | ay ar the gpening.is at |east about 10%greater than
that i njb(&ﬁ?t %B*Oé?gégé BP&‘F rl?“??ﬁ?sesogp%gf 5? fl‘(??eé‘i‘r‘ﬁ@dldﬁéﬁieé?a“ttﬁi d§p%{$“f"? & ®hce may
be at | eaglor AR gk viLeBD. athe UlrstfifectBE ofilic 165858an U odRed LlihP W @D Of a

material wthin a feature may al so be characterized by its step coverage.
For t he tesbpjsigeedisqypsed gpdicrjeaseip iwithi respect tg Fegure bvBerggamplesdegesitingtie fissta rati o

of two tflgkne i i I nsi . eature
di vi ded dk% N layerif éheooﬁng{%ﬁ}e%%%(@??iﬂ Q'Enlé‘g?ﬁ“‘?ﬁ&e&%%ﬁfsk%%?ﬁ ‘{’; ggqoai n
exanpl ephasehntoshepadionehayglerr ohddrhendiserdapowingahk GEOchaye to adsotbemso thhan

about 1Q0%.0r., re.specificall | ess _than about 75% or even |ess than
about 509 RSO MRS sroRpd rRgtpl B Bhse 8O BF rrasHOL R (| 1 st
di el ect nitileaié diest| rayceint iisS ad¥ortea hnUthie gbarap) asfite, olitdie tiet ebbdrebfigntpior ti on
of the first djelectric oxide |ayer occurs at a faster rate near a top
sur f ace HRdycebwithopt sweqping e fifst ceactopt e of thsagactign charpberrandrexpesingithe| ectri ¢
oxi de | ayedirattapriaed RRMABA BRI aGedkiBMbEMRel AR o ndGRe RoddIRaBBE O
surface of each gap. This type of -etching can also be referred to as a

" non- conitousiratesustace tof fomy die first diclenimc exddd loyeral etch, nmore of the first
dielectric oxide layer near the top surface of the gap is selectively
renoved [0®2h hesame mplaeantasions (he Arsediglectrin oxiga payeTansindpéatibeonalivagrer ed
profile fr t c 0 face he...gap h.a
non- co nfags r ?rlg%h gl?ec t#pgg a%gﬁge&a@h?%\? Eé zﬁg% tﬁ%rg rrﬂécgl?ﬂ{ea?&é I ﬁﬁ}lgagfee g‘%‘?ﬁg‘“f‘%g‘g? ch
condi t i g@nsuwot, land e fecorst redétaitan tvapar phasedenn|ingiede deyiabict@gghysoukdd. 4 0077]
I n sone enbodi ments, the etch condition cap b ptopriately sel ected by
sel ect | G BrasHED 2t R InFh & pIaBnESHES W& JehehacUEOrERTAg AP he
react i onndbaobgen solie. pl asma source can include |CP, HDP, CCP, etc. The
pl asma source can provide activated species of a gas source, including

radi cal 3007isq>n$n soitindplenitingtiof) @i Ehe B4 fRRAHi BB dielEBfic 3%idE YRt EnHRBeivRen CaN be
directed to the first dielectric oxide |ayer 0?78 react with the first '

di el ect apeutdd; Ado ;phgur 009 doFBgh snbafwyren ehebbidtrdripsbouthi0ed c AnyowifkelF on can
be appr opmibat 6t depd§ities tfded b RCHD thad PR QRE 18 LEniEClle %Qﬁ%%hfckﬁe% . BhEn

chem stries can include a fluorine-Contai ning species, such as XeF2, FI,
NF3, CFauitabkrprocesczpaditi@aHRr deprdit®EACFD nilisomdioxrde| reayebe athiiord bysauning
fluorines t al 0LNno. Les ¢ be flowed into.a renote plasma t enerate
‘a plas n&ﬁ?ﬁr%%}gﬁggﬁgﬁlaﬁt ?t rg)gcﬁ}mt'tﬁ%%pﬁggn%tp Saf:otri"{?éttaél r%atc%?ﬁéa FCISSaR%B 3£ | owed
i nt o t heowesaidi fraquategdndstrdiotempaatursMahd ptebeird.i r st di el ectric oxide | ayer.

In sone inplementations, the fluorine-containing species can include NF3.

[ 0079] I[007:4pmEn ¢oMalnesimbvidahdn®d) an atdiseeahicknesOotthé hPdeposited(ARD hagér egr the
appropriately selected by flow nq 1-12 into the reaction _chanber while

et chi ng PHENH AT FrsbrbeHel K0 rareaten thapcthpy sy e fratyier | IRy 9re LPeHEF ng

i m t ed chbodientsh 8RS YitfetdhBe B{aﬁsl?engtele% 2%, GRMeaSRRME §0%:26} GAleastoRIey at ed by
the plasma source so that etchant can be captured. The presence of H2 can
consumne Digributioncd amateriab wéthintasfeqise man dsa beechgeapterirrrbyritsasteptcoweragrefiong of

t he gap. Aol odug] an r file from
a2 top S lﬁhreiﬁgjé'gosl'%gggljll soqte%%ﬁhgﬁ,r ?g@gog%a h és g%fgngﬁ Gs 2rdiR3'F t&/@ﬂﬁgl&gssgi Q%!

the thickness of the material inside the feature divided by the thickness of the material near
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+[0080] In sone inplenentations, the etch condition can further be
appropriately selected by adjusting the flow rates of 112 and the etchant.
The flow rates can be adjusted so that nore of the first dielectric oxide
| ayer i s consunmed near the opening of the gap than near the bottom of the
gap. In sone inplenentations, the flowrate of the fluorine-containing
speci es (f oRhmBam cGRth B8mbREShE fiddcie g& o?th@@@deifb@ﬁéd ¢S fybhd esaiant 1, 000
sccm or between about 100 sccm and 1, sccm However, if is understood
t hat t habputd@0Yer emergrsperéfiraty, less thaneabaitZI8 Yoot avhe leshhamahout 54%hi ng rates,
etching uniformty, and other paraneters. The flow rate of hydrogen can be
tuned t d0BI] addblock§aAbt the proacesstSef. a froation dfeghe finstdielacteic oxidc kyer is etched
fl uorine-cont I NeLpS S t he
fl ow rat gnggtpﬁ%ﬁ]o %%h d;rthg éOIItl So t:t:g I??ﬁt Elielecﬁllc_ Xide tlggl L nCrrFS '}t%tfésgs g
bet ween ratb aedr a]to;isnaﬁrde Eﬂam uéara bbttorf BGBdde ofitadhl gap ko BvéOthe ffirds Idelanrmoce:sdk 500, a
second dielectric is deposited in the.one. or aps over the
E ot o ieEER e atie R tyitSp CERES e bt RaRODET BHLETe dUNIVRS ol actr i c
oxi de | Q)Y@fchﬁngféaﬁ eo Bé FeSdrred it@hECHonGotohela dkadyer may be the same, such as
silicon dioxi In sone inplementations, the deposition of the second
di el ect ro@76pXiikl@ nbyeifomdd SichibRl If¥thd filst Siclehific ORRe PdyeFRER tHEABS surkde SONME
i npl ement ations, the steps of depositionetch-deposition nmay be repeated to
subst antafdhq garr is| seleetivelyp Franayed fanenega i, bottam et ahthieagaps | Thi§ ergates at he one
or nore QiHjes 6A -
6D are é%%ss sg@'{elqgor?gﬁeq%éggaxgy %EBB{(S%?{S é\jcme?ﬁ%es%g gc}[ gggéi%dg(b:or ing to
varyi ng etdhowenrtgtashiesed by apiropiiately-3eledting the e conditisnsawitte tenfpistedielectaic CFD

oxi de fi] osite i gh aspect ratio gap wi thout any etching. In the
exanpl e m"'ﬂ‘aﬁ’r %"Oéidt?’h‘% D oxi de fiImis a CFD silicon dioxide filmwith
D.oxide film

a thick of about hows ,an _exanpl.e of a

inahi Sﬁ‘f‘é’;pfé%f%fmﬁo imghs RO BT S o5 PRE R B e R B e 12 e
di scussedplaeaid et€h. hﬂreqjlmnat Mgy NEJefdraddRerRdtely drSinHO séaatidr alidn)beﬁorlfher mal
even for adjusting between a high fenperature and a | ow tenperature reglne
The NF3 RasgerQuise CAn inglyet SPabibthy Cfdp ek r“é*wow)a%maowf%ecaem‘a% rtivetef m

addi t i oRpedstdT atdd€ sdircd, mcﬁﬁn% r&di€dls, I&Q%fd/&%gh%n@;fgy%&c%sd%é hdiiVhaedn be
etched in under 15 seconds |gure 6C shows an exarrigﬁ a CFD oxide film
in a hi ghecagspanbe dieqtes tgdhe Brstdelgety oxide HyeneIeast hféﬁl@hdlﬁhctvmpﬁﬁet he
flom/raqém;atio of H2 to NF3 is 1.5:1. Figure 6D shows an exanple of a CFD
oxide fil'min a high aspect ratio gap etched by an H2/ NF3 plasma etch in

