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159159* DEPQOSI TI NG TUNGSTEN | NTO H GH ASPECT, .-

FEATURES CROSS- REFERENCE TO RELATED APPLI ﬂmm\ “ I“"m““‘

[ 00011 This application clains prior erla

Nunbers 12/535, 464, filed August 4, 5 2@09 and B8,
DEBESIING TUNGSIT EASINTO I GH A SPEXOT RATIQ [FEATURES

i ncorporated herein inits entirety. BACKGROUND

[ 00021 Deposition of tungsten-containing material s

an | ot e ERAARRENER PO REE AR ArPinBRFIGNES,

processes. These materials 10 nay be used for

[OOOIh@hidepph@dtlohrtﬂzﬁmW@ $o WV$.aSerhab NAREHera02/388064, ik @lAugust 4,
contacts between first netal |ayers and

2009, a@x Uc%sSeélﬁl NRel ¥813,8%5h fdethBily 8: 2010awdichi 456 ingepnesated herein in its
atio features. In a conventional deposition process,
"substrate is heated to a predeterm ned process

tenperature in a deposition chanber, and a thin | ayer

of tungsten-contai ni nBAGKERAUND hat serves as a

seed or nucl eation |ayer is deposi ted. Thereafter, the

St en nt ai ni.n teri
oouz RS o o B A A A B R B Sl vy
techni@&Vie Ak iiegdal Yart bhthany @&ﬁﬁbﬁﬂ‘u&&%ﬁhéﬁti&)ﬁ sl Thed Raterials
fornmed by the reduction of tungsten hexafl uoride (WF-6)
may R tuﬁednﬁafr greTPI(alpipterqanagEs.c Hiag otftuFa Adjapaat enetal daysrse contacts
betwegr‘ie ggs? ?Bg li%hec{ rgf' de“:{/nt | r tﬁe ES) Ba%n dsub%#erltfgf %led rl'gé}? a%%]::t IIaEO features.
In a &@ﬁz@ﬁﬂmﬁepﬁsbﬁtmg Iir(bm:gﬁtzemummahsnlhﬁgeﬂ&bei ipaddetdrimied process

smal I, ang, especi al hi gh asgect atl o 20 features
tempeRAIYTeCiA A BOROSHIRE L NER b aad 210y Ryer of {nesten-gentaigingspaterials that
j t ar
serveg £ 66ed IR Bl i Loy Bt WopSsitolt™ WRrosREA TG FERAINGR D UL rungsten-
containmgernatami (theertoillotdyer)vis deposdexigomd@ peidtomiayee Obnventionally, the
integrated circuits.,. For, exapple, a seam na xt epd .
tungsigp-SaRe g Mdterialsera PERFDRY ARt SruehPR OhgUIEshachssaHeride (WFo)
h & apen) duri ghefafdhs HREOAIN GR! dddodial b@é}taxpen d
vt S}k%RYG{%S 0 21 I\/Etahodgs and appar a?t)ses for fil t|1rﬁgeXpoSe
surfadgiatga Cxﬁlpfe%}lbstrrat insldding featgesvindta fidkdgegien- cont ai ni ng
materials are provided. The nethod invol ves providing
[00035l D%§5§1 J?%qu)ﬁggt?lg r(fgIg ?tn?n%cmﬁﬁg:al%?ﬁtguﬁ%a% ansdu% erﬁl%il% }?irg]ﬁl aspect ratio
featursybﬁy fcalise fsumitama)f seamp . g.| ahfiyed vdids) Qﬂsedcomerfmee fbatglies. Large

aspect rat| o features. The nethod continues wt
seam%maédﬁfic\/@ higgnisyislaned. @npEHRAtER, dosst #eﬁﬁ%wtqr@éﬁ |agg eqtherwise

degra%éigé}f&ﬁ%ﬁ@‘af ?ntg?rgi%ﬁ' o s FoIRY lgeé‘rseérﬁ“?n;yoe{t&ﬁf toSe to the

entire

ning than in eat ure. certain
field Iegﬂon diteefilfing prewrss/ald theyopfea dueinf ehemtal-thedliahichl plhdrization.
freer reeer refrl 11111 ~~~~ ~1 i~
SUMMARY

[0004] Methods and apparatuses for filling high aspect ratio features with tungsten-
containing materials are provided. The method involves providing a partially fabricated
semiconductor substrate and depositing a tungsten-containing layer on the substrate surface
to partially fill one or more high aspect ratio features. The method continues with selective
removal of a portion of the deposited layer such that more material is removed near the

feature opening than inside the feature. In certain embodiments, removal may be performed
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*000002* J | at mass-transport limted conditions with
| ess etchant avail able inside the feature than near
its opening. Etchant species are activated before
bei ng i ntroduced into the processing chanber and/or
at masshtrdngpdrnBinited toralithanbieh lesd etchqne alvdilablecinkidel theebitare than near its

openitgy o SERHIREGS P A GHOLhEIP 7 G RGu lhts%thle jpocessing chamber

and/01r @ﬁﬁ%sﬁ&dthé%ﬁfngér ' ﬁt I:f{CO!EIJﬂ &111%egtl§r gﬁéﬁ? g 88 activated
g., operationis ned ess t an out 2
spec1eand/sobstamwytlhnmechmwt)r 6tch1‘ﬁgrwuh TFhels recnmbureld qpreCies wtesontrolled
) better a control of s ive r noval thﬁgﬂep05|
during w , EGOPBFrafiAn SR nﬁeé fi‘gout orgess than about 5
r
Torr. Tl h A rolidch FRBEE Lol bfod M{%P%%éé?‘?ﬁdfﬁ&@d layer.
i nvol ves introduci ng a tungsten-containing precursor
[0005hhdcearta|iredrmbbdimeagemtndthﬁcbo%ﬁlﬂingcadéglh agpecthatib deatamcprovided on a
en-contai.ni n .
partiaffg PP EIcRGe s R Ror et ST, BEPLEHE Brhunetsgroontaining
precuSbPShd af edvibidgdagefit @b Calpro@Bshg d:ﬁ@tﬁ'ééﬁ AN déﬁ@ﬁtﬂgoa layer of a
bet ween the tungsten- contalnlng recursor and
tungstepgortiaingng gaiarial phi the| payieallyp meniiariugeds setnmsomdvetomsghstrate via a
chemlgg‘lpggé @éﬁdogltlogalt ?étﬁj gt%ve%ﬁt ﬁ]lgdtuBr %gne g(grftamt p{eﬁursor and the
ucl rvat e 0

ntr an ac a et ching in

reducipg @@ess i Thds Ihly&njhwﬁalﬁﬂﬁlﬁ Hedtigh ugieyt rafié fentireg The pfdthddproceeds
of the deposited |aye u3|nq t he activated etching
?

with ipfpdirging alatactpvaé@eg% lms TRY At intnBetiatessnp shamberaindyselectively
[ t a

remotlﬁgna c{@@g%t tlﬁfh%&ﬁu@é 1dyf3 ﬁgg@ t}ﬁgcagg\éaq%cg Etgﬂtgxgorﬁﬁél%ﬁbl bt process

condltlcmsl thate;uhstmarqﬂgrlamm r@onfolrtaltlen S)lﬁ st activated ktchagamathasl. In certain

bout 250C and a pressure_ of the processing chanber
embofgedt, 3 BO%65 roPRBPBS dpsbeder f dgmpgraturg HEnlteeth’éFétﬂﬁfeleSS than

s T Oy 2550 ALkl Bip ISP RS 8, B ity
the te@beratige ﬁfa@&ﬁﬂéﬂsﬂ@rﬁi&ﬂb €50°ICSorl 388 1dsh &un2bdey Y009C. @Y € same or
less 20 than 1 Torr, [0006] In certain enbodi nents, a
other ew@odimests, Hisapresses pletbeureccspanichymber iadess dhag 2 Jomar even less
than 12P3%. Or eater than the reduction inside the feature. A
hld%-aspect ratio feature may have an aspect ratio of
at |l east about 2. In certain enbodi ments, an etchant
[0006] $n icmta’iméuﬂledimmto at leductivantoer tlxt featuré lopmingtieat least about 25%

r s tran rt regi me.. An et chant
greatdf dhan (P SHUEBAP G Phdasseph JBLsartGT CHaBaIerFonfare an aspect
ratio S RaSt WDoBEIRILDERGIPERBodHABS %r&&lahplsgﬁtw&wuﬁ@ fhe chamber at

activated etching material. In certain enbodi nents, a
a ﬂOVdévesaomemndmrtata oresa fransposteleginnd. v eAn eatahanl is introduced into the
L L E e e N ST p——
etchinlgOf@té iall. NIt Bértaah RmAHOBREKNG it GepositioR tdpefhtibh B &l selective removal
i nvol ves repeating a dep03|t|on operation to 30 form
operaiions k@ NPT fEiyed | e diffagntr chamabare peainiaingda ak aliferenty gnvironmental
condifi§ioval operation to forma second

[0007] In certain embodiments, a method further involves repeating a deposition operation to
form a second deposited layer and repeating a selective removal operation to form a second
etched layer. The repeated selective removal operation may be performed at different

process conditions than the prior selective removal operation. In certain embodiments, a
2
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etched | ayer. The repeated sel ective renoval operation
may be perforned at different process conditions than
the prior selective renoval operation. In certain
enbodi nents, a 2 | 1 reduction in average thickness
reductidn inhevesage didkitep oftheadedndydeposiedriaycn@caphaiopening is greater than
reater than the reduction in the average thickness
the rediction dn dhe- pyrarasdPirsness @ thg tscond derpsitedy @y#réamﬂeethweaatre by at
least dbB@Sioogbout 10% [0008] In certain enbodinents, a
met hod further involves depositing a
tungsten-containing 5 nmaterial on a substrate via a
[0008L hre pértzan embpdimenésp o ghethod furdeec tinwhvdsetepesting attmnwsaﬂnewntaining
ntalnluggﬁr recursor and a red C|ng gent .un

materig Pace PR PR LaeT Bk R ak T e R edl pefptn s Hngsten-

contaigfiipeprecirddr hdf £ ducRgm¥naMe AhixBHTHENFhti® MebSurdlis closed. The
| east about 20% froma field region relative to the

closedjbigh fasprict rai fere mapdeve paein th@tartnds at lepst abont 20% from a field

reglon p?ﬁg\/:eggg%é dduﬁlthngy ?‘Et hid Beaggecilro 1o Ic an Ie er‘raellg::ﬁghg nglérg odiments, a

substraifetlﬁus al@cbﬁtbfeaeired’(at V@clb@mi)da&ing the debalmmfenﬁﬁlﬁwélosed after
di ments, a high aspect ratio feature is close

the sek?ewfhrg%rrtq*fél debstamen oibar eaphodiments adeh me@épt@e:fqav@e is closed
durin @ﬁ%%ﬂémtl({lp:%q%pehpdlﬁﬁ{gttﬂé Bel&RRENBM S, a method of

aspect ratio feature prOV|ded on a
artlally nanufactured sem conduct or substrate
[0009] v oériads enibpdigientsng mathal Cﬁﬁ ﬁlbng priogte sspiecigratic Heatirerpravided on a
cont ai

partiallrEingtosted TR S Dalt iRl ch (BpoSlint ¥ a Sy ppocessing

chamiserC Ee'ﬁy‘é?' o¥F azpoﬁlngﬁ@rg&n{thlﬁﬂlgr Qﬁlﬁ&ﬂlaﬂn oRekNEefhrRally manufactured
tungsten- contalnin precursor and a reduci ng agent

semicppductfugibdtratvheia| aycaemisal tviapdt glepdsition rdaetion dietvesspesttungsten-
contalgglrétp?gﬁ?&trliﬁg afrg_(n}% a&gr? qnﬁ'&mc gYSRe Myer &R ?,li n@ll%\lI {Illfa I%ngh aspect

y manu em con UCt or

ratio feBRrdlePhs ietddl @y v fwithmolngahé partialf rtdndfadtired semiconductor
material into a second processing chanber. The second
substrafeo iths they depesiisdr lapiers ofi the elaBYteEAYItHBMge Maggrial into a second

proce&ﬂ{hgéﬂéah{y%ﬁ e E&@Hd h%%e{sh{gf‘éha glcﬁa%sdlﬁgreﬁpé{m%hme;m?condltlons

oceeds W t Ive renoving In
than thed‘nstdplpcessmgsuha@belha’rlfheltnemqmbprtopemls ofitlt bdedrphsicheding in the

lLayer for an etche usjng a acti vated
sceond PEARY TR pgfﬂ%»%éé% denosfied Eveieryingan etched layer using an
actwa%édibétklﬁﬂg infdtdr¥al % PYSRLs ESQRT IRt sgestgrttlau&h&e%k 'ré’c%hﬁ)%atlon of
etching material. In certain enbodi nents; 'renoving

the acpyaﬁdrq'fédng\mat@‘lal hdn csgeinnemprdiments, raglcxyh@ﬁmperfcsmlcémhlle the

scconRro EREP, BN 58 1 b b B el s T ) U gty manufactored

semlcbﬁ&ﬁ:térrkﬁﬁst?&b@ﬁtkegt'sﬁ@ess'Ql'ihnaéb%ﬁﬁgﬁPCh'/G{(ﬁ‘x%?a?ge‘%fnckﬂ&s of the etched
etched |ayer near the opening is less than t

layer nges thegepenmgok hess thaofthe inveragechigkindsapEtheicthied @ybhmsme the feature.

e mgRid i Bea PO S RO B PP B Hi gl over the ctched
layer gﬁtglhgéihlgh%ﬁé'ct Hibifbathiegs Abgy. aspect ratio feature is
S

[0010] In certain embodiments, a semiconductor processing apparatus for filling a high
aspect ratio feature on a partially manufactured semiconductor substrate includes a first
processing chamber having one or more deposition stations for positioning the substrate and

configured for depositing a layer of a tungsten-containing material on the partially
3
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[0010] In certain enbodi nents, a sem conduct or

processing apparatus for filling a high 30 aspect

ratio feature on a partially manufactured

sem conductor substrate includes a first processing
manufab@rdae seniavidugtod absiratérwia a dhpmidal ivaporsleositiog re@dtion a second

positioning the substrate and_ configured for
Proces§HIZoRAVIN EngfieaOn) Yk eteffing statipps fas positianiagrthe gubﬁﬂla@r ang| configured
for Rt kBN A Rl or (PR BRAHE R, BRIl Rng gnglor cching
statiomndndle opr @oresihegtingelements fier controibing tied ibstnage sdnaqidram& during

itioning the substrate and configure for )

deposganea@ C@l%n‘%@ PRRATAMUS 13y IBFuds aﬁﬁ%tr%ig% ft Bgeragy Estructions

SRR | I .
for in SRRl d@?ﬁ‘i‘%?‘?%é“%“%ﬁ%ﬁ%ftaﬁ% PR e Y Heprocessing
chambyuhdeppsiting & dayse phthg ﬁmgﬁtmrqmgtaﬁndg pwsdrial on tlenehirigally manufactured

SemlCB?(ﬁ'kj og%upﬁgqt? &Ea[a{hgn Sémﬁ%iy Vlaﬁ((?: a ﬁ‘wgorgﬁcrt%' beertwevz\g:n ‘H‘le tungsten-

contaihiHpGTE@Asdr ARE AndWeBGciRg 8ESHSRALH AN tike Ta§EYSIR1y2EIRYhe high aspect
into the first processing chanber, depositing a |ayer

ratio @ﬁtureh enttqmgmgemmosﬁcrapwtmglngmrmurmr and & teéugag tagaitllyto the first

procegﬁ% B eﬁtroﬁ&ml A da%ﬁLzﬁ d %yc?f? ?ﬁ?erlta\ 1nto qﬁe %Ié](?orrrlld processmg

eposition r actlon
chamgo)¥ndi seleodvdly eane\Snd a @Gﬂlohhﬁt}[eﬁ(mp@m@ lag@ﬁismgi‘alﬁ(é’(ttlbhéd etching
the layer partially fills the high aspect 10 ratio
materfap A (RTRCESS FORSIHQRY kAt aSUbEABIEAI b PreYARtaFasPginstier wafsthe activated
ewhn%qgm fleducing agent into the first processing
i ntroduci ng an activated etching nateri al
into the second processing chanber, and selectively
[0011} diresei argl athpoaspects affthe hevetpo sird édtheayiescrib&d rng more detail with
actlv ted et chj mat eri al at process conditions that
refereggg ot ?1?‘?réqspﬂ’/miﬁ:‘|‘£@ré‘ﬁ’tmgseconbl nation of the activated
etching material. 15 [00111 These and ot her aspects of
t he i nvent i BRIBF ®HSCRITTICR OF TPHEKIDRA WING S et ai |
wth reference to the correspondi ng drawi ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS 100121 FIG 1 illustrates
[0012}, F1Gx b ilystratss 2 examipleopiiu sepicondisiqr sibsirate spafpininga digh aspect
ratio i‘%thFb ﬁ%&?&'&nt SE%%& 8f£ gl%tcysrs Gr‘n Q(Ecogdafnt:@ tcglst&ﬁ%?ﬁ)og%@lts
process i n accdrdanc certaln enbodi nents.
[00131 FIG 2 illustrates a general process flowhart
[00131 Epved alivstresa patena drodess iflowichgrt nergbsendspeahethad io6 filling high
aturgerar W t h tun@sten cont.aj ni n rratlerjals ig ) )
aspechGap GAEECWY Y CEPESPHOTRHIBNE: AL [BoPgoripnge ayith  certain
emboliinldAg&l r at es schematic representati ons of substrate
cross-sections at different stages of a filling
rocess _in accordance wth certain enbodi nents. 25
[0014?&)@51 iffpgtratep sqhematie aﬁmsseataéleh%ﬁﬁtsubstra@rcw&ﬁ@caipnmt different

stages aiﬂlhﬁg ﬁﬁ)rc%sqﬁ ac‘%orllﬁleﬁc %ﬁan glgwgté otdlrfi%{t% gl P eat ur es.

[0015] FIG. 4 illustrates a schematic representation of an apparatus, in accordance with

certain embodiments, for filling high aspect ratio features.

