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METHOD OF FORM NG ELECTRI CAL | NTERCONNECTS W THI N

| NSULATI NG LAYERS THAT FORM CONSECUTI VE SI DEWALLS

| NCLUDI NG FORM NG A REACTI ON SI DEWALL ON THE | NNER
LAYER FI ELD OF THE | NVENTI ON The present invention
relates to nethods of formng integrated circuit

devi ces and, nore particularly, to nethods of formng

i nt egawmmaﬁ O FORNVIERE PR CTRICHJINTERE ORNERITS
within insulating | ayers. BACKGROUND OF THE | NVENTI ON
i ntegrated OVFIEHIN IHSW@%HN@%A:X;ERSQHA@MB%f

o C BN BT E IR R IR RANCLURINE ORI 6.4 R CTfON
spaced cl osel y SODEWALDIGRITHE TNNERLANEReduce

parasitic coupling capacitances between the closely
spaced signal |ines and device structures,

el ectrically insul aﬁﬂiﬂ?% Qﬁtﬁ{fg QWEWONQ 10rel atively
| ow di el ectric con dered as

mat er iTak preksatt ivleadbdm rad@tbd t methdds dfrfgrrmng mégaﬂed riEsuiadelices
dﬂ%lce struct res fro 0%ch ot her. & ‘?@'
ARG IMofE pﬂl@lcwaf ¥r o pehqgisl TorRing indpgaie FEC‘BB fcgpfaving

E&M&M@égﬂfeﬁﬁ%t}ﬁﬁﬁﬁs@lfaﬁﬁg?ﬁf Ry reducing the RC tine

constants of signal Iine nd conductive device

structures and thereby supportlng hi gher speed.
I

switching. 150n i nsul ati ng
mat eri al havi ng%és‘—cﬂgg const ant

is Si ﬂ%%raféﬂfcﬁf:ﬁﬂaé\ﬁ@s)hav% % lfé%/ls B?d@v‘i&hﬁ@gﬁhoﬁ frequently
lve

rel at { hi gh rate because it is relatively porous
@bh;ﬁamcal lnemﬂdeqleqtm@w&omh@tlrmde\rlp%wtslcgm@ﬂwthatsarssmed closely

R TR o RS 8 MR R PR R Pt R 4R S0sety
Bimea Ellghﬂslﬁmes hiat @dvade sbviefur&t elatthigalanichswl RGked @ bifetinlo taGihg
20 Si COH may occur even when hard nmask | ayers are

@@@t@velyrw“sdlplaﬁt@acapn%%$ hastechsen gonssdared apspatarids fasyelectrally
ﬁsol&t*ﬁg@%]ltdfscmlle?crmdzng%ﬁfe slrub LS ALES Afer® ﬁﬁlg e Gﬂkxgl}iatmg
tl |"ayer

i sul of a material havin
h&ulteﬁails/\eitly ld\mWethceioemhstam:ts tapsivantevie Ig:rforrﬁm%ﬂ)y radm:bl@ the

dnasklay 2% f.ormed on the el ectricall
B@Wstw gf@%[xnes&n FERGIHNB GPaphitEsfUrss ! adthershy

@ﬁﬁﬂ%‘rtﬂ%}ﬁgﬁé?sbéed%%fcﬁfn@?d to define an opening that

One commonly used electrically insulating material having a relatively low

dielectric constant is SICOH. Unfortunately, SICOH may be etched at a relatively
high rate because it is relatively porous compared to other insulating materials such as
Si02. Hard mask layers have frequently been utilized as etch masks in order to limit
over-etch of SICOH materials. Nonetheless, lateral over-etching and undercutting of
SiCOH may occur even when hard mask layers are used. This lateral over-etching is
illustrated by FIG. 1. In particular, FIG. 1 illustrates an electrically insulating layer
20b formed of a material having a relatively low dielectric constant (e.g., SICOH) and
a hard mask layer 20a formed on the electrically insulating layer 20b. A
photolithographically defined etching step is performed to define an opening that
extends through the hard mask layer 20a and the underlying electrically insulating
layer 20b. As illustrated, the etching step may result in the formation of an undercut

region U having a sidewall that is laterally recessed relative to the opening in the hard
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25extends through the hard mask | ayer 20a and the
underlying electrically insulating |ayer 20b. As
illustrated, the etching step may result in the
formati on of an undercut region U having a sidewal

t hatbk ia§ed FUatr@elopetiag assadfinel ith ue eteotrichity ep@inctbg region 10,
the hard mask Igfer 29a. The oPenln is then tilled

wivhiehapayehave redused Tejiabibintsc ievd! oldhe grderont regel. dgparticular,
hav C t

B B e A b R A

r gigivat) iMHé&yectre&uybomductlberegmnrM)tl on of a void (not

shown) in the electrically conductive region 10.

SUMVARY OF THE | NVENTI ON Met hods of form ng integrated
circuit devices acqoueiA@yiOr srrodivERTROf the

invention include Tormng an electrically insulating

| ayer Mettwds ob Strmantgintegchtédgiruitglenicharagoréngdosmbofienents of

l.ect al L | at
U B PR ATy st o R VR maahEE (i AR
t %rﬂﬁ’ﬁ% @Har@@ne@l@ BRIt éd8ERlyIndulaing@XROS The hat@fask and the
si de s of the hard mask and the electrically
i plsotrigelivhigsylayeg layariiee ptahrskinsPanones to dofing Ae Opry 2 t‘#ﬁ@w that
th I
? ﬁ)gpogf: egl{l?r%?(? %\faﬁg Iofr:] %18 I%g dvrgastkloan'ﬂQEe élyg%}ﬁ{:alﬁ"rlgég)é\%sdgg%ﬁtr

t hipessidevalsl o tlQ’fhaTrdD tabland t]li@lSﬂecesp&YmIaeS?e toothe iqmensidewalls of
devi ce yleld and limt vaid foini

s thssedestreaatly yosubi e dryes ¢ BiHS ERCESSIR %&5 fiﬁwa@ff the hard mask
Z‘f‘)géc}?t@g J[oniﬁpfr&;e Je@ﬁ%?f?él@ d)flmhhguf’fo%‘!i‘@éﬂ R a‘%fub§el€lﬁently formed

rical 'y insu ayer during subsequent
prackssvepaps, ap dcctduan@’g‘or irediebsdirt ofite sidewhliskdlthhdodrioflly

for t.ion of an un ercut region beneath .the,. rd K...

| Frsplies PP RS BT B OTert 80 Risr e Bk tg e Tkihood
PhefRmatbyof eﬁlclﬁr?lél%qt 10@%eﬁé@lﬁlﬂfe Hakf b gRtpattRukAUBEsidewalls
real i gnnent of the si of the hard mask and

eb‘é&llerhmﬂahh%k areprefeast!p geclesepé bywhemouhesusiidetde kaupesfalignment

lﬁﬁ?’éﬁlg g%@?lg%ls ﬁn@glef:%%all sulaﬁ#fgﬁg%%lﬂetnl the sidewalls

e bﬁthte reldéﬂ‘ldauy iMRglatiag 1ayer drayesed®ntlp eeddssedh &hisdecession of the
sacrificial reaction layer is fornmed on the inner

spidevially ofghe elpetrieal binpylaing loyqr mran escrnnhenA werbigl feagion
r ?e{?é% fs qom‘laé%ho%rtg nglett gd%gaqf & tH@ @'ectﬁ%ﬂ%ﬁﬁﬂﬁﬁg 19§er%nd then

Ion,t
removed.

