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DEVI CE W TH SELF ALI GNED GAPS FOR CAPACI TANCE
REDUCTI ON BACKGROUND OF THE | NVENTI ON [ 0001] The

w@e@3moeM488 nventi on relates to the formati on of PCT/US2006/044521

sem conduct or devices. Mre particularly, the

invention relates to the fornatlon of sentconductor
dBEVIEE WITH SERE Al EOGARS . ) RA

sem conduct or - based devi ce (e.g., integrat ed circuits

or flat panel displays) manufacturing, dual damascene
structures may hey ORERAUNDAF SR INVENCTdNCOPPer
conductor material To reduce the RC delays associ at ed
DA ] si g‘ﬁhxi prpsenpyantiorrelatesdd i ﬁounathastﬁ"ctemiatoetducablsdevices

used in evi ous generation technol o
%%@é@ﬁé arly,{be dnyignign eﬁaétﬁ ﬂéhtﬂ’ ?P%P%W dgvices
e etched |nto the dlelectrlc
1ﬁue$alp F& (gﬁp{glnﬁgé ﬁ copper. The excess copper may
the002¢ mvﬁéeblyco@hmmwseﬁﬁehw{e@ infegtatahdirogitf GMR)t panel

| eavi ng copper lines connected by vias _for sjgnal
dispiRym BanEreturing. duy demasgrae ﬁz‘@l@é‘l@éwyé\?é‘ﬁe# ttqu%tncﬁon with
Bgégey%owtoq%%{aggﬁ%eﬂﬁ %@é&é& %ogga?%%\tﬁﬂg%ﬁna]] pm}?ngatmn

@ Wtuknimsm Geded hederdds ised.if pre[vﬂﬁl@ %]:néﬁatﬁ)n Relir@idgies. In dual
6, 297, 125 di scl oses the use of air 9%«ps to_ reduce
@a@a@qeaene%eadaﬁMng toy- compmCioRERET1aGN 1§59 Bt renedies may be

%&Tle 1neo ‘t 1%18&1619 %a‘t‘eqia?glgd ﬁ 03\938 Egﬁjéé? ﬁT# %{Eetsg" e may be

Fedent nventt on a

@@tﬁa@adt %ﬁn&ﬁhﬁé@l@ﬂn@@ﬁbl@éﬂﬂ@{@l\@?) Jé@Mh € Bopier l1ﬁ@$comﬁected by
provided. A sacrificial |layer is fornmed over a

dias|fecsigial tpagmission B tadaré thy ReF delays evies durikes, Raretseand non-

ﬁogtaﬁtﬁltl%\g— cﬁél%#t{li: I%I%r?gt%t %a?egta sntdii)gf)ee hsee terl 1 e s%)ﬁfibatlogeand
eaenk [dvekat ddfawens kg3 penoved, so that parts of the
filler material remain exposed above a surface of the

d0&3¢ct r USS. Paigak 6, 2%&@@@9&6@@%@ df @ingephio tleduasgepasaignee.
parts of the filler material, where the spaces are in

an area formerly occupied by the sacrificial |ayer.

W dt hs of the spagepbatrveer tie IRgENerIoN the filler
material are shrunk wth a shrink Sidewall deposition.
@] ar eTendhed thefocgdiag gidhectorilandeayidy the prxpoghof the present

3 ilﬂEn Sirrdg o FEBOE EHOH e PUSVEE GBS P Evice wirings
Ll Rled MANAELRLATILRD i 9forhbe ol PUENEIORC 2aydRt AQuhBHY of

uci ng
features are etched into the sacrificial layer and dielectric layer. The features are filled

with a filler material. The sacrificial layer is removed, so that parts of the filler
material remain exposed above a surface of the dielectric layer, where spaces are
between the exposed parts of the filler material, where the spaces are in an area
formerly occupied by the sacrificial layer. Widths of the spaces between the parts of
the filler material are shrunk with a shrink sidewall deposition. Gaps are etched into
the dielectric layer through the shrink sidewall deposition. The filler material and
shrink sidewall deposition are removed.

[0005] In another manifestation of the invention a method for reducing

capacitances between semiconductor device wirings is provided. A sacrificial layer is
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capaci tances between seni conductor device wirings is
provided. A sacrificial |ayer isfornmed over a

waolc@oet488 ¢ | ayer. A plurality of features arePer/vhmde/044521
into the sacrificial layer and dielectric |ayer. The
features are filled with a filler material. The o
Jamuddfaver atlieﬂ@;réxlayq Peplovadidly okfsatutratarpetehes! igto thpeacrificial

filler materi ose ur f ace 0

e Bt R Tiaere AP e e ar o Bt T e b St

@ et % r@fno%tf-‘ sb tlak BArtIBHBE Fifikr mUBREIGetbBR e?c@@%sab@{/@a kiirface of
area fornerly occupied by the sacrificial |ayer.

\medmla}s:ctnfc 1tyee, wirae ecbedradeiweeh dlqoempbsedqfarlts foé tifci fille imaterial,

ggterlal are shrunk m%th a, shrink g ewal |. %g05|t gﬂl £
WP sPAeE Aed™ AR EEAHENGIYECSERIFT BY Figrar S HIGERTH: ¢ HEths ©
[ [
T LA the BERAT e llr phREr crd SuABL AR AL idewall
cdepsmﬁbﬂ oGépsrane pto]mddemto the dieldchnic ]gaqzrstluo'lﬁgh: thel shsink gldleWell

gap conprise lurali of ¢ cI where each c¢

dohen bl e s oo TSV saSa G Ao doppesy The eaps
I [ T r

a?c?%logé'dgré #) c{;}%gfs%@tng Hit¥aps. ’gg 3 61]8%1%{ 3 é\? c%rr{p'nlséseéjplurahty of
rogelie§, edlicad eaah coble bhlapnmemreaﬂﬂoam@ppamphemefand a bread loaf

reduci ng .capaci tances between sem conduyctor devi ces

spiily saemingeiast-c Thafrapirenae fllad enha OREvsteRamalay er
d
gﬁégpgeenhpAn%afeg éﬂa?]nfgsrtgt 4%1 &qhe (ﬁve{l@oa{%lr@;og%ﬁ%sfgf%%ng

Wapé;zﬁtaﬁwa@emﬁ‘@emceﬁ@hmwsemeafcﬁ uhii¢leatie laappar tvHidr a
supporting a substrate within the plasma processing
chemfiriz! layes haskaer placsd issygyided. e@ml%sp@rprp%ﬁssmé §haEbeTng

t he ressur e

R N L R
tsAbithee Mp@smmpﬁmlﬁg agusdmmnhmnné plasmspfmssmg chamber
sustaining a pl asng, gas inlet for providing gas

i anclostigea pﬂeasgmregn]@tg@ §gr 18 gul@twgﬂb@ PISHEE ggtheéﬂw prgcessing

utl et for ust | 10
IR bRl bR AT L B E TP BT R TR B tasnth ce
'p?oée@sﬁlk Bhae? @ﬁ‘cﬁ@idr@ fbl Whi§thintdde gagnd, Al Qb 1nla’d‘f6r QI@Sldmg gas
source conprises a sacrificial layer etchant source,

diviel the plakma payces*Slr@ cdnmbtar @t@tlﬂséée and, & Bes Qutleli & sxhavustpg gas

ource as._so
d5ie P s S0 RRahrabrFoShniE  eaPlRY, AR R8s figduid
aldnddRn it tﬁ@%&s ane. ¢he §£§ Qe cORPric@H dactifi€ial layer etchant
conprises at |east one processor and conputer readable
reedrca, a Jiekectisrpyer efchagadatsk.e sheidkalepesiiinm %§oumﬁp@1d@rshrmk

SR P e MBS HAD T Sl g s sore

fﬁlﬁtth'é £9eM EnSHBSRALE 'T‘hE Xoﬁtkdlie@ E‘oﬂi’bltﬂbs at fehdtlone tprocessor and
material, conputer readable code for renoving
mrpxﬁermea}labﬂemy@ha ‘Blee ctdmaiutqzracztd@bk@:fmwdwcmnpln@ls chrpuier

remai n exp
readable code %or etching features into the sacrificial layer and dielectric layer,

wherein the features are subsequently filled with a filler material, computer readable
code for removing the sacrificial layer, so that parts of the filler layer remain exposed
above a surface of the dielectric layer, wherein spaces are between the exposed parts
of the filler material, computer readable code for shrinking widths of the spaces

between parts of the filler material with a shrink comprising at least one cycle,
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above a surface of the dielectric |ayer, wherein
spaces are between the exposed parts of the filler

wondoensaBs conmput er readabl e code for shri nki nBCTMS1006044521

of the spaces between parts of the filler materi al

with a shrink conprising at |east one cycle, wherein

edisrein padhecyelsraoripsises @@Immrécadabla@am for peeiddingra shrink
rovi.din osi tian mthe s

