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DEVI CE W TH GAPS FOR CAPACI TANCE REDUCTI ON BACKGROUND
OF THE I NVENTI ON [ 0001] The present invention rel ates

wWo eoozleetsbor mat i on of sem conduct or devi ces. MOPET/US2006/044719

particularly, the invention relates to the fornmation
of sem conductor devices with gaps for reducing
capaci t BEVECE[ WITHA] GAPSSEORCCABACTTANGE REDECTION
(e.qg., integrated circuits or flat panel displays)
manuf acturi ng, dual danmascene structures may be used

I n conjunction %496?((?19@@% @gﬁﬁ FEﬁ(ithiérg al to

reduce the RC

[000pagatlihe Prosentdhefition R1xXes RtheBdrafatiah 81 sibotductor devices.
previ ous generation technol ogies. In dual damascene,

Maxe readcudd e thernyrition selatsh tude dermagion of sgmicondustorgeyices

. tched into the dielectric materi al

%ﬁ%gégﬁﬁégﬁ%fﬁgcag%%%P?'The excess copper may be
0607 ed Ib¥entibeitueRk-baRE R ce #b.g D aliéShied dir R fla€pMiang
copper lines connected by vias for signal o ‘
dpp s iieturirg duebidaneascene SRECHEsaYey bs/eed ilyeerherction with

orous_and nonpor.us | ow.k di.el ectric .const.ant )
P8 PnilBREO Jt Red PR RO BB fEcifRl et propeation
thQWvrkinus: HAedd MeEridls uksBinGretiO@0heldtiSn tfRBASBEIes. In dual

6, 297, 125 di scl oses the use of air gaps to reduce

deapaeineainsiead SUNNKRY thec o torNVERTAIOK 2§, 300 4iendtees may be

hi,eve .1 h oreqgoi.ng ,and ...n,accordance.wi th the
SEISHE e eleBlR IR AR iR PERRORES T8 b Plonre iy be
1820R6d bREHeRsic eldsBaNcA %Ghﬁﬁﬂg ueeh le(aﬁl\ﬁ?%eﬁpé'r?ﬁnes connected by
provided. A plurality of contact structures is fornmed -

yigs fr digedldumpmissiony dp reduenslekR Colefays eeath fugherppesous hied non-

cont act .st.ructures erein.the sk mask features
it e i S e e b
Al 1bwatiduesndiang<widt hs. The wi dt hs of the mask ,
features are shrunk with a sidewall deposition. Gaps

[@Pp@3]et cheS Rarand 620,185 diseloes the hsyefait gaps bgtedutrecapacitance.
sidewal | deposition. The gaps are closed to form
pockets in the gaps. [0005] hi another manifestation

of the inventionsywkRiAWd dPTHEesaiNgIR@Paci t ances

bet ween sem conductor devices 1S provided. A plurality
[0004ont Aotacksbyaibe doregoing ahd imadoidance witletheqturpase loéierpresent

A mask is forped fo. cover .the contact structures . .
B e r{lfﬁéoc{]g)g Kec{?gglgrf&gq(cltpg%s E)p’@éeep é?m@?}ag‘éﬁtﬁg&b’%ﬁef 3
fbviib® Aiph8Y o Contact structures is formed in a dielectric layer. A mask is

formed to cover the contact structures wherein the mask has mask features for

exposing parts of the dielectric layer wherein the mask features have widths. The
widths of the mask features are shrunk with a sidewall deposition. Gaps are etched
into the dielectric layer through the sidewall deposition. The gaps are closed to form
pockets in the gaps.

[0005] In another manifestation of the invention a method for reducing
capacitances between semiconductor devices is provided. A plurality of contact
structures is formed in a dielectric layer. A mask is formed to cover the contact
structures wherein the mask has mask features for exposing parts of the dielectric

layer wherein the mask features have widths. The widths of the mask features are
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| ayer wherein the mask features have wi dths. The

w dths of the nmask features areshrunk with a sidewal |
waeleose4shion, wherein the shrinking the w dt hs PET/UR®06/044719

mask features shrinks the widths of the mask features

by 5-80% wherein the shrinking the w dths of the mask
shiBRIWIIES sTaewRll HgRsith, WRasin the ehidtkingihe sidthe of tieenaskn

each shrink cycle conprises a shrink deposition phase
festhies Ishifinsrtbe wedibsof the Brask fagtinad pisS-80% W@e%weﬁé%ﬂﬂ% the

1 i nk th k feat i i .
o S TR e ST BB gt i
cydl Cb%ﬁﬁgisés PinrtitelepBistiord Sialevasch Yk eieposits enpidefialleof the

sﬁ%pl phase shapes the deposition on_the sidewalls .
maedk fehierasds khiinkahemask festurey andvieshrink profdlp gapang rhasgpdch

S LR AT NS 5o
shggfr}rlg?)ithﬁsé dhapR8hO@RDsitiA Bh ehdsill ealll FShd@adkhfeatgagso form

ses a plurality of cycles, wherein each cycle
varopsidewslln Gasade ttobked intpibs idialestriplaserdhrongh thesudeypll

| oaf. profil e shapin ase. [,0006], | :
coeBL bt E SRR B3R SR BaB LAk e coums
od %@Hﬁ'@ﬁges‘:%ﬂ%ﬁ%m&eg%ﬂ&?ﬁﬁ eBEE e WduGiriREs SiBrhd Bfi S

6}OVI ed. pl asma processi ng chanber conprises a
depoaitioa phag dnd fadwerdrigafprpfikeshepipg obasssi ng chamber

' , b . f i .
RSL S Sooerhan s or AL RBH s B0 o ABPBI L AR R
cngra&'tﬁq%Hg ﬁetw@erﬁgeﬁﬁédﬁdﬁctﬁﬁ geNiedsQs pioRidetie %U;blaéﬂlﬂﬁrobb@ing

essure in the plasma processing chanber enclosure
cladimb et astprise ashenbeoda] foyminy oplasinyroseisns chemppreenclosure, 2

pl asma processi ng chanber encl.gsur,e for sustai.nin

S e T I ST ey
i iplasiha beicessi

T

cefasbUEIesurd oy &astsoi retretrode fdr pravidiog pewet ortheplepme he
gas inlet, conprisi a shri nké)ia% osition S. SounC

PEAFAS AN SHIAPRRE FIoSISHT 4 O FSHLNGE § Ert?u%l 8 ‘inéeg E‘mwgl %’gﬁs
il‘gtﬁ gﬁetr }ﬁééng% p]{ogesgﬁigtcﬁ%t ?r@n)flo@&@ﬁﬁﬁt £hstoat1bther SaRusiely ©e

east “one el ectrode and conprises at |east
fRREHRBEBSRsceasit clomhet encloeadall gas sedtain fitié connection with

conputer readabl e nedi a conpri ses conput er, readapl e, .
theoghs Rk COMPTIFRE ﬁ@hwqﬁ esIHPn r%é%?@“ff%eg?‘ﬁf{ %Mﬁ%mf’ HleShaping

g%isagcﬁl\égely ilg lpgcg}?(?e% tA;L 9&1tro?lgpn§rc§oﬁ{r iy %ﬂlﬁ%@kﬁ Ed’thf@ foa€ ¥ilr@Sand

