METHOD OF FORMING ELECTRICAL INTERCONNECTS WITHIN
INSULATING LAYERS THAT FORM CONSECUTIVE SIDEWALLS FIELD
OF THE INVENTION The present invention relates to methods of forming
integrated circuit devices and, more particularly, to methods of forming
integrated circuit devices having conductive patterns within insulating layers.
5 BACKGROUND OF THE INVENTION Integrated circuit devices having
high levels of device integration frequently utilize signal lines and electrically
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utilized as etch masks ingxderde HoitoveaighRl gicRbNmaterials.

Nonetheless, lateral over-etching and undercutting of 20 SICOH may occur
even when Hararifeinaede vires hawaePhb larelnpiolrnisstinngeption itrstrandy
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electrically msulatma layer 20b. As illustrated, the etching step may result in
the fdrlaltishstimall Unrietedifierdes SHUOHAY e besrtevilar tHACEstb iaylating
recesgegnglative tovhe-apaminRgifdhne idi@vds device performance by reducing the

RC time constants of signal lines and conductive device structures and thereby

supporting higher speed switching.

15 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

20  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., SiICOH) 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

25  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



mask layer 20a. The opening is then filled with an electrically conductive
region 10, which may have reduced reliability as a result of the undercut
region U. In particular, the presence of the undercut region U may result in
the formation of a void (not shown) in the electrically conductive region 10. 5

SUMM#ZR I oR203 H I vERTON here tHisdshathfarreliesietBy catstyatireuieion 10,

dewC@zﬁié‘E%@J&’H&%?e@ﬁ‘@@@EﬂH&%ﬁI%@E Ahednvantio Gﬂ&&@ﬁ%@émﬁ‘glﬁ'ﬁmicular,
electrically insulating layer on a substrate and forming a hard mask on the

electrRaRiFRREAL MY SR CH eS¢ RA¥ReSHY thda B Eabaialify YAkl Bting
layer ewavajdhektislcetegieeiadeafinegioropening therein that exposes inner
sidewalls of the hard mask and the electrically insulating layer. The inner
sidewalls of the hard mask are then recessed relative to the inner sidewalls of
the electrically insulating |layeM¥ia 3 DB EINvalls of the hard

mask  opergiRs iR MauG Havice-yieldianst ek voidd 18 b Bdiments of

subsequently formed 15 conductive pattern, by accounting for recession of
the siEWRARS K UrscioiCaifty Amstneiting iRk dtiRn G Etse ot Ptk
stepsfamgtheneby mbibiingdkedkelinoagunliiarmationmat andndetcutiggion
peneall. the houd mask: in particulan fhe. sidewalls ofihe hard Maskare ma
prefera%fy recessed ygar'?' amount Slﬁﬁr(lileﬂy t0 causé reaﬁgn ent of the
sidevalposof thachsixld wadls kfahd lelectricalindrbaldticigdalye myHemthesidelialls
20 of the Sleetinrlly s WAINHIVEE M SURSEMENIN d RS aRsEe iR walls of

recession of the sidewalls of the electrically msulatlrégﬁlayer may occur when

a sacifiGRrrdsthioRs AL TSI mER Ui el b itk sitr fbreh e hesdriaaiky

insulajppgiayerimpebiRerviemate dndeeording femgditionalsepndin g iésnaid
e invention, the step of forming ap 25 electrically insulating layer on a

L R LacH by R b BT FARAG ok Ay LN

pattemsguhtthg lswfbstnaiu@an_bbéqmﬂhgmsemhps_mﬁ mymbmeEtm$¢ﬂibhwhood

condygtiye Ratieon aﬁﬁﬁ@é@&%gég%%ﬁeﬁmGB%QP&H{%QT_ EH%AHY&H%&?HIJE&%WHS

step of selectively etching the hard mask and the electrically insulating layer

includé shesBaetiRask Bt dte Ak FRerasRYISKkaaENE teEETieRlkp FidstaAgnment

layer én seaurRaaorIkdafingan GRERG e ialpRRsestaIRichisians

lgyer The sieh ot pelectvely, etehing e berd maskand (g eleeticall e
sidewalls of the electrically insulating layer may occur when a sacrificial reaction

layer is formed on the inner sidewall of the electrically insulating layer and then
removed.
According to additional embodiments of the invention, the step of forming an
25  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
30  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