Rt B TRt e oS Bt St SBirb B S code for

GeRanEtd NBladnP hds Me EHR ddpBsitibh oK cRPARI tda@ib188&de for

conputer readable code for stopping the shrink

sEposigtho shripksieppoition pas fedm ithekshdials dspasitom g’mom@me@mputer

SoLRH oL SRR SO O 0%, RS BT

%Hé/ﬂlﬁg: Eas éégfsguéo?ﬁptﬁﬁ%gﬁﬁb% ad ﬁ)rfggﬁergﬁﬁ?ﬁ Plakig fRm the shrink
plasma”from the shrink profile shaping gas, and

ponipla BbaplmgaMaﬁJidecomumerfr@ardableapm fig stdpeingithe sikindrwbfilee

f k fil h
3B e W D St SRS PR i o Aaeple cgee for
mﬁs ¥ @ife &t %&%@»@é&%ﬁm&t srtxlrh%ﬁiﬂésecﬁréu%ﬁ %mdévhﬁl

eposi tion; and conputer readable code for
depasitign, thé cgapset eadabiaequle déred] ssingithieepg@perm [po Al in the
These and ot her features of the present invention wll
t¥8PHescri bed in nore detail below in the detailed

!t : : p . -

18697\ 5083y 1E; AR 20 UG AR BR (Bt i mor

B%WHH@/ [rDtﬁ@ abtaﬁérbd@bﬁpﬁmi oflthy/ @iveiitun drsl ihlcbnjsihietidrewlith the
way of exanple, and not by way of limtation, in

W@“ﬂm§@E€§5of t he acconpanyi ng drawi ngs and in which

like reference nunerals refer to simlar elenents and

in which: [0009] FIG 1 is a high level flow chart of

a process thathmFleSQREdHONeFT&IEMMGSf t he

invention, [0010] FIG's 2A-K are schemati c,

d%h‘?é se&he pisadnt apv@ntiopisvilesigatedibyavast eferapplse asbaef by way of

S L08R RS B O s PR pene

of 's

S)lﬁﬁfe@a‘-is 1effQd 2imif Genfentssand is Gihesmat i ¢ view of a plasma
processi ng chanber that may be used in practicing the

i[RONt i oEI.gG [losm}ghip@l flowsghap dflaipgecesaithet may baperddn an
Hieige Lt Bl B¥nboa ment s of che pr esent

I[OY®L | ORIG.'s 2A-K are schematic cross-sectional and top views of a stack
processed according to an embodiment of the invention.

[0011] FIG. 3 is a more detailed flow of a step of shrinking spaces.

[0012] FIG. 4 is a schematic view of a plasma processing chamber that may be
used in practicing the invention. (

[0013] FIG.'s 5A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.

[0014]  FIG. 6 is a more detailed flow chart of the one or more steps that are used
to remove the filler material and shrink sidewalls and to form po\ckets from the gaps,

form conductive contacts in the etched features, and form an interlayer dielectric layer.
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[0014] FIG 6 is a nore detailed flow chart of the one
or nore steps that are used to renove the filler

woradog64Bs and shrink sidewalls and to form pocREL/BESInem4521

t he gaps, form conductive contacts in the etched
f es, forman interlayer dielectric
| E@égf [ oﬂg] grﬁ gnote qedailed yagve O he mailtinh@ss s yslicafprecess for the step

e st of. .f or.m ng
s s e T St
s{0deshl | FIG['O9AE) aﬁls&eﬁat%&s%éﬁlo?ﬁhﬁﬁ_ﬁ'ﬁ b€ a stack with wide and
cross-sectional views of a stack with wi de and narrow

SPHEXESPICED17] FIG's 9A-B are schemat i c

c SeGHiQ st ack .wi narr ow
o O S Mo 0 7t ok Sl By and
RhaBrowl §paicss i@ afvihbi ﬁﬁl@&ﬁm@ﬁ'ﬁ‘dﬂﬂ@@ﬂnv@r{t%ess filling wide

gaps but not narrow gaps. [0019] FIG's 1lIA-D are
slOfLBlat | FlGr Uyisagueltipbasalcyslicelyroodss dllsigaeidevgaphbwimde narrow
a&@ narrow spaces in another enbodi nent of the

&nti on. [0020] FIG's 12A-B are schematic

Cl00S SEHGAAIA-P eﬁf%c}féhaﬁc %fo@% Kodpiohd) %ﬂ?oiai‘ga&%ftﬁ)\%de and
spaces i n anot her enbodi nment the 1 nventi
DETAM_FERCEHESERY that @lb(fcﬁr'm&'rtﬂlf)f BREREERRIOD. EI\/B(I)I I\/ENTS

O@E@?}] wr% entl on will now be described in

?ﬁ @r‘\sﬁéﬁ 1?]61&%0 FRORF-proEPed ey sedftfotiadkeriitl wide and
tﬂheroao;pa@& ih lhstit é‘ﬁlﬁﬂlﬂl&lttotﬁﬁlﬁﬁ%}ﬁ}oﬁny' ng draw ngs.
In the followi ng description, nunmerous specific

details are set forth in order to provide a thorough

d | t t t
ey daerAlh Bist iRl i rirf E0 e isD S BODIEN

rTOvvCv<CT

ROESANt TRy Efé&%ﬂ? rﬂm&ﬁﬁo@%ﬂ?ﬁ@&%’ %g&rf‘f\)”e{i in eé%ﬂc’\?v |rotrerence to a

of these spec tails I'ns

Kerowme forred emBoditenis tiestelifar iifistraet i 6% daaarﬁpa@tng]b&@wmgs In
6§§§ﬁf‘0bed in detail in order to not unnecessari

y
&R EESPHRIEIn PUP ERPEH BRESHIC qe@ﬁ@bzﬂ]fe et fréfein drdertte provide a

g?%‘gg%ﬁ ﬁ‘ﬂk%gét?&%@ (g thél' gll egenz? }]r{vgﬁp%n nbel\é ﬁlr%lﬁ?lw%%% e]]%h OWCfVCI' to one

ishilledtin tie. ariAttmatheiphésehttihvériip imdyshef p}ﬁd’(ﬁ:@d MBoufsome or all of
dielectrjc Iaéer (step- 104). A mask is formed over

{hise speoifi detqils In aiher m@%@ﬂ@@ wgmmowearqge@sstmsandtoc Kgttures
'ﬁ%’nét gg{g f)éd:m etaﬂaﬁé ﬁdeg?c? sl u[e?:ngéetsr : xgy B‘Eaépre tgle present

dharmaomne features conprising vias and trenches.
Preferably, one mask is used to formvias and anot her
lis E@é@lltt@eﬂl@dcﬁﬁtandmg, FIG. 1 is a high level flow chart of a process

that may be used in an embodiment of the invention. A sacrificial layer is formed
over a dielectric layer (step 104). A mask is formed over the sacrificial layer (step
108). Features are etched into the sacrificial layer and dielectric layer (step 112).
Preferably, the etched features are dual damascene features comprising vias and
trenches. Preferably, one mask is used to form vias and another mask is used to form
trenches. The features are filled with a filler material (step 116). The sacrificial layer
is removed (step 120). As a result, part of the filler material extends above the surface
of the dielectric layer with spaces between the parts of the filler material extending

about the surface of the dielectric layer, wherein the spaces are in the areas formerly

4
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trenches. The features are filled with a filler
material (step 116). The sacrificial |layer is renpved

W@ 3a0ep064480). As a result, part of the filler nBCEUSZNNG6/044521

ext ends above the surface of the dielectric |ayer with

spaces between the parts of the filler mater, al
8sqUPiRdl bytha sesuficiah st rInsees Retwedndhe fillpiomaterial arggluunk (step

S5 FLArblIR SRRAERRR dle SRR (ARNE RURAR N fom

glxiired diadwalse GHpk uitketdRt eito H2Adicloytric Qsyer (eps1ZB)Wadoligh the
depositions on the sides of the filler material, which

slouk spacenk T8 grpnard spacaddipsvegndhe elehedifepivres. (Que or more steps
' i | 128). it . .
oahathicso LSl SRR Ao Sl LBy A e SR s

GonDE@apd, ENSn edrButthRitoused ih thd @t Tedth@s fand!fefm an interlayer
material and shrink sidewalls and to form pockets from
divteciaplayerf(stemlédnduct i ve contacts in the etched

f eat ures %ndforman interlayer dielectric |ayer

(step — Exanpl e [0023] h an exanple of an

fmz@qii MeRtanQxaiPR dMYRbo@itmend oSAeinfdnGibala daddBEial Byer is
ornmed over a dielectric layer (step 104). FIG 2A 1s

fororedswesediciashiml layar éstepl 04. $HGrI4A iscd erbssd-segtionagd view of a

forned,over ielectric,.layer,h208, whi.ch is over_.a

st A bRl Porfef fi< aslfRie 1SERao X il S Fietg 204
$i 1 CORMWAE, Bhe subbeatdl 64 G dilikon! yEF. BRBiERcBic 1K 208 is a low-
dielectric,, such as organosilicate glass. The