[
e comprises conputer readable code for
RS aVbabt B8 de@iid akd deppsscs iablragame bravassohends¢nmpiker readable
deposi tion gas source, conputer readable

or Hiq ermputesreasiahlemnesis poRRPEES @Cﬂ%%‘éb%?&gﬁ?% ﬁ&geéfgf shrinking
ARk AL 0 e, B gty i
F:RARYEIE Compasks kbRpaeeiealishle code for providing a shrink deposition gas
from the shrink deposition gas source, computer readable cbde 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

which different from the deposition gas, computer readable code for generating a

plasma from the shrink profile shaping gas, and computer readable code for stopping
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providing a shrink profile shaping gas fromthe shrink

profil e shaping gas source which different fromthe
waeleoss4shbn gas, conputer readabl e code for gePEr/E$1006044719

a plasma fromthe shrink profile shaping gas, and

caonput er _readabl e code for stoppingthe shrink profile
the s RgO GleshapBREIE R Ahg g PEle éﬁ%g%g%a% the
cofHLE FeealF LEORPHLAL: LARRRR, B Rl RO s
infoall€etch &ysebetweant@acict strudioies thesughbhthe sighwhalh depsisttmneint

deposition and conputer readabl e code for closing the
cogmyter ferdpblesPRo Ex s10s1ngihe gapsda fam pasketsin heedes-and
09CY B R bR Ry R Pleo YRR M b gfrbed in more
detleiSsalowin R defailbh@edcripgnt bOfe an@niion aahjnwoajuinctionvvith the

the follow ng figures. BRI EF DESCRI PTI ON OF THE
folbpyminee819s0008] The present invention is illustrated

by way of exanple, and not by way of limtation, in

the figures of the acconpanying drawi ngs and in which

I'i ke referengRIFNDESARIPTENG OR THEIDRAWINEIS®nent s and
in which: [0009] FIG 1 is a high level flow chart of

[08081r oc 84 prasant ipsptipe isuegirated Binwayipbekampie, apd npihy way of

.invention. 0010l .FI G 'S 2A- . sch G 1
iR bBe ARG By i BRI fih s rnc
nREEAE b BOtolBn Ak e AR vatfick:he i nvention. [0011]
FIG 3 is a nore detailed flow of a step of shrinking
(0Pt ur E3Gi hisa Ingls level o1 eharFpia prgcess that seydwarseE ingnew

f |.a rocessi ng chanber that may be used in
ef’%?%@??@ioﬁgﬁ%ﬁéﬂﬁw&ention. [0013] FIG's 5A-B

[obldjust et & BA FOIPHIRMaBY SERsedohslhnd 3o Vietva b & sfaclk
i npl ementing a controller used in enbodi nents of the

prpeessehiccoriiegioi apremboduett ofthginenfigna nore det ai | ed
OB SR RIS, AR AT
[02% %js S- $6614 E’%ch@xﬂgtrié \gﬁg\@f EWashia RoSds@RK cRIRSE HSL thay be

ording to anot odi nent of the Tnvention.
uge@0d pachdif ti ingensionor e detail ed fl ow chart of anot her
rocess _of form ng pockets and conpleting ft rocess.
wﬁbﬁl?] Fipcs S4B %ﬂétr%ﬁéo%kl% FEEFW’I“()}W}I:W%P{ta ?P‘?ror m ng

injfm&ﬂg‘;dn%aaf cchtrBE4NESd in embodiments of the present invention.
[0014] FIG. 6 is a more detailed flow chart of forming pockets and completing the

process.

[0015] FIG.'s 7A-H are schematic cross-sectional and top views of a stack
processed according to another embodiment of the invention.

[0016] FIG. 8 is a more detailed flow chart of another process of forming pockets
and completing the process.

[0017] FIG. 9 is a more detailed flow chart of forming bread loaf closures.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In

3
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

[0018] The present invention will now be described in
W@lG0alb450i t h reference to a few preferred enmboRCTESL086/044719
thereof as illustrated in the acconpanyi ng draw ngs.

Inthe follow ng description, numerous specific details
thedpowiag degariptiopnousnesens PECifE d@ﬁadé ag sehioriduglerder to provide a

rst.an of t he sent..
D R e T T D
skiRERTANE attMSNthe BresBRMN RIS Bfalbe %@ac%éd"@'i’choﬁ%ﬁﬁle% aBlolf
of these specific details. In other instances, well

thekmmmlﬁprd@@elg s Irso@plsmatﬁme@rwsll knprposesiaEaps aod/obgristures
des N o not unnecessa

SRR B QR D AR R OGS Rt P OGS RO Bt Hegent

invtéﬂ@[ﬁ{st anding, FIG 1 is a high level flow chart of a
process that may be used in an enbodi nent of the

[0G1A) entTofaciliGynuaderstgndiog thite & isor wigh devebtlowrehart of a process

iy 3 efip et o€l ap By ditoe Cradie! HaETirgoits oried n

a d?e@&'iﬁ@faﬁéf (Qﬂambz;)‘ SRR fohﬁéd &0 M DnORP Sruchines K108).
featureS are shrunk (step 112). Gaps are etched In

The hesldhad reedkr dpertiusey émagisteatpres) By forRung gtrs. dite m@krfm‘lunem

e L ROY o e gbhehigiorthe HistShFaaBR e 1 VA sk are
forRRE Qfép%a pd &?edpgpﬂl‘f eP?eféYQM?‘i‘eaEh bbagt wid sr'vcyl@ﬁl'e QHth & lablicds

such of gases, such as air.
hal ﬂ@fseaeatﬂtlya violhmepd chadt siparlde gaskgponkebs ﬁﬂedl wetll varipis Buids

sucES omics OF TR SRR & Mot PISFESh b Prghts g Apspackets

ﬁug(gwﬁta%ag% ﬁ{rgléag gtdn a dielectric layer of
organosi | i cate glass (OSG (step 104). FIG 2Ais a

Exemgkesl—sectl onal VI ew of a stack 200 forned by this

anple. In this exa t he Gdlelectrlclaer 208
(00247 o dp 28 csamBlerofi e%%@dmw eﬁﬂq‘éaefveae% i SEetisps are

foﬂgtégl‘?ﬁ g"a}’e%ctﬁé RlyBCI dr anom@atm%&‘sﬁﬁsé)‘ {?tégt 19 SFitE 9 A% 8

amascene-structures exanpl e are
crogs-asctianal ieve o€ hesck R0@tbrinked by doppeamplé.niit thissexawptyp ke, OSG
vias partially overlap trenches. Such structures aa/%r

dleé"éthFal&éer@)ngW PYT 26V IBHTAG2 Y WhaChamey Pha N ahr of piHE!
di Jcﬁ{}:(.:hl" lﬁtefcpgcglbclt ls()a’a{rb zﬁ%arrfa eﬁip &&g@m}ﬁch th this

arrier yer orms over t €l ectric

exdrayle bre2d8s anblr ﬂmhéﬁfﬂbd stithuoppdre Iﬂﬂlﬂs extamyiléidasepaatigilye,
the barrier_ layer 209 is silicon nitride or_ silicon
overtgpregehest @01211]Str)ACtH1§§ kuay b magle by fel pteiyes a visemgdhers of

prot\g'cﬁng grtrreha{ maér’lé/ flat é%%sﬁvg‘ﬁgd t ﬁ‘lethls example, a barrier layer 209 is

formed over the OSG dielectric layer 208 and contact structure 210. In this example,
the barrier layer 209 is silicon nitride or silicon carbide.