[0016] FIG. 5A shows a schematic illustration of a multi-station apparatus, in accordance

with certain embodiments, for filling high aspect ratio features.
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[00161 FIG 5A shows a schematic illustration of a
mul ti-station apparatus, in accordance wth certain
enbodi ments, for filling high aspect ratio features. 4
[0017] FIG 5B is a schematic illustration of a
[0017PHIG.i SR saarbeenapip allattation ofl a agwitrdiamber Mpathtuss &f h@oRdance with
enbodi.nments, for filling h aspect ratio features.
certain eyyhediments, fog Alling high P%Fteé%rag odeaiRnt i ¢ representation
of a feature provided in a partially manufactured
[0018FPI'G CORAUGEPHesS H RSh&RdiR Y@p?é%eﬂaﬁéwggaeﬁaﬁl #)?6\n(lléagm a partially
ayer deposited in the feature and specifies
manuﬁdctﬁlfﬁdr semicpuductes S)fosilllHaS\MIthememrgsmﬁ cohidimy éayer deposited in the

kne 019] FIG _ 6B illustr s.a graph of the
featurg o e s AHETFIBOITION BFe L HE PO RO B NG
| ayer shown in FIG 6A before etching and after
[0019EFIGi 6B ifl@dtratesoa didphesteht RIcRE®S AitAPEtidN 8Nthe tub@h&lontaining
FIG 7 is a plot of etching rates of activated
layer showerip F&Gsd g)ie@ge etebing apd gperdehing frotiva diffapatairesesnisonglitions.
function of the pedestal tenperature. 10 [0021] FIG 8
[0020]S FIG, Pl p18{ ?&clﬁhg I?étgg?f eﬁ{tﬁat%fl fRi5 hé{ @%%ﬁes aInH %do%med fluorine
ecies as a nctron o ressu
spec1eE)E§' AlfirfeBoDb SR fedésEN t&hpdrxithd?L E EI\/B(I)I VENTS [0022] In
the follow ng description, numerous specific details

set fo th n order to provide t. hor ough
(0021 [ G % o Bl SN FS Sihach ieh flRgRIe TM814s a8 gefipction of the
chamBeR pRREIreN nay be practiced 15 wi thout some or all of

these specific details. In other instances, well known

process erati ons have not been described in detai

L S GRIFTIDON 0K BXA VRS EEMRADIMENES | on.

While the invention will be described in conjunction
100221 f B AR crbriof TR IR oo gl e HOASh SRR o proviae
a thoreugjoundeestasling 6f thetpretnt inventidr0 02 pfesédtiimgentioamuyelse practiced

with tung g naterlals may cause formation

. en-cont ai nj
withotl; e A8 a] 56, HES% ARECTIG FERIT c akuPBET TeGEgim walh IgH process
operat\fmﬁnhaavel A¥EhedAbsdrdefGhn etg?ggshétegm%aegsgﬁl bgs%lure the present

s of the feature thickens to the point that
mventg(em s Wgfife (the enyentionnwila i ndeherfoinin oahﬁmctmef\euth gtle specific

e Bt B R RS e 1 570350 L P i o

embodifiRnft her mords, t hi ckeni ng of the dep05|ted Iayer
pi nches off a void space. This pinching prevents
recursors and/or other reactants fromentering
Introdugtionni ng voi d spaces, and they renain unfilled. A
voi d space |s typically an el ongated seam ext endi ng

[0023; gflﬁ ept ﬁ{ gl %Qtegrcghﬁw gﬂa\?%l éseﬁ{a r@au@!: ‘%&%M&S of seams
insideathe dillsd) tﬁ@iruraesArRﬁmrcraeofom vi®na ]Iaggrhhhtels kbeﬁ@l&bpoﬁfedldrﬂhe side
walls %rt]at]?ee feature thickens to the point that it seals off (i.e., forms a pinch point, also
referred to as a sealing point) a void space below this point from the environment of the
processing chamber. In the other words, thickening of the deposited layer pinches off a void
space. This pinching prevents precursors and/or other reactants from entering remaining void
spaces, and they remain unfilled. A void space is typically an elongated seam extending
throughout a portion of the filled feature along the feature’s depth direction. This void space

or seam is also sometimes referred to as a keyhole because of its shape.
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5 [0024] There are nmultiple potential causes for seam

formation. One is an overhang forned near the feature

openi ng during deposition of tungsten-containing

materials or, nore typically, other materials, such
[0024]aEhee didf mudtipde pbentialeauseayfer seam formatibraOnoms hmypeerhang formed

I 1 illustrates exanpl e of a sem conduct or
near *gﬁb fuzg PPEBREaf ity %gp?ﬁ‘%‘i?‘pég pREESFLCPYaNIE (patertals or, more
typical¥ir bR& gl'afefrﬁrse @ﬁc}ﬁﬁﬁgetﬁffﬁilonc'%?&ng%t&ra RLOERRH el NFIG. 1
accordance with certain enbodi nents. The first

illustrateso g -es@npleoqrf a_(sg_mg:hodgg:t(a sblskrete goptairdBg i high saspect ratio feature

t e 105. .Th bst r at b )
durmggc{ ffFré:B{~I e\%qs é) aslelﬁlrcgng océ%d)rﬂ?ﬁs%ggl} acscg n{:r%w\%gfcg%/tam%m%odlments

The fifd? Qra¥8s¥@ionr 101Tdhewsfeaibifte OB &viflDd pi@YorRRY Fe@lreaARNEED5. The
ratio of at |east about 2:1 or, in nore specific

substrataivenyi Peasdiconfwader, E@a00ahwuwater, 300The wefer,#59smhoivefer. The
n ne
featur%&lgleggé% Iqjﬁg}p (hlg@é[ an asg)egts ?}zacis d%g rfag Flggrsg a[%oms QSL g)trh %%ore specific
embodiinelis] v enleatiabou 8: 1. nEhefeiees hble H@mﬁgrmmhz&fesa cﬂfss section
nor e speC|f|caII bet ween about 25 nanoneters to
dimenpigh Gieet E1esoPeriE Kt Qﬂeélqﬂoﬁlénieéersb%t*“‘#bsetPéforl}eé‘MeqnoabO‘lt 10
nanon?é‘f’er?@o 4ph 'Aah@rqeﬂ‘epsatoy for8's §<’:1ﬁpzh¥r ?etwfeﬁr?tay&g 25[ 9%%11664 Y to 300
he next stage (cfoss- sect|on e substrate 103
nanom&i;ers;h de featiihe holdepaesmetnieancfeddd tmde anlwyfidled fé@ure or simply a
lining the feature hole 105, which may be a diffusion
barrier layer, an adhesion layer, a nucleation |ayer,
a conbi nati on of thereof, or any other applicable

[0025 ﬁl%llﬂ:'xt sta@Re GRS SRRy 1 1d§pm§|shb@ﬁt@mm%ss$@&n%tm @tdeposited an
%ood step coverage properties, i.e., nore
underﬁ@tﬁérl al linigg dbp derterechdde 10Ae whid cnaWelgﬁ erdifnsiondwmrrierhlayer, an
nside the fe

adhesmH ?a)feg nuc"fleatllon zﬁ/er a (:.f):[rg) Ly ro% t]tl reo ngnde(gther %)@Elce:llb:&e material.

rman over 1% ang 1
Becau@@&ﬁan@fdeﬁ)bﬁtlbhﬁl @ﬁfce?s@s ldayiest hdd,goblh Gstdpaétﬁiféra:kéi’pr i&g i.e., more
thi cker near the opening than, for exanple, |nS|de t he
matenfabs& denosited-gn the, @e@uﬁegwe@dovear tthe; openieg {than; igpide the fgature, the
ondr e DSBSy EHUEE LTS AMIPRCLIIE DS aR le nde
layer b1f3 thedayerdtl G megy hm:hrckSIplwad theg pening ehane ot exa:lnpw; if3tdkQfe feature.

For thF lﬁ)ug@ls?s;(?efa L o} es(g}e Ht gl%grs %Z)%gl{lrggmﬁggﬁn?(i]m d <I?f§1r1]1ate position

or an 414 Wr‘t%ﬂlot‘ﬁg SednteldlE, ﬁ&%th@tsﬂeh@alp@ﬁﬂé %turg)ud'otrﬁ%ondmg to between
“inside the feature” defi ned as an ‘approxi mate

about @elsﬂ% iodthefeatume deph méasimied ftdm thefitldrregionr riespoaidi empodiments,
ut 20- GOW feature depth peasure »
the g ot IRPPIBEAOHEGRA it His COR eGP eLRE: { GAbr Gnoge e eature
is deffh¥®ha§ ah byproxintitc Y&t or A areg Wlﬁilﬂth@%ﬁﬁi%tc%ﬁ%sﬁ&ldﬁ}g, to between
t hi cknesses) are specified "near the openin

about 2Dy et fsclenioes treh measst o Wedialprebao ths top of the foature

Typlc%l"i'le as\%flenn%nl‘ﬁes cer?aveéa% me?e mél ttIhR:Iknesse ?Salljrreesr}g%a‘ﬁed “near the
W t I n t ese positions r as n ce

openn@g‘r‘OGﬂf imeidt Sthe FeatdR” Athes@galubd reERAS a Ghedsti®@ment or an average of
under -1 ayer near the opening is at Ieast about 10%
multiple gpeaspremeals {akaR Withiaj Bese Resifienyairss: |1k Gepplm embodiments, an

averagPREKh 99}1&@!]5}% bl e %bgﬂlﬁé 58U RE 19% le%g‘l%} than that
%egout 5%0 9

inside the feature. In more specific embodiments, this difference may be at least about 25%,

featur

at least about 50%, or at least about 100%. Distribution of a material within a feature may

also be characterized by its step coverage. For the purposes of this description, “step
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at | east about 50% or at |east about 100%
Distribution of a material within a feature may al so
be characterized by its step coverage. For the
pur poses of this description, "step 6 coverage" is
coveragel isndadinad asia ratio af tob thiskndskéss kaetirabicknese of tHeheaterial inside the
thi ckness of the mate |aI I nsi de feature divided
feam%gl‘i“i‘f‘éi b ehikaessrofithe &g tﬁ?@ QPepiRg Jphityyg. expples, the
step c&@eﬁg%' JT tiReC @R} @a%her {sh&ss tﬁ&?ﬂaoﬁpYW%%? RbrelsPifically, less than about
under -l ayer is I'ess than about 100%or, nore
75% ogprei fescthbh ghout 68%. t han about 75% or even | ess than
about 50% 5 100261 The next cross-section 121

fustrates th hol e t en-
[00261:0n anex rc}:aosrsrg < }ona?ﬁf'l gléstr }fs Iélsoteaﬁure A)OE (ﬁ%g SW t € tungsten-
contaih@d@UinbteriBlsal I30NfAOIdepbsiticty pfoceds MA@ rebBit e |aal:(ﬁ1f612n?al layer of the
Ilt-up over the under-layer 113. This deposited

bu
matemabsyléﬁ bugt-ppwgerthe uadrapeyen 13.hEhis depesiteql dgysr folloys the shape of the
v 9;
under- l%lr lll%a {r}ltg:lldg‘li,l ﬁ (?\[ep}?arﬁ%l lg erIn !:Q‘%agr? é’tgg{’) mt%ﬁ‘g%gh% o (fﬁ]larll’?] in later
stagesp:rfmbﬁeéepoélaog procesgbtg h'(g}mbefof@ﬁahumrecloklng) It'l@)layérhe3 may become
123 may. becone 10 | ess conf or nmal resulthp
less cg%%;m@tréﬁl t&l@ﬁ,g}rgﬁg s(qp goveragg dbe-nioss materighp epos1ted near the
opem%ﬂl@ﬁ idsRR (e RankrBe A OREM YR 13 NARCKRS '1%@% Bl%sé BRUEH S forming a
the layer 123 thickens, it may cl'ose the feature
pinch fp@m'n 3. aOftpn rsotnep@Monh]Zﬁlatcﬁﬁal es dspositedadtiotd dreapinch point 125
terial.is degos ite e,t he

beford) B SR EBBS tF GIPTBBC CBE e 6 GBp Be b A5 ingy in certain

embodifRnRY ¢ PO& &P RVEragt BIGRE ajR 128N crREd %atﬁx@emay have an
poor step coverage of the layer 123, the cl osed

unfill¢deyaid 189 mag; & seamn ) helovs therpfefdreéneg p@mtd 2529“}1(e| sizg. of the void 129 and

the posﬁloa o{ glge e e&ér{](‘t%: r01enft ggsgvﬁglnl%géeré{ hoet%rSe g&; 2 %Inzlgg q{?{)érfg@ the size

of thevdvlethahgSp6ecis well fab‘l @hef sied, hspRB irftld, had bORRRNGE BB fedigre, deposition
size of the overhang 115, as well as the size, aspect

processaraneters. A ARG patmealeie f eat ure, deposition process
paraneters, and other paranmeters. [00271 Finally,

[0027f th%ﬁy,s QEdss %@ctilo%l 1%"1‘| 0\@50\“1 Ghe URBLE-AL €1 33333%11‘%{' t em1%a1 -mechanical

em tcal - mechani cal 0 planarization
planammtnon ¢EMP)t Wbldhaympvésraompt lagersfndos tthesubstats. 1 0EME MAymbHebe used

used to.reppove an overburden fromthe field reqgio
to remYEyin g SHP4FI=C T sy rid Pasan. SHER SR vRfiaviet b13 Tk phat were
preserflbnt 1€ 169 Burbabef FaRe SlibsiaR ﬁBbSTjgﬁ&ﬁlyl 3-sulstRtC 803 ¥ d1fFthinned
substrate 103 is al so thinned during CVMP to form

downt dusinguodlt 4o domrg3he |substrate Ji3Ach prdlmpmmEpOﬂ@tl II%S dbpvebove the

planarﬁaéon Teve ?]Ir tlhZ %Im %%%VG%%@ FI[th thgwpgfnégg og%édls 45 aﬁg is exposed to

envirddient EFoBEH tHeWe@Manbehhm% B3aNTR BFoblnsl ¥&th obbf aRd ¥4tk€RBams are
with open and | arge seans are described above. [00281

descripghpltve- cause that is not illustrated in FIG 1 but
that nevertheless may |l ead to seam formation or

[0028!E 'An%ﬂ%% Pﬂlsﬁ Zﬁz{{ng ?gﬁll?gt}[ejt%girnf/ Elgr%ﬁ g%d\?\gxgv&ﬂ{e!]etss \%ﬂa&ﬁge[d to seam
formatibn foeanilarginpceans anthinodviag eheateSareticef pmmedom taghd diekldregion is
curve(fl ?grt tl)Jov?esc’i) side walls of feature holes, which are also referred to as bowed features.
In a bowed feature the cross-sectional dimension of the cavity near the opening is smaller
than that inside the feature. Effects of these narrower openings in the bowed features are

somewhat similar to the overhang problem described above. Further, bowed features may
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30 In a bowed feature the cross-sectional dinension of
the cavity near the opening is snmaller than that
inside the feature. Effects of these narrower openings
in the bowed features are sonmewhat simlar to the
also lmaver madey-lpyarb| with dewarhange damb caneourfeerr totker, s¢powefdrmation causes
features may 7 also have under-layers w th overhangs
Comp%ﬁlgméﬁ%?&ﬁth‘feeq'ffeﬁfsﬁgrse% ¥ 8PRat i on causes conpoundi ng
negati ve effects of seamformati on. [00291 Conpl ete
[0029E Comiplidd iefitSna¥Hons @FMGearh s Gronk NBe freaunds el WitR %M\%sttéh-containing
tungsten-containing materials may not be possible or
materiglsamiay cuit . beSpossibloiod mpedisahg Seme veidespacingsinde remein Hiside the
feat ures or .ex le, due to.lar r.ai,ns of. t he
featurgeg ol eI 4 B Do, 85, BB Ao R el s gnspor
limitafi@RORiringAepo SEHE Chpdcillylrfsre fedt@atclysth s hAS bihgr realshs. However,
ot her reasons. However novel nethods are presented
novel egthods amR resenicdvhoreinfhatrajlose sedusingespamngizasparidngoving reference
g s r 0 [ Lo
poin FHREPRTE SO BRQUILAGE HBle WEIBIENR BUEeb W B mitpating
seam fommamén.on. 10 Process [0030] It has been found that
seam formati on can be mtigated or, in sone
enbodi nents, elimnated by introducing one or nore
Procesy i or nedi ate sel ective renbval operations. For
exanple, a filling process nay start with form ng an
[0030] Nti RdsAbech AY@Rd thdtkeah b@dstonRAhtbeaitigatdd b5 iR sofk Hbodiments,
~ _aspect ratio feature. This operation 1s followed by
eliminggadt ba|inteducing vae rasnpoed ind¢rmedjate isplieetivel rensovahoperaginns. For
he QS ki bt I 18 IS :
exami G OAFRTILGAE TS b ' Bl oL 0L g st gty fis
high dbpeétt bt feStufed MHi Lo Iratidni ik Flbwed by fauig tavétival reovaliod this initial
free manner., Process paranmeters may be sel ected such
layer rghthen depositing angdditiogel lpxeri dpisgvmavalidepagition gyrde mypy bg repeated

until 1ihE é‘é‘a%ﬁrte% @omgl?% eh fSa lﬁ%&ggﬁ%)gl/&dfﬂ'getxﬁﬁ{ne}'.npfo%ggg%arameters

step cov era tive renoval can
may lhatlaged sude thdv\therstep cmempeak improeddcatrieast dnleecycle. In certain
penin han insjde the feature. Various 2Q process
embod§ipis ?a%afryal?eﬁgkgr RO RnBFR GRAFTISS- ¥iral &elepideremoval can
be chir8&tied dynabiah RerifIGERYAd Adar tHBSHRainpARAPRALMe hdBehiuRY Various
conditions, controlling renoval and/or adsorption
procegsatandrob pamdinfefers araty bee¢rupliopied toaguewernthsse( wsyts, including removal at
ctivated. and reconbi ne eci es control lin .
mass FERSRHE: A Pare PSR G ol e R OMIeRY. b s of diffren
etchingQonipd@eis (@%§ ectivafedtdn SedRiYihddadpesiBs), 8HttoNiiecombination rates
species, such as _atom zed species, radicals, and ions
of etchimggpecie; and ethersudior the)purpgses of this anplirafivadagtiveied 3pecies, such as
.r econbi.ned ie I i n¢l udi ng_.hi
womSE YRHBLCARGE. iy SUED 23, "L oS, L pllline o
recombivitdf spe¢ied, Budh &l meleaainclap@giligh éergy statd inid1@@8ds (e.g., molecular
tri-fluoride and other precursors further described
fluoripg), gy fromponitiel pickant SpeFiey §3-patdEogsn dEndicsidengdceldgr precursors
furthd: lGOVERad BelB%ﬁ’.r esenting a nethod of filling high

[0031] FIG. 2 illustrates a general process flowchart representing a method of filling high
aspect ratio features with tungsten-containing materials in accordance with certain
embodiments. A process 200 may start with positioning a substrate containing high aspect

ratio features on a deposition station inside the processing chamber (block 201). The
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aspect ratio features with tungsten-containing
materials in accordance with certain 30 enbodi nents.
A process 200 may start with positioning a substrate
cont ai ni ng high aspect ratio features on a deposition
substrgteamay alsonsivd eant edepdgyee sich pschdifbesion baroiek 1261 Jand/Dhdungsten
.sqbstr te.na¥ al so ve, an under -l ayer a%fh as a
¢

8 .
nucleajjopelgaqroleHaP SHRraf g undie e fetits g provg abgyeoi the context
of FI& Y. ccftaint @hPodimbst! Al vt dakss @Val uﬂjd%}-"l‘éc)}é n84Cthe feature

provi ded above in the context of FIG 1. In certain
openiegrisad ilgmeinabout 2% ogreaterghart thatlnsslsshofeatime (mglenedralyebottom of the
- ear. the feature, opening is at |least about 25%
fearu O Hcf P EEISH FRSPcb YREFedrey QS A, wndRdp g ribat formed
overhﬁf%.t A semet daSesd a 187k WF Providu’ly2ddPREReDBHIR tah gs&ANB By bd present in

substrate may have an under-l"ayer t hat formed
the fegfyeer Higatyscs with evarkanga geesmorg prefcetp form peidy dotsg filling.
deposited bul k tungsten may be present in the
a - ) Y - npr n
005 S8 rn SR G5l QUFEIER (PRSYT IR U Gtk o o
confotmayldayemalyat lpeevens i ffus oy ofimprsiatsaded nd flltthe featilrsd indd surrounding

éé%fgrnwa conf or nal . I%%er that prevents diffusion of
materiai gf the Wbgalg Materipls fopdhe dufusiwsbarAeilayer psyniariyge tungsten

nitridd QitARLAT kiddnPurRThitid8, MPSHER! erndVBdrak: Blyer fn%k Beletween about 10
di ffusion barrier l'ayer may include tungsten nitride,
Angstrorhaandi A0 tArtgamommtinick or,die, maredspetifier snbolireelis,r bétween about 25

| ayer be bet ween abqut 10 strons a 500 . .
AnestGE ep L0 PFIESRoBs ek e e BT NG o AHBRID, barrier layer is
uneveAR! JBEBuRA OH thfbsite SirfRREueGha® briReobiang. t hi ck.