According to additional embodiments of the invention, the step of forming an
electrically insulating layer on a substrate is preceded by the steps of forming an
electrically conductive pattern on the substrate and forming an etch-stop layer on the
electrically conductive pattern. According to these embodiments of the invention, the
step of selectively etching the hard mask and the electrically insulating layer includes
selectively etching the hard mask and the electrically insulating layer in sequence to
define an opening therein that exposes the etch-stop layer. The step of selectively
etching the hard mask and the electrically insulating layer in sequence may also be
preceded by the steps of forming a via hole (Vh) that extends through the hard mask
and the electrically insulating layer and filling the via hole with a first sacrificial

layer. Moreover, the step of forming a sacrificial reaction layer on the inner sidewall
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25el ectrically insulating |layer on a substrate is
preceded by the steps of formng an electrically
conductive pattern on the substrate and form ng an
et ch- stop Iayer on the electri caI I y conductive

0 these e

PRV P 5 A g et BRD G RRY bR Dl BL bR o of the

RStk adritiki 1y ee isetnol 6lidiyg hmsdhlrat tectehiduay EMhelshd bk $eaction
seI ectively etching the hard mask and the electrically.

ilaveen maibs gemnayasfrom theagersprdeinpey sgtm*eﬂiﬂu Héhepledpentiyripsulating
t t
(ARS8l Rk FERRATS) AR s 2108 Ny lBofl sBSfion

i nsul aﬁtdcnghri@ty)e;nllifﬂﬂﬁ@@uﬁ;ﬂdmmofahsprebﬁlt m\eﬁeoiedhdasjep of

the steps of formng a via hole ( xtends

SRCEGHY etRang SedhasdBesiapns eleeir@e{w rrea‘:;rlg}g YRS SE1YSHEE

li Ao&de P%E‘l@ct}de}}t LBgnt AR Hﬂs@sa@x‘?ﬁ I"Y'a%} f’i‘lefh?fﬁhask and the first
sacrificial layer, Mreover, e dte formng a
sahrcmdally ura;hlanagtztylenm deqyeice t.mddﬂm ai trmneh tterdle Wailt bxpoeés inner

th al | Latin a aII occu
Hr ot of e s osuRed! R ebtts Wa Fras Bt Bre Rraghup
18y ek € ARV Hing $b ms@ana&mn@gts e ﬁ{érlh%iﬁlonTtIBS segeffe‘cbé‘si@ the
reaction | ayer nay be renoved fromthe recessed inner

snmm\mllewall of thetherceinedkt included rpcispiggltlag inner sideyeat] dhyhe hard mask

R s PEeS bbb R T SRRE R Y T Qe Pt ihilppr e

%[&ﬁijdaﬂ? issla@ihg dYer By egRRingithyRAET Sdewdlher thé Bird @fask to a
sel ectively etching the hard mask and the electrically

idnlgbaddryd uloay aridisplugiepuSHesediant pigpeday &eeéoﬁp@e“pyned to'define
t
?J}Pgaﬂl 294 tcgf uc {zeS Itegﬁﬁ(%ﬁ 'tﬁé t?é %11 II‘ﬁ}ée{ondﬁJ?Q/ep eqlluﬂgg ég&?% asa

irst e syl at i ng layer In
dﬁétalnﬁteﬁ:ohnam,@uclﬁ bei edppet ba@hasexposaescannagr si dewal |'s
of the -first sacrificial layer, the hard nmask and the

electrically insulating 10l ayer. According to these

enbodi nent s OfBﬁllﬁ D@QEEPQGN blﬁ@r}ﬁ BiR Al 1(&8essi ng
the inner sid I'ncl udes recessing

t he i nifkerabsvaewadtherdbattifee amhadj/anmgks ofghatrivestidrowtlhteecome

i nner sidewal] of .the acrifi C|al nd the
eI des it daridtre Rag oD n&f’%ﬁgoﬁa %{ﬁgre'%gﬁnce to
Qﬁ@gﬁicﬁgd&lagﬂf%gn@whghdewall of the hard mask to a

di l uted hydrofluoric acid solution. Subsequent ste

S
may t Ha6. bélypbnteor vedicalprdéiciofe coBdugpar reatered that is tp rmed by a

t the t Thi d
R mroREP e P Bt iR RN, er connect . such as a

COppPerFIda3Nas 0efecrb i RLEIN ©ftus JBRItEm JAESCRHRTIEINKERLustrate
THE DRAW NGS The above and ot her features and

dusberdsad dermyng tiesritad eledibieviges Rceradipado ophediments of the
%ﬁgs%ﬁfaﬁ('erﬂ%éﬁdeﬁﬁf“ bing in detail preferred enbodi nents

er eo erence to
FIGS. 11A-11E are cross-sectional views of intermediate structures that

illustrate methods of forming integrated circuit devices according to additional

embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Advantages and features of the present invention and methods of
accomplishing the same may be understood more readily by reference to the

following detailed description of preferred embodiments and the accompanying

L
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the attached draw ngs in which: FIG |
illustrates a vertical profile of a conductive
material that is forned by a general sem conductor
manuf act uri ng net hod; FIGS. 2-10 are

CH@¥are8 ETHd Bt iﬁ'v@ﬂﬁi)nQﬁay Mb FEveR dbadebsliddia g différait forms
illustrate 25net hods of termﬂg@l ntegrated circuit

dandi shesldaot be @msgu%asémmlinﬁé the¢ emh%dlgl@% &pftforth herein.
| ﬁ% ﬁgrt lch%n er%@oc}lments are pt ﬂr de(i sd atdhfs cﬁgc(ﬁ%sure will be th(t)rog%h and

ss2sectiona ermedi at e ructures
| ¢dmyisitteah@ witk fillbdsnoty thelcondegt ofithe gaesad iviention totthose skilled in

devi ces accordi ng to additiaonal nts of
pihe 8enand; th BrFEFH th@BBOIDEﬂJAPIEE% é%w aims. Like
E@%ﬁﬁ@%@n@%&% (8 element tlﬁgi{%ﬂ}us #eSp @dﬁﬁlcaftl%ﬁt ures

e present Invention an of accorrpl I shi ng
t he safiee enlyodiments dethst spod finaion widddi deycrkbj:d metheretenange to plan

2}9}5{5’%% E{Iplgso%%qggqq(ﬂ ge%/icslcglﬂjﬁgﬁ%c{qla tslal? s 1ﬁ éewsT%é;corgmgly, the
pfo%ﬁ@ BE ed MR WA STRYy b MRV ES acc@ﬂu%‘?@%’drﬁ@achﬁmgﬂ;éﬁfmolo gy
ei ng

ferent forims and shoul d not be construed as
I amll/ arediowable eargintsd ¢irae Ahys, skq ermbgdiments oéthe. inyRatipg pre not

f/\ﬁnf %g)n@ﬁ gqegﬁg%t% ﬁlgg%g ?/fécgwgrg gtr?]t dnélu%-t th%) sz?nfg o} ﬁle%x%se

t P cfdicRBbrdalg b tanpfRERM provessdti Actotdinglhy Qfégloﬁk e;ldnqﬂhﬁed in
in the art, and the Eyesent invention will only be

di&e ﬂrpg\jng,syar@ ﬁ@lﬁg}gﬁéﬂ ego aitsthe phapes plothe Fegiens exemphﬁed in
NHTHE vit %{ flﬁ‘g glfio&rp to éx}é%ﬁ)ghgtﬁg g%&lﬁ@gh‘ﬁﬂ&w&%lé&qn a device but do