[0021] A mask 212 is formed over the parts of the barrier layer 209 over the
contact structures 210 (step 108). In this example, the mask 212 is a photoresist mask
with photoresist features (apertures) 214. The photoresist mask features 214 are
shrunk (step 112). To shrink the photoresist mask features 214, the substrate 204 is

placed into a processing chamber.
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contact structures 210 (step 108). In this exanple,

the mask 212 is a photoresist mask with photoresi st
WO e@v64581 (apertures) 214. The photoresi st masRCT/US2006/044719

features 214 are shrunk (step 112). To shrink the

phot oresi st mask features 214, the substrate 204 is
[0022)c ed HIGt disce swhemessiviey wharbessiig C22ibaerQ) tldat nwmyde used

schemati c view of rocessi ng chanmber 400 t hat e
(Rt 68 P thyzhyeadical %8? 3 N Hfa‘éﬁssmg%ﬁdym&f
460 Qi &ss co-l;ﬁﬁxeﬂleﬁtsﬁig%soéfo‘??%?'t?ﬂ 0 el AHR10440 0o R EIH B85 408,

confi'nenent rings 402, an upper electrode 404, a | ower
a ghseouircedié 0 401, ancexpasst pomp @04 The ganbuane A Raumtrispuanghrink

420.. The gas source 410 ¢co i ses a shrink deposition
dgpRsition grL e VLS A SHPK RIOTY 865 Yolrg g i 2B spvee Pay

i i : bid A8%nd €

B R P e
sEneH 422, AZZhin\plismanprptesing chamce oD e stiztder 20408 posihened

substrate 204 i s positioned upon the.lower electrqde
upgeihe KGR pIaHBE, Pl abg R s A8 OB A L RS

r - ' chagj et Akl Sothe 1

S TR A hlfie fngc bR bRl o the ko)
fos bbkliigthe s@frateTited. rE@atatorttop422mcompomtgaheaupgertehetrode

R S5 50 S B RSB BRESSLLE A0S, s
3 fi ' '
LSRR 150, P08 SRBEMGTEN LB A02y L4 st

Gao (i supplibdab aisaeonfiakd prasiny volvencgasths gay erekldl Oaamd i exhausted
exhausted fromthe confined gl asnm vol unme t hrough the

fremrihe pestfited Plashigsyodone Hrergirhe s mepbiRes ) 2tand an exhaust
pgx]zt( Eg p%et eXBFﬁFg; p@%l -4 A EIIE%RFE%&IS% %&f ¥ uical co%%c.ted Ato the

Fica néect ed er el ectrode

uBRS endtritie AU A eccbhd RisoatatBiicakdiyicabnivaataed tootht ewer
ower el ectrode 408. Chanber walls 452 surround the

eleetrtderféi¥e fthapibeyyallnsd?2 suwupg percopfiaernery gwga 342, theapper
he | ower e e ' r

LA IR0 TR b ke Tyt

sELONE RFSOUFc6 @48 MthyonpWsE a ROWEHZ pOHECRUrdd dnfier 2NIHz power
conbi nati ons of connecting RF power to the el ectrode
seirec. pifferient e@nbipdiions o eorreci pewer lerthoslepsrds arppossible.

al Freque Ca itive ( .
Rt LB St eafP b et ChEL UL GRS svstom,
nfRAY b € ANS BEsdactaC pipatLioh®do EFiem@dhiI€alifovhial WRich may be used in
i nvention, both the 27 MHz and 2 MHz power sources

arpadderrethernbralimenioridhRmvpaigsy belbuhe’ FhhdMHzpoWe sources

t he | ower el rode, and e u r..electrode i
R R Br R R85 e e e BT Sckfiods, end e
uppURIRIbASRULHEM 8P I Sthd0nBddimerls, GRORF PolRf sstizbe gy have a
controll ably connected to the RF
frequency up to 300 MHz. A controller 435 is controllably connected to the RF
sources 444, 448, exhaust pump 420, and the gas source 410. The DFC System would
be used when the layer to be etched 208 is a dielectric layer, such as silicon oxide or
organo silicate glass.
[0023]  FIG.’S 5A and 5B illustrate a computer system 1300, which is suitable for
implementing a controller 435 used in embodiments of the present invention. FIG.

5A shows one possible physical form of the computer system. Of course, the

5
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sources 444, 448, exhaust punp 420, and the gas source
410. The DFC System woul d be used when the |ayer to be
wet@heats208 is a dielectric |layer, such as silPCDOS2006/044719
oxi de or organo silicate glass. [0023] FIG'S 5A and
5B illustrate a conputer system 1300, which is
cospiutea lsysterh orayi hmmd: BuRy physgcaéfmtrartglm&froma"@ iptogrtgdreircuit, a

nmbodi t f t FI G
i rsetore el BREPHR b S0t urep i S
C(%}gltﬁr@eslystteﬁe%mﬁlﬂes%xﬁéﬁml 8Y2, hai §1MPB04PANSIEAE 1306, a

anging froman integrated circuit, a printed
digki drowe 1308 o@keyboandd 3340 savell d mbased 32 dDii3dd i 181 compiater-

re B OTB05el B kSl B9 AT6m TaTHOTGH SX5e8 oM sk
[oéidfve FROSB R i @%Re: fe%f%%l&k A ad fHP&bﬁﬁp&éls%steH B¥00.

is a conputerr abl e nedium used to transfer

Attkahed toosyatiech Busd326 cnpwidervasigst efisulils3e@ms] Go4hsor(sEl 358 also

.S an exanple of a block di mfor ¢ ut er stem
retprse o 2§ o8 HBHO?%S@%‘%%OB @%g?@ qogplﬁg\%) ﬂ@raﬁﬁ‘;ﬁ%‘él??ﬁ > of

C
SR Sy 1T5LORRARE PaAACi 1080 Rnh S Aidmofy BRAM) and
re&d-onlggeenteyi(RO3)). i Axcis N\Cbllriglomnn lthe a8 ROMMetsp yrah82ridata and
_includes random access nenor d read- onl
ingHaesPys Wikgyectionally Lo e (PY m 19 58 é)fnlcaﬂpmt hifer daga
t (o] I

a1 o o Al GRS OB K (el PR e nay

1nc1i18é tacduiitabls off measompumbﬂfremiablmad:dmdmmbed Bﬂbw o3 ﬁkéﬂadnek
types of menories may include any. suitab

136np s rordecdiniecherally ta st | beaitmerddes %&dft}%éﬂgaa% gprage
Caég(gs A&ésﬂﬁgl tlﬁl:'l‘&h? gla)b%ft‘ﬂé ()8191 utglnfae!ahé/blé 816%3 5%(%%?6‘(1 eiow