L, 245558 B 1 18y i Sy M SRRRT RIS,

NF3 cr eappwpdatateteh thpestaes. e Eah q:hemﬁstrhﬁ capaincluie at fbypriaé-colteinpgpspogeni ng

1,00 LSTRA08 eonRI 9, 0 00 BRh gl 0sklc e R, L RRSRLT 00

bet ween coQinGlePPsEitd @A bsHRPRd idtdla Fdniﬁ!é Bladifia toggehért@ta pi@tRracBiatéddttint,i con
di oxi de having a thickness of about 300 A is deposited in a plurality of

hi gh aspedithg altaw-g%{wétefl stohaptegn by flovsd deindhg &';?@tﬂono‘fha@bg ) Wfé Frithdthexi de
havi ng %rgthdlglléﬁﬁ§%x9fe l§€QUtIn6&91eAimpTé?ﬁenEaQ§>H§ tth@@lum (f,dnltdlmhé" écgalérﬁn?A
creates a pluralit ey ol es in each of the gap teatures. [0084] Figure
7B is al@ﬂ@%ﬁﬂﬁectlonal image of a CFD oxide gap fill wth a non-confor mal
etch between two deposition steps. In Figure 7B, a first layer of CFD
silicon [ﬂﬂ?)li dlesdm/imj@eraemaﬁookmlmcstcmondbi@ntcarsﬂ@thﬂr hesapgenposictyesdlected &y

pluralit ect.ratio I st con _di oxi de
P et cheliiem e e 350 by Re ffing e por B L 8 et ot g 0ue 150
A HOWE\w}I‘er Withost teagslinited Byhay tiidogy, f@presendeasfiilcas tapturt eadlwls@hérefeﬂed
using a t her appropriate plasma source uch as in situ CCP, in situ
o, Jor aRop et S sob cuBaisrabe Sk DICHCRRR §HE FSSTHERPES an

et chant &qah A6 id WAy iﬁ't& the Egﬁt}ﬁh Ql@arStB@Qpénﬁlgfdfltlll@%@d Aya A8RPShitddBinef @
second | ayer of CFD silicon oxi de having a thickness of about 600 A The
resul ti rilp qgagrepie|a merg taperpdmeoiigiomd fop surace & 3 hotioan asfachel the sarence of
keyhol es and voids in each of the high aspect ratio gaps. [0085] The

deposi tion-etch-deposition sequence can realize a high density and high

quality CFD dielectric gap fill. In sone enbodi nents, the CFD oxi de gap
fill can be applied in shallow trenchi9solation (STlI) liners. In sone
enbodi nents, the CFD oxide gap fill can be applied in pre-netal

dielectrics, multiple gate field-effect transistors (FETs) such as finFET
gate caps, and nmenory-interlevel dielectrics. It is understood that the CFD
oxide gap fill can be applied in a nunber of dielectric gap fil

appl i cations, and t he aforenentloned appllcatlons are neant to be
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«[0087]1t will be appreciated that any suitable process station may be

enpl oyed with one or nore of the enbodi nents descri bed above. For exanpl e,
Figure 8 schematically shows a CFD process station 800. For sinplicity, CFD
process station 800 is depicted as a standal one process station having a
process chanber body 802 for maintaining a | ow pressure environment.

However , W i ons
o0 e A e ARG 1k Whe e GFRLBIRSESRALRL

Wi | e t tedjustigthie rﬂ@mra@epf Bt el they elléhgmr @hﬁﬂS\Nmat& @né)epdmsteé so tambemf | t

wll be t n.sone raljty of ess
stati onstﬁﬁgg/s?gleﬁcg% Oxaﬂa d a¥er HREPrP l(’)rg%s s‘iaﬁaw 0(?8?'hg ﬁBB’ee%?Bﬁlﬂﬂ“e“eaﬁhg GPBomR
depi ct s @nheghpdilmsome dﬁlpta:méﬁﬂatld)nss'tl&t ﬂm rite @F QBS ifl0eriteocntaliiN spdEEHstd’ﬂer , It

wi |l be appreci t d t hat {} 08 3‘0 ments,. one or nore hardwa

par amet €133 8@8§§°‘§ A0 SFeBaess thancdbgu h%oqﬂ}%@eorot?e%%%@“lwodet ai |
bel ow, nRYymkgd @-@DO‘%C@@ REWRANMRuh§btbyd Bt 188 BoR raleRES dGRAV YA }e size of
controll ers. [0088] A CFD process station 800 fluidly communi cates wth

r eact antt ﬁéhm@wetswg et Cetching valdormieyr andy Oﬁwo@e@me@as edThe flew dits tofi | buti on
shouer nagdr e caRtRAR (olfd U8 YeqYSoe AR talChidRRy Rulllot! B digane! 804

for bl ending and/or conditioning proces gases ivery to s omerhead
806. Onecopfalming épemexmghvmgmt i @@mvaﬂnpbmestaﬁorrsayhecﬁnwmte ratibr efdthet i on of

804, 10089 t be stored i
7l quia- reneen fGpE iR tFRIShe H0s S 1R %ﬁ%%@&&i IFRFITY o the process

poi nt _5d208th, AR ﬁg?‘r i 9%@%@%&?@ o bRt ME e R B oo

804. | n chere nebgahsnet the HitaplElectat bRide RYeNtia&FD . Ma¥e hﬁte@hah@medeebaaor i zer.
The sat (uééﬂéed react ant va§10r produced from such vaporizers may condense in

downst r e P¥igE yRYST prchire firkidislsptaic oxidenaysrpnay by thegamessuch asrilicebndensed

react antdiside. CMe &oteSRHImdMtiohE | B8 -depbhi@iish MRl sd8hd 'd%!l&:?rlmyldgllﬁﬂs rPi Pi Ng,
i npede val ve operation, contanm nate substrates, etc. So ppr oaches

addr essisubstaniiale fills sheeanei ervnore gapsnelipioms impiEnentations deet stews Qﬂ'@pemlllqmer y
pi pi ng te?chr(fe'ggéfﬁox{ ﬁlﬁﬂ' %Q%peﬁt@&% glfbtsta{lmy\efﬂ?lihe %%&g %ESS Selt Lu\[ﬁgtatha? I pi ng

may increase process station cy degra ng pr

t hr oughfiting dittbsonei ar mmergapsmbmble ratatively fate of veidyamdi spamg downst r eam of
vaporization point 803 is heat traced. In sone exanples, m xing vessel 804
is al so[he8Y FigcesdbAl-n 6Dnerenanssksectidnah gnapea b €D gixﬁlienglthlawméd e@gas of

va orlzatl int 803.,has an inc e r of i ng from
oroxi At epETo0eniE Ghus Ty b ERVR & shove B Srarma of pdodo] n
sone enhgdiefimtdepodited @t Righ s dtid Sap BRIt Kl@deté‘ﬂm In @& chnip RGtiQre FOT

exanpl e, a“&FIdlnjeCtOI’ %l%(ln j ect pul ses of q@ld react ant |ntoa
carrier 6gA‘a§hf's Dafitip &im dah GFD tsHisomidigxids ﬁlé%@é‘lh a thicksges efnthost RRMA

liquid 'F’"‘%lﬁ@ BbBIShAWAPR éxﬁﬁnﬁlercﬁ A ENbxiBY fifnh Ml@ﬂ aﬁgﬂ I‘Lllll(g pdeté}{eg'g}' an N her

pressure to a lower pressure. In another enb IC]UI nj ec
at om zedlasme ershguithgut antydlxd i Apdiscsiesgd mlthpbh.hr@p,l the NFp hlasmacteh ﬁﬁubﬂqﬂehyl y

vap0r 78yt SPHSSISLREN R Wit bbbl P SBRSGLRIGE IR, T e
l'iquid |Nﬁ3aﬂasmthrgetsrqbbmt B0 A removal of the CFD oxide film. In addition, with the

NF; plasma etch, about 150 A of CFD oxide film can be etched in under 15 seconds. Figure