Speci ments in
smﬂdirfh'tﬂﬁtsbapeoﬁithémbmtdmscri bed with reference to plan

SchenaRPETTHEI Al Eo PTG oL HENAE GRP e TERBApIPy

Vé&wﬁilﬂ?ﬁé %oﬁﬁﬁ'&ﬁ@&lf tﬁ@ ﬁféﬁéﬂt %eﬁﬁoﬂ%@lﬁh@%fﬂﬁh $first electrically
technology 10and/or all ble margi n of error. Thus,

t imsuletdld iy ere 20 Dncf setrh@)ndwemub@tnata(r@t nhnwn)uanﬁtf@mln@a first
f th |
BTGl L R P LA PR PTBHR 108 120, an

NRokERE Uayet 1Y RITBEESS®Sthe fiek QledirlRglly coddagiivsttern 110 and the
exenplified in the drawi ngs are schematically shown,

aﬁﬂit elnerisbpesleing lngerrldgi dhe clekeinpl lpyarddo PHLYfpieetion as a
SEAE N BN IR X B PR e o
t feohdwleatitly. inRgitarglang 10w foanéd & th2,etdhedtbyoldgerolf30 and a
f }?e{rcrin rr?a%k Il g](t) %gfgfantleeddorf tlhre %gclotnd glec\é‘énccaﬁy insulating layer 140. The hard
mask 150 may be photolithographically patterned (e.g., using a photo resist mask (not
shown)) to define an opening therein and then an etching step may be performed to
define a via hole Vth that extends through the second electrically insulating layer 140
and exposes an upper surface of the etch-stop layer 130. During this etching step, the
patterned hard mask 150 may be used as a "sub-etching”" mask with the photo resist
mask (not shown) operating as a primary etching mask. The etching step may include
a dry "anisotropic" etching step or a plasma etching step, for example.
According to some embodiments of the present invention, the first electrically

conductive pattern 110 may be a semiconductor junction region (e.g., N+ or P+

region), a metal pattern (e.g., copper pattern, metal salacity pattern) or an electrically
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according to enbodi ments of the present invention
include formng a first electrically insulating |ayer
120 on a sem conductor substrate (not shown) and
formng a first eIectricaIIy conducti ve pattern 110 in

the first. electrically insulati | ayer ..120.
StaLHYS i e RO ROt Bh P ey Fapdidfive ine s o
abs&d & ERbh ST M. PRbIEF Endddimend of he ltlwnﬁbn the first
el ectri cal étrnsulatrng | ayer 120. The etch-stop | ayer

1

£Botrivally fnsnlting hyes 120 wappe reglacey by asemiseadustar spbsrate region.

under l.yi | ect ul a

s o0 ond st eldeRige Y SRR bk | REYRFDY RimeB4Eh sttt gftce
ther.elichiredof, thayest ele@iqand ueutaangl l4ves k20L5Ry bse fcfrﬁrerra@l a
on the second electrically insulating |ayer 140, The

%4 QB YRis ) hith d)amgﬁlqtevebhlewtlrlﬁﬁag Farmﬁrrtt arlql Wlﬁaret.‘/eblaléd
ggtf‘({%}% ‘tﬁé & & a%&% al'Hav n%t ntgﬁﬁgelg ™ et Cﬁﬂ?ﬂéontsﬁnt m%y

an openi ng erel gste
li)rﬁpﬂﬁréfdemﬁeﬁeﬁf@*rrdﬁée (eez. ,antmeasefwhtehMghpédalaby eeduemgqnarasmc

throu h the second eIectrlca ipsul ati er 140
AR &&f@g%etaarpslrﬁa@enélmaf%é %{ﬂ%ﬁ% cesit gt qnar}%(t SUTEHUEES.

:!Aﬁ%rneta% 'efégtrfcgléf 1n%ﬁl‘éhh% Ehaﬁatrﬁ[% ha'ilﬂl% rE’l%H'&{' ﬁ?v@l dfé?éc%é@%gtants

150 may used as a ub-etchi ng™ mask Wwth the photo
negindt Om{oc(anmth}émmetrasﬁexm) oyl B¥ICA Spri mary

tchln k. The et may i nclude a dr
?ﬁ?§@?98%§@3“§¥SH?Wéqét%ﬁmgﬁga pYasna et chi ng gtep
for exanplierstdda® tHbRAIKIRISO TR a@m%agﬁgtﬁe Brodifieof an

present invention, the first el ectri cal y conducti ve
peectrenaly instlaging myert@érraysewitc@ Adeerede i thecdiplesiric sgnsomt of

5 aterDh oy PGPl o ISR P il Srlaring

ehR&hd] igdhdey forgang Ufg%lhl\éendtéﬂitﬁ dofsovittex &fﬁlhﬁllatiﬁg&natenal as the
exanpl e of an electrlcalty conductlve line is a doped
A

stectirabp étsulsong sver sdsing fened. Oweermehifisnrawne sagrial dots
&1233' 6enr\é %&’ H‘Orn tﬁg lélfygrr t%tth@r%ﬁf&éﬂ %?olréﬁs'vqg’ c?ets'vﬂguﬂ M¥Ghyer.
ace a sem con

e rep tor substrat
1375 Ieﬂaﬁnpl@hﬁfitfst élScttnezilBQhﬂulEtaig Igyérn 20 nadyi b“@oi’ragdeusni@ﬂthermal

may be forned as a i gon oxide t
tdﬁeorthrsme@r)éet@m:%t%ryé ﬁmrtﬁr.%ﬁqﬁﬁérﬂ e 'etﬁu B SOIICE
&95 g&ﬁatﬁﬁmﬁa?éo%té@ﬂ?ﬁr a ﬁllﬁatlﬁﬁtsofastlﬁﬁé @ste‘ﬁﬁl:? @_%’hl-elz, ,

el ectri ¢ constant and relativ hi gh por osi
e, ofd GHyt)eniabe pravided taa dep(mttlo\ne:lhymbmwo domh é@tmsvd:ating

°”Sé§€sorger%trtgtﬂ?%§ﬁc§w%ev' f%g;?ﬁ@ "B ab Gl g andor
%914@411 ?gte@au%sr dradk§88n REtosBIR: ?@ifoﬁh&ﬁtbfrbﬁ@{/é #he organic

conducti ve regi ons and structures OAl ternati ve
enaécmahdomwhmﬂmwﬂatng; lagerd2Pal s having rel atively

(oct arfiecanyr Gy B8t HMady boRmt aRbTHibhaving o greater et

(rE§§tﬁti9d§HEl|aMGé’fb| tBé atst @&bﬂr@lﬂgﬁ B)bulaft@g la§¥aI70l. €n phGicular, the etch-
understood by those skilled in the art, increasing the
Enolgyeryl 3 maype formed as an inorganic material layer, such as an S10, layer, a
silicon nitride layer, a silicon oxynitride layer or a SixCyN, layer. The second
electrically insulating layer 140 may be formed of the same material as the first
electrically insulating layer 120.