I ona storage capacity and nay al so
Fiked Higd e320apbe tibl t6 atgpel pﬁfgreﬁmdﬁbj @dﬁfhd like dlﬁsml’tyﬂﬁezﬂly a
bel ow. Fi xed di sk 1326 maybe used to_store progra

segandary #aage Redinnkesughes 3 harfi;dp% that SHDV%%“&]&%I%FPV&TY storage. It
wﬁl&f% %%?ec%&i ‘Llﬂ 1§ ﬂﬁgnﬁ?ﬁ A rgﬂn%g q‘hﬁxkﬂ ﬁ%&?{hfs 23§¢181\9§r

rimar orae recl a

appRpRTaiEdas &) bE ﬁicatp’dmie&\dd doardlafd ﬁ&ﬁdoﬁi hssklrtilSerﬁenﬁayy iniremory
appropriate cases, be incor por at ed in standard fashion

1324 \Ranmayableisiroldy 4inpayriakthy Tarapal anmekthegsneeisieadabie

formof any of the conputer-readable
m%@édgscgg’gépg%ed bel ow. [0025] CPU 1322 is al so coupl ed

009512 VAHE13220f alsBRULHIH P artdy bLRBut/Siteh @sicds, Snttays
[13012 keyboard 1310, ]émuse 1312, ang s&glgkers 1330 In

digelae 1304, keyborrplAl0omopss 13dévi11@espﬁ@1§ﬁffb 3y genergh, geo
ing{ﬁgdt&%%evfcg %{:aly(/ b%%lnly%f Vngi dlspiie%%bfo ackdballs mice, keyboards,
microphones, touch-sensitive displays, transducer card readers, magnetic or paper tape
readers, tablets, styluses, voice or handwriting recognizers, biometrics readers, or
other computers. CPU 1322 optionally may be coupled to another computer or
telecommunications network using network interface 1340. With such a network
interface, it is contemplated that the CPU might receive information from the network,
or might output information to the network in the course of performing the above-

described method steps. Furthermore, method embodiments of the present invention
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m crophones, touch-sensitive displays, transducer card
readers, nagnetic or paper tape readers, tablets,

W@ eoress] voi ce or handwiting recogni zers, bPORESI00€644719
readers, or other conputers. CPU 1322 optionally may
be coupl ed to another conputer or tel econmunications

mag txente doddin gmeCEP\UrlBZE nt miaf ageculSa@r attwork wedh @ the

network interface, % % ated t hat ftge CPU
hlfﬁfﬁ?ftm P%‘éﬂéﬂ‘ﬁ@nl ‘Wﬂb@ FP&%qt%ﬁ ?Jn ﬁ‘i@'ﬁ’@s AEOHHIKOL 1a¢ pmcaﬁmng
[0958]?“ 1h RE&E Qe 65 tg@h}%g&lﬁ ih n‘ﬁBﬁ ﬁﬁ%&?&a’[@fto

performng t e abovedescri met hod ‘st eps.

cdmiithesiorageprodedthaith anbagiuteentRiable thétupnies dnte computer code
i nventi onnay execute solely upon CPU 1322 or
thgseen PP PEMIng ViSO AR IR msic] ApRisE. The tedia and

Lyl
G ERR IO B HETERE Sbd lcREE: BB bRl
the pesent ink eitAt draReyf may beof the lkatdewtld keonp uitEivaiihble ag those
products with a conputer-readabl e nmedi um t hat

have
haydgpiliBin BsgempHisE sfivirs arth dpBmdgs Ry comprisgeadable ‘media

GBS R BABLE A TOEME Sy v, s

m@SRHcrthisd; egtid meﬁmuﬂu apgs)elsoMs dnldelowgeaﬂm ddviaes Nink gureto-
or they may be of the kind well known and avai l abI e to
ontmh@eﬂmuﬁlg assftontical chsltSh andleppyersrdeyises U@atr gegpecdally

%{%n%derﬁo S o&e% J@)ﬁﬁ& é){o ag% % c?%ggﬁ% %s e{éagﬁk -sggyi&ic ‘ri’ﬁtggrated

cﬁdu@lﬁg KSUTSH d@ogﬁﬁﬂnmgw &VIC@@&’LI@EQtah@ Romela & /AMaleviRss.
an oloaraphlc devi ces; net oopti cal mnedia
Exaopleast mr@mtterccsz e fichids m@hmemd@waﬁ agjerpruced byrpegonyler,

| | d
RPAE Lt LIS L R Theste AR RHRG U BuBIAI LS an,
nﬁ&-%le%%) c&m&&a&mﬁb enddegingy 8BY b6 Qﬁmﬁﬁ’tbfbdde&mﬂxsﬁm&aﬂch

devi ces. Exanpl es of conputer code include machine
coppesr daie bigad eprb@dwd aial 2 gyrrigr wevipindsiepregeriingia ssguence of

nt.ai ni.ng hi code that are executed by a
1@%%}1&“@?h%ﬂen%‘eﬁlﬁat?lﬁ}é%?é’?%(ie%ﬁ’or Conput er readabl e medi a
[0RY] al SEAeisCONBlRIai6Q dBw dhanDTiid #&h PBShANRPETE Bbsk

data signal enbodied in a carrier wave and

faagpeedehtsiend 12). shgshomaaindiiGi hghe sloinkoresthe maask dpasures
cexecut ablle g& 3 grloc sor EOOZ? FIG3 is an[nr%i t1 0
ehapEs AP VIRBR LIETES S Pithe BROSESSSOmRRTSA T HEP Y
ph&alYE §Oé%]a41d(p§5fﬁ9 sHeb2e pHASe &RPIDS) NARleRamBle dffﬁeshrmk

shrinki the mask features conprises a plurality of
depositen phfasea(swpcﬂoﬁbplpwmi@es ilowcnfdﬁi(@wrg G679 sgem N2, and 100

(45782 KhenRlaes (pLep 204) a0d.rolile, shantpg,phase
teﬁ\lé%e?%%%%if)ggp tovidescdREwWule 4805688 Add3Wattd at £8640ency
of 27 MHz and 0 Watts a frequency of 2 MHz. During the deposition phase the
deposition gas is provided, the deposition gas is transformed into a plasma, and then
the deposition gas is stopped.

[0028) An example of the shrink profile shaping phase (step 308) provides a
halogen (i.e. fluorine, bromine, chlorine) containing gas, such as 100 sccm CFs. 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
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seem Ar. The pressure is set to 80 mlorr. The
substrate is nmaintained at a tenperature of 20° C. The

W@ emonatsRFE source 448 provides 400 Watts at a PCEUSINEY4719

of 27 MHz and 0 Watts a frequency of 2 MHz. During the
deposition phase the deposition gas is provided, the
a?ﬁ Hgglﬁérfcg Bf SRR artd FREHQ %'Tﬁguéﬂbg%f 2 N1tBS Bhrin@ ke Hid6ik
e deposition gas 1s stopped. [0028] An exanpl e of
sﬁipléngjj\]neisa khepprofild shaysih@pasng prtvadsd, (tetpepfilBGBipipg gasides a
al ogen_(i.e. fluorine, bromne, chlorine) containing
tigagformeb Wi a Plage s thesrthe Pliq%ﬂﬁ‘: HeRIngeas é?P 4 is the

03 . ; | . T

B B e S

nsfk,oin ik desirsisie te evodd Bxyprn vorieinigQocipéd tosabidacdpperpradedypn.

of 27 Mz and O Watts a frequency of 2 MHz. Durin he

Hepestver, shesprapangg op g errien kayE;rrq%Q% educsh 2p Py cyadhs Poosglblthty of
royid r.of 1 1 e. shapi gas is transformed into

e%p%%%%ﬁg@e%ﬁ@x?ﬁ@%&yﬁg%%?@%ﬁ@e shapi ng gas i s stopped.