6C shows an example of a CFD oxide film in a high aspect ratio gap etched by an H,/NF;

plasma etch in which the flow rate ratio of H, to NF3 is 1.5:1. Figure 6D shows an example

of a CFD oxide film in a high aspect ratio gap etched by an Hy/NF3 plasma etch in which the

flow rate ratio of Hy to NF3 is 3:1. In comparing the etch profiles of Figures 6B - 6D, an

increase in the flow rate ratio of H to NF; creates a more tapered etch profile near the top of

the gap opening without removing as much CFD oxide material inside the gap.
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rvaporization. Faster vaporization may reduce a | ength of piping downstream
fromvaporization point 803. In one enbodinent, a liquid injector is
nounted directly to m xing vessel 804. In another enbodinent, a liquid
injector is mounted directly to showerhead 806. [0091]1n some enbodi nents,
aliquid flow controller upstream of vaporization point 803 is provided for

cont r ol 1[pe83) 2 Figass 7Al BV @fosb-bétubshl fifagey dPQr CEBL bxide aBs! fleitH@utyant BcPpr ocess
station 800. In one exanple, the Ili %l d flow controller (LFC) includes a
t her nal bstresn tyvodepasition stapeMin Figzg &4 b dorceahCeP tilicon drexidahsyingger

val ve Oghitﬂﬁsstgﬁﬂoﬁt 36b m% RehdsRPRS IR o f R (Q%@& GO LAR! foRbREbS a

provi ded by a proportional -integral -derivative D) controller in
el ect r i cedond dayeuel CED sidinonwdibkide having-Mhidkoesswé rbouit 604y The kesulting garefibnd or

nore to.stabilize liquid flow. usi feedback conirol. This may extend a
tinme for™ gl?éllren%& ge?tfsqzhp]&raﬂlga(\éﬁkﬁﬁéoﬂgf ﬁgch] O%ﬁhe 1 %aéur 6di nents, the LFCis
dynam c swi t ched .bet ween f eedback. ¢ rol, mde.and a dire control
moder | 100ke PO T ik PURS ke Ron EERAR S s CED oioe PR T PO B P S b
control efpdetwenawdideg@sition Bftbs.oln Fipste 7By a dirs adlet BOCRD SHitse diotilde hatinghe LFC
and the PID controller. I0092] Showerhead 806.di stributes process gases
toward <ubickpest %‘r%’f? 3q0rf{ tstﬂ?p‘éﬁ’ﬁﬁgﬂ] ?r@ﬂfa ‘%ﬁﬁh‘ﬁq\ ‘ﬁpf—‘itéad‘roéagé,)' @l?b@ftrlg)feé 812 is
| ocat ed JpeireRtifcsih@vREd fRadCHRE Gon 2BffolalSNBWh HOP dtdOwRR adaBedesmbad] 0808. |t
wi || be appreciated that shower head 806 may have any suitabl e shape, and

may havebayiyl 58 -t Hwevenhiseosablel thet frargarrenforatl gy to de peromied i@y ng
process eo?‘heg?aggr%gltiﬁe b rs@&n%e,%gh a%grpgzﬁj Cb , pPiR @ﬁ?%ﬁj IrEREE Dlastba M Eok ovol ure

807 is loca eneat h showerhead 806. Pertformng a CFD process I1n a
m cr ovolexampleaanhidDPtelvhirean include agNHsras an efchame combaep mathdds Breatdhostepnay

reduce reactant expasure.and sweep ti L.may.reduce.tinps. for altering CFD
o ocoss Tl PoTReBTaRtST £ rattifrg ol apER bR i MRihRs bk

exposur &00fA. prieaesstirt @b ifidinin Fdued 7B Sedubespr @liiifated Afaseserietol kExtailglaad

m crovol une sizes .include, but, are not limted to, volunmes between 0.1
liter ar@ds ipgachof thefhigionspschraligg@Penbodi ment's, pedestal 808 may be rai sed
or lowered to expose substrate 812 to m crovolune 807 and/or to vary a

vol ume dPO83l c by dermsitiogsich-deppsitgmisgrence can wealizppshigh density 2 pigh qﬂ%&%e,

pedest al cE9 Ridi Oy Bl UR Btk QubsURRhsAIR G3 dicbap! MRdafboRbRicaadest al
808. During a CFD process phase, pedestal 808 is raised to position

subst r atshal@wp trepchtibalatiangSdVdingree 18GPme|embodimentsnhedr ik axide gap Elleanibane 807
conpl et el vi.encl oses t e 81 ) ri 1o takp$08 to
cront o SrVUSTBRETRET SRR BB Rl Mo RO OFETY) BRHGET

gate caps, and memory-interlevel dielectrics. It is understood that the CFD oxide gap fill can

be applied in a number of dielectric gap fill applications, and the aforementioned applications

are meant to be illustrative and not restrictive.

Apparatus

[0086] Another aspect of the invention is an apparatus configured to accomplish the
methods described herein. A suitable apparatus includes hardware for accomplishing the
process operations and a system controller having instructions for controlling process

operations in accordance with the present invention.

[0087] It will be appreciated that any suitable process station may be employed with one
or more of the embodiments described above. For example, Figure 8 schematically shows a
CFD process station 800. For simplicity, CFD process station 800 is depicted as a standalone
process station having a process chamber body 802 for maintaining a low-pressure

environment. However, it will be appreciated that a plurality of CFD process stations 800
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+[0095] Optionally, pedestal 808 may be | owered and/or raised during portions
the CFD process to nodul ate process pressure, reactant concentration, etc.,
wi thin mcrovolume 807. In one enbodi nent where process chanber body 802
remai ns at a base pressure during the CFD process, |owering pedestal 808
all ows m crovol une 807 to be evacuated. Exanple ratios of m crovolune to
Pr 0cess niHKAuMAlH FEormfBh i prehe E\'ro@esg'%l LibyHohEnt Qohil¥ HeiiRookifhdrS
between 17500 and 1:10. It w P e appreciated that, in sone enbodi nents,
pedest aldepieiedhin Figyreb@ shdjveseredpioresgrsationt iitc aill ybebgpraecdated dliwt.e inc soipeit er
control ler. .. 6] | 0t L. , j Msit il Ng; a | aht o e tal 808
T ows. BP0 A rofR SRR ey 38 HPLUNI Rt logB G
t r eat merkampie] Kgurer6ldepier anrentbodin{enDofa makbsgatioht prodessieg ool U&I0orFuvethet, he CFD

process .phase, pedestal 808 is | red during anot her substrate sfer
Phase. ¢ & Wil GprPai v thlr Mopbi TEReG RS, PPo R DR SaSBB BT e ¢ he
exanpl e pRiceésO\aBAE VRN irRludipS th&S Clisbfsedah eidtail €blbw,! Anay NRI Abfusted

adj ustabl e pedestal, it will be appreciated that, in sone enbodinents, a
" posi ti oPreEraBRiGEY bx g0 BOENoRs FOMBUIESBEOUMS T el ati ve to pedestal 808 to vary

-a volunme of mcrovolume 807. Further, it wll be agpreci ated that a

verti call00$8%i t AcdRFIafproceae station BOX flyiddy evmmumeiehwia remntdglivsey vystined by
any sui I i i g i j ciate
ot U8 PRREHAN Bl GBRelo SERHRRN SENclnchd Bbd ReBlhn LBy SARGRC.
spri ng 86t rehidssrs misiog eesseldi4 dordbleing andér chmdisores probod igaen @ deheaest al
808 may .i ncl ude tational nechanism. for ex | e_al ong, an_axi.s

per pendie At s she' Al FRere SRR R eSTinl Lp 4GB Rele ) offiidn of

or i ent atpr@BssQfasubaiixiag ees8dB041t will be appreciated that, in sone

enbodi nents, one or nore of these exanple adjustnents may be perforned
progr amedsof al Eym®resthtOmayobe sieted ahl Bque® niBthh efrick ot Kaorightfon hOGHRS]
Returning to the ,enbodi‘r]nsnt shown in Fi gurer\ 8, shower head 806 and pedest al
808 el eét“?%e&‘éﬂ“F geleshnar %@P%esﬁfﬁaHO‘leobsmp S UfisARpagis o Kigurmd éﬂ?i‘ﬁ‘ﬁ? fiet wor k
816 for \RoMEL]ifBp&ntRBSBRvapbAzia Fuid FERSh MR YeSuph @ tDhARHR vEREr @M. 18
controlled by controlling one of nore of a process station pressure, a gas
concent semg gmbodimems, wpomzadiop pakat 803amaRe & heatadeyaporatgn e paturgird raaqiings na

power pyl 1M ng. r a o odF r ply i ng.:networ k
816 rrayl{'gé&oyé)rﬁg%gdﬁg& 3‘%‘ S@Q |0?razgl{$emggﬁrn dé}c%pflclgr gn%%ﬁr?%gng@ﬁg%i Eg’"‘%?desi red
conposi tHxposund of mdorosdtibiepeasesats . thdExamuiphsed raictastumbya bieate ol rpartiches| Tldkse  but

are not limted to wer s. bet ween 100 Wand 5000 W Likew se, RE power
Supply. ST R elss R ERORR T HRAFDGE VATS PG ahEn Aoy e o fRe

enbodi mephdache taxABssifEhebe/isshiédinvBlye bRedpif dndlor ethchigtingand déliveRyi [Gping and

| ow-frequency RF power sources independentl &lof one, anot her. Exanpl e

| ow f r edEFHRIY RIS JERSHET- ddOWRKFr| TEPRIBR (hhiilivamePiRige Manincease process
frequengi,gsy Q@Ew@%eﬁgegr% ML OXatt 7 thebAHERL. erftis 9k (b8 UGN inktts,

frequenci es may include, are not limted to, frequencies between 1.8
MHz and delivieBy @iping dpwndttepmbe! waporieationtpedntt 03t ishegt tadedabl sopacsarenies s may
be nodul ' I in . OV t he
sur face TSTE PRt S § afsehesf BT IRARE Hoh R iR, BRI EOSERGARE |2

i nt er m tvaporizagiorppbisesd3t lmsraaducreasimgntempedaaurd pefile evit¢riditghfeors wpptoxatagelgur f ace

| at tinuous| d. pl 100991 Tbodi ment st h
Lleagn;vﬁgbﬁ%ﬁ?agﬁogggzﬁ%yﬁ?&%&ﬁéwgVgﬁssgl@#e ol asman sonme enbodl nments e