&alegledtiicisabh hagrgandsdicgiel glason Tbarsdsiridiciahiayet issilicon carbide. In

SRR S 30 51 S SR OB
3NoC SHtk -Taf‘ﬁ?“[?, 191?9%‘ LAk Si%Z.tﬂ%lresge%E:faﬁl' Ciiha |sadﬁﬁi(j6§i\}wlﬂt1y§r Rfof any

any mat érial, ‘whi ch may be sel ettively etche
esqyiad twltich anafy bk selectivetyestelald vaitidrespeet thi @fiBatmaterial and the

B T OBy o e, kPRSI 22K
?ﬁrgglg%ﬁlre!s ﬁdczoﬂralcf c{tg%]de&r{ﬂé§ 5661%%4 is formed over

crificia ayer (step 108 as shown in FIG 2B.
Fe2uyr esA 246k an ¢ isfoehedlovertiioe dabefisiallaydr (siepll 08)ayeshoddin

and the dielectric |layer 208 (step . 112), as shown in,

Bl 2B Fegiures Bl Garg ¢ gl’to fl}qéacfrgitlﬁrl@éer gi% ag(zg]e dielectric layer
f | ' . [T alel

EPERAREIe) B M. D B RCuAE) (iele016 arg dupl

danasesnfeafiedd witle siat hed seasHicAddHresdhesyas ishovh.Gn &8 dxamale of
via mask. After etching vias the mask 214 is renoved

svaning theshahdarasrenedegiigy thsapask gl 4eshominig Floe 4R fed via mask.
%g{%g ré‘%cglﬂ-lggriagsttﬁg fhg%ﬁ ?%135‘, ’rrggig@erdeanﬁial t¥e“?1gh \Mafsﬁ isaprt)wdleg for etching
trenches.

[0025] The etched features are filled with a filler material 218 (step 116), as
shown in FIG. 2D. The filler material may be photoresist or some other polymer or
filler material. In the preferred embodiment, the filler material is selected from at
least one of a hydrocarbon, or doped hydrocarbon such as fluorinated hydrocarbons,
amorphous Carbon, diamond-like carbon. More generally, the filler material is any

material of the form H,Cy, HyC,F,, H(C,Si, or any combination of C, H, F, Si with

various impurities.
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shown in FIG 2D. The filler material may be

phot oresi st or sonme other polyner or filler materi al
whpoorioet4ps ef erred enbodi nent, the filler naterPEl/UBB06/044521

sel ected fromat | east one of a hydrocarbon, or doped

drocarbon such as fl uorinated hydrocarbons
bhoukhasienbrial Byarsihgn F?IR%VE‘@a{FtEBHZOM? ghoganiadd0; 98- Asa

e
%L%&/ Eltﬂeexr'g&@é d;tfgér sagiﬁiﬁa | sgc# tﬁ’% ﬁ%g}q'ﬁgtgéﬁPZE% tend
Whé Ve tHakiuits of HiEleLEeis Ie[y@ﬂf(ﬂ whiese @aﬁd’sl 1 1r7canafonh1a& Bétween the
is then renoved (step 120), as shown i

pagupk the fillenmatesighyl theifextand abave ﬁhﬁlséif%ﬂe qféwhelesfmlgver 208,
f the fill |21 f
Shet bbb 2B e B 0BRSS AL SBE G e

l@.ﬁ&c‘é@ en7 hke \ﬂ@ﬂiss'v\ﬁlf' dshBoWwh fid BYIG. PR, €Fd @no%d $nd daatificial layer
ext end above the surface of the dielectric | ayer 208,

\méloet nen@vgvfgdbe §llprrpatgriel 318 orWéelegtiaelaye 2A8; fhe seerliginldayer

217.h
et OS2 a0 ) R e R REERTDmE Ry Peltilf215 o0
|tl?é/(ﬁEIeerb h&%ﬁ& 208 P dx@mb e thel shd@ficiMBARE iy b kBiddh carbide,

dielectric layer 208, the sacrificial layer nust be a
nitilertheadietehtic layey ihan orgmsdigaigiglassut renovi ng t he

AT o Tt and e iegpafeRE e e G g P s shovm

‘M"Fi@ piTA NBy GirRliSE SHrirk PRl | 295 8 tlﬁrﬁ@é@‘%@dﬂs Io@ﬂ{eeexgb@easmer
0027] The spaces between the filler material 218 are

marmk 218 teformiddyced spahodR) with ﬁ@ce@mdﬂmj”\ﬂj r fihegorming the
ri.nk . si n the sides  wall he exposed
Shmrodal B s wello e R oA epebed BRgGHE R
s@&‘t&%%qn‘%ﬁ&é%smg‘@hamﬂé?e form ng the shrink sidewalls
15 to formreduced spaces may be perforned by placing
t[0ﬁ?.8$ ubsFIiCatdas i mclaerrmtuo oE36 b gpohessingrchanb@28)0 tkkt@aybe used

St T RS
SRR A0S0 AL 298 O0EINBIROE 401 o s
ga8, &dtmmhﬂﬂsﬂpump d2anThx paustiropuip cd@PriscEhreshgak deposition gas

source_ 410 conprises a shrink deposition gas source,
squrca fh 2 an%fhﬁhrmk ke gagsqpaee $idur dhe gasgoutpsdngyomprise
SRS FTRY RO oSl b a8 QU5 £ ST B e 22

t@alédw ewhiigrstiipging sdndi gapichgingao e dape il s’i)tsu 11‘11 gld‘ danteechamber.
done in situ in the sane chanmber. Wthin

pY s plashy reprattiag cayaber A the ﬂé?cs?rafteéoéeﬂpq%twmd upon the
ﬁ’(?\g rte'le%gk%gaggé) nTltlc?l%vJe? Etr&ie%%r {?&)g‘?cﬁg\%s S{;'xr glé)%strate

ctro lncorpor e su
chucking mechanism (e.g., electrostatlc, meohamcal clamping, or the like) for holding

the substrate 204. The reactor top 428 incorporates the upper electrode 404 disposed
immediately opposite the lower electrode 408. The upper electrode 404, lower
electrode 408, and confinement rings 402 define the confined plasma volume. Gas is
supplied to the confined plasma volume by the gas source 410 and is exhausted from
the confined plasma volume through the confinement rings 402 and an exhaust port by
the exhaust pump 420. A first RF source 444 is electrically connected to the upper

electrode 404. A second RF source 4483 is electrically connected to the lower
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chucki ng mechani sm (e.g., electrostatic, nechanical
clanping, or the like) for holding the substrate 204.

wab@7/0ea8t or top 428 incorporates the upper elPCT/USIIO6/044521

404 di sposed i nmmedi ately opposite the | ower el ectrode

408. The ueger el ectrode 404, |ower electrode 408, and
clrofrodetsat Clrantgs wzaug 4ofesurrrang e mﬁmm@@r 128 444, the upper

SIS 5o PEL USSR B 2R el

%chgnﬁri@dso%m M} sbHRprish %Wgﬁﬂkﬁﬁmﬁﬁﬁurmm 2 MHI:glsower

and an exhaust” port by the exhaust punp
fsomsb Ihiffesati carebingtdonisef @pch‘ﬂngaﬂgw@btm@étek@tm@ﬁ %fﬁ gossible.

PR LS80, SRR BRUIERy MR PrO) S,

qﬂ LA R&eﬁ@l@ C%Hfd%ﬂmdM bhereak | eiremnia, Whikgsm4PBs used in
the upper el ectrode 404, and the | ower el ectrode 408.