[06529] Wegstablyethe picked ippasirhiclifoybditvaén Z apPecychmy Miere

pzéjoosed due to a msaligned mask, it is desirable to
ieialo lipguncass er iRyt rebepes o i) expdisd Thsspepmation of

d%XI (%t%rll an r'c:_)l?lyges\ﬁg n tob& a lﬁ%ﬁgpoq’.cg{ﬂleg Qﬁoxpf‘fo? 'tl?erfok'rﬂXt‘ﬁf of
DY T edUc or prevents the possibility of exposure of

viehtRaC 6199 @e411sHde tHeGhfthls athig proeads. fofrRO3nkRiddeilal §, astshewn
rocess is perforned for between 2 to 20 cycles. Mre

P for
ip FEG FBhbPieferebly, (e sainkssideavale cause vadths of fisaotoregst ppsk

cycl es, .The .comhination -0f~.0e Lt d...nr.ofi
BYERFRlp TUSASQIBLI R BRAL DB pEBAN St
heBE KeMhobf e hbedsiss md ev@dertardsas bt helusbd byketwibi 5-50%.
process forns shrink sidewalls 215, as shown in FIG

1. cyPliest eyalbmpy heveadsiiangkdeposiinn pnd/ok shppnafhasesor gray have
the photor.esi st mask apertures to be reduced by
(%%?ﬁggﬁogﬁégﬁgwhbre preferably, the shrink sidewalls
[edge t brpy 0§ Be thed o PRAUQEASE SHyeNBOKihaRphtthe gferfutes

be reduced by between 5-50% The cyclical cycle ma

Ustwesnabiel hringnsadeverdls 84 5 tas showim iy BIG- 2haph senyshtiged i recipe
ave, ot.her additional ases. [0031] Gaps 216

3@?%ﬁ@@ggmiéeﬁﬁgmgﬁgf2@?Pﬁggpa§e? 2%8 thlougﬁsthe e

[Pﬁﬁr}t ur g9 betveene g f@xli‘ﬁe%dr(gteﬁ i1 @RS 634 & mods d&hilow

|G 2C° A conventional etch recipe for etching the
aftize log ter foombtayreo! tROBodksts wsé dompRE8R pf testpowkeinghigeample.

hen formed (step .120). FI 6 i,S a o, detagil.ed flo

HEOBFSIEReskr REPPOINCISP P hOEt & e Porplet P the
HevidiBdepbtitsh W sd RrioWbSd@NATRL Bhotoresist mask strip. An interlayer
dielectric (ILD) 224 is formed over the dielectric layer 208, contacts 210, and gaps

(step 608), which seal the gaps to form pockets 220, as shown in FIG. 2E.
Conventional methods of forming the ILD, such as spin on'or CVD may be used.
[0033] The feature shrink process allows the formation of gaps that have critical
dimensions that are smaller than critical dimensions of the lithography process used.
The photoresist features 214 may use the minimum critical dimension possible for the
lithography process used. In this example, the trench width is the minimum critical
dimension possible for the lithographic process used. The shrink process allows for a

further reduction of the critical dimensions of the feature size. Without the shrink, the
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The photoresist mask is stripped (step 604), as shown
in FIG 2D. In this exanple, the sidewall deposition

WO 20084061301 enoved during the photoresi st nask sPCT/PS20061044719

interlayer dielectric (ELD) 224 is formed over the
dielectric layer 208, contacts 210, and gaps (step
61Bing ofiticCdrpsead) alldwethe @BSati@ulioh R BHHRbSsca30 ¢ @é h
shown in FIG 2E. Conventional methods gfsfor heeie lﬁ%Ofthe
gD Whighcwowld dapiage the contac\auptaye. be used. [ 0033] The

| f t } .
G, PR 8 s 5 AP BB
BhaterialaivheieEins b%l)%ssodlsél&%d b Ui g"’a?eﬁt‘g 29‘7 38§ :?ssllllriﬁg&jregardnlg

The phot oresi st features 214 may use the 'm ni
thejdigleciric maﬁﬁéﬁéﬂ tbﬁft‘ qaods |uEﬂdsanﬁanth1fes alhantmgjawp ttyprotect the
the trench wwdth is the

S hi
lelgacr?fu‘gnhlgﬁ ey é%ﬁre%ﬁ igéeh(ﬁalnﬁnﬁfi@%&itﬁte for the
Ekdhgigraphi ¢ process used. The shrink process allows
for a further reduction of the critical dinensions of
0984k eatlnpscenndexamptehdian embedisieni nkthetiineetiohj dogtaof structures

A e e o CER
PO oRGEd BY FHE EMnSyle Nin tﬁﬂ%‘x&hﬁfé th*egsa?i BEQRSR @z{ 4Ous
the dielectric to be one of n ?eren e ectrlc

m@@sﬂmag gladsdOS() otvblea pbsicas §O4j|vﬂﬁbh)ﬁﬁ§ bkl V&élf& or an interlayer

ﬁﬁi 297,125 is [?éed re ardlngthe dielectric
8Pl L ERRE s LA e flaticFrsstEichiPpy thathave been
teeRouk 8 t
R P e A
ellampiterialf71 é,rsueh‘nasﬂhqtenslstxfr dtliee polyniesns bomategiaNthaichay be

di el ectric |layer (step

struc S a for j

PERy© Y—"Iltg;f’ut‘f%nfagl% 6]§EEC§’§C?-§ Beam pifdE 98- a stack 700
bassred ! iele
PO Dokl o2 e OBEEABLES1 LSS s
(ststb J0Bhtla tHid4xambliecthe mmgk D82 & AyHoRresibt Makk \ﬂﬁl@?h(ﬂ&l‘%émt
%l electric. The contact structures 710 are dua

ATHES (FEUEss) (&4 uFasspligieresistagaskfenivres 7 éhere shank(step 112), by
P {, st
R L S E M T T -

ipFdGorE@s il"s tshink thichpdio topeslisy MRKIS feature@ et i subkadte '7@4’18%06(?1
renoved w t hout dama | n the dielectric, as shown in