[0090] In some embodiments, reactant liquid is 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 embodiment, a liquid injector vaporizes reactant by
flashing the liquid from a higher pressure to a lower pressure. In another embodiment, a
liquid injector atomizes 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
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snonitors. In one enbodi nent, plasma power is nonitored by one or nore

vol tage, current sensors (e.g., VI probes). In another enbodi nent, plasna
density and/or process gas concentration is nmeasured by one or nore optical
em ssi on spectroscopy sensors (CES). In some enbodi nents, one or nore

pl asma paraneters are programmatically adjusted based on measurenents from
such |n'vﬁﬁgéritaﬁd)rﬂsF’Estéfopﬂi_o@irz&ionlz%ayem € 1aptiOEST SRINSOrdoWRmYrddch UBGA I n a
f-eedback 1 oop for providing progranmatic control of plasnma power. It wll
be appr d@pyization peint 843 I gnecahgtiapendiguidopiseler roRPYNEeSdifelly Be Mmisieg to
noni t or a 2S5 - 6 ey WP

i ncl ude,vre gltédéf Zﬂg%@ql?ieﬁ%w@@e?%?%ﬁ%?rﬁ?g%%ﬁ%?ht?fg)ﬁ{}%l??%&cous?? g()ﬁoni tors,
and pre t u ; : i . ]

control Is@gﬁ@i afn?%g%t ouot%I bTJ%nQ%gggqp @Ié( X @gﬁﬁﬁﬁ%g% g’t“?%}%t% {Bg)hdst%olzor
exanpl e,is pheideddor vattioting 4 orss8oviafdigqpldafmeapoiwdiion emdb déloernatoppmsera

process phas be included.in.a.correspondi .pl.asma activation recipe
phase ofS%é‘OEEB&Ei/'bE%’ées?‘aF@E’r ﬁlg.llqluﬁiag%%ﬁorgtﬁﬁlgﬁﬁfg%t@c,lu%f(?c@% a)/g’(?fsp OV;’Shases
m;]ly be WGMFMb|1Ucawdr@%@ﬁde;}n$(bfttﬁlﬁlF€l A bﬂﬁgéruﬁaﬂi'dr)lﬂﬁ tHeOL.F@ iﬁ:ralﬁﬁuptl‘edicess
phase are executed concurrent]y with that process ase. |t w,.

appr eci 4F94"Y Hal° gs%c'ag?f%% S'EBRS oY ‘%’Q%e%@?‘)&_f’mﬁ’ﬁﬁf [perbgeivative @B

vel | - chabaedIRF i B1ectHiEARSIBIIhicAHEH Wth HeAFM. ZBbWeVer! it FRS thlkeadne ¥BdbNATRI ONg a
pl asma process phase. Put another way, such tine delays may be predictable.
Such ti meorgée sipbiligajiquid dlaydesing fGedbackcontreli fhistmay pitensha timedon desingat o
stabili h S : i.ndi p r i .

embodi s el TRy in s oL e S R i g BFEe 810
Fur t her ,feddbackomenteiboatienemt 8, dipcessentrad mode. rlol sdmer exgb®lipentseths kF@tison 800

b id by. f I 818. h in Fi 8, ,.but.terfl
Vo ve. atbnimEgl Pt bt helPet Foti iR e dhek But T i Rt
shown) . skigeemerof the LROMR] thePmtdremdtier. pressure control of process station

800 may al so be adjusted by varying a flow rate of one or nore gases

i ntroduqegh2yo SRIWRhOABE dftrifutcd Prétedd. gasdsAdWAH Yatistrald 3 1 D ah aedreodlidéntt he CFD
process station 800 may be controlled by a controller énot shown). Such
par anet heVe EnFigwe| Sy sbstigfe 842 i lncated hepsdth shawsrhrad 806,88 &5 YA restiNg®Ar at es,
chanber IR0B! 16 wiff BAERGECiRE SR Bw RS ROGEy hETERRS AhiL: siaBOREead
tenperature, plasma conditions (such as RF bias power Tevels),
subst r atredyplete shplsvigedbs nunther aghewendemant gfamirtsifondistaihuking proerysesAgprscds of
t he contSLQJ[nla%r 9By be described in further detail below with respect to
system con rolﬁ €r 1050 in Figure 10. [0103] Figure 9 illustrates an
exenpl ar [ ocessi station,. h react i
process lg%d;ﬁe?n 8‘6§e \Aﬂlgg%'%gﬁté’l %g@%@?‘ﬁ‘é‘?%@gﬁgéﬂ%&dﬁ%’fe gt? #go‘ggljgg%ﬁgoﬁm and
serves tRerfofhihgianCED @rdplessSita midiovahene xalep ltiean ihhke piitire @sBinehandbprocesal | s are
made from al um num al um num oxi de, and/ qr other suitable materi The
enbodi mSHIOR RAXTEHYFCEFTANL CEPRUE S WSFRERES SRRl @Egc.e YR fREalgine and
si de RF f&ieks @fditiol PR fpr&sQinrt, 18 perart, BR.)2mAE Hinitiih fek RBURNTYrdess¥dton COI |
and side RF coil 907 can be a {ow frequency or LFRF coil. In the enbodi nent
shown | Homitigs e pocesyrERResf eteqlreamplenmigrayelumeotizes 3ucludey pot appnoh Hapitpd e
frequen%ljlﬁeg%gv%gnmqiz%aﬁgg.m@gmver, the invention is not limted to

anpe

operation In reaction c rs wth dual sources, nor RF plasna sources.
Any suit p 0 . { {0

oncror 10094 PLRSI: SobIdhig Rl rRAE 805 Y blElRP ob Bt eXlobObbelrie

t ypi cal 1812itoaticcdeslume SE akd/os amedry meeluned of méulotoduras 807.c FamgXamipte, imkd t he

ol oot r ostntie il Phacenbedl P RokbeR b DabiBheris Rt W GH0ER Oalck as

ar g avaidea@taelsbgmms@ ? EFW&O&:@? lpﬁiséypealleﬂﬁl(ﬁOSL@&ﬁéHde.pofitiblef&{lbstrﬁﬁﬁﬂter
subsystem.including a line 913 for supplying heat trapsfer uid can
cont rol WiHin fRifgoxe MG 80701 In pRIng GH&P lategégmero e8P & ComRIFtaly SREIOffE at

E reanz 1; 2{55§éet}éieds BYRLN £3pdrB& bi §AL8al T8 BieHeNOrebiBR oRRIFMIRIW At RYREET
w during a CFD process.