Bairbfetrhé efibodimeRPoStbea irventiery bathdhe Bé Mide airdi2 s peiy etesources
448 may
ﬂB@%@rupstBWi?ené R aeb s cor crrpans cope R efielfe ape me

0 BSdEinhe; the Rtﬁfxﬁ)v@%@ux@énia Mave a
a?lé O %bgﬁegn%go%ﬁg?ﬁﬁ equency CapaC|t|vem(§hﬁ§% e

Syalmemy upetd éObMHAMAR@&&aH@M?»@os fzxm’c@ﬂlabﬂbr confiectade

California, which be refer

c?PU‘{‘Cﬁ%“‘iwn\%%ﬁXBﬁuSt e R é‘lwhﬁw §J85H, would
H[EE %hgl?hl% 15’)% 'ﬁ?ﬁe &@HM8RE&1B%H@ ;}EIC Such4a silicon oxide or

connect e e

ower el ectrode, and the upper
ejrg@{dsﬂ@tatdgas;rounded hi other enbodinments, the RP
ower sou a frequenc

ROWEIon | BIC S8R el Sbr ety aewpiitshﬁyéf%ﬁ?q% Wfcd ipguitable for

SAé QUhCRIG.
wle %ntﬁ%ééoéé(&tl 2 %)3\9@‘ H?&dl nb e us Zehg&t en t ?%6%312‘;&% g be
€3 & Biesly 2618 possibledhesiedltfoine of g eompauec bystesn. sOlf p@usp, the

oxi de or organo silicate gI ass 0029;1 Fl G adq
S@UE Sy AN ey Ay phEsiet SRIIre g\,ﬁpwq lgtegrate circuit, a

suitabl.e far | I t
STl o TAET S DRI U e il e
Oo&np@t&sgybieﬁl pjms‘m@lahesf.mamwr leE cdisgiay e‘e’BOéSyaélbesmg 806, a

course, the conputer system may have nany

fdlslﬁérlvmh?éﬁn@kﬂrb@ﬁli a3 1i0n?él’léig’4r ROBY Gilec gk 132”&? F‘ﬁ?‘é‘ﬂmer‘

cir ard
rise it pet ot Per Bl sl SRR P LR e 32
Br F@@ZSB & é@fr@% d830docledibgusi fog cdidPter @s’cd:mSKSOO
drive 1308, a keyboard 1310, and a nouse 1312. Di

mmacheg tcasys@mpumse}masj abliée YHHueh sub@-s@tw tPrra?f’é‘F(EfS) 1322 (also
atoand fr
R S e e T T g B

1?1’1991(1111;; memory 1324. Memory 1324 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data and

instructions uni-directionally to the CPU and RAM is used typically to transfer data
and instructions in a bi-directional manner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk
1326 is also coupled bi-directionally to CPU 1322; it provides additional data storage
capacity and may also include any of the computer-readable media described below.

Fixed disk 1326 may be used to store programs, data, and the like and is typically a

7
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Attached to system bus 1320 is a wide variety of
subsystens. Processor(s) 1322 (also referred to as

W@ enrned48pr ocessi ng units, or CPUs) are coupl eRCT/0S2006/044521
storage devices, including nenory 1324. Menory 1324

oS e SRR PR B M B e e ppee
Rxﬁﬂ %g%@ﬁreekgiea R thd iR hidGhh ARSI HNy iR BEH A 326 b, in
t he and RAM d

i's used typically to transfer dataan
lapproptigtticases, benneorporatbidrie standard fashemresvirtiBo nienofry thesmory

types_of nmenorjes i ncl ude.any suitable of the
denbuR oy Rkagik &3 bty ke des B oI BRY Shibe AoppyisE eRigRle
}&%@1%%03%%¢P%E%ypled bi-directionally to CPU 1322; it
provi des addi

Ional data storage capacity and nay al so

i[ogd1gde apy 1BL2 ihascampldden-aneadighifénprbuputésdedsheh as
bel ow. Fi xed dis to stare g{ograrrs,

. k 1326 maybe used
dasplay 1304, lkavboard k81 dmaouss 18 {hiaad spspkasddafa by enetabrtige

TSP F S e B o

infitRpRBAdsOuEiebaisted didpldys Nransdedr clirg keali3ROmapysticion paper tape
appropriate cases, be incorporated in standard fashion
asaders; tablets, SEMSeSs VPiFe 9B RedyvIIBEA cCqudifstsa Bloanaliireadsts or

take the f_an t.er-
i SRR Rl [P sniOa B nh G 8 b B AR e cr
i@ ecbn¥Rlihieitior hetwtRk LAY hBtkorld 8MérERS 1 3801C W itssudh 2 pledyork
1304, keyboard 1310, nouse 1312, and speakers 1330. In

getaefac, it ineoriterpplated thas the GRVingighiiggeipeinaprmasion figmythe network,

di splays, track halls, mce, .keyboards, dJr y S )
SRR S SR S BARSR  Be B o
NREBRH ncPiodPARRA! FUAREIRE A Rod &abdEMSnts BF ei€®nt invention
voi ce or handwiting recogni zers, bionetrics readers,

anayotxiserte solayuipen £PLEHR221@apayopreceiraVELa Reiyoesteb apthed

R o TP TN SRR e
08X aC®, additidS ein8AdigiERlsarekk St Iventdrlfubthatelate to

recei ve 1 nformafion fromthe network, or mght output
icofnputersiooagetpoodusts wigh swoikpitar-tdadatiomedmnothapkevie@onipitr code

t he abgvedescr.i bed.net hod steps, Furthernore th
ettt R RELoRRg REITF GORRT RO BIeEIEDIe fep i, JE media and
?glgﬁ)hyer EBﬁé‘mQyDUe oS s RbialP e S HRAUNA BN fFuctd 6t M@@ﬁapgaes of

as the Internet 'in conjunction with a renote
tthapresém imgntomor theymayfbet dfehpkind eedli kmgwn[ad0 3R3ildhile to those
resent jnvention

addj tion,. epbodi nents of the | t her.
SA0LL1 SO tont 0l L Bresenl LoventLon. 45 gk
clﬁéﬂ?&‘é %[1‘%' &€ "ﬁgf"%ﬁem‘? iﬂé@qétf@{'xe&l@\éﬁ‘ch‘:&'ﬁ%ﬂ &kk$ @lgﬁ]tay disks, and

theredn for performng various conputer-inplenmented
apsgmetic aps; oplieel medlh auchned CD-ROMs and holographic devices; magneto-
optical media such as floptical disks; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
and files containing higher level code that are executed by a computer using an

interpreter. Computer readable media may also be computer code transmitted by a
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conmput er code may be those specially designed and
constructed for the purposes of the present invention,

woerowiewssray be of the kind well known and avaPCHOE®0O6/@14521

those haV|ng skill in the conputer software arts.

f. d b
RO B Pl R AR B KRG Pt o
fﬂs&ﬁé’clbﬂ'tﬁ&%%re%@utﬂﬁl@%@ta odedf@; optical rredla such as
CD- ROVs and hol ographi ¢ devi ces; magnetooptical nedia

$0038] as FlGopisi acmbreoﬂewl@d flawccHagirod fleer siereksheiakingribe snaees

BBt s i B0 (el Ao e it H5F 2 L YbFkipe e
%ﬁ%llegé&n%l@sregg I’Exa |7 Q& &F aq,%/\éh@ﬁﬁcééo leBbriging aRENhRNd

devi es of conputer code include machine
deptsmm;ﬂiasaésteprmm embipiofilesshepinp phase, (stapd08)i | es

FORGD o PG dhe PG 5P ovEr DBt St Een g
gg%lgﬁéslﬁg ngﬁ%aééc%gggf £LomBHSHSd &S] ddaad, & (ﬁ)%’fﬂéﬂ!foﬁrof CH,F and

ed in a carrier wave and
Ne i €5Bné O, A, seCifvwith of oxidisingwr redmemgtddditivasach as

execut abl e by a process J 0033]

BSTABP R A1 oSSy GHYESTL Y FATIER @ﬁ%%ucg 3 ﬁékf\ﬁg\fﬁ Xe etc. More
t 1

?E@e‘f?ﬁy %ﬁ%gﬁggﬁgﬁsf ¢d fse{(rﬁ 1845t ﬁl(lle grg(éo;ctag%ﬁp gtlﬂasrggﬁgon and

fh thioAhbiiogardbn c Vdre ﬁre@érab’iy,dhe He;ﬁbspro&m@s furthenpomprisey aaarrier

ri nk deposition phase (step .304) and, profil e shapin
ﬁﬁ%\é@d( S BEOBEGInOL0dEAY pmfeéa@vaaﬂa? gepasfiionggas fyther cgmpgses at

TERASILAA RAGe 840 A dRERL 21RO SHLY 93P, or N

rising a co |nat|dn 0

&0:@1 C Oﬁhhléﬂimpl@ 0@t sEHIZEdpditida phaseQdey 304) (DstiiELa Gow of 150
with an oxi di zi ngoor reduci ng additive such as

lsgnm 6FBH, 7hsacrolyernd PO sseyyAh, Th%ﬁreé%w jseet 9adanTagcifhe
alé SO gtet is ghangglgleﬁf a tX ?n S lafur I y?eas i) 94 ]px% R%‘@%urce 448 provides

es a onée o carbon;

4oy oy aesait RFRquans dﬂzd NeHY ued 0GRataNfredeniey wpmza b])lyhng the
t he deposition gas further CO%FI ses a earlier

gigmsltaag,l ldmg@ﬂle&epqsemhgas bpievisicds the gm%mhan@s is transformed into

t t h t | t f
S o AT b ETRHBRRL addi 11 ve. such as
3672, PrefdNibly, t[l@ OBk ABHRAARKE s@be Bses ﬁrpr@ﬂﬂe shaping gas

eposi tion phase (step 304) provides a flow of 150
seaprigHg A} 1678 one oA, and A P00 (aHg endiCxHiFhe Méﬂré Qgeéerrébly, the

et.to 80 T The. substrate is lrml nt ai Y
tpéﬁatﬁs ShAn S SR cebiS i telal Hath feferth. Rore
FEERASET AR AL g8 (s ol el o e

mﬂémee théa d@blomgtaddmvga&slch 8s Pr,d%, debiHst We adepds the pafile
sﬁapnlags getlsrla Iasfff %nrﬁhan tﬂe 8ep031t10n gas.