Bjocg ProgessingsBambsy; rpess$ing Faambsr 00t dredesiritied rabove

t ure 108
TRISEHLR brofpssacs) éﬁeﬁzgk B Sl Itaiiind EC R b ot
[pozg]or edisshoweai BI®S, ((RRBALMEEST ghkdo gﬁ]ﬁ{
nask feafur%s 714 ar e shrdnklgst%i% nﬂbﬁe@b %?%gﬁémbs
ARYHIC BiCaAEPIPTHS 8 shdilgdspabition @haa e‘cep ﬁ@#bwsshsmc profile

sﬂgﬁihg I)ﬁfstelﬂgtgﬁ‘ BO@.S Psrgf(e)%lvgly, the shrink deposition phase (step 304) uses a

deposition gas comprising at least one of a combination of CF4 and H, or a

combination of CH3F and N, or C\Fy or CiH,F, with an oxidizing or reducing additive
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 gas, such as argon or xenon. More preferably, the deposition gas
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in FIG 7C To shrink the photoresist mask features
714, the substrate 704 is placed into a processing

web@moerspl such as the processi ng chanber 400, BGT/US2006/044719

descri bed above. The shrink process described in the
above exanple regarding FIG 3 may be used. [0036] As
fatthewconipribésGt st drveofanroxitkzing aeditigesd £RIAREINS @8difive, such as
@I rality of cycles of a cyclic process conprising a
hren¥ ‘Weposi ti on phase (step 304) and shrink profile

I ng t L ref blLy.. the shri,nk ..
e e TR AL Pl sl R ot 4 U] gifferent han
the dgposision gagitorh@asiig S11€as0bneo QM) bhA@NF An®@ T JEH. age H2
or_a_ conbination of CH3F and N2 or CxFy or CxHyF with
rasfeRve fhei iglils sheriag sasnigrtherdionprisesuentiangasysicb gs argon or

' d.carrier ses such a , Ar
b IR O 0 950 MR L BESSET BeinCoran
ddiping aeditiod aleasdueing a0ditiby dueicar 09, bt New ocar boi i,

and hydr of | uorocarbon. Mre preferably, the deposition
198381t ur Arexamplemfiashynia denpsitioarphgses(step 3OK) provieg erflovrof 150

f , the d ition. th
SRt SRl S B Ih sos S SRF B sl S T Tae
stubgltad i8 Gnaketalinbd Wea tefipefhn@® 0©20° ¢ ThEEdNTRd REAGIAe iR Drovides

profile shaping stage uses a profile shaping gas,
ANAi VE#its & adieppentcaof 2¢ AAHZ ahd 0 Jéptss freqmengast TMHDE. | si ng

eas ne ,of Fy .and and CxHyF . More )
B0 o7 iR RO Sl BrGE iee s ersrligshpring s
cBmpaEkinE af le§ADne SHCLE, A d NIYQARd @ IEN More MPEBrably, the profile
referably, the profile shaping gas further conpri‘ses

sagpinggastfugher compainesox¢atiier gag, sadlps argen anslersonr ddoieipngferably,
An. exanpl e of

ddi t-i such as. 2, H2, or, NH3. [0038] .

Rl BenB S AR amiiset b B st oo ds AaEgnd o

r@ducikpdanie) &Rhs 0/515@eRHY ., and 100 seem Ar. The .
ressure is set to 80 mlforr. The substrate is

[MRd0ht ai Ardxanpla of éregeohteshapiog pRGe (Gep T08) peddech Rifogen (i.c.

ource 448 provides 400.Watts at a_frequency of 27 Mz
‘HH“‘E)%\'/%H‘P& p‘ﬁ‘?‘?ff“ee GRMEINSE 525, R 35 | Yoo PF ef lerthlsieyample,
; [ S :
e R e Rl g i
peovideGxpiyire chavibere PlreefeeombRY sourbe 448 plovides Shapvaig @as

further i se carrjer gas, such as argon or
edpeney Oﬁlg?g’.ﬁ%? %‘?Céq) g\{ﬂt&?,a fjf%é‘e‘ﬁ’ryd*f i21MH2hapi ng gas
her [ : LAl 7
v ST and a2 REARL 4R R 138 A Bl E e pwenyi,
betwe@0 4] shAnk exdawplle? 1, at lewir afHIGe7Bhapidiycphase ofch k@ipe

308), .provi des a hal ogen (i.e. fluorine, brom ne,
ﬁ@Hﬁ%?ﬁ%@degﬁﬁ%ﬁFﬁﬁ¥ dgUseduch as 100 seem CF4. h

(6045 SFIRLE are formed (step 120). FIG. 8 is a more detailed flow chart of the
formation of pockets in this example. A bread loaf deposition is used to form closures
718 for the gaps to form closed pockets 720 and remove the shrink sidewalls (step
804), as shown in FIG. 7E. Preferably, each pocket 720 has a volume that is at least
half the volume of the gap. The bread loaf closures 718 may be formed using a
deposition process or by using a multiple phase cyclical deposition process. FIG. 9 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 804). A bread loaf deposition
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CF4 is the only gas provided during the profile
shapi ng. A pressure of 20 nforr is provided to the

w@eb@moersnl The second RF source 448 provi des 60PCEAS1086/044719

at a frequency of 27 Mz and 0 Watts a frequency of 2
MHz. [0041] Gaps 716 are etched into the dielectric
praye (st%oﬁmg L gfék‘ﬁ'ﬂné&‘ eTRiB 9hﬁéérp?§w@@st ARPOsitiBE off @fdeﬂflélls of the
si dewal | , as shown in FIG A conventi onal

gapsh Dusiog e depesivocpliasg atdepositia] @sm providegdes plagsa issformed

004. Pocke 120 FIG.8
SR AR GPR B o (heBiiey TGPTPRE BB AdF HeRR st
dlﬁpﬁl@'pﬁaﬁ)ﬁﬁ@ﬁ’ beg) 1@‘t1¥é51%5’v1hé@f TS BH&CSIG hapes i HOBR Jthe

formclosures 718 for the gaps to formclosed pockets
Gpositing to omm\becadHeafstiosunds. dhutingdhd brefd toaPp pBANY shaping phase a

7E. Pref erabl et 720 has.
et el PRl arige spt qubn orerhd W B Cens orueiai provided,
dPRshah BaBhQPfro HRSbeES 1041 BBy s}ﬁﬁmgogageaﬁild l’ﬂﬁéx{‘tﬂe Bread loaf
deposition process or by using a nultiple phase
wyéld shaping gprois |St0|ppcd pcecldgmn, Hishhade issised tooemonte tla dheidk
vi ew. of hase c clical for the st of
Srl%?wlﬁ PR et it cimsea BT 20 By byTifiphase and

f:

ﬁE{?@i’%ﬁ%ﬂﬁ%&%ﬁ FoR SRy ¢ bR GATIRR i he sap below the top
wiawdﬁﬂaedw&@pushajmron on sidewal |l s of the gaps. During

depgsi ti on a depo tlon as IS provided, a
@53%1 Tge py Ttlﬁ%ﬁﬁiﬁ% priglosyEs Whilkremqainghe
ﬂﬁm%idtebv@ﬁs %ds' assu%'é @ hriftk IR A1k 9fby r\glﬁ]hil @oul damage
shapi ng phase (step 9 I's then provide I'S p ase
thla bp&aﬂ lddtelopures.i Heweffelt bthed@nbsiimens niay rémove ﬂmeehdnk

af closures. During the bread | oaf profile shapi
Srs sgemsr el gygh ﬁpmcrsa;séh%trﬁgs? Ref dimase i ered lgat cldsures