+[0105] A high frequency RF of HFRF source 915 can serve to electrically
bi as substrate 911 and draw charged precursor species onto the substrate
for the deposition reaction. Electrical energy fromsource 915 is coupl ed
to substrate 911 via an el ectrode or capacitive coupling, for exanple. Note
that the bias applied to the substrate need not be an RF bias. Oher
frequenga@s) andpf¥nally,asedsdn 808 HSLBe Bswal hnd/drOARE] dhenPpOGiBEStHEAIS are
i-ntroduced via one or nore inlets 917. The gases may be prem xed or not.
Pr ef er alpragesstthenqsiulpiceRrocesa prassure, egcéant eensentiptiongtic.a within mispprolumen$®i
”EPh.a”' ?ﬁ“ohé’&’nﬂ&!h gntcwﬁefré gl%gess IcHanﬁ%o@y”@@?*%@#ssat a.aﬁasé Fl%§sturé9m§cme t he
orifices orient the process gas along an axis of injection Intersecting an
exposed GFlr pacesspfowtehieg padestat 208 aldowamicraveltime B0F|te . beFavatiagad, Exemplas or
gas m xtures .may be introduced frogma primary gas ring, 921, which may or
Tay not rHior QL Pialy et FetEy charver Solbe ai el Bir hisatt fiapied gy SRS be
connect egliok ®etwWten Q300N 19R6 TtiwiD bR ZppietiatbdrtRft] inadonlceasiodandiits, @bddstse gases
or gas mxtures into the chanber 903 and toward substrate 911. Note that
i nj ect ohgighiyaay be ayusted programamatcadly by e Shitabisomputes CoMlepr ocess gas t owar d
the wafer are not critical to this invention. The sonic front caused by a
process 98] entncnpihgr erodimentrdiusting 2 Reight ofredestal 8% abowhaplgsma densitupi di y

di sper sg, hdyseh dq}iﬁ%ﬁl’éin%a%tivaﬁdﬁcahﬂﬂ 99atﬁ19ﬁ’ﬁ:§€'le§ ﬂelua&mﬁttﬁ@tﬁn%lécess%@c ess
er 903 I 922. e.g., a

gases exit the cha via an outl et A vacuum punp

t ur boroltiecesnglusipn o yhet §IHP quddess phassaspegestrd 898 ig@@ﬂo@lﬂﬂ;rﬁd%hﬁﬁ araie a -
Sul tablyeah S0 B0EIRUNIGw Wil Bafof DB EAGYGor? Bdteah AT] Var i ous parameters of
9 nmay ed by a

t he HDP reactor € Contro controllTer (not shown). Aspects

of the ol gt be described in further detail below wth respect to
oyst om S371 o1 e TR sRmPlE g iR Sty yas b s L hert o b A RS o1
nor e pr adasiakels palystile ipevifloberagpretiatetiethstane aharembodimentsexapition toie

non- conf ormal et roces y be perfaqr i,n the sane chanber as the CFD
b1 0cess SHMFbsiaIHO8 A AL TR SR ST SO AR YA (e S TR B hanber
or a remgpy erpkiRs TewNFR HPRARAGH thdtdWeMREL poditiof 85 fEde REIROBRANBr sHIMRIHAd NOT €
process stations may be included in a multi-station processing tool. Figure

10 show$08 msahberaeried by ey owitgblenmachanimyt Ppp ofrasdieary skl dndhe 3BOBUId th an
i nbound abﬂ@gaﬂeQﬁK s&&p%eaﬁﬁisﬁn\iv&ua Beund, fo?%Qa&ﬂ&khyjd%ﬁ%sé%Eﬁ}ﬁa&icg’,rsphﬁé hof

whi ch nmay conprise a renote plasma source. A robdt 1006, at atnospheric
pr essur eyechamismonfspigovidsl and theplike. iaf ome émpdimersg spedettal $08anied indivdsugh a pod

1008 into i.nbound | oad.l ock 1002 via an atnp eri ort 1 . A fer is
o et SR P Bar R0 b i a® ahnk af 4R pEERT R PRt hBe Bl 05,
t he at m3sphesrirotapfog tan 16 tation adfosestratadd2.t hie witlabe lapprisciated pharpéd seloen.
Where the inbound | oad | ock 1002 conprises a renbte

sl pl as sour g@iy he
waf er nﬁ?‘bﬁ@"@ﬁﬁo_s%'be tYy dn?rénﬂ’t_eﬂfﬂsﬁsﬁﬁam? BatuSments (Y | BadPi®Redri or to
bei ng i 'ﬁ?dg@ﬂ#ﬁ@t%allﬂb?pﬁe HR6e SSitabl hpIRE ontlidrs. Further, the wafer al so
may be heated in the inbound | oad | ock 1002 as well, for exanple, to renove

noi st ur o3 aRSRMAoIRS&RbodNRKH shAwi MATRGE 8! SHRNSARED 80¥4rd pkddseal 1308
processi ng chanber 1014 is opened, and anot her robot (not shown) places the

waf er i miestricaldy easerovnieatowith Rfergsst suppbf 814 anfl matchinganareerksi 6 der nowveting
| oad | o Shnfl BGERY dibogbink e e L A b o e P "t Ty
of a wafofra prkessastpioncpssust at gancomagntiaconr aviRdFesburce power, an RF source
frequency, and a plasma power pulse timing. For example, RF power supply 814 and
matching network 816 may be operated at any suitable power to form a plasma having a
desired composition of radical species. Examples of suitable powers include, but are not
limited to, powers between 100 W and 5000 W. Likewise, RF power supply 814 may
provide RF power of any suitable frequency. In some embodiments, RF power supply 814

may be configured to control high- and low-frequency RF power sources independently of

one another. Example low-frequency RF frequencies may include, but are not limited to,
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¢ [ 0109] The depi cted processi ng chanber 1014 conprises four process stations,
nunbered from1l to 4 in the enbodi ment shown in Figure 10. Each station has
a heated pedestal (shown at 1018 for station 1), and gas line inlets. It
wi || be appreciated that in some enbodi nents, each process station nmay have
different or nultiple purposes. For exanple, in sone enbodi nents, a process
station gmyedes Y& fPShEe00 AL CERAPR IRRRHERNEF 8FS rlfiffeies ma
Additionally or alternatively, in sonme enbodi rents, processing chanber 1014
may i ncliodedegiyot ene mayrlimitedt toh &dqysaries betfvear . aNHPEOVD4pr@ldas dt wilabeons.
While t j ot 0, ' i r ' el TW T
be undeplgf)%gig{e ﬁg %&pﬁ@%@éggﬁb gﬁgﬁk ﬁ&éggg@ggﬁéﬁﬁﬁﬂ%gg"6%é@éhgnggclosure
may haveravige plasthalbhagyfiorbde soffacetraddtions.Infooe nexdinitieg exam@nke phismdi ment s,
a processing ch%ﬁber may have five or nnr% sLations,. ile. in other
enbodi mAPET P2y 05 RCEPITEBL B toFEuR 0% PPRPUdmERt yithdhe WbsFaig sytace
[ 0110] Firgfie: tdQomtirtigushe pbvedred pladser handl i ng system 1090 for transferring
waf ers within processing chanber 1014. In sone enbodi nents, wafer handling
syst em J08§9] may bémd eBbdin@h®) the NRAMNRER MaKitoPB inPSiRCHS Snd bakiRO pladme/ Or
bet ween a process statign and a load lock. It will be appreciated that any
sui t abl énQiaPesy IharjiembeAigent BRFARPOBY & MANHPEE . DYNYIS- OTi TRPTE| odfagsx SHBFN s
i ncl ude r r QUS n | r k. gu 0 picts a
yst om o rof & OB eTn i iRger, SRBEH, LR del LRI pBEaS S8 e e
st at es cbngntetegsis mgeburdd BY onSysnern aptinglreplisséom speGEspepy senru@EDndnor nor e

menory i / e Qr Vi or nore
e AP R0, 05 b TR TSRSl L B0 U Rl D a0 Gl
and/ or dh@kiiraients frotn ol pusituoasRechoitess. Bireppapleant OFS eadbr by &y udsdar ds,

etc. [0111]1 n sone enbodi nents, systemcontroller 1050 controls all of the
acti vi ti'%sa] éqedﬁff%c@gg fi%f)cﬂro‘ﬂ 59 Pregramagtic fepire Pérplaf@BOpcé‘fFé'cu{teg’ﬁk)l?gt em

control appfetwrRE @hat OfaSofile AN dintentR Stheh hAGS nitSVieC@ed @5 tonltorage Plasmb 0
menory device 1056, and executed on processor 1052. System control software

1058 nmyanf petenaecess sharaetenihiss Sueh mosens andlydsgbutiaee netdinkigd tosinkrared IB) gases,
chanber and/ar.stgtd rgghiggsg?r?&&gssupeg@ﬁpﬂcegnd/or station tenperature, wafer
p

tenperature, farget power |evels, ower |evels, substrate pedestal,

Cnuck S2NBG SHPSSL AnbBRRhlsOthe AIION EnRRLRTRI FhRy SR RALL GBS

process y process tool stem control software

conf i gurseghencingnystrectidnab|For wagmpleothe ensimptians foasétons plasrog esliti@s| focanponent
subroutines or control ob'%ect@ 1¥1 be wi tg.en }o contr ol ogeraki on.of the
process ROB PLASHARTEN: D2X,e% 8 8‘% (A FopsRonding plagmp acyatin KEipe physg of @

pr ocessa¥D $§®Elsmeeipi rml sohgd t:flwads(ﬁm&ﬁk5,8pn[asa¢ss b]eciﬁ@cﬂﬁﬂkei mqr{agn%e sdgueahlie
conputer reada pr.ogranm ng. | anguage. [0112] 1 n sone enbodi nents, system
cont rol agram%f(bt%ib%@nﬁﬁvﬂ?%fmaQ%Prmmeﬁﬁmaaﬁﬁreéesmwe& COP?W{@ &&f}é‘??éi ng

i NSt r UCtjrQass ftabe. CRMN 8L hpieLidiBe iMAIRUSpRY P BIaSeed8a65d ReFhARAVEH
characterized transient and/or stabilization times that may prolong a plasma process phase.
Put another way, such time delays may be predictable. Such time delays may include a time

to strike the plasma and a time to stabilize the plasma at the indicted power setting.