[0037] An example of the shrink profile shaping phase (step 308) provides a
halogen (i.e. fluorine, bromine, chlorine) containing hydrocarbon gas, such as 100
sccm CF4. In this example, CF, is the only gas provided during the profile shaping.
A pressure of 20 mTorr is provided to the chamber. The second RF source 448

provides 600 Watts at a frequency of 27 MHz and 0 Watts a frequency of 2 MHz.
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a plasma, and then the deposition gas is stopped.
[ 0036] Preferably, the shrink profile shaping stage

wais@s/064488 of i | e shapi ng gas conpri sing at | easPCDOBE2006/044521

CxFy and NF3 and CxHy and CxHyFz. More preferably, the

Soiivedts arflr e eanor tnardonePuRasr b IPHegraPfdge
%ghg asqgﬁalfléf&tlﬁk‘?irmﬁ)oimﬁérﬁ@ %n@theh@@@ﬁroﬁl@slﬁfxm@rgas is stopped.

ng additive and a reduci ng additive, such as O
[OM] or PidEBablAsthe proessslis perfmegrf@ﬁbdt‘ée@,h%t‘gﬂ Hyexgles. More

g;rréf;%g?yg HheitHRCes BT GESHHA NG Gk PiaD Ta0s R BIHRten of
élﬁi&rc'alﬁl ﬂ%@%ﬁ%ﬁ%ﬁ E)% o¥er a ‘;ﬂliﬁ%ﬁ‘c wy@l@@ﬁ'ﬂd\ﬁs fof edolAfion of

a| ni ng roc n ga as 100 seem CF4. hi
td&ttﬁ:aesiaftmdlh fotOhé shisnkt. hhefmdﬂyy,ghtsvepmcﬂhsui@w@m anen;giewabls that

fene 'ﬂﬁqégc? o FRk SRl REveg e e b BlStatiahe shee.
X[?b%&ﬁ P érﬁlﬁgwg‘xﬁgﬂn ?%Maﬂ%ﬁtﬂé@fﬁ% @a&és%l ‘B@E‘é‘dﬁced
Fin

e shapi ng phase the profil

@ngsasO%s Msre yiratedblyt the skmnii mtlmdtsaqrausegthg addths of the
transfornmed into a plasma, and then he r of |

sﬂma@s rigiberastupasl bt bespeen S-POYE] herﬁb’%‘fcé may %Vf‘pﬁdébté’élél

for
FRPEHSRIPS: hEPipREhABED: el So bt ClefionMiRces,
C[%)Gh(ﬂs Gags gerhiheante lfheDcﬁel@ﬁﬁO%yEr OB thinshighrtbé rddeced spaces
aping over a plurality of cycles allows for th%
fluptwrean the stofnkysédavadiaR 1 & it fore G285 24 28 Baovemm o A
Pr ef er.abl

thevrtl |'s that
f“roblﬁ?rﬁlﬂ’?%%}{ PSR gn%ﬁleanéq?&hgea?%v\i%ﬁg gg to 90°
V\}g)blin It he ARtk aiBrobtepd e BRAGRed (@A e Broefiltsr &h’ﬁdt@ﬁal b shrink
rink sidewalls cause wi dths of the spaces to

e
redeveadld abg thbrmaokgs §09s thyears, fm@f@ndmty/e coR@cts i fheetched

btii;gtgl\é\ét% 3 o%rl{ %gd/nter%\y iy gvgqc rtc lﬁyeg&tgyg ?§n’§s Pﬁgvg &d ﬁgféccfegaﬂed

aﬁ'@dv Lhanaf thd6ROSH fbRNst@RANAarSheR Led o E‘@fﬁ@ﬁe 10E filleymaterial and
have ot her additional phases. [0040] Gaps are etched

| dirmk tshiewdllehettorfoom baglets 208 thhgapsgiorm isendusgive eentacts in the

bet the shr
A i e R ERTRIRIBRA HAn Teci pe

4?]r chipdgyd fendiielfsbfds @28 @i/eefbnﬁgﬁaﬂdsthbl% sitb@6iddWalls are
e or nore steps are then used to renove e filler

nehevid (stapngD43 hsishéows il Bl | 2Fstoafrn poclf%ﬂﬁ%dakléﬁ §x3mRlg the

R T A T T NER A I R
P S RS gt e

f Mor&perfeBilI9f 1halpoa1mﬂs may be filled with a fluid, such as a gas or liquid. The
volume of each pocket 232 is almost equal to the volume of the gap in which the
pocket is located, and at least half the volume of the gap in which the pocket is
located.
[0043]  FIG. 7 is a more detailed view of a multiphase cyclical process for the step
of forming the bread loaf closures while removing the shrink sidewalls (step 604). A
bread loaf deposition phase (step 704) is performed. This phase provides a deposition

on sidewalls of the gaps. During the deposition phase a deposition gas is provided,
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shrink sidewalls and to form pockets fromthe gaps,
form conductive contacts in the etched features, and

wo ooomioesass nt er | ayer dielectric |ayer (step 132pCT/PSDMQP44521

In this exanple, cl osures 228 are formed and the

ICIJ) s%séi@ig d SI growat%h:en%% tfl%t @% d ;9 Le"s?(%onnp?aﬁp%}ﬁgped A
RRGK St (REBle shzﬁh st gbs% 7081) @ thewvBrovidee. dihedgebd ttapes the

constant. The pockets may be filled with various
pasids of thetdepositidretp farme brgad 1¢af lclastites whiuging dreebread Joagprofile

ket h K
Aheifa et pread o et Hantoepetis BN R Bt B fohpe from
Wﬁkeﬁ’@fb‘é?g%o%?@sﬂagm@l AP Stﬁenet‘ﬁé' Bleall %Jf Ig;ﬁoﬁ’l@ Eh’dﬁx@iastlg Stopped.

ap 1 n whi ocket” is | ocated I"'east
tth edditbuyrthis phageleuspapo remany thi shrird pdoiedls. Peefbiabhy @@ls cycle is

R o a%@é&war brer g cindarife e Eid bt ot t
(p‘i’(?\r1d§ é gfe)%{& Fonf \ME)'S 'Eglotvxhﬁle %ﬂ{ iface bgﬁl‘é’%él&tm): layer.

A bre oaf ep05| tion phase (step 7
i[6048r f oIk, eniledan@hathe dpposited! ade\aaldjaezidsam femmoved when the

d 1 f th Du h d
S e g TS R i
SERPLA T 7 PR Nt PR SERER O e S

icduldniimage the tesl 1oa’ﬂ’u16smmgeovsévag @sher kmbpdinientsemay reniveve the
deposition to formbread | oaf closures.

ShEaESFBRRIORTIol GHAEAPTaS o ose SO BAE Bt B bt
shapi %'us?i ﬁgo Qsplasmalsforrredfromthe
br ead 1 oag P Fglgl g

pi ng gas, then the bread | oaf

qoe4ds)! e ahwa:mblga@ firg tht Opae dodficlosdediihitlengapt bi thapthaskosure
is used to renove the shrink sidewalls. Preferabl

Y,
tih b@lowbe oD sslrfﬂ@qr@fath@ eich jayigr. 30RQadpntapprakthisrg hat a‘subsequent

% pg(é Cess g}algg%}rgégiggg L& Sc\{u ) élﬁalsﬁli og %éﬁ’e\)eﬁ 6}?* \%1ﬁ}éhats% Bnd/ or

Sfﬁﬁlﬁlﬁﬁﬁzy@lfe prb@sslis @h a4t eb cesk @(Q‘Eéimﬂﬁg stiéti Slosures in the
enbodi mént, the deposite ewal | s 215 are renoved

vagn t he cI osur es 228 are for med. The advant age of

f 1.N e .hr ead f..cl

AR < THE AP Botet i 0 KR Ak sOa, AT AiIEs P A
r @AM AonaMRhak peQbInaRpRARd!b eerRsRAle Fillaf meleflslrBR:. etched
However, ot her "enbodi nents may renove the shrink

sﬁeatemlatesﬁli@bwﬂaa sloyalliimategial %@Gstméég) shelt asieppetn bt form
o 15 Dot SR R e KPR Sa B
gt 1 S e s w8
| [904‘1]at dhs tm@bﬁ]@m)rowdes various combinations of sacrificial layer
materials and filler materials. Duo is a hydrocarbon material with silicon. The
organic polymer may be amorphous carbon, photoresist, or bottom antireflective
coating (BARC). The combinations allow the sacrificial layer to be selectively
removed with respect to the filler material and dielectric layer using either a plasma

etch or wet strip and the filler material to be selectively removed with respect to the

dielectric layer using an oxidizing, reducing, or wet strip.