F&F@p ;deposition gas, is provided, a

Qﬁcggﬁgﬁﬁé or ng%)h/?r omthe bread | oaf profile shapi ng

[0884] andk it Hestrableao sreathelbocdd 1pafaflésues BBy s@ @t tife closure
addition, this phase is used to renove the

ig ﬁﬁfg’ﬁkt% F@gwaﬁap%of the £tchlaysT-y One pdwntage (o€ thissisi g M process
T
00 b ReP kLR TG, IS LEBEE R L | e

1gagesb & dwidl eageops §wcé@cfer ffrmidyesuch elogeres irCthe aygr -
&)0043] The advantage of form ng the bread | oaf
Odalur e dhamhoteresisivpasihig thwt@qur{ﬁten Baewas shovavigilds. aF. In

G S0 Bl 0k PV S OH RO e
Br8d Io@ff&lMﬁlréshQnﬂhﬁ edinsie dmahbiSs Wedtfﬁiny tHelotighstAictures
_&Qgcess t hat does not damage the bread | oaf closures,

sihensthe Bhatgreaisianmslpis sewpsd, as shown In FIG. 7F. The contact

structures are filled with a metallic material 732 (step 812); such as copper, to form

metal contacts, using conventional metal filling processes, as shown in FIG. 7G. The
bread loaf closures prevent the metallic material from filling the pockets 720.

[0040] An interlayer dielectric (JLD) 724 is formed over the dielectric layer 708,
contacts, and bread loaf closures 718 (step 816), as shown in FIG. 7H. Conventional
methods of forming the ILD, such as spin on or CVD may be used.

[0047] While this invention has been described in terms of several preferred

embodiments, there are alterations, modifications, permutations, and various

11



[0044] It is desirable to formthe bread |oaf closure

in the gap, so that the closure is below the top
waeenacsonf the etch |ayer. One advant age of tPCBHUSBR06/044719

that a CWP process will not danage such closures. It

is believed that a nmultiphase and/or nultiple cycle

sPbRE@S Sqhivalats adiaR FADR LS tAE &B8 Bf fHRY ink&tBnN gt SHAGM also be

closures in the gap. [0045] The photoresist mask is

nptedrihgditherp peeannt AierB0gy wass oSingememing| e mgfhodhand

| ent the t Qresj. st . mask be :
Bt ETRIEL TR bGP G BRI i ovine
2B &Rled €Rimé Pe inlmrpreﬁaﬁaaquudiﬁg b 98dh iR RARMEhifiEAPnE he
contact structures 710 when the photoresist mask is

PEXRtpies, ankvasiouserbistitug quivatentThrefali ovithae thestuelspiritraad scope
JAhe Q&%hgp mh&%_a netallic material 732 (step 812), -
SUCH 88 358@?,‘t0 form metal contacts, using
conventional netal filling processes, as shown in FIG
7G The bread | oaf closures prevent the netallic
material fromfilling the pockets 720. [0046] An
interlayer dielectric (ILD) 724 is forned over the

di el ectric layer 708, contacts, and bread | oaf

cl osures 718 (step 816), as shown in FIG 7H
Conventional nethods of formng the ILD, such as spin
on or CVD may be used. [0047] While this invention has
been described in terns of several preferred

enbodi nents, there are alterations, nodifications,

per mut ati ons, and vari oussubstitute equival ents, which
fall within the scope of this invention. It should

al so be noted that there are many alternative ways of

i mpl ementing the nmet hods and apparatuses of the
present invention. It is therefore intended that the
foll owi ng appended clains be interpreted as including
all such alterations, nodifications, pernutations, and
vari ous substitute equivalents as fall within the true
spirit and scope of the present invention.CLA M5 Wat
is clained is: 1. A nethod for reducing capacitances
bet ween sem conductor device w rings, conprising:
formng a plurality of contact structures in a
dielectric layer; formng a nmask to cover the contact
structures wherein the mask has mask features for
exposing parts of the dielectric |ayer wherein the
mask features have wi dths; shrinking the wdths of the
mask features with a sidewall deposition
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etching gaps into the dielectric layer through the
sidewal | deposition; and closing the gaps to form

WEowRet450i n t he gaps. 2. The net hod, as recit eRPCT/IS2006/044719

claim11l, wherein the shrinking the widths of the mask
features conprises at |east one shrink cycle, wherein
each shrink cycle conprisgsgapghri nk deposition
phase, which forns deposits on sidewalls of the nask
Weat wcgsmedishri nk the mask features; and a shrink

roflle ) n hase whi ch apes the d i on _an
Phe shaeaher ot SRR pdtlar s PGS semiconieiidetstye iines.
ERghds@d:in claim2, wherein the shrinking the w dths
of the mask features shrinks the wi dths of the nmask
f eat ufoesirtgya PuBlivs efidntebsteictiresia aptieteethie lakgpi n g
phase sha es t e de tion on the si emalls of
hask B o0 s T Pt e A 1 sl bAS mask

%ﬁ%l?%%%%%(’%e%vaﬁﬁ?ﬁiﬁsW@ﬁ%ﬁ%ﬁ%V?%ﬁﬂ?%%*’%%ﬁ?@é%?ﬁée
waltlX) shrink cycles. 5. The nethod, as recited in any

UG R e 8 R
pockes. o padtnie frOGie QTR e SRR AU ang
cl ai nelodng theviaps &i forthipeclsds inrtke daosi ti on phase
AR R e e R R A R
ﬁ%skt ﬁgtuge%rﬁgﬁ‘lé)rns + 935t e sﬂlf;ﬂh E?élgqg}e(r) Iﬁleéﬁl éhlﬁl?lﬂ Z&e any

al ms re|nthe apin
cpjmses:onprl ses: providing a profile shapi ng gas
formn plasma fromthe profile shaping

st opp? rHsPPRAGR Bhaseh\@hlﬁla s SleR P mgldga@lls 8f thméask
BB AL EEE LRI, cloi s O 7, uherein the
hy d r og atrbmrproﬁletshamﬁ@pbam,, whiohl siepas cifel depogitat b theaidbwalls of
tthg ?nask features.
3. The method, as recited in claim 2, wherein the shrinking the widths of the
mask features shrinks the widths of the mask features by 5-80% and wherein the
profile shaping phase shapes the deposition on the sidewalls of the mask features to
form vertical sidewalls.
4. The method, as recited in any of claims 2-3, wherein the shrinking the widths
of the mask features comprises 3 to 20 shrink cycles.
5. The method, as recited in any of claims 1-4, 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.
6. The method, as recited in any of claims 2-5, wherein the shrink deposition
phase comprises:

providing a deposition gas;

forming a plasma from the deposition gas; and

stopping the flow of the deposition gas.
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profil e shaping gas conprises at |east one of CxFy,
NF3, and CxHyFz. 9. The nethod, as recited in any of

w@b@i7nessit 8, wherein the closing the gaps conpPCHES2086/044719

plurality of cycles, wherein each cycle conprises: a
bread | oaf deposition phase; and a bread |oaf profile

shapiThg nuthse as Htited NeanyRS s a6, detdie thel shriaR yrdHle shaping
lainms 1-9, wherein the form ng the contact
EFUOMPTE8S: conprises: etching features in the

di el g ; cing a conductive material in
t he ?%ﬁg@g€3§§%$§gagﬁ£%%% dielectric layer. 11. The

et hdokmiag afpésiiaefiorh MheyfiRfshepiag 88s; ind 0, further
conprising formng a barrier |layer over the contact
st r uctoppe thadow ditkeprofite shayiag epef ore formning t he

k he. 4 12, T hod,
o r P e, & RGP Ao e 5. e oo TBboR,

comprisanit &aibt Glerdfetiidffarbo8Midré@sbdt 6hd RErbRA4HERBor fhd the
the djelectric layer and wherein the form ng the mask