In certain enbodi nents, a diffusion barrier Tayer is

unevenly distributed on the substrate surface such
[0033] hamusleatiasy, hayenpie typaeally a shinpoadprmrl Naysrethet darilitates rsubsequent
bs typi I hin..c 0 - that facilitates
deposgtu%lség ubgln tx%%ﬁet(])]é‘%o{ll‘ fagrﬁﬁéflhg%*jﬁl {ﬁyueﬁggos [ eﬂl-n (o 8?1 aélil n?n%@O%?mentS’ the
nucleatiinelayead istdeposiaid. using 6 @ulsed mueldbst BB SPNLN€echnique. In a PNL
nucl eation | ayer is deposited usin% a pul sed .
technigye,| Rudses 9h thealpdreippregnts Ban BaiFe. andrupEsteg-contaiping Riggirsors are
sequeﬁﬁlélﬁpﬁje‘afedti% anfl %ﬂ edFrodd %tread?ﬁéBQﬁalgﬁecr.etheﬂﬂ??ess is repeated in a
tungsten-contai ning precursors are sequentially
cyclidahfaskipediniihthe desidedotini dkaelssfis @phibveel. r RN thremd]lyx biabbdies any cyclical
The rog&s ia.repeated }n a 20 cxclical fashi on unti] :
proceps f {#ARTRLY pfiR Ao Slon sheBoR A aseiggngligipy Substrate, including
atomi8MAQEH @SpRAMbnCYALDF abchnifiR6eSS PAIL S&AHRMES abl YiepOFiiAW tungsten
reactant’s for reacti on on a sem conductor substrate,
nucleatingl lapkragre deserhied ih d8r Padep diplications AlD)1 2t0866rib dlled on February

L ni ques..far deposi t,i n uc, Lon
13, 2008 1 T ARRL ot BTSSP Lol IR i gy PR g U Pt
Appli¢@i{dA3Q2643,541 | fdd on Meabl Uar2009 11 o2WR3h aké facofpetdtétt by reference
Applications No. 11/951, 236, filed Decenber 5, 2007,

hereir jig entissty for etPuzBosap of idssaribings tungsten Aepasitiorr prasgssonAdditional
discuér\ézc{ngr é&:%ingzlﬂg]? ’é?ﬁé #rtogésg%%a?le e;‘f‘o nli B UPPLALES &% 965, 6,844,258,

nce or the purposés’o
7,005¢882 canid b7, 1 ,494nsw el agl @pUSi Ratem Apphicatsen 1 1X268,53 Qraddo incorporated
.dj scyssi on regandin% PNL type processes can be found
hereiq by [gterpngee AP segaip gl g@g}en@ gaucloaon layer gpuneyenly ghigiributed on the

subst%ﬁs%éfg?&g%lfﬁﬁg Soi}olnﬁi 8%%}84#1'% ggé ﬁﬂ:‘hdﬁ? Hggcﬁﬁg(jl R&ein are not limited to

a particular method of tungsten nucleation layer deposition, but include deposition of bulk

tungsten film on tungsten nucleation layers formed by any method including PNL, ALD,
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herein by reference. In certain enbodi nents, a
nucl eation layer is unevenly distributed on the 30
substrate surface such that it forns overhang. The
met hods described herein are not limted to a
CVD, PAM? andihgyr othrett lhethodf Marpgpstran csuaiheattiodimémy dulk tungsten may be

depasi tion, but include deposition of bulk tungsten
depos‘??‘f % ytwdﬁﬁgflésﬁ Oﬁﬁﬂugg?ﬁlgﬁﬁp'gyer s formed by any
met hod including PNL, ALD, 9 CVD, PVD and any ot her
[0034"Bh& @eposhne M@ nlay B blsaiule® 16 PEHIRA@rtaldUptior operations (e.g.,
tungsten may be deposited directly without use of a
depositigo| afzt igfusioayarrier] BgY demntiatepbs inurlsation lyPorangiy sybsequent
sed .t [ r [ .
operafiyS e de tackfl. AELAEE TLERIIAy Bl by SRR, WaclinSmbggiments,
the depositieh eatib indyalye specifichl19rdesighsted ue perfobm alepositibrd Bperation 203.
e.g., etching, another dgfosLtion,_final feature .
The apparathngiay alse welidapddisapddicrpitien sHensiemssiormdhe operation 203.
For e 16,04 ﬁﬁﬁal%y%ﬂﬁﬁﬁ h&2hd hedEThANEE ¥k Hfst RRPOGA station. The
eposition operation 203. "The apparatus nay al so
substrateahajydee thiddimdvedab adethessthiianfeteathingnsint cerfasr érobodimients further

. tion 203.. For. exanpl.e, .initial deposition na
descrlggie Bglf’fvo AReCBRe SRECR i3 ;’PPSIHQ?)%EW ? SHfereny &E’ﬂ’.sbeﬁ'ﬁ% preveXt Cross-
conta AL B BRYepRitidHeihd@MEHs bAVIEHM NG that &l Affefeff materials and

etching. In certain enbodinents further 10 descri bed N
condifheisofr their edspeitivg apetatioos 1§ thropiocessniben irequaresliahdtdee deposition

ch er. to,prevent .cross- nt am nat.i bet ween ..
operafEALT F1eoR I ST R, PRkGrEe ML PP GUET T g gfpoved t
anoth&BdePbdifibis stafich. MRNEH1E depssitfoarstdtivak ndyasngsd ¢ to perform parallel
operations. |f the process then requires another
deposipoviveiaban  dfer er i yeph3subshatesybshdditiengingletgtls and apparatus
. ' it iQnror noved
embofi el G0 Bl b5 (Sl AERPRIG iehaIB 0
stations may be al so used to performparallel 15
[0035¢ @he Pirddess map egradeed wiD depnitavel tahgserbsdrtaihmg. materials onto the

substré%gdbgcggﬂ)g%g FI% \%qlt;inta q%gb%g‘ﬁ?rrgg,: ‘tlfll.a]l( dglg%?tg(izpneg&tafveg raechemical vapor
deposgloﬁq-diﬁ_?)aprok&g 3R WhBE a REQRESScoRBIYniRE PRREMA WM fduced by hydrogen

eposition of tungsten-containing materials onto the
to depnstisttingsten. ( Whilektuggxin héxafloeride( WFenisoafiemeused,, thb iirécess may be

deposition jnvalves a chem cal vapor . .de ition D
perfoffiAORUL PR UERRY Bepmie: BRCAINA Brioh§PBRa o UGt hReRicloride
(WCI)e 8B nfRyal iy Pree@8drs 26hdt (eCle RS tiat htefaset @ HluoWfit k&ch as MDNOW

tungsten hexafluoride (WF6) is often used, the process

(methiyipyclopentpdietydrdiesgbanyimtretyirdingsient sne FIN @ (ebylsyclopentadienyl-
eGS0 EgBion S aHH b AL R BRI e rtin
agenttifflfe GVB depesiti@d off thebulknengueiags, dbB@éducing agents including silane
(et hyl cycl.opent adi enyl - di car bonyl ni t r osy| -t ungst en)

may bgys d(ﬁé@lhyr é%qagp%ﬁqb%p%qwmthout departing from the scope of the
' car . ) ) i . _

vr P TSGR LB CO e b s with o
withouha @¥arinepgasitt i odnlie with thal RNL yngstssss deayeed alidver in a CVD

r educi agents including silane may be used in, .
techinigy  ORF O Ha PEATDICeHFRP GBI T RGBSR dtp fhfpfoaction

chamb&l® SEAPEBAudelCa doAURMUSOBherhiRal2 RS SATREL! XBREnt gases that
t ungst en "hexacar bonyl (WCO 6) may be used wth or

continuously forms tungsten film on the substrate surface. Methods of depositing tungsten

films using chemical vapor deposition (CVD) are described in U.S. Patent Application No.
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wi t hout a reducing agent. Unlike with the PNL

processes described above, in a CV/D technique, the

WF6 and H2 or other reactants are simultaneously

i ntroduced into the reaction 30 chanber. This produces
12/20251 2fofitednimegust 2He20108 awhichas tinconpastedrihgreire i entivetygfos dlse purposes

t hat ont i.nuously for tungsten filmon the
of deicfifine. GEROLINAY HERESSEy nAFEOR RIS OLF IR GRSy the methods
describdd ReeidSdré doChHRfeE 8 a\pARRIUIA eRaBdd bPPartisPHllaigea feature but may
) described in U S  Patent Application No. 10
includg any appropwate depagitivndedniq®g, 2008, which is

i ncorporated herein its entirety for the purposes of

ri b Lti.on_pr es. ording.t Il ,

10036( RS S MAFRERRELAL R A REAIAGR, o550 LRI (B HETHRURS cross
sectiond ati differehstaggeaftai fillihgprovess oSpeefficaly t dragskgecfion B2 Neepdesents an

feature but nmay include any appropriate deposition )
example gk Hiefgaturesattey gemplating, ong of the aitial dgpossfipeprarations 203. At this
stage bf ﬁfe?ﬁr%%s@} étﬁfg§at9f30@nlﬁaf)ﬁ§'[@’IaQa§gr Z’IZ_@eof_f ﬁﬁéﬁér@éént&iﬁﬂ%sﬁlaterials

sections at different stages of  a filling process.
deposiBpkavef upddrtiyyer 3 ds The size bbthe32tity eear diseopenimgmaehangtever that

. .. 0 he feature gfter conpleti 0 of the injtjal
inside Jh, FERET Gt BHEPRE B 305 hog TR PL eging et § Hor poor sip
coverdeUFBS depoded 1296:€3 303/ hiehYarB A¢&rdedl &Y RlordddaiPhbove in the context
tungsten-contai hing materials deposited over
of FIydder -1 ayer 313. The size of the cavity near the
openi ng may be narrower that 10 inside the feature,
e 0 : . .
0057, R P o AP EAG o0n SBCL R By
(e.g., Be3ayer 323l redched e serthibatlickness 0 khid efickidesamay Rlepénd Hi€ the cavity
context L of FIG 1. [00371 Returning to FIG 2, the )
profile) and opening sigger bt 751D embpdipreatsd shey ayarage thicknessofi thegleposited
haye Eniflg 'mdyBe bR bt 5OA ' -sectional
e b3, oty By Y 63l SERENESSR STl rosygions
dimengroafin¢lediapg dny pedirigyess, 2€onds rare presait.n Ire nthedembodimentshehe feature

average thi ckness of the deposited l.ayer _near th
may QFp&?fP%]@teﬁﬁéfﬁ’éS‘? Reehc _5988‘8&1“@1’/008?%“‘2%2’60&a"?h@"? dae peopencd
duringfh@S8lesBieleRB@hl opdiBATAARKSWEY. Udi Ng any under -l ayers,

I f ones are present. In other ‘enbodi nents, the feature

may be conpletely closed during the deposition '
[0038b pre pertdin pmpodiments, & ipeprebsaehamber nupydivegiiuinpgd iwith vérous sensors to

sel ective renoval operation.(no hao 00381 In :
pertoiE S SRR Bk BRALAL, BRICCORY, B of the, g fpersion
203 aMdt hhevaeinousl sp&ratsrs 208, Pemiplésndfnimssitul ni@idledyogiclude optical

nmeasurenents to identif& t he extent of the deposition

microggopy satdoR-RaypBlugrrgeense (K&dn\far detsepmingothickasss ol depased films.

En i . ! : '
Fut§! i) U BRERLEON ) YOSGELL Sy TREASSANERG, duoric
(WFExilegpmstateeld dirtihgrsetchifgir dgeeationt rfinaiyedad [URdesiaget, r aghomy tungsten

may be used.to.detect amounts of tungsten fluprides 25
nucle%twyaislyeg@ﬁég elzﬁmwda&rcmﬁae BRRdrsenSHEh-SOmMEYEY . an

under -l ayer, such as tungsten nucleation layer or a

[0039Fayg (R688s RBAGARE Willy &7 seldtBYe PEn&wE bpRfutiBh RB5CNCEHAR details of
etching processes are described in U.S. Patent Application No. 12/535,377, entitled
“METHOD FOR DEPOSITING TUNGSTEN FILM HAVING LOW RESISTIVITY, LOW
ROUGHNESS AND HIGH REFLECTIVITY” by Chandrashekar et al., filed August 4, 2009,

which is incorporated herein in its entirety. The substrate may be moved from the deposition

11



10

15

20

25

30

100391 The process continues with a selective renoval

operation 205. Certain details of etching processes

are described in U S. Patent Application No.

12/ 535,377, entitled "METHOD FOR DEPCSI TI NG TUNGSTEN
statiorF{oLAvio thalbthiii OW, REBISTIpetite, enthodiBént ROlJGHdNp RS essNy dlla@Her with

REFL%FFIVITY by Chandrashekar et al. Jlled August 4,
operatyigndf di W?P%?P‘idé“qnﬁe@?bﬁf’%ﬁe’& Heepiacesied pry ﬂ?n%aFl}ee%t?lon Or may
be first PEmSVRSHER R BBYosRONRURY (E'20ot BBrBePAR thieR I'Iletul:lnjcd back to the

station to another station and In nore specif
deposiivh stitior for, thasdediove remoa of thegiephstdddaym th oper ating

at different conditions, may continue being processed

e sane. st at e first rennvgd fr

[0040@@68 Y 10 CE{eé{f’ Isg]ﬁct \ée 1@mov¥]op Cgitd rrgragye MoLe ﬂé)ﬁltg(ln matenal near
the opefingMtASH ilafekht Fedtll®) isABRREfokh Upefdtidhi 03 1f'1ciar mtagketrans ort limited
sel ective renoval of the deposited |ayer. g Eh
regimgugyn thys a%mév%legémealur@@ ingide kg feprure 1s limised m@umfr@ and/or
relatn%e&?ﬁ‘g& %ie 3 ﬁ(}??n{cglngrlzlta%gﬁp gglpgg&qs r?a? dzﬁ‘l tlﬁﬁal etchant

materiat mpmﬁ dt(th?mt ephcmrsﬁgndfla?ecdmblﬁéﬂ stch&gi specie)hthat diffusalinto the
rate inside the feature is limted by amounts of

featurgn g/lpyr ceriag) fxppRlesorifbig ireRs dperd f%rVéﬁPuSeteéqhaﬁfg components’

conceﬁﬁﬁtﬁfn's al cﬁff%ﬁpﬁﬁ&ﬁo&einﬁde RO flaRlrk] A sﬁ&ﬁa% noted that the terms
material, activated etchant speci es, reconbi ned.