The hard mask 150 may be formed of a material having a greater etch

resistance relative to the second electrically insulating layer 140. In some

embodiments of the invention, the hard mask 150 is formed of the same material as
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electrically insulating material may result in a
decrease in the dielectric constant of 15the materi al.
One technique to increase the porosity of an

el ectrically insulating material includes farm ng

Othg @EhCstdPRlagéd 180. d@berbhbddimbe of heuh@intiog thehad ingdsk 150
as the electrically insulating |ayer is being forned.

ok be Girmed as o e sinepemtereriicon ogldedores (Grary iohacthphesdicate
TSP SALPHET o DSOS O AL REIED bl
I 430iCat Mmgelfrmyeer erﬁﬁcﬂhnmmyts bétlieomrelnsemi thishard nzask h&o mab' be

20deposition meth ng/ or plasma deposition neth

_ R 5% heQBPHE Roaufiae Bebe Ob%zenwﬁw%ﬁw.eﬁaﬁé%%%sﬁ%d
ShiEHdal{yOhsiBatGRY IQ*&QHD Wfothedhd AGE FY By tKendRS hard Zaask 150
H9, C, and C(

, 2) may be provided'to a deposition
ciaprbe fortred fas r wpinhesiiers ah ANGES llayee for TAGCES havgn)rindg TEOS

oo e ttERp i Cbdy HiGRT ined B eorRihsA b Ret Glge and
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within the insulating |ayer 1 The et ch-stop

| ayer RQ@W%tOdeﬁnédthéﬂladl%Ybﬁ fé]lledr@(ﬁlf‘rpgﬂan@?@éﬁtter
|

TR e LRI £ i

| ayfficihBRyerelo0leayf lﬁHffCﬁﬁﬂediSf arorgaie gaterial. Mblicecdftat, a second

| ayer, such as an Si02 |ayer, a sSj itride | aye
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Iot me material as the first
efist Sacnﬁaial hayemisil tiublsn@nlday@rﬁcial Gayer 170 mafhe fdraned ofras k

150 be f d of eri avi ng _a, gqreat r et.ch
RO Ben o oS i PR aT b R Sag pte el 7Y 6 niiSHask
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i nvention 150 is formed of the same

npatisriedito defing m@loéqr@ﬁstgtaﬁprm (By@erep80. |1 n ot her

enbodi of the inventi be
For mod e SRl RS o DR B A0 il ™

t eicriaieiahph@r 170084y heCdtraed d550w) tempbt@hnﬁﬁh@orﬁ@hd@h@er In

oxi de layer formed at a ten}i)erature of 400 C or below
sptigilan, Hegeeandmasiticaaldass di iy e Srmiedet p iRpaRfrtare, of 400 °C

t
R 2073l Bk RS o Byto AORBASHL S8t st
elagedt r7i0cnazi}l ye fonmed atta taglpbraym oﬂmIDOPG? dr desee loasxannple, the

Si C0I l.ayer, t th 150 be fornmed as
OB bl TORPys 7B T RIS 8 JErF g 14 range

TESR bfY® °C dgopacd mask 150 nay al so be forned as a

conposite of silicon oxide and silicon nitride |ayers

(e.qg. Thmammredlectmetqoa@k@ B30 ey b@fpmyd emp@gﬂm@ njaggrid Jayer or

10Referr|n to F VI is

o BB PTG R o Saexdeld BBl dippdsl i5bimhe

bfoamkehs aram?ﬁm@ hatdiRl RAL @ItRee, Aathd uiBetyiddcodissrificial

first sacrificial layer 160 may be fornmed of an

oleyemni 7@ iprreeil 4 an neegeatsf melerialdayesc AHEMaHElyfif Bicanti-reflective

[ Qsit r

1%%?1;511%%%@ I f?nﬁ&? 15& ?@8 'irgigeg{a!l fgl glgc%(e{’&ﬁgboﬁ‘ xglrﬁ%ﬁire, it may

depesédied yerche ﬁalast%(w dn 8Addriyirigdeadnd sayeficidliByerl1A0 formed of

contrast to the 15first sacrificial |ayer 160, the

sEEENEHEr i ficial |ayer 170 may be forned of an

i norga ) ; f :

dglt's glbérrma# IEM ﬁaFrIgng th)int?Y@m:cQ@e {RLRBI3@fseld@ ss@Rial
layer 170, first sacrificial layer 160, hard mask 150 and second electrically insulating
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150. A photoresist layer is then deposited on the
anti-reflective coating 180 and patterned to define a
pliotoresist pattern (13) thereon. According to sone
enbodi nents of the present invention, second

0 f I 70 be f I
in L4 e st DB o oy g R ettt BuaF EXRaFARe cigtop layer
se00nd iB@fatddl Glc@haskay. &ﬁuénzﬁl &@Bﬁng Qtch @6MRS irPthe Formation of a

tenperature of 400C or bel ow 4 In al ternathe
enbodilentine sogingtpatiemnrhdentseemd smeﬁ@@ld@m petdanilfPaifust

ature of 1000 or
B o § Rk o 5O RER Bt ETRSOTH SreBha sty
Yl 2 fleweﬂpgtt@h lan.i nternedi ate tenperature in a
range 75betmeen 400C and 800 'C. The antj-reflective

coat i g thestyenthe petirelentivr epsting 189 faRmeedeftasrqragnie al}aanal
e PLIRRLE: TR ka3 ALpeLRC ABHRIRN B o Mcrss

@ageniFCis fednesdl dh t}ieaeﬁent thersdcdoad eaoenﬁclaﬂ hgetiitbeis lfyrinieg of an

second sacrjficial_ Layer 170 .is forned as . an jnorganic

ARrer g mafesipb e g Ayl ?’Flé%)l’ {penithe Sceﬁ%“dasﬁ‘f"ilg ig1gklp gl fgnay be
[

|$1a gtrg’ﬂédsﬁ%’%glg galg gefnf %%nfggﬁﬁ?t?ﬁﬁggfbﬁ&%@ r%gsegl%ﬁﬁfn?ﬂg halogen

sgetblqnc@lematty 1re:ilnihéliF;, éIth,]szWHGQHBm aodh G4 yﬁlltﬂynaﬁe'cbn the second

s I 170 f d of ide..
b Ty o Y e aasr e Wt e PR Ensiuges
%%@rofﬁl%ﬁ@ 'ﬁéIds(HFﬁ bcIlhﬁ’cIrﬁI Inla@4®ion Ipdiods dfshe BRESAch icialayer 160
| ayer 0, hard mask 150 and second electrically

it @rfamqt @gverbdabﬁ thelmoonairsem&’@qdémdravmtgm di/endeingthe sequential
P01l e Pl B e P RR S B B TR Pe Rl B R

shepidlgsults in the formation of a anti-reflective
coating pattern 180a, second sacrificial |layer pattern

170a, Hherhard mags | Y0 mpnbe paipEredpiingdhasaneoigchngka Usekte form
I?r?e{ %e%ﬁ‘d ia}fgl%aflﬁ%ﬁga&%% 7%6%& ﬁérﬁ@ulIi {B% Wl Al tﬁ‘eghelrg%gagsk 150

ern event the antli ctive coa
1§3ﬂ)rmﬁd b6 ﬁﬂﬁiﬂ)rg}fmcﬂﬁat@ﬂgamch agBileon dio,xuieh gen thechard mask 150
antl-r flective co |ng pattern. 180a may 0
rRNPe 4 ARGt yiiag pdelogen oA elsnjegt. féf?@atqufy,tthq Iﬁgﬁ mask 150
AT R B s SR
seand sacr|f|C|aI Iayer 170 nay he 10dry etched using

?Ialthg gIﬂle dlfegﬁlf’) ef g]I{Eﬁng QII }hﬁép Cﬁ’lGaII ?Iisi%@)glp zIy%I‘ III4(I1 gy using
%@plﬁralltﬂ-@f pﬁ@%e@%ﬁrs ﬂ()taefél)%t iRl dhd 1808 asSe?rP@cE‘ISImask The

sacrificial layer 170 may be patterned using a wet
@thmgﬂjemaHG@l fctrhatlhe imethublewryderppdiraifddiohiave asytdcient duration
ns of -1

ahopiRPuen i ape Bsb e L ol B0 atad Byl expose
SQGRPEr SiaGEd b GE dlchlstypthyRaBheMiisltofdias delf indg iddi@ie plasma
%?C%I{Ir?gnttllle 2Iecond electrically insulating layer 140.