Prefile shaping gas copmriaes atdeasuenanfdsFs, iNHisand@iH,Fant act

tru r i hot aresi st .13. . The nethod, as
Fect el ot o0 RO B Y o o el M G Stesfioe s
cBinpHSdsU [B8raliaCHr SR wikgeiakadlPdsle RRfrise@ and at | east
one trench. 14. sem conduct or devi ce fornmed by the

met hadread lamhdeppsitipaphaseanti3. 15. A nmet hod for
reduci.n apaci nces. bet ween sem conduct or devi ces,
B RS SangBh

conpri Si #81ity of contact structures

10N a Tk @hehdd, € rdc@Y@In anfyIralatds L ITRBK PR Bhink AR contact
contact structures wheréein the mask has mask features

speftussposipgeparts of the dielectric layer wherein the
et A B D, e o L

mask fea osition, whereinthe

shri l@cﬂg 4 dmankisatefialtih eheBeHed frORlME §5thS id1sSe fag)gr.
wi dt hs of the mask features by 5-80% wherein the

l$hri dlkee mepthate aniagitbd ingfnytofielafras k- 10efirtheesoromying Sesimta

| east one shrink.cycle, wherej.n each shyink cle
bp P B B et Sl S1gli DRt Lt Bre foBRieg the mask to
cORPASd dontRDsiwidgwal | s of the mask features to shrink

the mask features; and
12, The method, as recited in any of claims 1-11, wherein the forming the contact

structures, comprises etching features in the dielectric layer and wherein the forming
the mask to cover the contact structures fills that contact structures with photoresist.
13. The method, as recited in any of claims 1-12, wherein the contact structures
each comprise at least one via and at least one trench.
14. A semiconductor device formed by the method of any of claims 1-13.
15. A method for reducing capacitances between semiconductor devices,
comprising:

forming a plurality of contact structures in a dielectric layer;

forming a mask to cover the contact structures wherein the mask has mask
features for exposing parts of the dielectric layer wherein the mask features have
widths;

shrinking the widths of the mask features with a sidewall deposition, wherein
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a shrink profile shaping phase, which shapes the
deposition on the sidewalls of the mask features,
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deposition on the sidewalls of the nmask features to
formvertical sidewalls; etching gaps into the

}3 %ﬁ&ﬁ% ﬁle lvﬁéft%@ o%" ﬁfeorﬂgsjﬂ fga{ﬁ es Elﬂ M@Iﬂlx%\gﬁﬂ?sséftthg asl@ﬁqtures

osi ng gaps to forn1poc et s 'In the gaps, er el

By 80Ycpwhagi the shyisng depridse o1 thephaskabittises 0bmpyicdses 1east
wherei n each cycle conprises: a br.ead | oaf deposition
<ywa@@nkaﬁaeaﬂ%¥@a@a¢bﬁwmb@wﬂﬁP@ng%%§1ng phase. 16. The

net hod, as, )?%;l L%B%%E?(ﬂ’ {p}ﬂfs winch YAGE QL ostnjg g)nssMe%hk BBthe

the widths' o eat’ures conpri

BNk foktufey b SFinklthe mERR femeirbpdnd as recit ed in any of
clainms 15-16, wherein the contact structures each

conpri se at Sragirolesheniag Bge.avhirk slaped e depesitipn on the
é\@e\@ﬂl@%%ﬁ{e%agkgfeaﬁl%gu& 1&91&3@@%&”1&%%&%{;& ‘éé’ges%g es the .

mconduct of devi ces S processi ng

&posies on BRI RS tiee Iﬁmrszﬁﬁrew@i fon&lqrenmdag sidewhids ma
processi ng chanber enclosure; a substrate support for
supposteling gapssniesthe diedeoiic laye thrﬁéglmh&ﬂigéwﬁ}ld@éggéﬂ% and

t E:ng éss}xg%ﬁle o%%ﬁsr fohfonn Rt nShd g%)%l 1ereﬁl tﬁ% cfo%gfél tﬁ‘é éa[i)g

e plasna proc

EMGIrRsHE Flurﬁlty beapdles)MeRlreRth eptte E&hpl@s[e@Vl dl ng power
to the plasma processing chanber enclosure for

sustaln|ngabﬁﬁdhyﬁdﬂﬂﬁﬂgmém@ﬁLéﬁ for providing gas

into the pl er enclosure; and a

gas outl et? %@ggggﬁgﬁ) Hﬁgb %E?on1the pl asma

Pg.oceprd Metheh A¥etitANa |cl§h$1ﬁ 18; wBer8Shs Stirdéng thefidihg of the
connection with the gas inlet, conprising:a shrink

m@$©®mmﬁﬁmogasmgbbﬁb%3ﬂmw&cadshrlnk profile shaping
ggs S ﬁ%l%lgﬂlgﬁdgs?rﬁé gltln%é%éf r1t L0 1|5§P€£,36Vh%9erﬁr1] ﬁ{:etc%%tatc\p st}l.p:ﬁlres
each comprise at least one via and at least one trench.
18.  An apparatus for reducing capacitances between semiconductor devices,
comprising:
a plasma processing chamber, comprising:

a chamber wall forming a plasma processing chamber enclosure;

a substrate support for supporting a substrate within the plasma
processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;

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:
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el ectrode, conprising: at |east one processor; and
conput er readabl e nedia conprising: conputer readable
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sidewal | deposition, conprising a plurality of cycles,
wherei n each cycle conprises: conputer readabl e code
for provi dislgnladepositiok gdegasid badh gas from the shrink
deposition gas source; conputer readable code for
gener at i nd SBIHT BORHE $haBMSAeSWKSS nk deposi ti on gas;

onp Q.tcgﬁtrcﬁ%?g@tg‘joqlag rJch{t]eétrocER@ .geﬁgsoh{lg aﬁH Qljleneh least one

c

deposition gas from’the shrink deéposition gas source;
eleonpdd esmpednkabl e code for providing a shrink profile
shapi ng gas fromthe shrink profile shaping gas
source; ca8nptene pesewplaldode for generating a plasma

fromthe §&g n rl%ﬁg%bg%%egﬂga%{gﬁggg%gs; and conputer

readabl e co or s ink profile shaping

gas fromthe sbsmpkteprealiitiecsieapt H@ingag WidtHsGE mask features
comput er. readabl e code for etching gaps into the etch
withysedewslidgpesitiens §PmETisiag ajpdurakity of cyilew gherair cashdaplsl |
d6pQsistion; and conputer readable code for closing the
gags to form pockets in the gaps.

computer readable code for providing a shrink
deposition gas from the shrink deposition gas source;
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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