“etchiag’t hmh‘trempemli’ as) uset antetharigeselyiintlas tlbeuniﬂlt.f étashould. belumderstood

certai n exappl et ching.rates depend on vari ous
that sEiEEHATeTE A SHORIS PSR rENE PO ETaval b By, which includes
etchm'g%%tdllch@%tﬂe%écﬁﬁl gse f eat ure. It should be noted that

the terns etchlng and "renoval " are used

i nt erchangeably in this docunment. It shoul d be
[0041], Mpss srapenort Eimaingsednditiony anaveho vharagienided, bepwrisopyasell etchant

C i Ch |n Iudes et.chi

conclfhgh YGRS 0SSR S e e
than debnit§ bpgiNORSuIting iis a igheb etchihgrraet ai ﬂﬁcbpehiihgﬂﬁzﬁi insid¢. This in

overall etchant concentration variations. |In certain

turn lgads ol setesitve remayal. dsedransrort bmiting prasess cprditiens;may be achieved
r |

oy G RE O 50060 09 SSAL B e . R

flow taﬂesnrdlz&a/dstot the sl 2y tprofile ramdodialensivig s wthila nﬁamtahmng relative high

mtin rocess conditions, may be hi eved
cthing, {3 e pfaFS T EQRFOTOTRS COPAE Eni ALTE (i€ Teature, In certain

embolRAESS chtbehhATReEraliRnfis sd’ﬂﬁﬁn{lﬁw\ﬁltl(g'pﬁﬁs' te0cdus@Vrelatively high
rates relative to the cavity ofi I e and” di mensi ons),
etchingtiihesicsandhredativierigwragdhani me ghcer@urc hmhgdlman‘eSan etching rate near
order to uses jnto.the
the ORI ! oFR PR D e R B R iign dO AR AR GrfChieve selective
remowl.adi ent i s substantial, which my be caused
relatively hi gh etching kinetics and rel ative | ow
et chant. sup . In_certain enbodinents, an etchin )
l0042} é@ addisigp tOtthe Qe gh%foavesl@rab@ ragatians insidel highyaspect ratio

f g 1eCAN 3/ fi
SR 9 GBS 6O BV AP i
compomentethisighbanthe d¢atati dinesd nhitld'e chh@itras@ech tuatdepend by relative
dynamics of dissociation and recombination processes of the etching species. As further
described below, an initial etchant material is typically passed through a remote plasma

generator and/or subjected to an in-situ plasma in order to generate activated etchant species

(e.g., fluorine atoms, radicals). However, activated specifies tend to recombine into less
12
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features, selective renoval may be influenced by
relative concentrations of different etchant
conmponents throughout the feature. These rel ative
concentrations in turn depend by relative dynan cs of
activediegsmbinalli @chiag d;pé@éso g ndlvodine pholeadsd) Sardfort feect with tungsten-
etching s i es. further 30 descri bed bel ow,
B aalens it b

containpig; maferials ena et Effugion ipsthsy pi\e srehy ditiereaigparky ‘?ﬁjﬁlﬁ dgposited
/
onps TSP SITE, oBPSE 36810 A SUPLERLRE 30 gy cn
materspeeigesan ihéiad) efchhmty actmaeeda&tdtmt sp@lﬁspﬁkbl)ecoﬂdbmd etqhant species.
act.ivated. specifies. tend to r |ne into |l es
This SgYi e BB RG ASH BEER R oSSR BRE Selpang Py alar fssribed below.
nol ecul es) and/or react with tungsten- containing
[0043Wbﬁékﬁn§leah&ﬁgteﬁhﬁlhdnr@ pleties QR paldpsly Adrs Wabtive with tungsten-
fferent parts of the deposited tungsten cont ai ni ng
contallnasgermatqyalsaeh@:x poitiell etching frhategals ma'ecrmrlamcbresclmig materials.
) h teri e an L niti.
Furthfg'tn% ?snte %t?tvgrtgten dF Cﬁan?és telgalitgds ﬂuorlae sgem IT% .are &enerally less
sensitBleabaghpapRed efiationsTthas the fléébﬁhbﬁleacﬂilohh@ Bpdcies. Therefore, process
opportunities for controlling selectlve renoval as
condigenscipp e erntrled ipooge way thatarepioval sscptedameunﬂy attributed to
actlvatédu@ﬁdrﬂl% s%@ﬁ‘éé CFuAh&midrd] %'P@Al*:l § 50%%&“ {e@ult in activated
tungsten- "contai ning nmate an |n|t|a etc

fluorinaspeciea being ipaesertca ighee dor&bn:ﬂmtmgs nedrefeatates’. openings than inside the
Furghernore, as evident from Fl 7, the activated

features. |, 5oy Mo OB aghixatgd sRecifs|ay B sonsymgd(g-gy geach with deposited
materfa®RRY G 44s6rb¥a ohatd ﬁ?ﬁcé)hﬁﬂ/(;rrt@cd'n?&ﬁég’lvﬂﬁg dff{ﬁtégféé d&per into the
species. Therefore, process 10 conditions ma
featurcs; respegidllydnismall tigh espnayratm &taturesolt ahould bp mewd rthatae¢dmbination
# I buted to activated

;
of actEileEhBHES 850 SR PIHE SIS R PR ARRS GHE g &gy Shqerhead

of th@pkdoéaie chdthb@! aR€ depafdsesn RetHacthbief §8&Blreat THEBHYRE, a chamber
concentrations near features' openings than inside the

pressifre anayr kessperdically appsralleddo mdjvat eonpanteationp of aetsvarmiyetbleng species
d rials
at vaxgoglggﬁg%g{% oé ﬁlel gmégl‘? d wf{ugers d?fngr %ér: étgcg ﬂ%lgpéle cess. cion t1ons Will now
be destiribbdiFi moredieper into the 15 features, especially in
smal | high aspect ratio features. It should be noted
t hat reconb% tion of activated species also occur
[0044} In Gegainygm ch elétg,pé%lfcctlrvgt IiCBlOf-Vé]aPEﬁré%OH goa 1nvqlhest H)éroducmg an
1n1t1a1389tY§1t %ﬁéhal Qhto! A€ p%&@ﬁﬁ 'cﬂzgnﬁé}aﬁ‘aeﬁsmf‘ﬁqo ARRERESy Wmove the
a chanber pressure.” Therefore, a chanbet pressure may
deposltted slpyeen f |Aualdto;haubr$tllegﬁl¢re@ﬂep@1dadq>mset deprrsueahtmatnains Wthlle this

descrlg ﬁ%‘icﬁle%n%} t%lglgs?%} (é(gl%aglﬁ%égléat ar | %Sés?t%ri%nocf tungsten nitride, it
should BB Gintér9idsd \What |0tl’fb‘19\tYlaté)rQllspﬁia%i Be ngé(pﬁﬁl paRiallef @orﬁ‘ﬁl%fé' filling of high
[00441 In certain enbodi nen sel ective renoval
aSPGCbp?éth@@neszosomn\%amels ¢fntt1¢$¢dmeteﬁglsancludm smqhatls dtapivamttitanium
ter SS|ng c nd us |t t.0

niiaGp el ob P fadt RERETRoaR] G, RS ARl dany® deposicd

usmg%lyﬁeﬁll Wipod ERposision (P WDYlePinghitadv 4k erdpaémoﬂ/\mvg) t Riosnic Layer
escrlgtlon focuses on tungsten containing material s,

Depogitiem (45D}, #rd othen dmﬂmﬁe@m&vem Iy gegeral,joperagor BBy may e used to
select%ﬁj}gf e %n% SI%H Q# Qkhg%ﬁctbt%tlbj ?e%gurgéz including diffusion
partial or 0] |

ete |ng
barrier layers, nucleation layers and/or filling materials.
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aspect ratio features. Sone exanple of these materials

i nclude such as titanium titanium nitride, tantal um

tantalumnitride, ruthenium and cobalt. These

materials can be deposited using Physical Vapor
[0045DEpaspleiod mi(lﬂ\ﬁlﬂ)han()lnewﬁelalthampm be Degdofor S¢1mtiV(3®*fD)>Yal of tungsten

Atom c, Layer . De ti and ot her 0Si.ti
conaifiggiTasTias . i Gonarar Papers e pdeas) Batody (B, o
fluoro3HetBfeLCCEH! Y tedRbEocti et @CIRY. S helafRerdefahde (U,8)), and

aspect ratio features, including diffusion barrier
octaﬂtlmymosanm (EbIat |t@1ﬂubayme§1aneneﬂ}d)lfa),f |su1fumgwnaﬁlmndal §SF¢), and
molec(lgl;,a:‘i%'1 uorm (%x e o<f:esI z%lcaiéf elllv g{r%g‘a%rngaec%vgg gpemes e.g.,

€ use ec moval
1nclud@t€§htadioﬁlsnﬂ)nﬂadnﬂfdraa|1§1 ﬁf&:‘ﬂg}sﬁmﬁecﬁleble Foﬂaia@t{pl@ ah infiial ddeerial may
nitrogen tri-fluoride (NF3), tetra- fl uoro-nethane
be flowgrarpugh efeagte plisve ERYeTaier A orsEpecied:ta pn ibpigeplasne
(C2F6), and octafl uoropropane (C3F8),
[0046} Fh)'vut lré{&r of {H%t Qang: Gt de%Hﬁ(i Bh h§xabkugr blgfnt(egl:alhmg rates,
an mol ecul ar fluorine A process typically
etchingnmifbueisy, ged ettet pagmatets. v’ﬁypecaﬂ;lgea: flew,rate.ig selectcdml sudh agvay that
radi cal s, jons, and{or hl%h ener gy nol ecu
gql n t e

more BNgSH-EontaIREMAfeRRl Feieglg BEePRE P H’PB’SgtHC deature. In
certaifh %mbemmnes es GTORF A& cﬁe%ﬁ@s-&um pBat 18RIt s@bctiva-1ébVal. For
plasma. [0046] Flow rates of the etchant typically
exam;de,peﬂdwo'ﬁtedog pA85dften qhgmbhlapg@tatlogtmw hgbetmeglg about 25 sccm and
uni formt

10,00 i PEt rerB ety sBBMiRR PAPRET B30 SHR g g 900 Fem.

certaih eMBSEBINEO HeAIW Rl FEERthaA about P.O0D &S, Nedrthddgbout 1,000 scem,
op enlngghhan i nside the feature. In certaln

or maasperifedtyslesy HuaeaioubR0P sees. cHubeuldals notedibothese values are
presex#te(ﬁnf(;r o%ggﬁtiilgﬁltuhl\/&%t{o?}on&\ﬁ?i erreﬁs Lp 1%)5@”5(9”%;3 %@-z%&?%@eﬁtsﬁbsnme. A
perso B@vthg 28disa9 kAR tﬂ@aﬁ)@\ﬂ)u&bﬁmwsﬁand ﬁhaﬁﬁxﬁey&ﬂﬂ:ﬁé fthf&e ﬂow rates

enmbod] nents, between about 50 sccm and PO sccm
can bg éqaﬂeé' W iAot $RRRRANE PR A SHPYTHS HeS 2 T st 8 RSB Shs appaatus

CAM a [f65Ssth Mthe)l, Q0B08&6 c}é%@er?ﬂ d oth
(eg eC| FEaII@ fﬁsg t aﬁﬁggou% 50 gccnﬁklt g%oﬁ Pe- ane one
ihdomoted that these values are presented for one

i ndi vi dual station configured for processing a 300-mm

fer_ subs ry skill
10047 7 Sk GBbp ArntsoleBaRF et Ry steRior Phlst Bopfpore the
remo&a@b@@rah@ﬁQOQ%aﬁ BRdceel. UN’aﬂbuﬁ@é/chﬂ eRANBE 06O Bring the substrate to
substrate size, a nunber of stations in the apparatus

the predetgrmingd Aempeyhiare; shcln as g hreating of spolifEbelemenisin a gtation (c.g., an
ctectRgb AT RO nER IR STl M Bea B o) ek el A Rylrga thuough «
pedespsd), ivefbdredladips @bo ok egbserawnigaifngrpdasntie etcr enoval

operation 205 can proceed. Various devices may be used

to bring the substrate_to pr edet er m ned
[0048] ewéﬁdst%ml@e demperadre fodhg ﬁ\%tra&e 18 SB¥EFtRE) 1R Suheh Vayfoqrot only
mducws‘,t atﬁeﬂlncag Feddtion Qtwe@+ ird &é élte(f l%?éﬁénﬁ%?ioh? @ttcﬁ{mt'sBemes but also

in a pe est eat ransf er

to controlcthleanedoff themegrhloa b@ﬁe@edestl“ai ) For niama}vle,da Itanperature may be

substr ni.tin asnp,. etc
selecteB to ﬁaver}ugh remova rates sugh that %r(? material is removed near the opening than

inside the feature. Furthermore, a temperature may be also selected to control recombination
of activated species (e.g., recombination of atomic fluorine into molecular fluorine) and/or

control which species (e.g., activated or recombined species) contribute predominantly to
14
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[0048] A predeterm ned tenperature for the substrate

is selected in such a way to not only induce a

chem cal reaction between the deposited | ayer and

vari ous etchant species but also to control the rate
etchingf ©Oherall etiet substrivet temparatire may beFtectedabgsied, oma etchant chemical

t enper at ure . na e selected to have high renoyal . .
compqsHHBS, SHER MRS FETEH Conc e B dpUE gt of Aiivated speces,
desire@ P& iBEINIAD selbetivesbiElBvdl g difFareht Peciblahd SfHEP hfaterRAl and process

tenperature nmay be al so selected to contro
parametecso i icerddin embodiments, i av sitbstitats pe ciadstained @t Jess than about 300°C, or

reconbi nati on_of atorri c fluarine into nol ecul

more pqrg@flpr}péﬁit lgsagthanr abowdh 20P T WF%H}I%%‘I&%SQOQ’ gr ! %\r/en less than about
100°c2qk! ‘f‘}?e}%%bg{iin{e%?so g?hﬂk‘?& @%%ét@%/o Eé%ﬁ:éd %@h‘?w °C and 450°C or, in
pre

om nan e Substrate
more E&&Hﬁﬂ' EhbyEmeRy, féebeiﬁlsﬁf?ﬁl%ﬂlt baged afd 460 Th aDthet RBiPefathire ranges
conpositions, a desired etching rate, desired
may be oseskior diffarem tyties of ptsbaritens of act i vat ed speC|es
desired contributions to selective renoval
[0049gitf1{a§ rb%gltl d%f%ﬁ%ln%ﬁ tPﬁ%tlg%g épg@éseéﬂo@ g{hbscy?lg}gfa%&? SPut also more
desirabRi sBIeaﬁl‘ﬂeﬁnﬁiva] thas thdivarecahbintd 30@ Terparts. SAsm®iich, various approaches
part|cularly at | ess than about 250C,_or |less than .
have bass devalgprd togincisgisnelative conegRtrations andigggemoy s opHiutions of the
BENES: o | oA A Bl ThIERE tis much |
acuva%g%%ggnd 4%0%: gﬁ# @%ﬁ:ﬁ@%g)rn eélg pec iealﬁg gtﬁbodl ment @&% y° TOHER 168
than thatofekarezbmbined 300riaed Thd@@re Gokering culpsanam tgmperagurgemay result
. may be used for. different t es of nts 0049 GWd h
in moge PRV, CQBREBHPH TP ﬁ‘&?" I?F&teéd ?FF‘E’éeSn other
proceﬁmoﬁdﬂ‘n@% %r btw 2dt&CaniehBmbéd gpﬁ%%kés?thl I%Iaﬁeé ?&ﬁé\)ﬁ? contribution of
renmoval th an their reconbi ned counterparts. As such,
the actizatedspeciep prayahess thifanféhdxeepmbimed spisess- t o i ncrease
rel ative concentrations and/or renoval contributions
[OOSOEfFI(t} h? i agh ét;/ g’? %Pc ' g‘?aieﬁgo;% Z%%ggk f e &)'ﬁa{%&all cE(E-}npera‘fure for

actlvatdalaﬁpdcfbat(hﬁf: 102 ahdclortreqrbihtd gpédis. (HH&eV(Bf)or Etchmg tests were
| owering substrate tenperatures may result in
modeled sifg|2 MBARSY HothIiierrerires srRRlicddnioghe prsessime Chamber through
a remdfef f)l@%r?? g%ﬁﬁ@ﬁpﬁ(ﬁ}c’ sde g%qw&rco&& fn@‘%ﬁ? afr® Q%Sl‘e@tﬂ% fluorine
e.g., w rates and chanber pressu a relative
precursermupplied a0 dourhi fonS@$econdse(line t7D4)at éﬂle&hmbeﬁ)rmyre was kept at
exceed %hgt of th reconbj ned s eciﬁs. 00501 FIG 7 "
I Tosrsduping Bpthofestsn [Be dRTY dtcals Het 4§ ity rn corretnpgding to the
reconnﬁ%smémﬂee w&le&r@mt: 0704) a%h| y@tsﬁ@btaaﬁﬁ E¥ aedidei My 18Rdring the
d for reconbi ned specieS (line 7 ching tests
pedesv@ tenparatde. et Usisagedinm, thogeh rate |cofrbsuoond1dg tp thecaatiyated species
: nto t rocessin throu
(ine 75einERe 8 Bt Phr dr et Fo6erettm  dpe Bsisf Sntperature as lne
702. (line 702) and a nol ecul ar fluorine precursor
supplied at 500 sccmfor 50 seconds (line 704). The
anber pressure was kept at 1 Ton during both tests.
IOOSITH@ fesain embodimensy elttlﬁaft’ hendifeelh tpaelimingter €5 R FHystantially
t
mlmr{ljlge SIJS A t%ﬁ?cp rgpkcggs‘rj eﬁg)bg g{ghgﬁtuﬁ% v%g‘? Il'ﬁlrt]lgscht'qﬁé sﬂﬁ‘ac? gg g], C&B minimize
reconitémpwnabiiraetivétd t dpecisgine Eorrrexamlb‘le Eahchppaaattes typically include a

rres di n t activated specjes
shower%ead (I?urt%er gxp zgne eln the context I% ﬂ(? 4), which causes substantial

recombination of previously activated etchant species (e.g., flowing from a remote plasma

generator through a showerhead). This may be a result, for example, of a longer residence
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25 (line 702) remains relative flat, i.e., it is not
as sensitive to the pedestal tenperature as line 702.
100511 In certain embodinents, it may be difficult to
"elimnate or even substantlally m nim ze reconbi ned

time vathic b slobedvolametadché s’rgMelnlaaeadendhtsa‘ngl aufefcade—v()hmgp ratio. While

omnimz conbi nati on of actl d speci es) E
recom wgw &nayype éﬁﬁaﬁ’rﬁf"@é 1R )}B? éé{aptpxy lltn psu geny dgt@rmmed that effect of
recomﬁ&@&@mﬁ%%f aH{atl R&ho X B8 agddidad tb@lecl ﬁ@%ﬁé&en%erffhr% during this
I ch causes substanfial recofbi nation of
operatpmevAtmsb Yluaoneé hat mack ioharactisgean e@srgyethgn mdléahirnitporine (0 33

oV v. IV R P85 BencP G0 el bRy SRYS LA pecis
As sdcﬁs'eq&ﬁﬁﬁ cohBriButidRs Vit Réddnfined Q ?&Qesv%h'n?e oledhided by lowermg
shower head and its high surface-to-volunme ratio. Wi

temperagarg dbripatheorichimgoprsateani | | present in the system it
has been determ ned that effect of reconbined species
[OOSZFIAme%Q k)p(lcegs ﬁ&grﬁlete at Qﬁ‘a gH" %qergcmt’)&?a@oqlbg# F& v%ted specws is a
e ure d perati uor |

pressulﬁﬁﬁlsmedhe blmmlfer @ctmm&tslpecnﬁeaﬂl% gmlhhpn'esmése@:ﬂﬂlﬁférent materlals that
fluorine eV v. eV). Thiis relationship
may bggrescal inyt ﬁ&ha@b$roﬁe Zot 1ﬁ1=31‘a1 stchwa*tl@an%lﬁoacpé@s%pw recombined
PELHES pase'S eﬁ&fd?l & NeLe §.ONA H; P pP
speci e e A R S b, O Bner gt S B E e g er hen
about tl9eTetr gemﬁgjalbypeomd:spomds EOOﬂﬁﬁ‘ﬂer Anginhfree paths ef'sthe actlvated etchant
araqeter t hat qgg ect reconbi nation_ of activated hich
specieg JEMIEE frsmgre SPINSIONT SWFED dB° SR EHh Y ofim ggipls in a higher
recom®RRGbA I16R] IPrthBakdrkalt RdseBseAr Gsun@f theli hf ﬁfcﬁ[htg PRbEFILA} Bf some
that 10 may be present in the chanber g , initial
recombinst speciesnfees. i mbleculac flngmne dnspropsen su mmmw 51m11ar surfaces
rrier gases, reac t|on rod etc
i tovgP Barih et g SARES e'eg MopRonRpey Rhiow EisSike 1gels. A low
stickingprbbgaNE tahdstto aHIoRE @&ﬁ@Svér@géShort er nmean free paths
of the activated etchant species resulting in nore

collisions between the species, which in turn results
[00531 FIG hisgrrlpt ofranceehoiateads ofinetigreof the Fhamabarpr essureforgaitrogen tri-

f
o 8RRk RUD o R SpL A AR M08 B8 6 scconc. T
substratengad kedpt it Bﬂ%dMn@tMQEXMdnar Tha résmite Show Ihdtweween 1 Torr

than that of activated_species atom ¢ fluorine)
and 5 Jiorn Hyingieasssin mEesseigapgiltedin logyer §t0hmg| rAgs pVoBwnt being restricted to

any ptaFIY&QE arl BebIPLYE b§ﬁg\%dcﬁ)1\éﬁ r ;Ir&gélglt Tl s Ry n‘SlS 1&ds to higher

&n etch rate as a ctlon 0 e cha
reconﬂnmmsn rretef;cuf atinated cpediest mte rédoundhinadespaers,uwvhmh are less reactive
Pp ied into the %oce55| chanber at 400 sccm for
leadingool Lt Rching gaten O S HEEaRIBaNRR Ao S Vel IO TRV actually

offset Qh? iRPAES Talled bIRighES Y drall SRA%AL &ﬁfcerﬁ?&t?@ﬁ? nAg- pf&@Bure further
Torr an increase in pressure resulted in |ower

1ncrea@t:d: hhmg ¥ Eoeshlgwrt mgcnttwpnsg of eishing auatetiale resal’ngl in some moderate
art i cuhar th i eved that hi

mere F s ehine g etshl Ii ‘Tb 1é‘fvefi qﬁ%fsre%’vﬁ ﬁh%rredo‘ﬁ‘é‘%%ucﬂ%t(‘?l}fﬂ by the

reconfbc@Sspetic 6t thyPpresbufPRIEIES ABLACH RCOAL! REkhvERESERSr contribution
which are |l ess reactive

from activated species, a process chamber needs to be kept at lower overall pressure values.