[0101] In some embodiments, pedestal 808 may be temperature controlled via heater §10.
Further, in some embodiments, pressure control for CFD process station 800 may .be
provided by butterfly valve 818. As shown in Figure 8, butterfly valve 818 throttles a vacuum
provided by a downstream vacuum pump (not shown). However, in some embodiments,
pressure control of process station 800 may also be adjusted by varying a flow rate of one or

“more gases introduced to CFD process station 800.
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s For exanpl e, each phase of a CFD process may include one or nore
I nstructions for execution by systemcontroller 1050. The instructions for
setting process conditions for a CFD process phase may be included in a
correspondi ng CFD reci pe phase. In sone enbodi nents, the CFD reci pe phases
may be sequentially arranged, so that all instructions for a CFD process

phase 26102 TGC%&@LS g;;}&luétg.%néé M]e""tifﬁ {;Jaeéss RERRASSPRAS e EFRbREd

conput e tware an prograns stored on nmass storage device 1 54 and/ or
menory demraler ﬂr@wﬁ@hmsOSudt pzn‘arwett:h cay sttchnie dbanane aiot bmlt&d)ﬁaOgamymbwtecnpl oyed
In sone |nen rans or ons of Lo r this
pur pose "1°¥c F%?fe & tbeéttf nB%ra B c[hglgﬁ nB by Sgﬁﬁqra EipeELde, g"so gﬁfﬁf‘&

progr almterﬁpepz{t@fé§pfa%n@@ﬁﬂditﬁﬂngﬂﬁ&ﬁraam Biab @awver leQels)t Eﬁﬂstrﬂé@@da@ﬁﬂ pésittbna pI asna
contro rogram 114] A substrate pgsitioning pr gramrra |nclu rogram
code forSE %E@é‘é’oﬁ‘%‘l‘a aeéﬁ'ﬁb%nf‘%’eftﬁa the cantgl gy bF g ot ﬂ ont o

pedeSta'bel%mltlii&gpetci)tocsg%xh%nt?ch?er$(§’3¥ﬂhfF‘§gu|P@i(Y.Veen the substrate and ot her
parts of process tool 115] A process gas control program may include

code f orpo @t FRlukd @ghg@aewmaipﬁarpmoéés% Laliss ADShARE L9aRldwof or

flow ng gas into one or nore process stations prior to dep05|t|on i n order
to st abiindludes rhrrogase shamber 993 twiictp perdesss othenromponents i dhe gragtor dAT rapd

Program gy, {on&}nlljeﬁt? tﬁeoglgsrﬁé)r 1£ 88 %94,11,&5 {qhé pﬁc% Hh& m 5}@ PR

station y regu or ‘exanp ve i N"the exhaust system
of the phodeas, sltuaﬁmmn ox@le,gamd/cﬁd other mnabkeheatpmzds:es“ﬂmesérmquumnteshcwn [(0116] A

neat | ng HOAiIT S RGO AT s e eRE o il ol 207 b B e o1

contr ol beraGHEdith lﬁ%&{uéﬁ@jﬂbf MFmedduVamﬂ)snd@fRfacdﬁlew dah 8 afl&w fi@ggenCH UEHFRE
helium) to the substrate. Ollp‘% pl asma control program may include code

for set tcpﬂg I‘Rﬁ‘eﬁéﬂmd‘meé‘&élll%”‘hﬂ ipwg % yMFRF frequency may be from 430 — 470 kHz

and LFRF frequency from 340 — 370 kHz. However, the invention is not limited to operation
in reaction chambers with dual sources, nor RF plasma sources. Any suitable plasma source

or sources may be used.

[0104] Within the reactor, a wafer pedestal 909 supports a substrate 911. The pedestal
typically includes a chuck (sometimes referred to as a clamp) to hold the substrate in place
during the deposition reaction. The chuck may be an electrostatic chuck, a mechanical chuck
or various other types of chuck as are available for use in the industry and/or research. A
heat transfer subsystem including a line 913 for supplying heat transfer fluid can control the
temperature of the substrate 911. The wafer chuck and heat transfer fluid system can

facilitate maintaining the appropriate wafer temperatures.

[0105] A high frequency RF of HFRF source 915 can serve to electrically bias substrate
911 and draw charged precursor species onto the substrate for the deposition reaction.
Electrical energy from source 915 is coupled to substrate 911 via an electrode or capacitive
coupling, for example. Note that the bias applied to the substrate need not be an RF bias.

Other frequencies and DC bias may be used as well.

[0106] The process gases are introduced via one or more inlets 917. The gases may be
premixed or not. Preferably, the process gas is introduced through a gas supply inlet
mechanism including orifices. In some embodiments, at least some of the orifices orient the

process gas along an axis of injection intersecting an exposed surface of the substrate at an
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¢the process electrodes in one or nore process stations. [0118]1n sone
enbodi nents, there nmay be a user interface associated with system
controller 1050. The user interface nmay include a display screen, graphical
sof tware di spl ays of the apparatus and/or process conditions, and user
Vnput devi ces such as pointing devices, keyboards, touch screens,

m crophgpgs angﬁé CrurtHt Jtl?e] %alg%r EARHLEES rﬂm i?]xg})&fégé* frbfila R %%ﬁ 1‘1&9921“9 above

operations cah be wi't I n"any conve conput er read e programm ng
| anguagevhm‘homagmnpeh)enotaéwtrtblheygasaﬂgue@gé theCsulGrate fefecsal Injfasers rmaay, bor

per or meORBRiA S CPHERD: §RSfeh IEANH i Parf i T8 G haRERE in s

par anet ees caaimest(}m byd sywir@muberdte allller Mc@&@havalmemlr@t@stﬁngar OC @Sitfer
condi tions t| ng exanpl es inc¢clude _process gﬁfﬁt%lgl osi tion gnd fl ow

rates, P?é?ﬁjb%’i‘sé‘f rﬁ'cﬁ“@ BIACESS ga7 LavREd g HRTYTiaphact c8 VERtiqe-

| evel s) sofit GronT BRARE BAr2prBLRE $adTBMeldfy eQhhsBSG 903 \llﬂleltééﬂeéauké%hre"%%s fior m of a
reci pe, which may be entered utilizing the user interface. [0121] Signals

for rmmrmq*llvrdg%pt:ﬂs@llpalb@ee;@gomymbl@dpgwmé@wbmsﬁ ¥d - dhiewesy gawgwfetheu nput
connect i.QishRfooS WSt e tg-8l | £1,.dA80 phih ari ors.
The signa (Inﬁ e? cont rg ﬁé{ dz@t h'g Vgr ocegIl ﬁg}:gbe tgtl;[%n%;i&gﬁﬁ hgfcog§and
di gital doaﬂsmmessgmanut amd;m@mtams@(sesdaly lm\lpriﬁl)@ WImetHelrmthrﬁgl exanpl es of
process tool sensors that may be nonitored include nass flow controllers,
pressur QOHHhsoVari«émsqxai‘anmersmﬁthaﬁ[B? Epgtot %Hrmumbupd»mllecbbjca cdppriepfrioat el y

progra (gwrbg '%%g{:: K d COE_E[)I ex 1Y l:%oiegcrhbma nrl’rq’t){rthe(ra deaf %eyc\)ﬁ.“;[ vr\]/itﬁj ?‘és%egt &M these

sensor S

system controller 1050 in Figure 10.

[0108] In some embodiments, one or more processes may be performed in the same
chamber. For example, the non-conformal etch process may be performed in the same
(;}iamber as the CFD process. In such embodiments, the apparatus can include a CCP NF;
chamber or a remote plasma NF; chamber. However, as described above, one or more
process stations may be included in a multi-station processing tool. Figure 10 shows a
schematic view of a multi-station processing tool 1000, with an inbound load lock 1002 and
an outbound load lock 1004, either or both of which may comprise a remote plasma source. A
robot 1006, at atmospheric pressure, is configured to move wafers from a cassette loaded
through a pod 1008 into inbound load lock 1002 via an atmospheric port 1010. A wafer is
placed by the robot 1006 on a pedestal 1012 in the inbound load lock 1002, the atmospheric
port 1010 is closed, and the load lock is pumped down. Where the inbound load lock 1002
comprises a remote plasma source, the wafer may be exposed to a remote plasma treatment in
the load lock prior to being introduced into a processing chamber 1014. Further, the wafer
also may be heated in the inbound load lock 1002 as well, for example, to remove moisture
and adsorbed gases. Next, a chamber transport port 1016 to processing chamber 1014 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 10
includes load locks, it will be appreciated that, in some embodiments, direct entry of a wafer

into a process station may be provided.