11
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CWP process wi |l not damage such closures. It is
believed that a nultiphase and/or nultiple cycle

w@r@cmeriss s an advant ageous process for fornm NnECEHUSIN06/044521

cI osures in the gap. [0046] The filler material is

&t (step—668),——=asshown in FIG 21. A :
bonsg(f'ﬂ ?06%; ashi ng process may be used to renove the
il lghiemmgerifal . Thegeghabesdsfeatures are filled with a
netallic material 236 (step 612){ such as copper, to
form S&¥al cqr@manEPahﬂnarg)rd?&ﬂﬂehti onal netal filling

hr ocesses—as—sh Hr-FHF-G—23—Jhe bread | oaf

COooGO, qll\JWll T 1T T

| osuped pr event pﬁ%‘nﬁeq‘%}’mf’ material fromfilling
he ts ] abl e bel ow provi des
Jarlmon‘ol nat on@aﬁ{cp0 cFrnIf icial layer materials
and f ipuber rmterl@kgamd}atgymsr a hydrocarbon materi al
ith silicon.| The organic polynel may be anorphous
car bof»ﬂiCphot or eS| @rganqujml@rom antireflective coating
BA%) The—cofbtratt rs—attow-the sacrificial | ayer
to be sSéIectlver re 8d with respect to the filler

and (di el epdfiCrdi@yer using either a plasma
tch or vvet strip and the filler | material to be

el ecTeMel y rermv@dgamct]?olylempect to the di el ectric
J004%5 1 bagpics < Aicicti B Do Bdimed QL tye Beleety laver 208,
cgntqgtg ANh&re equgafjdlgéug%g2gc(§té€3E@Gggﬁrgg%g tF'I'G.t K. g&%\\/entmnal

bread™ oaf cl osures own I n

lefeth@mf%lﬁmﬁ@ e TEX, bxthsas @pinf oar oti CID ey Yelided.such as
in on or CVD may be used. [0049] This process allo

f[ 0493| i ghhis process allvévsﬁ@bwan@wm ohihe packetsvith ge feafHEeS "The
t ur hrink

R RORE bRl DRSS AL AN et TRLLAD, BhicpfEhaons

Qnattatepﬁhalwr PRATO0S daﬁqeﬁdikﬁlsldfﬁﬁmmhag’ayhmmm siseds €6 this

In this exanple, the trench wdth is the mninum

@P(ampbathedl’enelmfﬂfﬁh ipis siipineunt exitieal élmmsmg}oaﬁhlecfor the

Bt B i T DR BPRER S Bh P bRlkeP e
Sc'nﬁeal MLERGMs drfiee Ehfukdze. t Wethehitahé ﬁueufkf tHefwc}@@goomy gap may

| ow t he contact structure to be exposed to
@ﬂlom thgccuftactt lneueiars, to hhicsprsan it Ge giongeofitheegare mhaéﬂtwould
struct {aotosgxéu]c In addition, this process allows the
diemage °8n 5 B%& of many different dielectric
g@é 11 @l f adtfIe tifis f)ﬁ%es@ raﬁS®§ thediigigtas elbd BndbfSnany different
tent 6,297,125 is limted regarding the dielectri C
rdiglectiiahsitdrhiy, whareibiae lpsc@dsmeblmquun PeS Patdya 62084125 is limited

L}' g@?@l&é ?tpeg&g%%gxtp é]}kﬁ{)[eer 1a‘i£trﬂ1tatagatn be use& andm HHIIIQSCE{ beaz%rsigr 11.:‘51}5]61 to

protect the contact, which may increase the dielectric constant.

[0051] In processes where the contacts are separated by a large distance,
additional steps may be required. FIG. 8A is a cross-sectional view of a stack 800
with sacrificial layer 812 formed over a dielectric layer 808, which is over a substrate
804, into which dual damascene features have been etched. A thin space 818 is
between a first dual damascene feature 816a and a second dual damascene feature
816b. A wide space 820 is between the second dual damascene feature 816b and a

third dual damascene feature 816c.
12
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[0051] In processes where the contacts are separated
by a large distance, additional steps may be required.

WO-R@B7/08/A8%8 s a cross-sectional view of a stack BODUSZ0é044521

sacrificial layer 812 forned over a dielectric Iayer

whi LS, -over a _sub t u
04 oy SRS Sof st PR o s d R PR R L A Bgpascene
'f§at1§i€§ MBRMedn FillES it War 1 AmERe 824, fibadadrificR L Biedd ben
second dual danmascene feature 816b. A wi de space 820

irembednaemkisidevedls 8hdl haedieen écvm@deml gapaharebgngirhaddn the
a third dual damascene feat 052 El

A5 aégleg%%%réﬁafreswéww gaps ﬁgg 6‘%" %g er[ %%aéeadﬁ’ﬁ?re
%}@%@F%% @gaeﬁs%vla@g@ $9RaMs bidd Benyd.th a filler

materia e sacrificial |ayer has been renoved,
400330k SFICRRE i & cBIS-shetiomabeew of Srermtatk WAdfigaposirenes2 are

T N
%15@{5@ é@dﬂéﬁcﬁg@gﬁﬁd dossmp 828 has been forned.

Cross ectl onal view of the stack
5[0(054q‘tf t eFIG: I8Ds19 mesos8 32ctinal ﬁlewnrfdhesﬁmmktﬂﬂ@ after thelfiller material is
sidewal I s are renoved. Because Ehe wi.de gap 828 is s

wemavediand thy dual damasegpe fgturestare fijed Withe Grp léct@(s&*aé‘w? 836.
I
CB0RMH T T RS OB BNl ORL RS i

dappskiens doededireds are filled WI th a conductive
mat eri al 836. Because a the w ?ap has nof((g been

d0exd, Vﬁn@madéawaak&twan%beew% prevend themforgiptien ofgywide
%Ej,%‘lgd 0{}81,?& \)é‘?rgat?rg Q055] Various additional steps

FE&VENt the formation of a wide gap

flod3ed V\FI(P %%@L&@dsxe@ctmevml of O] 900l «Ber 8® dusl damascene
cross-sectional view of the stack 900 after the dual

deatarss bane Heeaﬁlﬂpé withen/@llds sraterial ORédhopackifigial {aypilas been

SR St P85 R 5o P s RO R o e

begectet EReDISTYWRr tReubitRkesi4. iTa theoyteds FUBe Agelar bftes, narrow
substrate 904. In the areas of the regul ar spaces,

rgaps B0 lyarp SegpBrinad.eiibe archovheeaithare wiss 2wy spaceraewide gap 928
t1 g s a, Wm de space a w de gap 928 has been forned.
[BD87" ‘A"EFcl i cal deposition process is used that

q@bﬁt i val c)jlclfldall 'dépdé'ltﬂﬁ fﬁl@&‘és R28ed Wt $etedli9t] fﬂlis'vhﬂ@ gaps 928,

narr ow gaps is a flow chart of a cyclical
deplesiot ﬁﬁmgprauwsgp‘s Baﬁ FEG.u9gsla flowf ¢hatt of| Iae:yvhqa\éd@mpglon

%%gce\é\g tthgto 1l§|tus£d lilﬂp%e Se ge?prsrﬁ\glv%%ut gﬁmg thAe narrow gaps 926. A

gap deposition phase 1004 deposits material in the gaps (step 1004). A gap deposition
shaping phase shapes the deposit so that no net deposit occurs in the narrow gap while
a deposition remains in the wide gap (step 1008).