In certain embodiments, a process chamber is maintained at less than about 5 Torr, or more

specifically at less than about 2 Torr, or even at less than about 1 Torr or less than about 0.1

Torr.

16



10

15

20

25

30

| eading to | ower etching rates. This reconbinati on and

| ower etching reactivity actually 25 offsets any

i ncreases caused by higher overall etchant

concentrations. As pressure further increased above 5
[0054]TBeturnihg GhEIG. &0 tizendudion am theodveerge hioknesm b £thiealeposited layer near

results Ln sone H%{t ate.  increases in etching rates.

the OPERINEINEY: PF SURAET it Emwigt Fge:ﬁprgdgna[ FEsRit |0§ the selective removal
operatm(fsol k2 Eerlin &hsodlﬁl%ﬁenme@@&cﬁeﬁﬁhﬁh%%mgls% SSSURut 10%
| evel s. As such in order to have a great
greatet dhmnr theuedantionfinside dlodt faatitre drs pewmioes spifpr embsediments, is at least
nber needs to | oner overall pressure
sbout G 3 Ehers ofteretody flap Bip ol e en el P BERaTERGfg the poin a
whichi the btz B?‘Qn?tunll&sl%%férh@ﬂ"o@é’f—h‘»‘f)re@en-{oﬁ exXposd®P{fthe etchant. The
specifically at |ess han about 2 Ton, or even at |ess
remainifgraydsgney beTeharagterized gvithh step amamagc) IIn ceptain &Bbodiments, step

coverzl@g;& 0§4he etefheldr n| 288 o?as[ ?‘C]%oug g%‘%smtoée sqeg;l gl T%gtgFast Fﬂh ut 100%, or at

least abp@mnzs%,melaeexgme&t@mﬁbary dthedst abvat dso%he feature as
a result of the selective renoval operation 205. In

certain enbodi ments, the reduction near the opening is

[0055p{n (cgriaip eaRROGIM TS, thr WREEHE A inchider @y OF mestfe ifatiiess that are
s B8 [BoTBOE 2098 b AR g remov
operahrmyZQ;ﬁe nisoradxhmplee a gebstatamedy up:hlda siriedl, peidivin size, antdiladge features.

the substrate r er - I r, 1.f one is sent,
Some; Sglableﬁﬁg@a ey e Bkt s Rerpalin ﬁpﬂgtl?ragr&f nMgY OBEn again.
Meduﬁﬁ‘%[z@cfe%kgserqay\"ctdge hERg Qe E?&l% ahd r&R%ih Alésed while other larger
enmbodi nents, step coverage of the etched layer is at
featurgsears belagdﬂ];ed7$m/@erm gnb@bmeﬁtsc&lamyesanay bapiesen atdifferent vertical
east 125% nore even
teveis I Bt et F & SBR° b Ponr s e Foi o 0 BB s lqpr-levels
may cRi¥b estilieEfhab fedtlies mulighdraéwelgray i ncl ude one or nore
features that are closed during the deposition
eration 203 and renmain closed during the selective

l0056} n epedigentsntheaispositen eraainme203amayi sty tgmporagy close the
ok S8 ST o RAAP BRG0P SRERLY” G o SpRgon 21

describgrk balomo roraindtha esteatiop emthagaitiple fddades)of sinﬁf@re:ﬁteﬁtesr ﬁﬂi vertical

urln | ater, ¢cycl.es and renmin clos
posit RSSO VG ST, PUETEHES SERRERTY i© sk minbe it apfecepiably

large BFRQE %n&@se foeﬁlteuﬁﬁé r@'g%nbelnpfh%&e%b@(ﬁmﬁ’:hfsf ?r[eeEEtlectwe removal
vertical |evels of the substrates, e.
operagera? 0 damnbe émgrmdnaﬁgqhmwag thaTthe ﬁretatamr(dsh@nperatlon 205 1s used to

re- Opeﬁlqge [ge H 1@? glen Se e ! erﬁ&lgﬂgg% esﬁésﬁ@ gdc’r sif:ﬁgtive removal of

the dERRIE] tnrladtPPETIR p%eéogoﬂa&yo@nlhythEst Fatth Yn&/ 9@ &he same or
the feature. Unlike closing the feature during a

differgritnaForf ¢¥ampley thp extehanoAowsteh ey opbigher during she figst part of the
Opera€ §£1%qh$1?g€c as&d ad fle FORED h%ﬁt Jon with multiple

ures 0 rent sizes a &rtical posi tions
descrlbed above, the seam during this tenporary
[0057¢ Wodepositivytenoval tdykle inclagiag phabbpositioar grraionsI08rdndtthe selective

close to the field region. In these enbodi ments, the
removal ppettion 2P fpdygbe repeated one or more times as indicated by decmon block

207. For example, it may be difficult to achieve desirable step coverage after one cycle,

particularly, in small features with large overhangs. Considerations in a decision 207 whether
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operation 205 nmay be designed in such a way that the
first part of the operation 205 is used to re-open
the feature and then the next part of the operation
205 is used for selective renoval of 25 the deposited
to proceet evithadnotlith eyg@e dndsle oeridingistesfeature Sies dedtumg gepect satio, feature
the sanme or er.ent. For exanple, the
bowmé’t%ﬁ"é‘ﬁ]t asfﬁeﬁ%sfzﬁtaedﬁ‘é‘}fnEﬁ?aﬂ‘i’@f?@fllrﬁ‘ﬂ?lﬁtﬁg the first part
of the operation 205 and then decreased as the
[0058] BatdHath CRBBSintHRts, PRl pArafheRSS Kdrl GHY- S1EPAIM Apefafioh® in the next
I ncl udi ng the deposltlon operation 203 and the
cycle maly det ¢hanged @qimka?o%peEoztqxgmpkoeehéw%elonebe@gedlt@h gycles may

need t%i?? g ﬁ%lilaél in t€§ 1&&3? %I% esd Al %é utﬁ pé)sg%%f?il gr is téli’ 9}1% ga[yer and the
risk oﬁ%@ﬁaﬁ%ﬁbﬁgﬁnﬂgte@éhllﬁ)@@s Bighl eAt By §antditiaie] }he ¢dvit§NBlthore open
features with | arge overhan Consi derations in a
initiallyedds thenristo ot wlesingels lowpr.t Oﬁire@}é’@élf Whitip! denostiien gplasemay be
perforln%ﬁle{’fds? Wed ngioﬁ'réf%s (Egatcﬂ{\% Sﬁgz ?owé‘ret@ﬁlkiéﬁnﬁ‘ésogﬁ&/or chamber
Teat ure bow ng g Wel T ds seamsfze and seam
pressulre)ca)t ladnevaegma[temﬁmtml dveDagibuhts of theaitumgsteb octinteeming , materials

process para ers for one or both_operations in the
depostigdon cp@ﬂgﬁy TRRNUEHANTGE SO ek §8>9~)er Tele e&&ﬁ—ﬁ?ﬂg to a more
confordfl dFRQFAA éso{i]esgﬁﬁédqgadv@' Whith H¥ChERLRY foﬁce?ﬁﬁfjfetaﬁlr@grpes, in
greater than in the later cycles because the deposite
partlclllla1ysmall chight adpectitiatio feasyres. Snlketiient depdsitisin cycles may be performed
tam nation durin tc I is high. At,the sane :
st fasf FOSL B Y (5 PO CPSDe PR P o TR Pregspro) since
contrdfovet @SdepBsited thRBEss Y beXadEPerRical Bhd/bRpred BRI depbfion-etching
cycles may be perforned at slower deposition rates

cycley mayy havajalrepdy nipdifieserofilas i dhacayitéess inrsagiowar Mategse cavities are

less hgﬁle Suios@ premgfurr%l =V g{hgla&?l{)o& %@B{slhepg)\sﬁ{on Woﬁ {? flater cycles

ungst en con al ning na

may bedetHoahéd/ atsiswidralepodiech fgdibdcatR. rexﬁhﬁm&gr czﬁ/&tee &reﬁﬁualler and may
lead to a nore. conformal deposition as descri bed
be progig 39 @renEIFlonRge: ekawisacricliBg PEsFisAonditiont mey mgdified from one
el pelt S o B, DA St gl | OGS it depoie
layersfaas stéll thite pobéventially airesig(te nghre aghresspe ebohig ginditions.
t enper at ures and/ or chanber pressure) since contro

d d thick I
o0ssg KShr g B o B SREeyhheRSel BE T8 Pl ool
Thus, 'E%js'sfsb&fi)n@ 1301 iah @33 Pimdyepresotit theSBrst BycaIoh) Y gbktdlly, one of the
‘these cavities are |eéss likely to close prematurely.

initial| eycbasheThe dispesited daxer Wepdwing this epde ardyohe itep Itindp completely
comrgiihSe FUREE AL LR b S SBRL B, 58 15, por
example Oiferithe @éleﬁ%%ﬁoehl(l&iﬁwmnhh& eW1$€shoeﬁ101hldﬂ@ssF§e€tﬁx&SS3l is still
conditions may nodified fromone_  cycle to another
narroWeREA ke opFKnS taRpndde fhe frafuess hagafwé%smbe Bk iys difference

(how gl’ﬁ.g:ﬂl I{aln%qf%g\'\@g%/ %e %ﬁ c‘cl’érﬁlg/dsmagptha?%% eﬁ'o@ers? céﬁtcrkles 'L Final filling

event u turning to nore aggressive et
operatiomdithowspeatiff Bxlddpetitiomirergoabcfdi€s 3, cross- sect ion
331 depicts the feature after selective renmoval .

[0060} P&é{ss-gépgggs ?lCt p@?él éﬁ-}]%g?%ﬂ}’% 3 o{O%pci:‘.gs’n%natnd a%er later cycles.
First, cross-section 341 shows a new deposited layer 343 formed over etched layer 333. The
feature with layer 343 may have an improved profile reflecting better step coverage achieved
during the previous cycles. However, the profile of the cavity may still not allow proceeding
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initial cycles. The deposited |layer 323 during this

cycle may be too thin to conpletely conpensate for or

of fset various seam formati on causes, such as the

over hang 315. For 25 exanple, after the selective
to ﬁnaleﬁﬂﬂmgland pawtiter efehitpeopastidny mafidwnnéaded to Jurtisecthapn this cavity.

. till narrome near, t.he openi ng.than ipsid

Cross SHop oA L eoreseH St ORI HeniCaee A B o1 Bpdbrirgosition to
complEfRQWe THIC h THRT GaOME 9 witkY nBs&r t%b'fofpbﬁihg '?ﬁzirﬁ’m%ﬂ@lthe thaly. T g certain

process continues to a final filling operation
embodinehtsustey epeeigernd theheevdémsqt@d loperrie poleadt abWI 18% piBaeo than that
of the élagglisba pﬁ&lteginlayeéfolr, in rI]]ilogg’ g}%eclé C?rgé | Itngbtts h P gbtou’f‘ﬁg% greater or

at least EBSI8 399Cdremdr. 341 shows a new deposi t ed Iayer 343
forned over etched layer 333. The feature with |ayer

may have an |nproved rofile reflecting better
[006115%51%@%@ ade- Achi eyt © Pdlﬁgenf%éhepé@xﬂswg @ypeqtie, 203 and the

selecti'd?\gglée Cfﬂ oBQ%tigﬂ 963 #n%% p%ffﬁn?&f"él Eﬁgér(])g%ige\l;vhlec? gireﬁgésgﬂi’ed by a
block (ﬂﬁ)ér aFooexamplepe pirec&rdmﬂ dnd 4ru letcher(t mhgpe flows m@vfheyprocessing

Cross-section 351 rep resentéxthe subst%gte 303 at
chambgr Ajethpriapre ticaaliaviae faeSedl draiid v fshinge r@fions to ocour
51multfahédusl The, 6R% 1 adtgevd g@ﬁtelnﬁ@frdebbﬁtl&ﬂ) %d@thter@ﬁufenﬁﬂag &ear the
he CaVI ty In certain nbodi nent S, st ep coverage of
opemmg; et feast idejads) the dlovarates ofsth@ttCthmd dicotungstOvscotaiaingy precursor

t han th 5 of the lnltlall de osited |ayer ar, in
may High b thert ding o e s e pRa i e Booatipectihends on the
etcharﬁrconégntﬂaﬁ&ﬁt ABBRWEM3 MY E&&ie@ﬁsm&o%@ﬂofﬁtﬂé[ MaBOtrhport limited

FIG 2, in certain enbodinents, the deposition

and pwesp@ ploghopp 3hex paing metes y@!(bcthlevféam Fheofamnéng or\p@thant or
preculsoy QOWBF g{ﬂf? a%rle %?[Tu ciél)%sg?rag {) é'a%l\lr/\'fehl ﬁo? n ?te%wfé;g ?as?non? %urmg the
operaBbic 1290} andyat Bemiel point thet erchde VO GRSS 'th’égprbeestsh@nﬁﬁﬁbeﬁttmay be

the same tinme allow ng for both deposition and etc g
discoptmiedi éyhdhis ointthe ProasesrunRaialsiiaan o g Hing rfdle(mr@on M Gescribed
below?Chi eve greater net deposition inside the feature than

near the opening, at least initially, the flow rates

of the etchant and the tungsten-containing precursor
[0062jreAfted @ne nrc imotchdepotitien-etrobvah gycleaat iperfoinsed to partially ﬁll the feature

ans li.m ted and, .theref.ore,

and slga[%%ﬁl_é%{ alalg.%p:rg & g{ ;B'Bcesmnayﬁléenscé) nye %ﬂeﬁﬁ@fjﬁlhng operatlon 213.

This Siﬁe%’cfdnt 8 beQAGHne r!als%)&:ti1 SitnilB$S the dPpoRiAibh dpkritib82035 The main
d proceeds at about the sane rates inside the

dlstmf:teat rthatathe opéretiopdhd prpceads wntid iemfeaiire lsm@mlctsbrclesed\@nd it is
not foéfcl)wedoogl bOt m%)r(])s)ergtlgrg Jtoucs)’éere%ldth«(: g%agl%rgt ﬂ%@%ﬁ%l&’ Fﬂ% atcross -section

361 RPIkEenRO laﬂtexfaﬂl@leﬁbﬁ @albﬁtrafd 803 iafteo thd €inplr AUBSS bfGatichYbah certain
may be discontinued. At this point, the process my

embogimms, tthe featuse tifli hpala sqam 3oharuatt snsmaller ged dvas ergference point
p051t1§1$éf¥¥‘rthgroax[/%g ﬁf§&1 tﬁ‘rz g%fd ffonqha yz? F?rﬁfggt?%%all?rh[e%r@éﬁﬁl‘e such as

es are rrorne artia eatu
the omnidlustnapdint RS, flealhlm’eetamr@ﬁbddenerttheh@ scane363 omds dt heast about 20%

ntinue.with a final, filling.o tion 213
from the éeld region repatlve to the depth of thegfea 8 1.e.,a rat%o of Dggr to Dpgr is at least

about 20%).

[0063] In another embodiment, features are filled by depositing more tungsten inside the

features than near the opening. Differential deposition rates may be achieved by inhibiting a
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This operation may be in sone aspects simlar to the
deposition operation 203. The main distinction is
that the operation 213 proceeds until the feature is
conpletely closed and it is not followed by an

surfacet @ho nghiolp en@dsteamrconritipg matbdalk eat Wetng Bepasited ng dlfferent levels
FI G 3, cross-section 25 361 represents an exanp

depend BT e BRI KB DA dcHyRale 51 T AP epmYing Pofeiderfhe feature).