Referring now to FIG. 5, the photoresist pattern P, the anti-reflection coating
pattern 180a and the second sacrificial layer pattern 170a are removed to expose the
underlying first sacrificial layer pattern 160a. Thereafter, the exposed sidewalls of the
hard mask pattern 150a are recessed to define a recessed hard mask pattern 150b.
This recession of the exposed sidewalls may be performed by exposing the hard mask

150a to a wet etching solution, such as a diluted hydrofluoric acid (HF) solution. The
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15etching step may be renoved by ashing or other

etching step to renove organic nmaterials. The hard
mask 150 nay be patterned using the sane techniques
used to flui,i the second sacrificial |ayer pattern

ladd@enttafioR I tHeCdiludd, HF alybe senv atvolune: daes of PEEK (1k5040s
forned of an i nor%%nl c material, such. as silicon

divekinerd; HR (Melwmedre2 094 o Orfees ieongsoiratigns eaylsp bsruspddepending on
' I
ﬁ@g@gz{@dlha?}g%g%gc%g%{g of ltl-%rfﬁp& maéﬂ ﬁ{eﬂﬁf 50\5%3{ ’SUITI' dg‘%rlgyers.

rned usl ng met et chi ng
t Tiad subst@htid esceasibry of the kxgrsed 31dewaﬂls(d-ﬂl¥l)e lsod ntaslopatterﬂ' h&0a
nch T is formed in th sec d eleﬁérlcal
Va£9 H§ Hiajeh reoeSIB, 1LAng! R EIISE] SEPYY ISR the second
P
nggitﬁéd}_ﬁgnélﬁé&ﬁfgsla%?@tte& 1802mat HO@nRRdedBPaiASa %ﬁ%gﬁé&ﬁ 150

etching s used to ' formthe trenc y _
bfermehdf oilatediat thlahla\reiamvdwhfdrcpmht artlr secpwhelegrically insulating

| th t f | 160 f
R D T A Sl S RSP Bt Ye of the
et ch- SAq;l%sh@Mﬁaranﬁé’zQ maleefbARéd1@ ehhaiRe MaYhydashilde

pI asma etching the second electrically insulatin

| ehpeacterigtics FHehe hardmepsk owiters 1 FPazndsenhaiee thhbyrdspehodics t
g%}&%t CHSF ¢s 3&5 Q&Bhd I%I:t!ng?ﬂ){ 19191.11&9%??& rpﬁg%adtétsg anrseg(gmple

e second sacri I Cla

I EpUsthattatixdo sy tifdudentde ndeyd M@sdsi costaird@eearborg aanhlo gen group
| ayer attern 160a. Thereafter, the exposed S|(3e\/\/?
o?lelflﬁ%t PelHHogREs RY A AR INE RS AR ooraliaationg thege tGEnagve

ﬁﬁﬁégqn%ﬁt% g%ﬁéf tr@@cﬁltgﬁtrs @ndﬁgérb b Oﬂb‘éﬁnﬁ&?ﬁﬁé’fﬂeﬂﬁt&&yt he

pose I's may be perf y exposing the
hanbbdlmskts b50= 1n'a-naonveﬂ“hefo¢ﬂmatng1 sittheisécond elscfcihalgsinaulating

TP, g8 oy G e sttt Bt BLinedpiog lpyyr 40 may
r ﬁEd Rs@t 1112Qpinére64eem 1the]ﬂ}%goﬂl1ﬁgiclﬂ?@ﬂertliﬁ(df Ph¥BY R tridallly

O her concentrations nmay al so be used dependi ng on
aippilpiceg laper patidmcli@ract eri st i cs of the hard mask

FecossRunoR The oo SR bl Rl R s Wi P B finedine

paticeir o BIaR 56 ltidribieretrnve iR ﬂfbtrﬁaﬁiﬁiﬂimﬁl&@}fés §ht®eﬂn 166a. This
an of the exposed sidewal|s of the second

et BEEIreedss jay meyitan ihsgomagion of areastian Paghl Mortfeexposed

e f

SRS DL B BT RLRTRLAE LA, yescion
elaget IMdisandyl tye treused @ta m@rﬂlaa)em*tloilélﬁ)yefr ormm‘tmﬂarathmﬂmatmh of the
! 12:2%@:5? a{zeﬁégt Itn\éeylé])%)ﬁ qron q@&{@a F@ﬁﬁqt%fsg%s E){ tﬁg tG)r(TII)eor;ted portions
19&11@?&%3@& kefctoh@ %le%cﬁlll‘yemgﬁﬁﬁn S& Ratheunb %2 %r@d%ﬂlg the

enhance the hydrophobi ¢ charac rlstlcs of the second
ehyh@phlhapﬂopennns of tat iexgpsedyetiopat Ther ashihg Paocefomay be performed

oeaRu i mEHG Rovibur & RATReA Grols b areEpet

nh&dr@;ﬂﬁ’l’lc hydrogen, an inert gas and conbl nati ons
thereof Alternative plasma conpositions and treatnents
may al Befepengrwnt orified 7i the gkpasedpertipe oy the etch-stop layer 130 is then

removed to define an etch-stop layer pattern 103a. The etch-stop layer 130 may be
etched using both dry etching or wet etching techniques. In the event a wet etching
process is used, then an acid such as phosphoric acid, nitric acid, sulfuric acid,
hydrochloric acid, hydrofluoric acid and combinations of these acids may be used

depending on the material characteristics of the etch-stop layer 130. However, if'a
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15enbodi nents of the invention. The formation of the
second electrically insulating | ayer pattern 140a by
pl asma etching the second electrically insulating
| ayer 140 may al so result in an increase in the
dro hobi c erties o the second &ex: | aica
H HiFing H@Cng%ﬁseﬂaihﬁléﬁrP PHE LD SR RO %erﬁﬁfaed using

Qcoﬁ‘lﬂlrﬁﬁmf &fr@&?%ﬁlo@@n REr froh bR gaortdradBRt ruct ure of
5 to thereby remove the first sacrificial |ayer

pat t eRefelBO@noWiho EICa% th@gefpmlon dysr iy isrremovad frem tlhperecessed

for 0 l. on ose

oD sleetishy FonBREE LPualbi 480 R R IRE S e
Ir@ﬁ(@&fedﬁéinfg%r\ﬁetmﬂig mt&nrc@ﬁﬁtﬂlﬁ@hﬂuﬂ&ﬂlﬁorﬂc%lmﬂy 1s§ﬁ‘eferably
treated as a plasma reaction |layer. In particular,

tho thetdosmosifion é thiswet dtefrng safatiom rsdassped odiye éelﬁtevely limited
di f
TR I Yo i SLAshe Iﬂéa@se ggéen?fl qm& eeéefagrgggaqﬁﬁgfg@%@hmd

recessed secon rica 1 Asu
pakk ghtferd 408b)b Y hicReheas o gletrbee:tlby tryephdd aleo p]m@qmaes ares
of the exposed portions. The ashing pr SS .may
phgtrBeRatTesh i3nes gidevallehi0s gl Herpesdddeb ey Eatieﬁbw()b and