[0058] Preferably, the gap deposition phase (step 1004) uses a deposition gas
comprising at least one of a combination of CF, and Hj or a combination of CHsF and
N; or CFy or CH,F, with an oxidizing or reducing additivg such as hydrogen,
nitrogen, or oxygen, and carrier gases such as He, Ar, Ne, Kr, Xe etc. More generally,
the deposition gas comprises at least one of hydrocarbon, fluorocarbon, and

hydrofluorocarbon. More preferably, the deposition gas further comprises a carrier
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gap deposition phase 1004 deposits material in the
gaps (step 1004). A gap deposition shapi ng phase

wQbhapmetsBhe deposit so that no net deposit o0cCRPCEUBIW06/044521

the narrow gap while a deposition remains in the wde

00
dhb st St ho vors Pl gL P penga o IRp AERR b ies o
'1&%@6ne%n%&1cﬁzéﬁg S inle RHUGES a@didveRu asfO,, Hy, or NH;.
I nation F and N2 or CxFy or Q(Hsz with an

$0059) zi nBrefarabipdbe gappdepasition vlmpsnmhaas(stgpdwgbnses a deposition

nj trogen, or 0OXxy and ier s
ﬁiéap% gas)@@n’é’iﬂémg%é feast g ?g%rﬂandtlﬁ@ Both Fr o 056&% efefably,
I%a%ag e fsh DR OGBED O
?B%DI} bon. r%m ﬂgérsg&%?lgég%ﬁ St he %g%om t |eélr?n
Q&Srefpwﬂsﬂably thempofils ehapang g&srfuﬂhga&mpsmﬁat deasbongonf aproxidizing
xenon. Mre preferably, the sit gas further
RECHEE §’é‘%aé‘t£1Plé‘§s"fld16W% W a1 OaiaPoNEE addi tive and a

gﬁ(g@g' ng}[;ﬁ\_&?d' ; hlg\ég:gopﬁ g&ﬂloﬁﬁl fikw ofkhe s‘Pa[ckuH%r thE@Q&Ral deposition

rably eposi tion shapi ng phase (step

LoOB}Ys igsempiete €paswide@ap hlamlpnen@il@dswt}mmh&posntmg 932, while the
| east one of O(F and NF3 _an r ef

tlﬁ@Wéwath%erﬂmé 5P RYegathg fg‘ﬁrﬁ"éﬁ%gfg% ﬁﬁl\/?ﬂ%ré o§edy a‘f Flh‘\é dual
mfascieﬁg? a?l?resaﬁrg ?'ﬂeg gvuﬁeﬁ%dume%ﬁéﬁgleﬁﬁP ly¥ %os'itlﬂﬁl 932 keeps

er conprises at one

anve @@ﬁddbti\’d’lﬁataﬂﬂldultbiEthamddagz[IﬁdUCI ng additive, such as
H2, or [0060] FI G IS a cross, sectiagn

\IO@@!] of N@leﬁmllam‘f dle qlqus@g)@ PR aay e gk int the I>.]v1de gap to act as
' T
pr(ﬁ%ﬁ% glc " gﬁqgggpro V\bct H’%F egesﬂﬂ)%pw&ﬁa tl%‘f'l% cfhbgénecg b\é"kw K

narr ower

beasifll T aebthelRebbtinhak, thateiostion 932 nids Hefrﬁmbeeﬂ amﬁthe wide
t he dual damascene features are filled with a

@andiased Ve thestbsequent IIFEéaB]S% porm; owidgpockebeps t he
IRBEAT ettt s Pitin b B8 s B qrel HRF kR e

qaRr 1 P0RGtePBl 2? LheJiebuii€ fdrmel Beerfth® Blatupés) &ihedh coVB® the
deposition would then be chosen to be |owK materi al .

|1Tmammplaeas velnboactptmng ﬂletvtfnée dreqsosl 1200 as S@wmaFlgel1A.

PR e T
‘j{r@‘@ liyqRn tTheQﬁél@d’tn& ghgelf U §rt @f £statichrghell B @ shéifficial layer

lelectric layer 11 step a mask 1124 is
f drl fedeothe ldleﬂdmenq‘ leatrdrléé ovvma, sﬂbsftwv &1 4.t Hee prat olglae sacrificial

BRSSP
1, BRSNS, e b o
fi@ﬁtm ahy tle matcfithd sacaficiablager that was removed. The remaining
sacrificial layer is then removed, as shown in FIG. 11C. The spaces between the filler
material are then shrunk (step 124) and gaps 1126 are etched into the dielectric layer
(step 128), as shown in FIG. 11D. The filler material 1124 over the wide space
prevents gaps from being etched into the dielectric layer 1108 at the wide space.
[0063] Tn another embodiment, after the spaces are shrunk (step 124) a mask 1236
is formed over the wide space 1228 of a stack 1200 but not over the narrow spaces, as

shown in FIG. 12A. The gaps are etched into the dielectric layer 1208 over the
14



1112 over the dielectric layer 1108 over a substrate
1104. The part of the sacrificial layer 1112 exposed

whooietsspeni ng in the mask 1124 is renoved, aBCHOS2MNG6/044521
in FIG 1IB. The mask is renoved and t he fiIIer

”@ﬁ&ﬁ‘a@lﬁ;%ﬁl#esst%f{%\éﬁge%g 1d\é43f'aﬁ QFIE hﬁtsh a etgt% Y12 material

and the part 8 'sacrificia

r é2d esl sho'lGhemrIHmi 1PBNThs arkk 1239 Véxﬁlé/ &Ehlh% of BRRwide spaces
rempved, as shown in FIG 11C e spaces between th
fWWﬂ%EWWﬁF%PWBﬁiEﬂéeﬂﬁ@ﬁVﬁﬁweﬁk (step 124) and gaps

1 re ielectric, .| er (step 128

Soteap - ‘ﬂ%ﬁgﬁ“@f f‘?has %F‘ﬂ} Jespribet 1B 1dts of poverapas erred
t ebudidenspaer: R @N@Bﬁcﬁm%@&fﬁ:ﬁt@dﬁs bﬁérﬂﬂta%‘bﬁg' %ﬂd lv%%?h
the dielectric layer 1108 at the wde space.

afithsHiie eavbedenie ehichafatl evithin thespepreaf this emsﬂntlumklt(shmdﬁ also be

24 BB A Bk B B0 Y6 S e 86 oduo G

| f@ 43 SiARPerR0R. Bli6 HRFH AL
I?ﬁgf f§08 degﬁﬁfhesd%straté 1204 %?9$%§§gg§§k§§g¥§gn%

senpedad claimsibekntemreiedas mcbldtngtaﬂ duich hiteratimtsemod] fickRark,

n FlG. 12B The mask 1236 events etchin
oFer A ol it s <GR5aler 2 elLNURRhe FHespintand scope
NeffthOPresRGRentibP064] Wil e this invention has been
described in terns of several preferred enbodi nents,
there are alterations, nodifications, pernutations,
and various substitute equivalents, which fall within
the scope of this invention. It should al so be noted
that there are many alternative ways of inplenenting
t he net hods and apparatuses of the present invention.
It is therefore intended that the foll ow ng appended
clains be interpreted as including all such
alterations, nodifications, pernutations, and various
substitute equivalents as fall within the true spirit
and scope of the present invention.CLAIMS What is
clainmed is: 1. A nethod for reducing capacitances
bet ween sem conduct or device w rings, conprising:
formng a sacrificial |ayer over a dielectric |ayer;
etching a plurality of features into the sacrificial
| ayer and dielectric layer; filling the features with
a filler material; renoving the sacrificial |ayer, so
that parts of the filler material remain exposed above
a surface of the dielectric |ayer, wherein spaces are
bet ween t he
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exposed parts of the filler material, where the spaces
are in an area fornerly occupied by the sacrificial

wo ag0a106448h1er ei n t he spaces have w dt hs; shri nkPeyUs1ve6/044521

wi dt hs of the spaces between the parts of the filler
material with a shrink sidewall deposition; etching
gaps into the dielectric |a ough the shrink

h;gl]ga laiflRRGsi tion; and renoving the filler nmaterial
an \%ﬁdagﬁggﬁemall deposition. 2. The nethod, as
réci t ed method &rredycidgicdpheitancartetwasngmidondidier ddvece wirings,

gaps tq form pockets fromthe gaps. 3. The nethod, as
r EePPRA S n any of claims 1-2, further conprising

fillin rh%r?gi?a%hﬁrcﬁ?lag%f&e?aﬁ%?%ﬂ% fa}’réar material. 4.

The net as reci i n an s 2-3, wherein

each gafphings pﬁuMﬁiyLUf&"eﬁﬂ@s 2aé thepackfdialllager any @leldtic layer;
wherein the volume of each pocket is at |least half the
vol unefiBmgithefeghes withaifdlkr maieripbcket is |ocated. 5.