Spemﬁc,earlltyam'é subADOHE AR §perﬁ1t§ma2%tel'iflﬁbﬁcd Word@inanhe %@ce inside the
3, but it 1s smaller and has a reference polnt

featurpoén tai ponteuhdr .entbodimentpgn fnhdbitot e irftfoghced g the firbesssing chamber

a conventi onal.l jl1led feature, .suc t he e .
beford's EREVTRD ORetioR Ehe eXbopstt Sl h Mgy s Aeged P tis inhibior
in a HEARra3RFore NSt rdofAS kiUl #H3%nd HQRDOE abd ] ﬁl the context of

on relative to the depth of the feature (i. a
etChmlgat%Q}VQYfer DREKe the eBHETR ¢peration| revamtaterlabls a@omedzfm@l the surface (i.e.,

L I.n _anot her epbodi nent tures are fi
no nh8R0L et i TP ey na BT SRS R -
etchingedfl theh®pogiedi lager ey fledderdt frrmadep @Firkdi@ies Vﬁtgescdi%{nlhg certain
achieved by inhihiting a 19 surface onto

tungsten Alyerides) orthaswifarg afdbe ramaining céchisd ilawgr.d dpess residugsomay act as
an 1 1‘Jr9fﬁ g@\%béegﬂé?llt de OQER)EI 'eﬂlgioﬂ nFJrﬁleer 91? 5&%;1119 p o\@e§s cogdlttllags no net
eature ep e opening or he

removag af maﬁénals Spriciht idepddited 1ayee nsasr 6@5116, meake tsshee ysgdforms an
1 e i nhibited nore than the surface i nside the
mhlblflaétl%yreét haf s mofe PV elantaReas tho B than ingid thsi fears. sFilling the
featurk %Elﬁl@‘l‘l&'f?&gntizphep&snﬁ)n%fég &St %e ﬁ%ﬁ? r@urﬁ:ﬁ%ﬂ l’vﬁthaor in lieu of the
. depoSition operation. The exposed sur e o
depositemtngme valoperationedesaribdd 4boive. i nhi bitor in a
mass-transport limted regine simlar to the one
A descri bed above in the context of etching. However,
PP e ¢ he et chi ng operation no material is renoved
fromthe surface (i.e., no net etch) during

[0064] MiiyDduitablg - chE@beieanHecusedtto GRIpleidht [Hi9HOSE MOt iEXatples of
fluorine-based etching of the deposited | aye

deposfieARTTREIeRaRT B BT SIEEES. £6. AL THE ol ALAYS Max, available
from CI@(;\Ieﬂ'ugl tetrr'tgg glgnt:er(])f f gého Qéi‘ S%al%ngpe oP uzfnf a%§ Ofvahhtg/n of other

remal nin 1 ayer. eée resi dies ma
comniendialby dvailabla peocssHrgesysents. deposi ti on oper at | on.
Further, at certain process conditions no net renoval

ials fromthe deposited |ayer occur but
oossf 167 O W R e T T W@Xrla‘él;?e‘?o ¢ RAProgessing a
partiallp rfﬁblﬁ’d’aeédaﬁe%ﬂﬁoﬂlﬁl@for tshBstRRE M Afcdrd@ie ARl @&tdiR@mbodiments. The
feature. Filling the feature using differenti al

appar@lt@p 480 trichidles ath@mh@ %wlﬂea p@de@taﬂ A2@,enghowet head 414t Indoan in-situ
plasm& e%egFﬁaEOé?I ng@ée ap/gﬁ z& a%(w alsT) %%}LVSE erat| Foglsér 422 to receive

input GR@b&IppIYEdONE6] gl {os/ kit esBEds. thi s novel met hod.

Exanpl es of deposition apparatuses include various

.,.ALTUS and ALTUS Max, available from
10066N§\h§|frtmans;a§@,emcertaﬁb embpdiggitsy GBEt gasasi Septhps argn, dgljum and

other®%a r@su@ﬁé&é&g glgzrgr%geﬂlasn?ao oSG 4?(5664%!)% aaé/o%‘ré E’df’ which may be a
storage tank. Any suitable remote plasma generator may be used for activating the etchant
before introducing it into the chamber 418. For example, a Remote Plasma Cleaning (RPC)
units, such as ASTRON® i Type AX7670, ASTRON® e Type AX7680, ASTRON® ex Type
AX7685, ASTRON® hf-s Type AX7645, all available from MKS Instruments of Andover,
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100651 FIG 4 illustrates a schematic representation

of an apparatus 400 for processing a partially

fabricated sem conductor substrate in accordance with

certain enbodi nents. The apparatus 400 includes a
Massachasetie rmayl e wisedh AnpREEsumAl is4RPically ahselfetontubmsd débdce generating

and.an in-situ | asmg. generator 416. The apparatus .
weakly i 0 QU e eéugﬁse%&%ﬁe*@ahtmeﬂé?d ingopthe Rieppit gdigh power
RF geRetalol BHSvi@RAUnFaySHRRL YcCRdHs iR thShBRAS ThR i@fdyAWShen transferred

gedeSicgsfl[OOngY?he etghantland,bin certain gy¥then transferre

to the serud ietvbantanoleaided leglisg &), tespetatiers imthgamderhd2000K aaasing thermal

. others,.are s lie he. renote pl asna nerator .. .
dissocfRygial ghie ToBliPREs-ab R AEH i Sperkirts Bogt S0 olgaref incoming
etchar¥iYo1 8441 &R cBude STt ChiBh 38 B I8P Gh@ L HdcidTRKa kR %E&Qetfr? lcausing the

activating the etchant before introducing it into the

etchang keadserb mog of Hos cestaypl e, a Renpte Pl asma Cl eani ng
(RPC) 30 units, such as ASTRON(r) i Type AX7670,

0SB b 5 SN Sy, A Genror 10

throughres¢éonneeitigslimef 408nideviie charzlber M8 S@idte3kd ingxtufeely dis@ributed through
used. An RPC unit is Iypicallé a sel f-contai ned device
the sheywerdtead fhdy In\adhag cnbodiments ap piehant 118P WY inth dhesehapibierdi1 8 directly

' . : . E
compl@{eﬁh@ﬁ;assullml%qgﬁgté Iﬁﬁs‘?ng FSr A0 (lE. g?ttéuo%telﬂﬁwﬁgog not include

gerierator provi des energy to the e
such genasina). Aliesnaivelygyhd senidieplasmansdherat@d06t may he turned off while

.heutral etchant | ecul eading to tenperature |n ,
flowing e sichant gfo Eﬁdgﬁmﬁahéfigfjw REFTRIF: breay sty aHqnopt G ctchant is
not nebd@se nol ecul es. An RPC unit may di ssociate nore than

60% of incom ng etchant nol ecul es because of its high
RF energy and speci al channel %eonptry causi ng the
[0068LThersheweroheads b4 onvke pedestahi42Vetypicglly ni@y0B#je fm internal plasma

eryain.e i s..an etchant is flo from.th
eenerdif} Bt S FIREE JErhone Pl 6 el R4 SR e Bropey ()
gener#O8cdpable &thprooliamb BetwddB abwdted avidig 10,000UNE at Srequencies between
distributed through 10 the shower head 414. |n other

about d &kt andnt09) MBlz. dh @hmare specific spbodiments the Fih genssatonmgy deliver
' I t @ ' hemr .
berwefd B O R B S e ol W b 4R iy generate in-
situ plasoh tgertaned mnavalpbf #he d@itibviehystert hagen: dakraipl eastodiments, the RF
enerator 406 may he turned off. whi flow ng the
enerfSTFL PPHEGAOHEIE R A BBoAigh ShaR B becalioe
activation of the etchant is not needed. 15 [0068]
[0069] T8e ShaUbsr N@3HadHittiRle 4 BsBLIRS tdl seffdls L RS EAIrbYestBYrameters,
h t

ave an internal” plasma generator 416 attached to i
such 4srdegrre eixdappsition ahé etpbingr gomgenitatfonss presturg Hepergmeqoapd others.

HF enerat or, capabl e of pravidin et ween. about 0 W
The st 139308 e SoerRAafaf s BEEL Rh eI R T B gt to he
systerd @OntMiZer 420, Exﬁ‘iﬁf)_ﬁs b eld EdnGore PO tHchRIRt mass Fowontrollers, pressure
generator may deliver_ between about 0 Wto 5,000 W at

sensorghigtmacpuplss s othase Ree sraser ionayialee ingjudgendntir-sed detector or
oo Bt P B RBIRE R L0l

[0070] Deposition and selective removal operations generate various volatile species that are
evacuated from the chamber 418. Moreover, processing is performed at certain

predetermined pressure levels the chamber 418. Both of these functions are achieved using a

vacuum outlet 426, which may be a vacuum pump.
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generator 416 is not used during the renoval
operations of the process. [0069] The chanber 418 may
i nclude a sensor 424 for sensing various process
paranmeters, such as degree of deposition and etching,
[0071cincatdin aimbodanens,es Systen ¢ortpdeadd? as amgowyddhér sontrol process
The sensor 424 may provi de information on chanber )
parameligisdi t honste F‘Pfi’f@)ﬁteh ég% Ftieally ipgludeseonesorgpetegiemory devices and
GROYE pPbdeSorét 2Phe 8 8dERGRa PinciudE 2 X8R5 6F teGhdd d/or digital
One OfRss T 1 ow cont reol'ﬁéer S, p?@sngur e : senso(rx);h,gﬁh 9§an oraiena
input/¢diputrooonentiors, ,stepper mbtoe centroltlee beands,mtc.4 2apinally thesowill be a user
: i ncl ude infra-red detec optical. detecto o ..
inerfigh doros1at WL YEeBr QUHELET - e BB AT S e 2 display
screenTBAPHIcEBso WP BisplROPOBIht iapPardtid aB@bEploc¥8 ORIMYA, and user input
_operations generate various volatile species that are
devicespuduest redntingodavides kebibersds; tarh scivbirse suenophgrrescdssi ng
is perforned at certain 30 predeterm ned pressure
Y . r of f . thas '
100721 it ot O SHARHE! € s UorBler DR Bk ThL Sy B Femperature,
etchan o ratp U ppwer2 duthQO 1l thd Fentaté tpddsinae plreatitoe 06, prassure inside the
systemcontrol l er 422 is enployed to controlzfrocess

chamk?g:aﬂdﬁeqr@r gt_herrﬂ?g)cg%pgﬁqn@@fﬂ. r 6[]h|eesryst@212 C@I}tmlk‘eﬁ Zg executes system
contrdl REAHILSinORBin2 selPLSLintEIRIMNs q@l,y b&{%%(ljlﬁ{kdtheq{lﬁing m®ufe of gases,
processors. The processor nmay I ncludea CPU o
chamleo ppassae, chandleo tpngreditare, shidyothed paramptats/ afut particular process. Other
connecti ons, ségafer not or, controll.er boagdg@ et c.
compuigh, PEQETRR)S t¥FE O IMCBYIYadeMess B5Spriplefs wih Hssseitalley may be
emplofkd [h ¥ @MBsRRLAQ! | er 422. The user interface may
include a display screen, graphical software displays
of the apparatus and/or process conditions, and user
[0073] Apeicomgeter preeranchdadorpntiplling theprasesses ke ipoeaess sequence can
ve Uy 361500 SOURNES e bSR3 bR LT g enamoe
assembUbEBhE@dige, 0pnper, Hadta, Foras ardthdrk.OVCompited ¢lje@rcode or script is

out put of the renpte plasnma generator 406, pressure
execufeddiydhe prosesseptodieaiera thetagksifentiteddp thyygesiae. The system software
r . 422 e ]
my RSSO PL22 oS, B e
compomnt sulrbutings bh eortraliobggctsmagt b erittbn gas@Esrol opératidreot the chamber

ressure, chanber tenperature nd ot her paraneters of
components, PPSHIARY PrGEYs Ut %‘:h qscnﬁ%ﬁﬁiﬂcﬁsefyr o%ﬁ%ﬁg%tosrpéagrm or

e B 5 BB et 5 D00 T e

and plesmpaemrol gpdgr am code for controlling the processes in
a process sequence can be witten in any conventiona

ut er readabl rogramm ng. | anquage. for exanmple,. .. .
10074 BB koo RS EAE R Bt ARAMEAT byt P BRRLRrg, imine of
each SEUFRIINEPraabUreGhsi6OHUR: EHanfef, fbstrfe t@NREMURY chatithBow rates, etc.

processor to performthe tasks identified in the

Theseppasgmaiers FsePyised i sbetuigr & teafordeoti@sicginedart may be entered
utilizi\‘t}g%é gygrqﬂtae%%g@g%na% Hr%gﬁ“or}sll\%%t?lg t&fesseﬁﬁ & rovidled by analog

rrous c conponent I nes or contro

-and/opBigital impamgonhectivhi bF €1z dystemodtintrollerof®2r: efhieodigradls fon@ontrolling the

chanber
process are output on the analog and digital output connections of the apparatus 400.
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conmponents necessary to carry out the described
processes. Exanples of programs or sections of
prograns for this purpose include process gas contro
code, pressure control code, and plasnma control code.
MultifSibtdi Aplparatant rol | er paraneters relate to process
condi tions such as, for exanple, timng of 25 each

[0075fgf§§,a é?sﬁ}'pgp raglts %}l#rgfﬁé N3 de he@ggrgggggratvﬁggét r%ﬁee apparatus 500

includB@h ALY ShadltRr BOPY%hA 8fe BPn‘Fop@céé§&fes'503t(Q§ R8P Henthg Unified
reci pe, and may be entered utilizing the user

Ports)i fpt hcvlﬂmgesubSragmtlosbef procesoed oot su’mgtrathetlpt boesmpyted rocessing.

The it O e Ao EPaPree 4 e ol 1% g, e stations

four s@A64d, @vk 'sﬁﬁoﬁsh 8ix RItRASSSvA! seatmﬁgpéight%ubh@ taﬂﬁbmsmny other
digital out uf connecti ons of the appar at us 400.

numbey @k §tatgmgt | mpplaﬁraxfﬁat[oo@m psuralba deexmy sy arpomplexuy of the
proces%ﬁl%g@aet?zﬁg égaﬁlé 1111‘?6‘58&4 tRQse g%%hg?}%ag%g? bgg)%rfgﬁae% in,a shared
env1ro<nfneﬁt)r BIG a9 diusesteS iz ;(r@c@s chaﬁﬁmtSOmEa’tllﬁkgud&i sist &tdtions, labeled
s) for holding substrates to be processed and
511 t]%rGB%lt rdpesAllngetiiavied Benprétdaiqnr eprsanng00swithe single process
cham‘t?el?@@i@eafre %Qﬁoﬁayto I}ﬁé’ Qarfle ?)"l‘é'@ﬁre é?lfwréﬁlﬂt‘:ﬁto nﬁow@:@ér each station may
exanple, two stations, three stations, four stations,
have fi dﬁslg‘ntﬂadlmaﬂantscﬂlxt@tlabm cnstiems ek tocat epiasmlasande hediing conditions
. St.ations, n_stations, or _an her nmber of i
achioxgt By ecHica i RISl e PO M eU e opetidsraedisgI. 4
by a conplexity of the processing operations and a

[0076]1;4@%&% tb e SRocBRIdaS 104 d Tk ofddf BR: AREdRE BB thidugh a load-
hared environment. FIG 5A illustrates the process

lock 5c9§am§>etrhe sertion - | Ave lenigannl sobot sSOatm@hbe usegpte| teamsteo tigz] qubstrate

t at | ot aki, 9
fom SR 02 e TORPRGH o057 AT ROl bl e are o
separdtX lIQﬂﬂchsQSOSh €T l&@é@reﬂ@pﬁ:&lﬂly eqEpydd WiiRBiIbstratdo@iéfiring devices to
each statio ve a designated reactant

move ubetFaER o t§9slf’%4ﬂ0&hd5@%(§ﬁlllcepﬂ7§sﬁ§5%ﬁ@ ihewpilifgated to a level
I

cmSORLLAEIR, RSP B A5 BRSO 1

and ﬁ.‘(ﬁﬁ)ﬁﬁa sfatieon bSitor bﬁc& indo hke poaiclesis 6@5I for |remded frbmmhenlﬁocessmg

2y B SEHEEAT R SRR e B3 S i

statloﬂisr ﬂ']3§ & antdrbﬁﬁﬁdipsﬂrﬁ@&iethe Eﬁ&fpafeg‘ Bul RS BRpkces0R (ﬁ:@&hﬂeﬁtb‘alow
| oad-1 ock 505. In the depicted enbodi nent, there

are t wo garate | oad | ocks 505. These are typlcally
[0077k duicspeid embedimghtst 0ae eort mans fEtiphn gnayebe ceserval forobeating the
substr%%‘ébgﬁéha%tg ornfgtrng A }%aIQI% aI }?e%g%% ?amcpoi,5 194 gléo%n epﬁ)t 11'91?)88{ %Bc’os(/lé "Fe substrate
and/o# cheﬁtliﬁaﬁ &levial QipPpeRingothe tsaBstRftOSiafikr ¢haAd @lush@@Y ih Q. 4. For

t he statlon 511 20 and fromthe station 516 back into
examplRea Fighen Pbt magasceivsy a pehwoll fram dripedriockapd dssisedyto pre-heat the

t

s SSN0GE 1 e BLEEDR) GRBPLATOR i 3585 LT s
ratio featppanclsding defﬁostthm ad Bslectiteasmaduili dapgratibgs. pr ocess as

descri bed bel ow.