ﬁi&g?&ﬁgwﬁ’l?sr&f*tﬂé‘?ecg %&TLJ;XH& ﬁlg&gghlg;é fé@ulg &’% 1‘39&';Jattem 140b.

erring now to I on ol
et ch- ﬂeﬁsﬂnhgyew td B0G.i% ah Iekentr@@]ﬂye mmdadtl‘tedlmbeﬂ Phes czg)nformally

etch-s ttern 103 h r 13
Sagoie B8 chrou s PR BB ) PR A9 DFCHBE LR ALy
tc@&ﬂﬁh%‘ ffer 190 cBHﬁct@ ViR @&p&e&"ﬁf)pe@tsﬁltfhd'ég)f PEOGRB S edtfically
used, then an acid such as phosphoric acid, nitric

aondictiselbittari d:l(hamdjl,lndsysdiewcam of the repebsgd Smdd cfecuispily

aci d and conbi nati gns th cids ma
BT AN RE A R Pl e PR e B

|n§’a\él% batlédf-15 b’@%ﬂ@électhfzal@' coblictBleGihien QO (PheE BS forinsd US € @mgle

then a plasma etchi ng techni que ng¥ be perforned using

aombwbm Byeoer asfe weltibonat. Inaegtyekirhe liger 9Renay lg‘a@nn%as a
layer a%%f fayglgorr}tot]\ﬁ EIJ r egamgﬁeh&ﬁa}a‘ b Q?éﬁrals may

i'srenoved from dcesse cond elec Fica
Ia[s‘élﬂealtsedl gThealyiesr 1patiagron fbAaEHaL bylHieGropeaing dectlobase plalhég

be renmpved using a wet etching Iutlon cont |n|n%
ﬁy PHFNULSF Aeposiding. SP‘f‘“‘?@eB‘?SétFI@rl&BY Wﬁ%ﬁlﬁt ofHag a seed layerand

?géﬁﬁéggﬁr{% apfbn(a{lctﬁ\fk' lﬁY%}l thd Gk e OT KM foﬁrﬂalki)(ﬁl sagé %}%ctwe

tive Imted | mpact on the recessed hard
niask smstfemchethaoma mnrsutlgm of arcelattrigalbt cmduttieehayed 26@16ke.,

pattern v, of the reaction layer 145
épwrqueg)stg?tafflgstﬁ%\f{e%‘i ’gnment bet ween i nner sidewalls
150s qfcfi BB hecassed. hatnt él'@e%'?cdl’l@t&)ﬁﬂﬁbtl}f@%%r 200 (and liner 190)

10i nner sidéwall's, of the recessed second electrically
iintweh atanagzdday drvpan teren surdeh that is coplanar w1th the recessed hard

mask pattern 150b, to thereby define an electrically conductive pattern 200a.
Thereafter, an electrically conductive capping layer 210 is formed on the planarized
surface of the electrically conductive pattern 200a. According to some embodiments
of the present invention, the capping layer 210 may be formed of the same material as
the liner 190. A third electrically insulating layer 220 is then formed on the capping
film 210 and the recessed hard mask pattern 150b. In additional embodiments of the
present invention, the third electrically insulating layer 220 may be formed of the

same material as the first and second electrically insulating layers.

9
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Referring nowto FIG 9, an electrically conductive

liner 190 is conformally deposited on the internedi ate
structure of FIG S. As illustrated, this electrically
conductive liner 190 contacts an exposed upper surface

of therfGg.9t Ael ETillubeat hettoan g flinite ipREtaesdtidtdl daﬂdes
lines sidewalls of the recessed second el ectricall

i pesardang wgddiipanl gaadapents aOHe RFFGCRIREREPD- SA&HBJSE?Fed by FIG.
3h
R S S
ainsulaghgelagenfPic t’Iih‘e& dnayy@t-stop lagsr 80w Ifdrtﬂedy)arthe fimst electncally

o LA, v
8@1“’3@0 19¥H%ﬁ ohBES By @%&&H&l&&&%l@&ﬂﬁﬁﬁg laq};&ej4|0' ME€hard mask

fornmed el ectropl ating, electroless
pBSﬁ is rfgm_kfd mmwmpeswnfatepf epewind e}egtnCSfbthmselatmg layer 340. A

Sﬁg‘%{%@ﬁbé’%&&%ﬁ%b@ b Fuch B Yo et BELemiRl o ek Hen

tthORar@imdsk 8 56 andlthetstooRdlel @ TcaltP thstifatih @l dyev®emm to\efine a
the ormation of an electrically conductive |ayer 200

@aélole o yseain,| veliiel Fxnokeit anfuppeissur faec of tap etehptop layer 330 and
LB Lo ek Ll o
ant thipgrintsttiiagecdshahe irﬁerﬁﬁﬂia&rmﬁ,lcmd ilhluktﬁ’e&ed B}CEBZS ddA is the
hard mask pattern | 50b, to thereby defin
e %.tb%mtwéﬁaﬁéwwée pastrdrhbrbBa 2 W&fdéts&% plterggfive

eLEGISiEA U HOBENGhINGGAPRIAG, | aver 210 i's formed on
the p anarlze urface o e electrically conductive
part = R@Kémngfkm&otodﬂﬁglm asmﬂmneﬂbtohhmgmepss pdrfarimed to laterally

brSen ey e af He o ghRaath S RiRyEH AT Heewall o the

eé&@ﬁd tleatitall ty inshta dg 1agerl3aa InddRQebipddinen rﬁ&ﬁﬁ&ﬂheﬁﬂ mask
t he cappi ng the recessed hard

patQae rﬂh%B%mdM Wépldf tthp @pqim&mttb@im@étﬁeé hgrd mhﬁéc e g%meater
invention, the third el ectrical Idiqlnsul ating | ayer
n e WighnWa otthe PNy theateapndelecidcallydn 4*@8 %}ﬁa 340 This

ond el ﬁCt ricall

e Fefheribre e ov AR Bt sk may bg the same as the
C&Jrﬁe‘db(;n 4618 Rg Hep ﬂ[d%trﬁigd tale askdiibdOomnadinIhe Wlm@%ﬁctgf)

the present invention, lustrated by FIG 11
fFist5. el ectrical ly conductlve pattern 310 is formed in

2t ]::Ihf :}E{%%}r}%gf%} C% 314&& gﬂ? ut#lat ' og%(i %{‘ FUT |3r acp oF BB Wop layer is

elheg béleiaklyyetereradoed subcipatduedtivn t(3 éﬂ)oaél gn UhderlyideSdpper surface
el ectr.i cal I%l i nsul ating layer 320. This etch-stop

| ab/ee figgelericelherordygiareantion H Vs dusing thip é@??t}Véﬁth}ng step, a

| t I

UG 43HE b o IO RSPl bt b EELOR ATy

| mpelatii3d@yerS 4ph ahekr¢dctiog ragpid 45ak then derfio vieed asalﬂluktram@i by FIG.