[0109] The depicted processing chamber 1014 comprises four process stations, numbered

from 1 to 4 in the embodiment shown in Figure 10. Each station has a heated pedestal
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+[0122] System control |l er 1050 may provide programinstructions for

i npl enmenti ng the above-descri bed deposition and etching processes. The
programinstructions may control a variety of process paraneters, such as
DC power |evel, RF bias power |evel, pressure, tenperature, etc. The
instructions may control the parameters to operate in-situ deposition of
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System control software 1058 may be configured in any suitable way. For example, various
process tool component subroutines or control objects may be written to control operation of
the process tool components necessary to carry out various process tool processes. System
control software 1058 may be coded in any suitable computer readable programming

language.

[0112] In some embodiments, system control software 1058 may include input/output

control (I0C) sequencing instructions for controlling the various parameters described above.
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'[0126] 1t is to be understood that the configurations and/ or approaches
descri bed herein are exenplary in nature, and that these specific

enbodi ments or exanples are not to be considered in a limting sense,
because nunerous variations are possible. The specific routines or nethods
descri bed herein may represent one or nore of any nunber of processing

strat egims. exAfpRlGhch PRAsk WfSa AP prddedds iapt ifEud@¥nd @r RESE Ch SR bRL ke
sequence illustrated, in other sequences, in parallel, or in sone cases
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and/or memory device 1056 associated with system controller 1050 may be employed in
some embodiments. Examples of programs or sections of programs for this purpose include
a substrate positioning program, a process gas control program, a pressure control program, a

heater control program, and a plasma control program.

[0114] A substrate positioning program may include program code for process tool
components that are used to load the substrate onto pedestal 1018 and to control the spacing

between the substrate and other parts of process tool 1000.

[0115] A process gas control program may include code for controlling gas composition
and flow rates and optionally for flowing gas into one or more process stations prior to
deposition in order to stabilize the pressure in the process station. A pressure control
program may include code for controlling the pressure in the process station by regulating,
for example, a throttle valve in the exhaust system of the process station, a gas flow into the

process station, etc.

[0116] A heater control program may include 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.

[0117] A plasma control program may include code for setting RF power levels applied to

the process electrodes in one or more process stations.

[0118] In some embodiments, there may be a user interface associated with system
controller 1050. The user interface may include a display screen, graphical software displays
of the apparatus and/or process conditions, and user input devices such as pointing devices,

keyboards, touch screens, microphones, etc.

[0119]  The computer program code for controlling the above operations can be written in
any conventional computer readable programming language: for example, assembly
language, C, C++, Pascal, Fortran, or others. Compiled object code or script is executed by

the processor to perform the tasks identified in the program.
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+What'is claimed is: 1. A nmethod of conformally depositing a dielectric oxide
I n high aspect ratio gaps in a substrate. the nethod conpri sing: (a)
providing a substrate with one or nore gaps into a reaction chanber,
wherein each gap has a depth to width aspect ratio of greater than about
5:1; (b) depositing a first dielectric oxide layer in the one or

nor e gapg2ol @ %mreﬂﬁ;odfnﬁeln@ %%&bﬁ'a@ﬁst@@g@s stem controllérCI)OS@%'r@lgte% portion
of the first dielectric oxide |ayer using a p:fasma etch, wheréin etching

t he por tpresassofonditiens. iNogtlinditia esamples include prca:y@rgae@cmp@slmn andf Bew eates; at e

near a ttalgpeﬂ‘{[uf a$ esgd}gnﬂﬂgﬁg c%n&ﬂ&li '@u%}lr” SOkF bqgsnﬁgﬁgr %gglsgﬁert#.ha’i‘h Qe first

dielectri ayer asatapered rofllefro ace 1o the
bot t om, parahrees ofaydwcbrogﬂpd tanite user in the( trmdeHe sedipa) gvldcts emgnisk ehteeéct ri c
oxi de | ayer. in the one. or nore gaps over the first dielectric oxide |ayer
vi a CFD“‘EZ‘?ﬁg’ed‘é‘frHBtﬁrﬁ fclaiml, further conprising: repeating steps (b) -
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connections of system controller 1050 from various process tool sensors. The signals for
controlling the process may be output on the analog and digital output connections of process
tool 1000. Non-limiting examples of process tool sensors that may be monitored include
mass flow controllers, pressure sensors (such as manometers), thermocouples, etc.
Appropriately programmed feedback and control algorithms may be used with data from

these sensors to maintain process conditions.

[0122] System controller 1050 may provide program instructions for implementing the
above-described deposition and etching processes. The program instructions may control a
variety of process parameters, such as DC power level, RF bias power level, pressure,
temperature, etc. The instructions may control the parameters to operate in-situ deposition of

film stacks according to various embodiments described herein.

[0123]  The system controller 1050 will typically include one or more memory devices and
one or more processors -‘configured to execute the instructions so that the apparatus will
perform a method in accordance with the present invention. Machine-readable media
containing instructions for controlling process operations in accordance with the present

invention may be coupled to the system controller.

[0124] In some embodiments, an apparatus for conformally depositing a dielectric oxide
in high aspect ratio gaps in a substrate can be provided. The apparatus can include a reaction
chamber, such as a CFD processing chamber 1014 in Figure 10 or a process chamber body
802 in Figure 8. The apparatus can also include a plasma source configured to generate a
plasma coupled to the reaction chamber. The apparatus can further include a controller, such
as the system controller 1050 in Figure 10. The controller can include instructions for
performing one or more operations, including providing a substrate into the reaction chamber,
where the substrate comprises one or more gaps, each gap having a depth to width aspect
ratio of greater than about 5:1, depositing a first dielectric oxide layer in the one or more gaps

via CFD, etching a portion of the first dielectric oxide layer using a plasma etch, where
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4+ includes substantially filling the one or nore gaps. 4.The nethod of claim

-1, further conprising: flow ng a fluorine-containing species into a
remote plasma to generate a plasma-activated etchant: and flow ng the
pl asma-activated etchant into the reaction chanber to react with the first
dielectric oxide layer to performthe etch. 5. The method of cIa|m4

wher ein t en trifluorl
(NF3) . ertal‘?ng Jhy(ﬁg}ti{aﬁ of tE t?rhﬁddé‘lggﬁé) ﬁ%dg ?azep&cﬁg & a%stter r € Jedr ga top surf'ﬁzcle owi ng
hydr ogerthgrFdey aibottomt suefaceeaittacinigas hfaniaerhevﬁnsd daelecttf]blolﬂgletlii}&r hey & ipredf t he
first di td met,hod of c m.6. wherein a
f1 ow ratp%fr?lgtéoég 5%(#10%511@& G e bstom ﬁlgfaicﬁé)fc%?ﬂ &hi g ‘JseB%%‘i"&a iSE“YPEt ween
about 1:dleledidc akidelayd: ih. the one or more gaps over the first dielectric oxide layer via CFD.

The controller may further include instructions for performing operations as described earlier

herein with respect to Figures 3, 4A—4D, and 5.

[0125]  The apparatus/process described hereinabove may be used in conjunction with
lithographic patterning tools or processes, for example, for the fabrication or manufacture of
semiconductor devices, displays, LEDs, photovoltaic panels and the like. Typically, though
not necessarily, such tools/processes will be used or conducted together in a common
fabrication facility. Lithographic patterning of a film typically includes some or all of the
following operations, each operation enabled with a number of possible tools: (1) application
of photoresist on a workpiece, i.e., substrate, using a spin-on or spray-on tool; (2) curing of
photoresist using a hot plate or furnace or UV curing tool; (3) exposing the photoresist to
visible or UV or x-ray light with a tool such as a wafer stepper; (4) developing the resist so 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.

[0126] It is to be understood that the configurations and/or approaches described herein
are exemplary in nature, and that these specific embodiments or examples are not to be
considered in a limiting sense, because numerous variations are possible. The specific
routines or methods described herein may represent one or more of any number of processing
strategies. As such, various acts illustrated may be performed in the sequence illustrated, in
other sequences, in parallel, or in some cases omitted. Likewise, the order of the above-

described processes may be changed.