The metho C{/‘ln 2 sgc(i‘ f}c?q lzyé df%g ¥]i;]a?fpa1§fs gf HE g il%lixﬁatgggf rgpam

the shrin spaces

| eﬂﬁisecbﬁlﬁ)vs larsuffkcd?(yﬂth@dlell%ﬁfcqaﬁr edkdtein Wghdé% afef§dtReen the

conpri ses: a shrink deposition phase, ich forns
d @ﬁt%?@ rartsrpfdhaibligrimajerd], where the speeesrisg by dngrea formmnly agcupied

t dashrln rofi.l e shapi ng phase, which
Egth%%gfﬁt?m%ﬁ 05| here n&ﬁ ?H%esﬁa&%wéﬁﬁﬁiﬁ’ of the filler

mat er i glrinkéhg the Wldﬁﬁ& bPthe spscek 8&%@1@’[}16'1)&5 3F fRciller material with
wherei n the shrink deposition phase

cafpiksudevallglepasitignia deposition gas; forming a pl asrm
(10 0y 090 LB 0B GORAR b

chid 8 5-6, wherein the shrink profile shaping phase
conprises: providing a profile shaping gas different
t han ttessayeobe tfilllgmngagal gndrshiink sidewhlh depositioom t he

pi'of H The 1%%&1'08, hs988tedd n %lalm 1, further comprising closing the gaps to form

pockets from the gaps.
3. The method, as recited in any of claims 1-2, further comprising filling the
features with a conductive material.
4, The method, as recited in any of claims 2-3, wherein each gap has a volume
and each pocket has a volume, wherein the volume of each pocket is at least half the
volume of the gap in which the pocket is located.
5. The method, as recited in any of claims 1-4, wherein the shrinking the widths
of the spaces comprises at least one shrink cycle, wherein each shrink cycle
comprises:

a shrink deposition phase, which forms deposits on sidewalls of the filler
material to shrink the spaces; and

a shrink profile shaping phase, which shapes the deposition on the sidewalls of
the filler material. |
6. The method, as recited in claim 5, wherein the shrink deposition phase

comprises:
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stopping the flow of the profile shaping gas. 8. The
nmet hod, as recited in any of clains 6-7, wherein the

wale@oss448ON gas conprises at | east one of a  PCT/US2006/044521

hydr ocar bon, fl uorocarbon, and hydrofi uorocarbon and

the profil i ng. gas _conprises at |east one of
CxFy, ﬁﬁg,l(ﬁg%jégpaoﬁglo Fz. 9. The nethod, as recited

i N any ffisd @pAEn2 i8m f@éﬁdsmdﬂfg% clfasi ng the gaps

. ] S :
conprises a plurality of cycles,” wherein each cycle

conpr i slepping thsrfkayd of hafdepespiomi gason phase; and a bread

| oaf fil hapi h ..10. T hod . ited -
927 PR gt BRLOg ASEE 0 08 TELIE B8O

r sHARY 8smphgsshri nk sidewal | deposition. 11. The

met hod, as recited in any of clains 5-10, wherein the

shri nkpieyiditge piodilhshapingtdae diffeaene shanhhé ddpwsitioa gak;dt hs

of the.spaces by 5-80% and wherein the profile shaping
phase Qm%n%ﬁpﬂﬁieEFH%%%PPH@é65§W@ion to form

verti Cﬁbplﬁhgﬁl\é@‘ld\’iﬁftilg%)ro-ﬁiﬁgﬁﬁﬁ)ﬁel%%’s as recited in any

of clains 2-1 1, ereint ng the filler
n&t er i dhe method sasatdited in hogoNgaitses-papherdid theddpokilied gas
for reducing capacitances between sem conductor device
WTHEES atdetiher ?ﬁ?gl?yd?%aﬁlmg flgorggarppn,jagf hydioflyierocarben and the
i oy : i Lt f t.ures
R ek fos HHEise S PR O AR NS 8l SEUNES
f9.1'1'i nBhe hethbéats uedted\in oy of dlaitdser s, teesih e clb @APWENEps
the sacrifjcial |ayer, so that parts of the filler
FTEIISET 2 PURRBthObRs s cwhersnaaclaC¥nle sanelrisss: ¢ he
diele ' L. ces are between the
exposg%&%g%%gyg (?%@ﬁkﬁkgééﬁﬁaterial, where t he spaces
are i mlanadloebprofitastaping@badepi ed by the sacrificial

| ayer, Wwherein the spaces have w dths; shrinking the
vilddt hsThsrmethed. & azciisd pay piarslaime 2famihsrant closimefthe gaps also

- - : i i. Il deposition; etching
'?@ﬁq%%s%e%k%asﬁa ICQFP?S%H?%\@H thfough the shrink

gaps into t cla

slildewdlte rethed iak is2ited &l @8 TR 1dife S0APWhERT BeRhRREKEHR widths
fromthe gaps, wherein the closi n% conpri ses a

(I heaiPress srinles e sddthapeibeispaceaby Se3Peh ankwhpreinstbs pradile
Qflﬁ:ﬁﬂg L)ﬁ’agg sﬁie%%g ’Fh'etshﬂlqk Qﬂ%\?\/gﬂ dgp?odsition to form vertical sidewalls.

12. The method, as recited in any of claims 2-11, wherein the removing the filler

material occurs after closing the gap.
13. A method for reducing capacitances between semiconductor device wirings,
comprising:

forming a sacrificial layer over a dielectric layer;

etching a plurality of features into the sacrificial layer and dielectric layer;

filling the features with a filler material;

removing the sacrificial layer, so that parts of the filler material remain
exposed above a surface of the dielectric layer, wherein spaces are between the
exposed parts of the filler material, where the spaces are in an area formerly occupied
by the sacrificial layer, wherein the spaces have widths;

shrinking the widths of the spaces between the parts of the filler material with
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a bread | oaf profile shaping phase; and filling the
features with a conductive material. 14. An apparatus

wo or07/0ed8Ei Nng capaci t ances bet ween sem conduct P€T/US2006/044521

devices for a dielectric |ayer over which a

sacrifi.cial layer. has been placed, conprising: a

B1s ﬂé“é?%@%§§¥ﬁ§“@hanbey, conprising: a chanber wall
form réﬂ:hﬁlg%agg’ Mo RIeQBESSHP thyeharhiph tBHlrRkbidwall deposition;
substrate support for supportlng a substrate within

1

t he plchsing the gamgs iforgn povkntsdrone frsl saps éherain Breedesimgeomprises
regul ator_for re uI.atili]lg:the ressure in the plasm

(B %r@ggqq{gy%lﬁ%ﬁﬁg%?el%ﬁ{q YO EORIStS2ast one el ect r ode

for DfOVidiqgegngﬂkﬁgﬁﬁgﬁpEgagﬁ@_processing chanber
encl osure for sustal Ing a plasma; a gas inlet for

provi di ng gageidioaf prbélephasing phasecaslsi ng chanber

encl osure; and a gas_outl Sr{‘féfor exr(lt;agusti ng gas from
the pliEnsthsdertass WG aamer  ditifiSure; a gas source

i f u&gap%%ﬁp& fole 9&1\1\9%1 Rl AR08 b eBh s?rﬁﬁﬂﬁ’ddcﬁ%r%i/ic@s for a

sacrifici ayer etchdant” source; a dielectric |ayer

etigbant 5ot ee whicishydcrilcidelapariltas beengascedocrmupisingid a
shrink profile shaping gas source, a controller
cont r ¢l NaBsnaPreeeRTEEcedbe: EHBPIEHRE sour ce and the at

| east one g ¢ gh{b%{j\%altl ?&Hﬁe%%g%?fga%o L&A ciBer enclosure;

processor; and conputer T I'a conprising:
conput er r eagabir&e e@geriifor suppohingg substtaie esthinthe plakma
sacrificiallayer and dielectric |ayer, wherein the
freacagsiag chanebas ghelegiignt |y filled with a filler

Sacr i 1 i al PRy R R tod R e plETRY e bl
gﬁb&ﬁﬁﬁgpﬁﬁﬂ&ﬁ@n@baﬁ&ed above a surface of the
ielectric |ayer, L )
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising;
a sacrificial layer etchant source;
a dielectric layer etchant source;
a shrink deposition gas source; and
a shrink profile shaping gas source;
a controller controllably connected to the gas source and the at least one
electrode, comprising;:
at least one processor; and
computer readable media comprising:

computer readable code for etching features into the sacrificial
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wherein spaces are between the exposed parts of the
filler material; conputer readable code for shrinking

wown@rietsed t he spaces between parts of the filP@r/us2006/044521

material with a shrink providing a sidewall deposition

il f bR o PR Rl R T FREY NS Vi o e

Stﬁlltérf‘if; deposition gas fromthe shrink deposition gas
source; conputer readable code for generating a_ plasma
from the shri nk coepogirréadablgaede fooramuaveng the saubicaldeigs so

o oo Bl e Al BOShed PR RS BBy e
B’?I%}l%iﬁ EgagﬁéaéWe%n’%ﬁ@H ogeds[;@@ I ehO@iSer i REAALNe shri nk

“shaping gas source; ‘conputer readabl e code for
generating a pl asapufaroeadtble cedy fonkhylang Weltbhelihe gpaces

G oTRa S RS SR oL PRy Fpsin
o3 RS e e Sy A T LR AR IERSS et ur s
through the sidewal | deposirteaableande oo pputiding ashdslbl e
Cd%ggsi{igr{ ga?sl f?(?rh ?I?e sth?i%k%%}ggsitgo% gag rscr)?ngg'c kets in the gaps.
computer readable code for generating a plasma from
the shrink deposition gas;
computer readable code for stopping the shrink
deposition gas from the shrink deposition gas source;
computer readable code for providing a shrink profile
shaping gas from the shrink profile shaping gas source;
computer readable code for generating a plasma from
the shrink profile shaping gas; and
computer readable code for stopping the shrink profile
shaping gas from the shrink profile shaping gas source;
computer readable code for etching gaps into the etch layer

between contact structures through the sidewall deposition; and

computer readable code for closing the gaps to form pockets in

the gaps.
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