step | s. then perforned t ctively etch.thro h
nbiie Fiskemal GhirrHE ge ﬁagfﬁ %qscf%ﬂeﬁiﬁg R Wﬁ@s Ga0s)
| g8k s34Rd El‘act‘fll%gll'l)nﬁlsﬁa%&g’ ta Jﬁbewf{*&htamefah%l ‘Q{hgﬁéﬁl with the

exposes an upper surface o?et he’ et ch-stop Iayer
apvionsigrecsssgdwarek sidtwaltse(300s) o f Heskod3G6d kard masle 35@0 dhavever,

| ect ly i | at | 340.,. A
Che prisEBle et AR AR uPfeRR i prt p e RS Phot Siayy
Finore bdsddSrelai®e SN ider bildewhINt ETiNRshcad el 8dtHi btk Uh&ulating layer
illustrated rg% FIG 2, including the alternative

edHo@i niernsuissRittinge & ivalbyhay idlygeaied Byl ¢l Epan electrically
Referring nowto FIG 11B, a selective etching step is
performed to laterally recess the inner sidewalls of
the hard mask 350 relative to the inner sidewal k of
th.e second electrically insultating | ayer 340, and
thereby define a nodified hard mask 350a. Thus, the
width WL of the opening in the nodified hard mask 350a
Is greater than the wdth Wh of the opening in the



correspondi ng etching step illustrated and descri bed
her ei nabove with respect to FIG 5. Referring
nowto FIG |1G the exposed upper surface of the
et ch-stop Iayer is then selectively etched for a

suf lent n to expose under |

SipistiBte AlHE 360 PRt &GRSR EaretBe st TRBS i fagmed
3uv?H@hm B Jindolk 'Vhsus%?é &yl &Blhrﬁ@ue% L& Befirf, {nes%ﬁ{e' e%’bodlments
| ayer 345 may be fornmed on the inner sidewall t he

sasn@tabdaelmmnelmtatdoynwb.sul ating I ayer 340 The react| on
| ayer .3 s _then renoy, a ust I |
B T 2% defs Bed SRS tin s oG s Fps s falsal preferred
reRIEREhtd HNBE irfieAENRANdS altRARSE Jsp w‘lﬁ& REns %Qﬂq)loyed they are
electrically insulating |ayer 340 whi ch are
rt@pcbm wmnaam@ﬁ@gnmwﬁenw@m pm@mthrsptyWS@s: eEk@agation, the
A& rd mask 350a.
BOE e RBI l“’?‘? Lo s PR aBRL S ool 2001
the nodified hard nask 350a be sllghtly nore recessed
relative to the inner sidewalls of the second
electrically insulating |ayer 340 to prevent
undercutting. Finally, as illustrated by FIG 11k, an
el ectrically conductive via plug 360 (wth or w thout
conductive liner/barrier layer) is formed within the
via hole Vii using conventional techniques to define,
in some enbodi nents, a netal damascene interconnect.
In the drawi ngs and specification,there have been
di scl osed typical preferred enbodi nents of the
i nvention and, although specific terns are enpl oyed,
they are used in a generic and descriptive sense only
and not for purposes of limtation, the scope of the
i nvention being set forth in the foll ow ng clains.
WHAT IS CLAIMED I S- |.A nethod of farm ng an
integrated circuit device, conprising: formng an
electrically insulating |layer on a substrate; formng
a hard nmask on die electrically insulating | ayer;
sel ectively etching the hard mask and the electrically
insulating |ayer in sequence to define an opening
therein that exposes inner sidewalls of the hard mask
and the electrically insulating |ayer;
recessing the inner sidewall of the hard mask relative
to the inner sidewafi of the electrically insulating
| ayer, using a sacrificial first layer on the hard
mask as an 10et chi ng nask;

11
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renoving the sacrificial first layer while
concurrently formng a reaction |ayer on the inner
sidewal | of the electrically insulating |ayer that
recesses the inner sidewall of the electrically

I W5EARTd pgaliBey js.sel ectively etching a portion of the
substrate in the opening using the reaction |ayer as

an etching nmask: and.then 15renovi,ng t. reaction.
| ayer _P'r om f‘ﬁ’_éet?‘éﬁ%gfggamigﬁﬁé?tegria@g\ﬁ&wl?g?VITqﬂ gOMPHISINgG.
el ect r fe@ldgan disi@iyRgsul A¥@Naye? od RGuBERRIROd of C ai m
1, wherein formng an electrically insulating |ayer on

a subsforming 3 karg masle de thetgjectinal ly irgyiatisg l4yeEm ng an

| i .l d ' 20 . . ; )
o f ol B FEg B apd B Y G R R v in
caRdetekity Gefrad dney; hingﬂ!ﬁ’eré‘ih&haﬂieﬁﬁ)(&eé et siddwalletof tHetgrd mask

the hard mask and the electrically insulating | ayer
cudhe sestrisall vsplgdng/lageehi ng t he hard mask, the

sacri f {eﬁés@i gfthé ﬁﬁm] ﬁ&ﬁalmqhé h&d glasﬁ Fdi4tRRlth Yhe inner sidewall of
i nsul a |ngnl ayer 1n sequence to define an opening

t the eictricalainselfog &set, eing icheriiody firstysrer o e Bhdmask as an
met hod of Claim 2, wherein selectively etching the
helFRDEERY the sacrificial first layer and the

el ect r jealvig thD Stk iEclaNGrst BYBF while SERHBBGE fofmRRGBAEEn layer
by the steps of: termng avia hole that éxtends

t ou theginer heleall df theskecerudlly irsuBGag &yer thetaiergpses the inner

nsul at i layer:.and filling the via hole and..
coaev i in el Ebaniauang Wothi ey £isigy of the
| @Bfrate in the opening Asing AR reRd:doadayef adAadtohidg makigra@d fhen
formng a reaction layer on the inner sidewail aof the

el ect r fesaving thasaacten fayen fagra thecspgspadsianersidenallvg the lectrically

| east .. tion of the sacrificial first |ayer using
aﬁls%tsaﬁﬁ?%fé%réchni que. 5. The nethod of C aim 4,
wherein renoving the reaction |layer fromthe recessed

conpr i Ses. eRBBRIGCRE T Bae iGN LyBie ey deplating

h}ﬁ%lo&l Mk GatBH ﬂ'e%&lﬂ:&‘ B& M steps of forming an electrically conductive
pattern on the substrate and forming an etch-stop layer on the electrically conductive
pattern; and wherein selectively etching the hard mask and the electrically insulating
layer comprises selectively etching the hard mask, the sacrificial first layer and the
electrically insulating layer in sequence to define an opening therein that exposes the

etch-stop layer.

3. The method of Claim 2, wherein selectively etching the hard mask, the
sacrificial first layer and the electrically insulating layer in sequence is preceded by
the steps of:

forming a via hole that extends through the hard mask and the

electrically insulating layer; and

filling the via hole and covering the hard mask with the sacrificial first

layer.
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6. The method of Claimb5, wherein selectively etching
the hard mask and 10the electrically insulating | ayer

i n sequence conprises selectively etching the

sacrificial first layer, the hard nask and. the first

el ectricall |nsulat|ng | ayer in sequence to deflne a
trench-t her P methpstof s dovhsipia fomnipg aasaction laygieon the inner
§f(‘l%&/%fl oC t lelefckr%%l}?/ hr?sﬁ?a‘hngﬁz{}@ Q&ﬁ&%@?&n@) 'ﬁjg ﬁthﬁast arngorﬁlog of
die s@bﬂﬁmeﬁrsmﬂawrmsmgeaal aslihp vehyigatchi ng t he hard mask

and the electrically insulating |ayer in sequence
conprises selectively etching the sacrificial first

layer s the thandsit @Rth § hﬁhécrélh%m@%ﬁg fHfel r@@dtlo}i layer from the
insul ating layer in sequence to define a trench

trévesseil mniten aidewxlp oS s clashranllg ielsting sayef canhggrises exposing the
sac cial first, |layer. the hard mask and the

areker Sy dih BT orke B ele rethod of O ai m

7, wherein recessing the inner sidewall of the hard

nask conpri ses recessing the inner sidewal| of the

hard fask rlékadthast aflemes, wingseinselgelivgly etelting g hard mask and

zlfceg%ctn 6’| 1nsule{t§nt§|1%¥ sei%agnce c%gg)?ggsr se?ecg\géq?_?{gh&f%ﬁ%o q

Qficrid cadl mr§, layn&h eh€hdrd rnea:se 964 0@ filseclédieilyShaemalllayet in
the hard mask conpri ses exP03|n the inner sjdewal |