Other Embodiments

[0127] Although the foregoing has been described in some detail for purposes of clarity and
understanding, it will be apparent that certain changes and modifications may be practiced

within the scope of the appended claims. It should be noted that there are many alternative
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» 8. The nmethod of any of clains 1-7, wherein the first dielectric oxide
| ayer and the second dielectric oxide |ayer each include silicon dioxide
(Si02). 9. The method of any of clainms 1-7, wherein a thickness of
the first dielectric oxide |ayer is between about 100 A and about 500 A
10. The method of any of clains 1-7, depositing the first dielectric oxide
| ayer i g j.a C i X . i dycing a
L rot T e s b aprinus fsserbed. | AqudrBERTHE] 0
al | owi ngfeséribedl embodimenis tarertd bt comsitietadias dhtstrativeeind mbsresteittives ur f ace;
i ntroducing a second reactant in vapor phase into the reaction chanber
while the first reactant is adsorbed on the substrate surface, wherein the
second reactant is introduced without sweeping the first reactant out of

t he reaction chanber; and exposi ng the substrate surface to
plasma to drive a reaction between the first and the second reactants on
the substrate surface to formthe first dielectric oxide |ayer. 11.
A nmet hod of etching a confornmally deposited |layer of dielectric material in
a substrate, the nethod conpri sing: providing a substrate into a
reacti on chanmber, wherein the substrate includes a gap lined with a
conformal |ayer of dielectric material; and exposi ng the substrate in

the reaction chanber to a plasna generated froma process gas including a
fl uori-ne-contai ni ng speci es and hydrogen, wherein a flowrate ratio of the
hydrogen to the fluorine-containing species is between about 1:1 and about
5: 1.
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+12. The nethod of claim 11, wherein exposing the substrate in the reaction
chanber to a plasma includes non-conformally etching the conformal |ayer of

dielectric material. 13. The method of claim 11l or 12, wherein a
tenperature of the substrate in the reaction chanber is between about 400C
and about 500C. 14. The method of claim 11 or 12, wherein a pressure

in the reaction chanber is between @hoigs5 niforr and about 15 niforr.

15. The method of claim 11 or 12, wherein the step coverage of the

conf or mg}y, J, ay.ekin0h idi el ectric material is |ess than about 100% 16.
An apparatus for conformally depositing a dielectric oxide in hid aspect

ratio gaps ina SH%%B?& Sfcohf&%n%Rp&%élciHﬁ%%gi@BE@ri%iog%é il?hirgﬁ %%@teictqgti& hamber; a
pl asma source coupled to the reaction c €r; and a contr er conprising
i nst ruct i gapsinfaoubgeatd. dremethod dvmprsingowi ng oper ati ons: (a)
providing a substrate i.nto the reaction chanber, .wherein t t]ﬁmzubst rate
conprises one or HprR¥OYding a SUBSURCHHE HgAr H@r%g@émtﬂ?{@cv\?m pect ratio
of greater tRaBreab&dh g Has a depth to width aspetihtisleN@&diér theh dobi 5:5t diel ectric
oxi de |l ayer in the one or nore gaps via conformal filmdeposition (CFD);
(b) depositing a first dielectric oxide layer in the one or more gaps via
conformal film deposition (CFD);
(c) etching a portion of the first dielectric oxide layer using a plasma etch,
wherein etching the portion of the first dielectric oxide layer occurs at a faster rate
near a top surface than near a bottom surface of each gap so that the first dielectric
oxide layer has a tapered profile from the top surface to the bottom surface of each
gap; and
(d) depositing a second dielectric oxide layer in the one or more gaps over the

first dielectric oxide layer via CFD.

2. The method of claim I, further comprising:

repeating steps (b) — (d) to substantially fill the one or more gaps.

3. The method of claim 1, wherein depositing the second dielectric oxide layer

includes substantially filling the one or more gaps.

4.  The method of claim 1, further comprising:

flowing a fluorine-containing species into a remote plasma to generate a
plasma-activated etchant: and

flowing the plasma-activated etchant into the reaction chamber to react with

the first dielectric oxide layer to perform the etch.

5. The method of claim 4, wherein the fluorine-containing species includes

nitrogen trifluoride (NF3).
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+(c) etching a portion of the first dielectric oxide |ayer using a plasm
etch, wherein etching the portion of the first dielectric oxide |ayer
occurs at a faster rate near a top surface than near a bottom surface of
each gap so that the first dielectric oxide |ayer has a tapered profile
fromthe top surface to the bottom surface of each gap; and

(d) depositing a ?ﬁgﬁgﬂogbngﬁ;ﬁ”ﬁ”ﬂ%kﬁﬁPh§M§r in the one or nore gaps over
od . fur : g

the first dielectric oxide [ayer via 17. The apparatus of claim
16. wherein the c8otwinglhydrogénufH:hero the mpciigreshainbst whiddt dtdnisg the ppreiioh of m
repeating ste b) .-, (d) t ubstantially fill the one or nore gaps.

18. The apparg@hém%¢e%%g%ﬁ%@8i“ﬁherein the controller conprising
instructions for depositing the second dielectric oxide |ayer conprises
instructions for substantially filling the one or nore gaps. . 19.
The appar at us ‘of ARymsHhed 8? claimyb.ryghered 3 §owipfe raiopfipdroggnioths lwrinfyr t ner

conpri sescohRftifdéebi®NR bbvePF bR M1 and abodt kW Ng a fl uori ne-based speci es
into the plasma source to generate a plasma-activated etchant; and

flowi ng the plasnma-activated etchant into the reaction chanber to react

with the firstg d! ?h@gnte{h;!(l)ﬁ oPﬁ)%cLa%X?fﬁ? ®h i%ftﬁ)crﬁ?sgﬂgle@thg Bxigf lsaéfgr and 20. The

apparatus of claim1 erei'n the controller further conp
i nstruct itbaisecond ghelettoic wride layer each include silicon dioxide (SiO,).

9.  The method of any of claims 1-7, wherein a thickness of the first dielectric

oxide layer is between about 100 A and about 500 A.

10. . The method of any of claims 1-7, depositing the first dielectric oxide layer in

the one or more gaps via CFD comprises:

introducing a first reactant in vapor phase into the reaction chamber under
conditions allowing the first reactant to adsorb onto the substrate surface;

introducing a second reactant in vapor phase into the reaction chamber while
the first reactant is adsorbed on the substrate surface, wherein the second reactant is
introduced without sweeping the first reactant out of the reaction chamber; and

exposing the substrate surface to plasma to drive a reaction between the first

and the second reactants on the substrate surface to form the first dielectric oxide layer.

11. A method of etching a conformally deposited layer of dielectric material in a
substrate, the method comprising:
providing a substrate into a reaction chamber, wherein the substrate includes a
gap lined with a conformal layer of dielectric material; and
exposing the substrate in the reaction chamber to a plasma generated from a
process gas including a fluorine-containing species and hydrogen, wherein a flow
rate ratio of the hydrogen to the fluorine-containing species is between about 1:1

and about 5:1.
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+fl ow ng hydrogen (R)) into the reaction chanber while etching the portion
of the first dielectric oxide |ayer.

12. - The method of claim 11, wherein exposing the subétrate in the reaction
chamber to a plasma includes non-conformally etching the conformal layer of dielectric

material.

13. The method of claim 11 or 12, wherein a temperature of the substrate in the

reaction chamber is between about 400°C and about 500°C.

14. The method of claim 11 or 12, wherein a pressure in the reaction chamber is

between about 5 mTorr and about 15 mTorr.

15. The method of claim 11 or 12, wherein the step coverage of the conformal

layer of dielectric material is less than about 100%.

16. An apparatus for conformally depositing a dielectric oxide in high aspect ratio
gaps in a substrate, the apparatus comprising:
a reaction chamber;
a plasma source coupled to the reaction chamber; and

a controller comprising instructions for performing the following operations:

(a) providing a substrate into the reaction chamber, wherein the
substrate comprises one or more gaps, each gap having a depth to width aspect ratio
of greater than about 5:1;

(b) depositing a first dielectric oxide layer in the one or more gaps via
conformal film deposition (CFD);

(c) etching a portion of the first dielectric oxide layer using a plasma
etch, wherein etching the portion of the first dielectric oxide layer-occurs at a faster
rate near a top surface than near a bottom surface of each gap so that the first
dielectric oxide layer has a tapered profile from the top surface to the bottom surface
of each gap; and

(d) depositing a second dielectric oxide layer in the one or more gaps

over the first dielectric oxide layer via CFD.

17.  The apparatus of claim 16. wherein the controller further comprises

instructions to perform:
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repeating steps (b) — (d) to substantially fill the one or more gaps.

18. The apparatus of claim 16, wherein the controller comprising instructions tor
depositing the second dielectric oxide layer comprises instructions for substantially filling

the one or more gaps.

19. The apparatus of any one of claims 16-18, wherein the controller further
comprises instructions to perform:
flowing a fluorine-based species into the plasma source to generate a plasma-
activated etchant; and
flowing the plasma-activated etchant into the reaction chamber to react with

the first dielectric oxide layer to perform the etch.

20. The apparatus of claim 19, wherein the controller further comprises
instructions to perform:
flowing hydrogen (H,) into the reaction chamber while etching the portion of

the first dielectric oxide layer.
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