[0078] After the substrate is heated or otherwise processed at the station 511, the substrate is
moved successively to the processing stations 512, 513, 514, 515, and 516, which may or

may not be arranged sequentially. The multi-station apparatus 500 is configured such that all
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[00771 In certain enbodi nents, one or nore stations

may be reserved for heating the substrate. Such

stations may have a heating |anp (not shown)

posi ti oned above the substrate 25 and/or a heating
statiorpeate séxpbseiufup dret sang: pi‘eesmeltmt/iraﬁmelﬁi mn as dotg)nke substrates are

illustrated in FIG 4. For _exanple, a station 511

may
transforeade OB HesTRAIYY Skletd PG ArafgRTI SiskcAmPen e 0dsuihqus 2 teed for
Ummﬁg aE&kh biRaddsst rate before being further
ocessed. Other stations may be used for filling high
aspect rati o features including deposition and
[0079k Ehe ¢atemel r(?éanb\ﬁﬁﬁp 10 pedapi tomsfer [sﬁbls’iﬁncsﬁet\ecem $iations 511-516. The

robot SRS 0 PRE L fipt ok 4 B P Rt Ea e ki tanefuyy extending

betwek® sﬁafi@ns{)‘ I 03 8BS bitDoSthatakf Nidjaedt, to MSproedingXtRiond Ak four fingers

516, which may or may not be arranged sequentially.
that extped fram; the g it wepinees enseashGides Thesd fingarearegisedhio lift, lower,
ns_are exposed tq the s ressu
and p(ésﬁ\él‘ énr 8nsr1%gsnt{a%e W rlﬁgsnogl Oprocesmtnﬁ es?aZmBS t ?: SZalple, EiPh S em[)odlment,

wheret thanaflgstagidn fapparatul encﬁlﬁc&tslsﬁﬂpl'éiéssm@ stdtioas, thé pindRSaskdinbly is a
the chanber 501 without a need. for transfer ports,

six arg jetatigaal jagsembly Wiig siy W@p opsdin: rfos Fﬁanpkoﬁoﬂlowegn fhe drawings

theﬁyﬁpﬁ %&nﬁ g?§%ggylnc udes ?ﬁwﬁf 'ééﬁg§%§S’ASd(ﬁ

four fingerseaehtvs ﬁngsrs iong frsasrno mn(( Bﬁmﬁmg@xbn radl ad@ceﬂnetmmh arm, are

stations he arm adj acent to
used 33 o684 lobieb A uEty e onF IR 1 Fker SibBRlny(pigponner,
the aphR@nAip mvtdedtvml ffohﬂﬁﬁgéfs % p%a&khlspé#%tauzm §§@péﬂ SB&Fe.

are used to lift, lower, ~and position a substrate

W thin the processing statlons For exanple, in one
[0080k rb seiitaie nembodiments, phe orrumne satinis onaphsanserute fill features with
tungstlerrll%lorlljt%gﬁrgs;xatgnﬁce I3 %x tl 0&% stl'ﬁ2sﬁ1|andbe urs réefglb a¥ initial

arn1rota |ona aSse

deposftitd bpératidr stetka 3l @, mag havedl ifor Taheorﬁﬁfsp@mdi@g seIebﬁ’ve removal
fin of the spindle assenbly includes six arnms, wt
operaigefe h Ity hp %de’@emé uyherg Aglepasitign-eemovat cyql@eﬁrempﬁg@r%aﬂons 514
may l')e fised }'o‘wanohﬂ:g gﬁos‘?ﬁ‘or@oéérﬁ& Q\q 1#‘9@5 O6L s £ Nanother
adj acent, second arm a use , tlon an
part1al nmmvahommm a&eetlmt 6h6 mlag bs tua¢d ﬁum theofizah d)'ﬂllnq otrationonlt should
hi s, manner, paratus, i s provided th four
be unfi?rﬁf@esi shagapy ﬁea@%ttraqlonwé‘rswéwatqeaﬁn%ws e PP%C%%PW&F%CS (heating,
fﬂhmégndggﬁgka%y%gﬁﬁmn enbodi ments, one or nore stations
be used to fill features Mﬁth t ungst en- cont ai ni ng
naterlals For exanple, stations 512 may be used for
{00813 A\si axi altempativd dp das mubhst@ty@r anpiatatys dasatibasnat®ys, thaynejleod may be

or a.corresp elective r
impleftRRfdL B a0 iR SRR Mt S b bRy, sRREHE bRftessine o
substra®Pg dh @inglé pfdcoitngbstdionybab 168l (ifeQmoaneiidtial). In this aspect
deposi tion operations and station 515 nay be used for

of thesingentian, iy yRpiratals jaefest o ireshamben andspesitinedapethgenpdestal of

the 51{1}%8 gfog%?%sfug it%]tﬂﬁu (;&lh%mer tlid b a?zﬂ&sr P?atv#ﬁ)é;?nlil bnd B%l&agmgbs?atlon or

ny con | gur I ons
an appkeatug hating Afulti-GtasipeCiuhhihgin barek sasief. hl&ﬁtslﬂ‘i@rate il b figen heated

and renoval ) nmay be used
and the c?eposmon op ratlor¥ may be conducted. The process conditions in the chamber may
be then adjusted and the selective removal of the deposited layer is then performed. The
process may continue with one or more deposition-removal cycles and with the final filling

operation all performed on the same station. Alternatively, a single station apparatus may be
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[0081] As an alternative to the nulti-station
appar at us descri bed above, the nethod may be
i mpl enented in a single substrate chanber or a
mul ti-station chanber processing a 25 substrate(s) in
first usedstongtferrprontess sfghe bpd:lhtimn imnthbatehmethdé (£.&., depositing, selective
-S enti al Int spe .0 e invention, the
removal; fiow e} on piliRlg vaters aftRewEIsh %F‘H%%Ffateﬁ &yt hegisatmeshback to
the safh@%ta@i%g S8 hitve@to a Bitfer&dt RBYi6n Eé g08§§'d rSilt Ebﬁgtus) to perform one
(whether 1t is an apparatus Ing only procesg?
or momtcaftth@rcrrmlmngnpqpmrsat us having nmulti-st at i ons runni ng
in batch node). The substrate may be then heated and
.t he SItIO operation may be conducted. The process
Nhﬂ“é*ﬁﬂﬁi? “he chanber may 30 be then adjusted and
t he selectlve removal of the deposited layer is then
[0082PBIG. IBRG schéfatidillQSEARN Y idlfldhaBerd ;?)ara%esmrthﬁ%@y be used
deposition-renoval cycles and with the nal_ fillin
In accg 8§ Math %rqalrbgpp%}lwgatsonAq Bloven rfBe @pparptyp 520 has three separate
chamb%lr§ gﬁf@h@"%d’ 525 a@lg b t é“chﬁﬂb%? F?ﬁﬁﬂfs{‘fﬁtew&pﬁvo B? estals. It
first 'used to per orn1on y one o e operation In e
should bevunédéritodd (leat gn, apgaposihanbavesalyemimbe ofrchambars,(e.g., one, two,
final fillin 0 l'tiple wafers after mhlch t he
three, S fiv &t H¥; %ﬁg il SHARbT BRI 6 2y ETbSRET Shaves (e.2. one,
two, tBfec"RVE KO s, g!cf)f eEGRY it 301525 gras 119f0vﬂ1 ﬁfaéé’u?é &Mironment,
apparat’'us) to performone or nore of the rehaining
whichaip eomhamdsbetﬁedmnhambctsarﬁwh chppberahas h§@082]or Eh@Be cbBesponding

IS a s IlJustration of a | ti-chanber, .
wansteyopdi s Bapiodiat TG SBRTILE A et Aipe i brrate handling
robot S27 fcﬁlitﬁnﬁ@ﬁﬁ@ sﬁBiHEa‘Ses HRBw ERANE rad i€ RPRJNEbHMoRZEhsERRs 529.

three separate chanbers 521, 523, and 525. Each of

these chanbers is illustrated with two pedestals. It
[0083} hsunatechebaysdeaparaboehanthers may spesea tios denogiting tangstgn contammg

r 0. t
e ACHET 3R CRIREIE o e po et MR Sy, i
these ofvo eiparatiers inte differemtneéhambemwocant elpeo stibdtintiatlly Mpr@iexprocessing

e%c.)t Each chanber 521-525 has_its own_pressure
speedg Ry PragHABINE, the Same snvignmental spdiipns df Grsdrrhamban dpother words, a
chaml?{i‘gdr?gg tﬁ%ﬁgg%dt g@%hzﬁ%g%s ng:tmgﬁtgﬁ ﬁ)_l_%(féﬁgtgglgﬁias?% Sfor deposition to
condindrsoudedvier aelebtaveetbnsavab tan@tback;awhhlch ngay ifpidte BiFferémrprecursors,

dlfferg}t%%{)eggté{éegg%r??sgietsgat gt&%el%r\é\%gg})grggw 5 n]glfcgga{;gerrrtlbsodlollr}ents it is

faster SOPRARTE SR hfaniBYRE] YSBRAMctoIeAdRirhied %e%%bgsfv@(ﬁ or more
containing materials and selective renoval of these

differefdsbanberd thantchanging enviranmeatal opralittanser shesSelpamtbzrs. ng
these two operations into different chanbers can help
Expehgmigﬁstantlally i mprove processing speeds by
nal ntai ni ng the sane environnmental conditions in each
chanber. In other words, a chanber does not need to
[0084¢ Marertesi b5 exgrevinfentsnwiie tomdiedndi ddt@nsndIsEectf of different process

condlgﬁlgso%{dtéehgc?wtﬁ g@%gﬁfl’fld}?ﬁ/g‘?&gu ed f o{}tang rgg.hgllégeﬁ%l?nm)ly evlas found
that ifkrbds§lceD SutsRIRGERADHARSe aRd & an%san @t?l?an?gllaw rafd OHERAd to mass-

parameters. In ceftain enbo
transport limited etching inside the feature resultmg in more material etched away near the

opening than inside the feature.
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faster to transfer partially manufactured
sem conduct or substrates between two or nore
di fferent chanbers than changi ng environnent a
conditions of these chanbers. Experinental 25 [0084]
[0085Alrs en¢ espaimentpdiffeneamteschireg eomditiohsc bl their elff¢ats ohreep coverage
i.fferent praocess condltlons on sel ective

effects of
were reé’ﬁ&%ﬂ of THhetrdied og’lnfee deattiesr ithats havg Predinssi A Sepppximately
250 ndﬁoni’é?érs P BRAs-sédtidh anh %%Péd’ﬂ Gatdo SF Qﬁﬂrf)i‘ﬁr%tél? el @&t &ed. The
and reducing an etchant flow rate can O NMBaSS-
featurésr waﬁzrﬁmst partially Gtled twdthi toggdters atdeboih 893 °€asubsrate @qtipdratuee, about

re material etche near .the opening than
200 spcﬂgi tTHe ¢ e@p@ggst%%P%m@%fWFﬁ) b‘hér?é&‘pg}q pgen environment.

Seversll ubQFRE W GRED SroSOdibhONG HE foNiia \z‘z@ftlfnf‘ggeﬁ RriBlR within
coverage were evaluated. Substrates th features
the featva¢s. Haweasofoend st the lapor oes rhgkdy thigsd maidentht efesturas (about

o2 A S0 R 1 e BRSSP ik o

averadd) lida@thgwb sfeptodngaesf Moubdmyt 395C substrate
tenperature, about 5 200 stemflow rate of the

tungsten fluoride (W6) in argon and hydrogen
[0086} fﬂ)? Famgtaing substealesy wereskitided Hie svouaraups.hSnbstrates in the first group
were é(}[:ﬁ) %ﬁltekqu?cq dhgcegg ?(ﬁ{dltﬁo%sag @fﬁﬁﬁ? r%p?&%rte%'? &R}am{(hmz%tely 8 Torr,

ion Wt was fo

a substfage ﬂe&)ﬁ@fatﬁdﬁ%f spprokintdtell 350TEra ﬂ(S\S irgte of AgrdeeatttifRi®ride (NF3) of
(about 862 Angstrons thick on average) than around

approxigetedp ehPHYy scerabend asdongdysationnel epprekimiely o4 seeqalp.  Several
t [ 6

s GNP LB AP URIELRh 0 28 AFREL G npse

distribatilos twitie hel featules. flt was dgemiped Rt theadpehiag thiskigs (a thickness of
reference process conditions: a chanber_pressure @

the tuggRie oy Faber JABORTHRE) Was LBt @wbﬂ%ﬁagﬁmwhﬂe the inside
thickRBPW d‘?x?e‘?ée;gé (%E%%@Aﬁ%%\%n%%‘? a%fep%' g&gg%&‘f about 107%

tr|- uorld ppr oxi mat e seem and
etching duration of approximately 4 seconds. Severa
[0087% (bst seaomb g‘rom.mqfthfegsr ovgs wehed arsogs diffarentofampalived’) process

.Lhe chin t her apal tun en 15 . . )
condiifSy T PN ShreHioR” vy PR ER o8 PO Mgk eg s fog fearre nto
the mlabirardspert ARSAED Eegimit GAE Bfus( AnprBl € KME @ AovelaB® even more. The

tungsten | ayer near t he openi ng) was on average about

substr4@rerpgrsturo mes indndased tompprmmdely $9ﬁ°€k whds thwasiclomt flow rate was

reducg%g) ?‘6‘? b %He{)bé(g%ccxrﬁ S"I" ag @PS l?ﬁr 8’F’E)?X£OV oo aaaﬁygr maintained at

about €t TORAfor SipPebxehaEsr ﬁﬁfsecfonﬂm RV RehainiRE REPLE layer was significantly
condi tions. These new conditions were believed to push

thicker Heside 8o fegturessiabieutt 7 Aegstngms thiskoon 2¢erages than near the openings
(abou[r?ﬁ}?’étS AB% %%PSQElckloln@v%r%ge) el%? ecalscu agcid stt%]pucsc{vera S JS,300H e'ﬂglva {

verage even no
|ncreased to approxi mately 395C, while the etchant

[00881 [F0@. 6AtiRustiAts o RHeastlk fepraapmation obd &ayird 801 pasided ihe partially
etching was perfornmed in a chanber maintained at
manufgstied serpgenductor suRsiRinGFayidh ¢ tamestracontning fyer 605 formed with

the faRIB601 REniBiraB8He LAY Gbed"RSthS 2881 E)@&Wxﬁe}ﬁt. The figure also specifies
different points of measurements of the layer thickness. FIG. 6B illustrates a graph of the
thickness distribution of the tungsten-containing layer for the experiment described above
before etching and after etching for two different process conditions. The horizontal axis of

this graph corresponds to the measuring points illustrated in FIG. 6A. Thickness values
26
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15

thi cker inside the features (about 555 Angstrons thick

on average) than near the openings 25 (about 344

Angstromnms thick on average). The cal cul ated step

coverage is about 161 % [0088] FIG 6A illustrates a
provided irethetgraphr &p nesealizad tothe aéspactiveatales of@ie fieldvegion (paints 1 and

a partially. nuf actured.sem conduct or substrate 603
16). Thetbtigmy hinpdtcedt./TopHess %gjﬂﬂsvé}lstsgst}%wm thy foture R to any
etchin%.e %}Hl%quaicﬁfﬁglt}%a@ khd lgyérlﬂi? g@ﬁ@al‘l‘ys gﬁngtl@/ thfﬁ'ﬁerai*ﬂgi\dt@ the feature than

xperi ment . Igure also specifies” differen

near tipoopenmgaiftendemsitome riite noiddieHbick dpe 1609 meprksrasshickhdss dgBibution

illustrat raph of. the .thickness distri.bution . ..
for the,uale it SR Ui PG FEEF CPBTIoRe. SRl HHEpon indicates
snghﬂ?e‘gssa&e;rbs%b aRRYVLe thaf BEonetehtbRatns) AbURE 60 CHiRALS &e top thin
_ wo different process conditions. The horizontal axis
line 6B reprasenss gistpinition rof denastedghatovaskiched assingi the “pepraved” conditions.
e revials (RGN ThroiRs, e FRGRERT R TutBRer DR bR aeepeso
measudéll pbidtsf (pairds 18e9] aid (1IpOwhich Wenghbprdfmately180LIOLL offMthe feature’s

thin line 607 represents thickness distribution within
depth tffpan fleea faghuae’s rhogpmy) oisafpostetiipg gegaterthan theqdickperscupap she field
rqﬁm#@@ﬁ¥§h% haw. Hl%§ generally slightly thinner inside

the fedtlare than' near the opening after deposition.

The middle thick line 609 represents thickness
Conclisionr i bution 5 for the substrates etched with the

reference etching conditions. This distribution

I ndj.cat slightly greater step,coverage than. t one
10089} o NESER gl toine P cngrs Seh ARy S R Gomg el for Biposes of
clarity bNEnddistardd@i, 86 Rl e hipprehtOthbd Sttadl chahpes heD nidddicaidss may be

etched using the "inproved" conditions. It reveals

practieagdhwithint thesfepe ofpthe wppensied slaiwy.e b ghouldrhe nptedthefethgrezare many
the | owest asured. pQints i_nt \
el YBI 3its TR GRER e A BRAERE DRulpiho RS blafs 8 the present
invenfierat Ac@drdindlq, thePpréscht enbddim eiite atdocbescdnsideet)as illstrative and not
_alnost. twice greater than the thickness near the field
restrigtivg; a5d the,vaptiomis not toths linyitedl todhe detejlsogive ksrein( 00891
Al t hough the foregoing invention has been described in
some detail for purposes of clarity of understanding,
it wll be apparent that certain changes and
nodi fications may be 15 practiced within the scope of
the appended clains. It should be noted that there are
many alternative ways of inplenenting the processes,
systens and apparatus of the present invention.
Accordi ngly, the present enbodinments are to be
considered as illustrative and not restrictive, and
the invention is not to be limted to the details
given herein. 27 CLAIMS Wat is clained is. 1. A
nmet hod of filling a high aspect ratio feature provided
on a partially manufactured
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sem conduct or substrate, the nethod conprising: 5
i ntroduci ng a tungsten-containing precursor and a
reduci ng agent into a processing chanber; depositing
a layer of a tungsten-containing material on the
partially manufactured €&MIdM®ductor substrate via a
chem cal vapor deposition reaction between the
W%a;kumgﬁk@nr cont ai ni ng precursor and the reduci ng agent,
such that the |layer partially fills the hl%h aspect
1. A Im@ﬁhpépf Bllméétlugleasppm%@ frafwg Peayidedtanvaapastial bt mpnyfactured
chanber; and selectively
Semw%r?t%){/o“r g{lbslt&e tl}et}getﬂ&?&gﬁéﬁ é’&)om ted | ayer using the -
aﬁitﬂo\zlﬁttlﬁgi a ﬁr@leﬂ@ont@ﬁﬁg prebusbr fidacedacin® aghnt indd & ptdradsing
substantially Iimt reconbination of the activated
chamb¢fichi ng material. 15 2. The method of the claim 1,

V"? o‘éitﬁ‘lgtari%(d? ?%%ﬁ%&ﬁ%@h{aﬁrﬁe%m%@mf i)r?gau faﬁ?‘?%aﬂﬁ%ﬁncd

nuf act ur sem con strate
semicodducts Sultsltlah: \abauhelﬁi&@ﬁa@ndda)opltbsscarceiombet“tehe the tungsten-
) roceSS|n nbe of less t Torr.
contaipgirEERUSeT £ (s Eoeie SERG suih et he Ty el BlSe igh aspect

ratio fRalfet al I'y nanufactured sem conductor substrate is
| ess than about 150C. 4. The nethod of the claim 2,
wingrodirging e atte\mmir@an&mfemh@tmﬁlptpr@qewngrdrmtactanded

onduct or. substrate
Tﬁ%]ecr%rb & ERAGmY MERP Ol ?ﬁtbe d%oéft%‘? EYF‘h‘éS"b%‘r %‘8 §ﬁtFVé“eéf g‘f‘H‘ég
materidl SGREEIsH GorkiadtisehatisGbdtafially Niadit comBinbtiofof thBectiRiddadching
of the claim2, wherein the pressure of the processing

materi@hanber is less than 1 30 Ton. 28 7. The nethod of
claim1, wherein a reduction in a thickness of the
deposited | ayer near the opening of the high aspect

2. The mtthod bétiewimi 15 wierdie étpradessitordiorg rconipeise 4 teddperature of the
inside the high aspect ratio feature, 5 8. The nethod

partialy manpfagtuted sgRuequidyctonaubsiras of dase than aheyt? SPda end @ pressure of

theprg&sgﬁ,g?ﬁ&nv\%e?tolf?esg haﬁtS +o(?'f:"8t about 2. 9. The nethod of

In renoving the portion of the deposited
| ayer is performed in a mass transport regine.

3. The method of the claim 2, wherein the temperature of the partially manufactured

semiconductor substrate is less than about 150°C.

4. The method of the claim 2, wherein the temperature of the partially manufactured

semiconductor substrate is less than about 100°C.

5. The method of the claim 2, wherein the pressure of the processing chamber is less than 2

Torr.