BPBICHER @ deak 2 tisneh Wetelt Bat Ryparsinussidevals of €8 rsamﬁ&}%l first
]rag'er Hhen tnﬁ%g 04 1 Rld c7all m%ia‘?ggma% Vi ngreaction
ron1 I

e recesse fer sl of the
electrlcally |nsulat|ng Iayer is foll owed by the step
of fiIIing e tre with a netal

nect
struct’ure (F]lalan of w]@grgllnﬁp]'ectlwi)é H ghghard mask and

%@&%ﬁh@%&l %sdl:?cﬁ#él I%éarl P%séﬁ@vﬁe%gfﬁgfs%i%&ﬁgyél%hmg the

canjiidid ésstdayrattee hall rssk eod du: ﬁnsmietarlqﬂkyup&déﬁml lgyeir iy

%%qq%%lgegg)gﬁggg:a Iieg%lh{ﬁs%{,ﬂ&? %}@ggetzsa}nnec%xsic%wfag % t%ﬁ éacnﬁmal first
MBfehafe Bird Gk Ahd thoMiigdayfifumting 1&eeaction | ayer
conprises exposing the iarfer sidewall of the

electrlcally |nsulat|ng | ayer to a plasma. 10

1.4' \T\gﬁe e err]rée e(rcf%ta(lllalmg ﬂ@r@f’nr 9 st ﬁg?x}sel 1ngers v)aﬁ%ﬂhe

si de | of ectrlcal1y rRsUl

fhhﬁﬁrﬁ&sl@@ﬂfﬁfds&@ﬁec@éﬂ@&h@@n&hﬁﬁmwf tﬁe Hﬁ‘d@lhdsk @élaﬂi\hﬂo the
electrlcallé insul ating layer to a plasma for
surer sideuAl ofithedesriiirial dirsid At nd Hisdnbersidwall oF thergdectrically

1Hﬁ£ﬁm§ﬁ8&%@" from hydrophobic to hydrophilic.

9. The method of Claim 8, wherein recessing the inner sidewall of the
hard mask comprises exposing the inner sidewall of the hard mask to a diluted

hydrofluoric acid solution.
10.  The method of Claim 7, wherein removing the reaction layer from the

recessed inner sidewall of the electrically insulating layer is followed by the step of

filling the trench with a metal interconnect structure.
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15 15. A nmethod of formng an integrated circuit
device, conprising. formng an electrically conductive
pattern on the substrate; foo,ling an etch-stop |ayer
on the electrically conductive pattern; and form ng an
electrically insulati .layer on the etch-stop layer;
20f or nt hg a¥h%m#‘ﬁ§§ﬁegq¥“ﬁh@’h€¥eé‘bf ietesfricglly s 3‘?¥ ﬁ’é!er
| eyreprises 81@MI vel y etching the hard mask and the
electrically insulating |layer in sequence to define a.
via hole therein that exposes th.c etch-stop |ayer;
filingl2.he Vhamhtod ofCtaiman wikein thiedatd maskeomipais¢srmaterial
SQfLddd ﬁ:%rﬁlarér 5dns§§111§§[£ éil]Yq&)lnyox%eE: ) U%aﬁit! e 3ACkIdel Gliddn
| ayer, the hard mask ahd the electrically 1nsulating

| BiiEde and sdicgueRrEtids- define an opening therein that
exposes inner sidewal k of the sacrificial |ayer, the

har d k th I ricall i.nsul ati ng lLayer and .
exposg?an aﬁ@%‘élf’&‘gg P? ij"émglf Wthﬁ%e“bf"&m% ko a?tﬁ’i(?j?y;ef PSS
setpesihp vied natsidewag dffiee ¢lenteeallyiideaeinlg lafer theplasma

mask relative to the i nner sidewall of the

electrically insulating layer for a sufficient
dur ati bh t oTaemiedeé ofChand 37 vbamskepasing gieanndr sideyall of the

siidawedily hfiahtidgSlaj @688 RImE BbABHYE dxBodifietht MMRF sidewall of the
sidewal |" of the e ectrlfally i nsyl.at

of t I.ng 1ayer;
r%lﬁ?f’{}FEHg’ igtulptingdryss 198 PIEHA 152 § Senellratio ity Forvatsde surface
usf thg irdar sidéw £1pfrbaddioptiedbit kahydroplitica reaction |ayer
on the inner sidevvall of the electrically insulating
| ayer; sel ectively etching the exposed upper
sur f ackS-of fHeetbedof formaipsiag yeiegitydeipws de¢re comprising:
el ectr] C ICH - [ t ction
| ayer g)gl% grlﬁy a&eg%%ﬁééﬁlk\égﬁ@%gh&}egﬁngg?lr?gsla? ﬁlfaa?e?eact I on
| ayer for@imgmnt dittnstdh eryepanihe glecaivdlly b@nluctive pattein; hhdg
the opening with an eI_ecir_i Ciéléy i nterconnect_ that is

el ect r PERIMBANIGHHAA B dnsufaiing fayeg PR g%erﬁt ?tPlg/laé’Brhdu_ct i ve
patter fbrmingcaa]ilﬁrd sk &Pﬁw@?&cﬁ?&ll finddAnPslRy; Wherein

the electri y I nsulating [ayéer cornori'ses Si COl1ll.

selectively etching the hard mask and the electrically insulating layer in
sequence to define a via hole therein that exposes the etch-stop layer;

filing the via hole with an electrically insulating sacrificial layer;

selectively etching the sacrificial layer, the hard mask and the electrically
insulating layer in sequence to define an opening therein that exposes inner sidewalls
of the sacrificial layer, the hard mask and the electrically insulating layer and exposes
an upper surface of the etch-stop layer;

selectively etching the inner sidewall of the hard mask relative to the inner
sidewall of the electrically insulating layer for a sufficient duration to achieve a hard
mask having an inner sidewall that is recessed relative to the inner sidewall of the
electrically insulating layer;

removing at least a portion of the sacrificial layer using an ashing technique

that forms a reaction layer on the inner sidewall of the electrically insulating layer;
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17. The method of C aim 15, wherein the hard mask
conprises a material selected froma group consisting
of silicon oxide, an organic netal oxide, silicon
nitride and silicon oxyrinride. 18. The net hod

of AaimJl5, wherein said filin he eni wth an
15el e CEFPEHY Fﬁ‘?g‘é‘ﬁé‘b‘?ﬁ‘é’{?fedi UprBF BEedear By Or gy o expose
lthé alrectﬁea1t>fkrbnuﬁaﬁxe patte eVl tBE rdaBiorfla§&itak laf dtchdhg mask; then

i nsul ating | ayer.
removing the reaction layer from within the opening; and then

filling the opening with an electrical interconnect that is electrically connected

to the electrically conductive pattern.

16.  The method of Claim 15, wherein the electrically insulating layer
comprises SiICOH.

17.  The method of Claim 15, wherein the hard mask comprises a material
selected from a group consisting of silicon oxide, an organic metal oxide, silicon
nitride and silicon oxynitride.

18.  The method of Claim 15, wherein said filing the opening with an

electrical interconnect is preceded by forming a liner on the inner sidewall of the

electrically insulating layer.
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