6. The method of the claim 2, wherein the pressure of the processing chamber is less than 1

Torr.
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10 10. The nethod of claim1, wherein the activated
etching material is introduced into the processing
chanber froma renote plasma generator configured to
generate the activated etching material from an
7. Thé: nietliodl of etaiihi 1N g/hemeires realluctidibinkilthickhess wé tHeattpodited!l@yefmear the
, further conprising repeating the deposition )
OPemftﬂp‘efrth? Pigh agpect Byt featueds aflgasy apou i26 kuereatgithan side the high
aspectT8REflb3g the sel ective renmoval operation to forma
second etched Ilayer. 12. The nethod of claim11,
-wherein the repeated sel ective renoval operation is

perfo a dlf rocess conditions than t
8. TheptPF%P5 ggg‘é’&i‘u VBhgr B%fﬂggaé S radie. eatgreqwﬁﬁ@n AsrarbRtge! at leas
about 8l ai m 11, mhereln a reduction in a thickness of the
second deposited | ayer near an opening of the high
aspect ratio feature is greater t han i nside the high
aspect. rati.o . feature b | east ut . 10%
9. Thé R i3l TRt Fmtit e PORionat P drgotlssBye fsperformed
in a mhferdndp@sigimeont ai ning material on the partially
manuf act ured sem conductor substrate via the chem ca
vapor deposition reaction between the

[
10. ThERRFMARTSRRLR, VDR AF A0t BERLNTHAGRGE g he
proceskiig ohamibeﬂfmrﬁx aCremiota pldsmarfeegiter dohfigwred segerlergéthepecited
rati o feature has a _seamthat ends at |east about 20%
etching mpterinl fiom) an jndbal iehing mateYd- t o the depth of the high
aspect ratio feature. 29 16. The nethod of claiml,
wherei n the deposition operation and the sel ective
11. Theanethad of dpiar &t fuctherasoenppsimzoepeting thedlepbsitiembparitdorrerferm a
n | iffer vVi.ronmen ndi t.i on
secon&rgepgfﬁ df:ﬁ%{ﬁldrsreagpg%ﬁ Sfp cwg?eg}eqng‘%r%gpgtp %(PIFQWE secgnd etched
layer.manuf act ured sem conductor substrate has a second
feature that is closed during the deposition operation
and remains closed after the selective renova

eration..18.. . The nethod of claim1l, wherein the.h
12. ng Bg@}odrogtc}aémfl é ai)\ﬁ?rglq tlgle Eefpggtgg s%a{;ﬁvr? de]flﬂ%al ojx_)Bra]hor.l is pe%(])rmed
at difféRROpioceRTofMiEbAY them tiod Pelb&ivéwehbeal bperatieh.ect i ve
renoval operation. 19. A nethod of filling a high
aspect ratio feature provided on a partially

13. T%%ﬁlﬁﬁtdﬁc qlrg Wh?r%{hdylcetd%tlcﬁﬁgsattﬁi%f(&ss {)Pﬁle@g&ﬂﬂgjggosued layer

npri sing rocessin
near alnavpemngfof ﬂuethlglgsdpedit-raﬁm featune rsggreméxetharainsﬂe the high aspect ratio

feature by at least about 10%.

14. The method of claim 1, further comprising depositing the tungsten-containing material
on the partially manufactured semiconductor substrate via the chemical vapor deposition
reaction between the tungsten-containing precursor and the reducing agent until the high

aspect ratio feature is closed.

15. The method of claim 14, wherein the closed high aspect ratio feature has a seam that ends

at least about 20% from a field region relative to the depth of the high aspect ratio feature.
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15 the partially manufactured sem conductor substrate
via a chem cal vapor deposition reaction between a
tungst en-contai ni ng precursor and a reduci ng agent,
such that the layer partially fills the high aspect
16. Threati¢tbod efdlaire], winsrein ghd depopitivh optrationramitha ctlectdd removal

sem conduct ar. suhstrate th the deposited | ayer of
operatfiuirt QYU IB SHHHFH G ER BH BRI B0 et Ghgronmental
condifi¥Rcessi ng chanber, wherein the second 20 processing

chanber has different environnental conditions than

the first processing chanber; selectively renoving in

t he secopnd processi.ng cha r a rtign of the
17. The R BiE REFlaPLy o BTAG mandBtrisd Srins fiotar suptrate has a
second] feahRt MaR By @6eh Arih@URIdeBbsib PSR MO rbm@RS cldiad after the
substantially prevent reconbination of the activated
selecteeemepl eperetioml such that a thickness of the etched
| ayer near an opening of the high aspect ratio feature
is less than inside the high 25 aspect ratio feature,
18. Thehaethbdof enimy i Nghérsinples fiigh agstcidatib dedtine is elogdddduring the
processing chanber is kept at |less than about 5 Torr
deposyipa apreatign prd apens deeng theselecier wamvalomemitosr substrat e
Is kept at |ess than about 250C; and depositing an
addi tional tungsten-containing nmaterial over the
19. A etetlivelcbflfalieg a biphidspddn eatioIBathiegirovidpdot a pattially hemi ticaired
.1s.closed. 20, A sEqiconductqr processi ng appar at us
semicppguciqr|spbstrate, the mefhod GURPNISNG'i o feature provi ded on a
PRAESIshlreYin ABRHIAGLLEIRE cipmiBer QMAKE HPA ttﬁlg%ﬁ-rcaﬁ inlil%g]l%aterial on
apparatus conprising: 30 a first processing chanbéer
the pantzaliymgarmiectaned semisonbptgistbgrtstiaticbemichbyapoo depdstivnmrgaction
the supstrate,. said first processing,ch er :
betwel) & pyraiRR ot i lervrser e 4R Gu b L daver pargally
fills tHEERHiEK hepectaBtié Ranpar tial 'y manufactured sem conduct or
substrate via a chem cal vapor deposition reaction,
s aiayingribe partiglly mageieired ssmigandpétonsubsatoiith thg dgposited layer
It . I.ng. e nt for controlling a.
of e R ARNGEHaRGiel Ty SRR alRerf Bl ehePein the sccond
processOdtAnpeobasH ffagnt @virogmennel enditione tigihahd At pcdtdstipSchamber;
for positioning the substrate, said second processing
c Belpeiviel iSOV HgriB dhe sscensd esssyiae whamhenaeostignet the depgsited
. . r "
oer by RO ol Bl SEb8080 RSO CSh B opgiions
substantinlly ptelvemtgecdnitendtempditiat actieated etchimgandtstialateh that a tidckness of

tching; and 10 a caontroller conprising, progyam . )
the el s R PG opeRine GER5diEh fpesiiela fEpare istieian mside the high
aspect g LMA=CONt @I Ning material on the partially

manuf act ured sem conductor substrate via the chem ca

Va\g@reimaepwiimg s perfomeed while the segnd paocessing chamber is kept at less
than aiaﬁ@t%? ﬁ'ﬁrg{agt? : a}iagtl)iﬁglgr dAinufataired sgnrlli(cj:or?durc oqlégll)srt]gteaig ?(g;tn’ at less than
about 250°C; and

depositing an additional tungsten-containing material over the etched layer until the

high aspect ratio feature is closed.

20. A semiconductor processing apparatus for filling a high aspect ratio feature provided on a

partially manufactured semiconductor substrate, the apparatus comprising:
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partially fills the high aspect ratio feature; 15

i ntroduci ng an activated etching nmaterial in the

second processing chanber; and selectively renoving a
portion of the deposited |ayer using an activated

ed Gt prpcrwsingy ¢hainbat hpnog essorgoendidepasisort $tations for positioning the

e R T e i S
materi@SREGE paRtall) ol SAtIIRPEQYiCHRMACRR s@bRatd Vidh lchemical vapor
manuf act ured seni conductor substrate, the nethod

deposigionpeactipmgaid aneros et Agpasitionriiaionn cemprising  dgposition heating

eleme@{éﬁ%@%ﬁ@n%tg%wrgf -ur% I@?gqqa%@gt%at%g&rgn gadép))%gl 1(3181;S| ng
t &15@Dhe Prozestiml Kivivg SR mdt c@Ridg@atioAE Forddositioning the substrate,
manuf act ured sem conductor substrate via a chem ca

said sqeapdPrasessss ehamber eandiguend th selgetsiely remava agertégn of the deposited
oRt ai nj . an . reducin Nt , 1 SuU th .

layer, %Hg oﬁ% 9fe &gﬁeg%t?]?;lgé ?t?/{l?r% ﬁ%ér{'?-ﬁén% gﬁ%&hé!%@%&?lng re}ae Ieglp for c%}ltrolhng
the tethpahtufeof the sutsahechurivigleichirgmand ng a portion of the

deposited |l ayer. to forman etched | ayer such that 30

t REOHERNSE FOTBPIITIRG PIPSTARR BSHYMifekness of the

deposi i ng s .

Feduct | g HEEThe ROE ofRERREY Do bR FRkRY, AP padidfly

| enpeufactmsiddlemidvamdiietat substrat2 Xia thh eherpichlodipof depoaition 2daction

erein the reduction near the .opening is at | east
B U el e GO SR e e TS ppRugihBal the layer

f patidn @ fillStheddeh dpectTBidaAnRE; claim 21, wherein the
reduction near the opening is at |east about 25%

gr eat eintrodueing he agtiditast ¢tenng matatie! intthe fesand peceSimychamber;
The, net hod of claim 21, wherein the high-aspect ratio

f84 ure has an aspect ratio of at |east about 2. 25.

The netdedively ehaiiigdlporibes£ihe defiitad Rivaoesiddarckdtieasd

of the deposited |layer near the opening is between
aBshingzuateniad abpmres candidiansthat bgigntialbyqirpysmgrecombination of the

d%aRg§adeﬁ%%m§%ﬁa[he.nethod of claim 21, wherein the
depositing e layer is performed over an under- | ayer

previ ously deposited onto the substrate and wherein
the ayerage thickness of the under- |ayer near_the
21. oéelﬁf:%@d Pg g}hna i gh aspseatio E @Evaded gpamparialliypanyfgerured

semichuckd?SE8stle, iEmRGEEombaAYiRE: | Nsi de the feature.

introducing a tungsten-containing precursor and a reducing agent into a processing
chamber;

depositing a layer of a tungsten-containing material on the partially manufactured
semiconductor substrate via a chemical vapor deposition reaction between the tungsten-
containing precursor and the reducing agent, such that the layer partially fills the high aspect
ratio feature; and

selectively removing a portion of the deposited layer to form an etched layer such that
the reduction in the average thickness of'the deposited layer near the opening is greater than

the reduction in the average thickness of the deposited layer inside the feature.

22. The method of claim 21, wherein the reduction near the opening is at least about 10%

greater than the reduction inside the feature.
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15 27. The nmethod of claim 21, wherein the selectively
renmovi ng conprises introducing an etchant into the
processi ng chanber and reacting the etchant with the
deposited |l ayer. 28. The nethod of claim 27, wherein
the tenperature of the substrate during the reacting
20 is at |l t about 300, degrees Cent.i grade. Th
3 ot B PGS horRBE FEOp HEoTERER HifRRGITE i G daput 25%
greatet haR tﬁé’t%d&d%ﬂ'@ﬁdid@ﬁle%itﬁx‘éw rate corresponding to a

mass transport regime. 25 30. The method of claim 27,

mhereln the etchant is introduced into the proceSS|ng

a renote plas enerator 31.. The net

? 1“8 hr‘nd ?r‘q@tﬂ’ ?ﬁet“k%%ﬁl&ﬁ? Ef%’?gast’%% E3H9 guhes 3R BB o of at
kagaEQQQ§Itlon operation to form a second deposited | ayer

and the selective renove operation to forma second

etched | ayer. 30 32. The method of claim 31, wherein

t t l,ec val o S r

?ﬁ e o? é‘.ﬁt%la%rg ozgé\é,é ?glngn% %n € ({Rh \{s QU tﬂe de%ggl & 15%’ near the
opemr%elb detwoer abeurddabnd e aff lacfeatur%Z:r@B—.sedfhmahthtrfmsiomf

claim 31, wherein the reduction in the average

t hi ckness of the second deposited |ayer near the

ORRO HMholdDHGAALE whiiRh hB Qe RAMGHhOMyklis RALAYE! AL an under-

Eﬁckgess 0 ZEﬂ gecond de%%sﬁ#%& ?agerm&hsPde fﬂ% an et
layer Iirealbuslg dbpyosittd betaghe aitbotrste B6dovhbreddthe Biverage thickohessf of the under-

claim 21 furth deposi t he
tayer JaahUECBRTIBBA 3 FhE Ot GriTaigRaR e AGPEr ifess of the under
layer MGV HiRCfesuRd sem conductor substrate via the chem cal
vapor deposition reaction between the
tungsten contalnlng precursor and the redu0|ng agent

u s ct . feature is cl

Tﬁb lhogi d)f S &% @ﬁ 8%’18?tlve£}h qvmsgec(ﬂ)rrﬁmﬁﬁs 1ngrB§u<img an
etcharft iitb @hd %@bé&;@fh féﬁé?mBerSaﬁa Neafidg thih@teintwith ehsdpariesddayert

| east out 2 % froma field region relative to the

depth of the high aspect ratio feature. 36. The

28. Fl det}%d chlcﬂng‘ 1Whm @1' Qerﬁpe?%tqreep&ﬁhek trgt@ uhng the reacting

|ve renoval ’ op era I'ons are

is at lezhsfilﬂuemo Mgaéds@wtlgxfada mul ti-station appar at us. 37.
The nethod of claim 21, wherein the substrate has a
second feature that is closed during the deposition

29. ari‘ﬂe 'hfeﬁﬁdodgﬁ‘ é:?zin%s’fid w@ltﬂte?r{ thle I@?ch%ﬁtl i€ %to\ﬂﬁcédeimvtﬂle chz%the’;’%t a flow

The claim 21, wherein the high aspect ratio

rmecémamumhngs>mhmseundpmtngnnhe dep03|t|on and opens
during the selective renoval. 39. A nethod of filling
a high aspect ratio feature provided on a partially

30. MERULAGRIH Slaim 27, wherein the etchant is introduced into the processing

chamber from a remote plasma generator.

31.  The method of claim 21 further comprising repeating the deposition operation to form

a second deposited layer and the selective remove operation to form a second etched layer.

32. The method of claim 31, wherein the repeated selective removal operation is performed

at different process conditions than the prior selective removal operation.
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sem conduct or substrate, the nethod conprising: 25

i ntroduci ng a tungsten-containing precursor and a

reduci ng agent into a processing chanber; depositing

a layer of a tungsten-containing material on the

33. p@hd inathod offehairh 8¢ wherdin the nddootiatumt the awaniygst theckeess ioéi the second

chem cal vapor deposition. reaction between the .
depostiiiigierarer BEAPLIRE ﬁfﬁl@_&h%&e K GHEtEREn the Gt iRt of the
seconcg g@ﬂbsfté}ﬁlta?léﬁﬁsihé‘ﬁﬁrfeﬁﬁ‘{etﬂyadt :léélsﬂc ddous1693e hi gh aspect

ratio feature; selectively renoving a portion of
the deposited layer to forman etched | ayer by

i nfrodyci.n n t inta th rocessi ng chanber . and
4. ThEREH R Pl 24 RS PP B R B Wrhes B2l he
materialéd thepartaye magR fichirek Sesisomfuctdr Subsiues vil 6 chiefi@cal vapor
opening is ess than the average thickness of the )
depositigp eeaciins befaveen gheftengsigneconigining Prefafsos pd thg redysing agent until
.tungast.en- cent al ni terial on the partially
ﬂw}uﬁﬁﬁ%F%E?H?%ﬁan%gﬁggﬁgguctor substrate via the chem ca
vapor deposition reaction between the tungsten-
cont ai ni ng precursor and the reduci ng agent_ until the
35.  nhilhametwdof clayni3d. wagrenythe Phosede brgh @speshitigifpatingdap p ggpm and
whereBERESLagh Bhd o AR, ol PR (R PR gloR AU ohe WP he high
aspecffratio féatireng a hi gh aspect ratio feature provided on a
partially manufactured sem conductor substrate, the
apparatus conprising: a processing chanber having one
36. OTh8R{cthddITREhI 22N whbRld BB ehSitiddOMdith& 8l &GivE B&noval operations
substrate; 10 a heating el enent configured to heat tﬁe
are pesfobned on differend siatienreefer mitliedtaticogppazatusr e; and a
controller conprising programinstructions for:
i ntroduci ng a tungsten-containing precursor and a
37. I eduaiotpdageimi 2t Whefke the kel itg aGbesHaefeatureThat is closed
_depositing a |ayer of a tungsten-containing materi al
duringthedgposiiégn 9ngl repaingglnsedafterteeiselestive semenal.or substrate
via a chem cal vapor deposition reaction between the
t ungst en-cont ai ni ng precursor and the reduci ng agent,
38. sUbbnidiald dffekailna}le whetedrr thie dlighyasbedtiratid feetubé glel@asddating the
ratio feature; apd ﬁelectivel removing a portion of
depositipn 3d 9Pens @qugé{;%fe ¢EVESTHOY et ched |ayer such that
the 20 average thickness of the | ayer near the
opening is less than the average thickness of
39. A method of filling a high aspect ratio feature provided on a partially manufactured

semiconductor substrate, the method comprising:

introducing a tungsten-containing precursor and a reducing agent into a processing
chamber;

depositing a layer of a tungsten-containing material on the partially manufactured
semiconductor substrate via a chemical vapor deposition reaction between the tungsten-
containing precursor and the reducing agent, such that the layer partially fills the high aspect
ratio feature;

selectively removing a portion of the deposited layer to form an etched layer by
introducing an etchant into the prdcessin g chamber and reacting the etchant with the
deposited layer such that the average thickness of the layer near the opening is less than the

average thickness of the layer inside the feature; and
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depositing the tungsten-containing material on the partially manufactured
semiconductor substrate via the chemical vapor deposition reaction between the tungsten-
containing precursor and the reducing agent until the high aspect ratio feature is closed,

wherein the high aspect ratio feature has an aspect ratio of at least about 2.

40. A semiconductor processing apparatus for filling a high aspect ratio feature provided on a
partially manufactured semiconductor substrate, the apparatus comprising:
a processing chamber having one or more deposition stations for positioning the
substrate;
a heating element configured to heat the substrate to a predetermined temperature;
and
a controller comprising program instructions for:
introducing a tungsten-containing precursor and a reducing agent into the
processing chamber;
depositing a layer of a tungsten-containing material on the partially
manufactured semiconductor substrate via a chemical vapor deposition reaction
between the tungsten-containing precursor and the reducing agent, such that the layer
partially fills the high aspect ratio feature; and
selectively removing a portion of the deposited layer to form an etched layer such that the
average thickness of the layer near the opening is less than the average thickness of

the layer inside the feature.
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