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 2 of the electrically insulating layer may actually occur
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operate as a metal interconnect, such as a copper damascene interconnect.
BRIESDESHRIPTeSReder BEprRRIINEG S ThidNale b brkashitres
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the attached drawings in which:
FIG. 1 illustrates a vertical profile of a conductive material that is formed by a
general semiconductor manufacturing method;
FIGS. 2-10 are cross-sectional views of intermediate structures that illustrate
25  methods of forming integrated circuit devices according to embodiments of the
present invention; and
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.
30
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



embodiments of the present invention. 30 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
emboiwars Bhgipisecaceompanyiny daraveings cthitediré semrinvéihitomntens
howeygl sRsurmboskiedg-many sifferantformsnabiianid Rt he ArRsted
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views. Accordingly, the forms of exemplary views may be changed according
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but do 15 not limit the scope of the invention. Referring now .
meth8YI6r1rmMiHG thbeEiHiet Libeitaaticds shaRsralnee s SR Safmentsdin
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a ggrﬁ]iigl?tnt ucS:(t:gr su &ltrzilrtlg m{)tnshown) and forming a first electrically
condi&tive pattern B9 inthe |rsf3electrically insulating layer 120. An 20

etch-stop_IaBefem isof@ r_umEHJo_a,nhetlﬁisz efdotrigaglynoomaed ke yyadterred 10
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function as a capplnzilayer to protect the under{lzlng first ele
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S eCtrei?cﬂlgtg)r[; %/%Eltilgol?sy f%rrr%gg bI-ll- Hﬁ% Pl?'srtdelectrically conductive pattern 110 and the
first electrically insulating layer 120. The etch-stop layer 130 may function as a
capping layer to protect the underlying first electrically insulating layer 120. A
second electrically insulating layer 140 is formed on the etch-stop layer 130 and a
hard mask 150 is formed on the second electrically insulating layer 140. The hard

25  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

30  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



25 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-stoguelyer 180 fagramgpinis@itehivigpte pf thelqsatratheehrdirelingdyle 150
may Bejdged @rispeaiiigiaingTirrask Wit the,ohatonresishSthteashkn(ee first
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includes forming organic material dots within the insulating material as the
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depositiarvmméthgokaSaoin §itheBe onethods patisowfcelane systemic gas, O, Ha, C,
CO, and CH,0,) may be provided to a deposition chamber to form the insulating
layer 120 containing organic material dots therein. Then, an ashing step and/or
annealing step under an oxygen atmosphere may be performed to remove the organic
25  material dots within the insulating layer 120.
The etch-stop layer 130 may be formed of a material having a greater etch
resistance relative to the first electrically insulating layer 120. In particular, the etch-
stop layer 130 may be formed as an inorganic material layer, such as an SiO; layer, a
silicon nitride layer, a silicon oxynitride layer or a SiyCyN, layer. The second
30  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



gas containing gaseous SiCOH (or a combination of silane systemic gas, 02,
H2, C, CO2 and CXHYOZ) may be provided to a deposition chamber to form
the insulating layer 120 containing organic material dots therein. Then, an
aching step and/or annealing step under an oxygen atmosphere may be
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second sacrificial layer'170 is deposited on the first sacrificial layer 160 and
an ariifemsetiosletpaamotsnyaRets foBsitad on the second sacrificial

layer 170. In\cautiagtitosdne tnbisainaasiiciat syeenl 60.thrsanonesacrificial
fgyer 470 may be fauped of an, Inofganic material and may even b foried
particular, the second sacrificial layer 170 may be formed at a temperature of 400 °C
or below 400 °C. In alternative embodiments of the invention, the second sacrificial
layer 170 may be formed at a temperature of 1000 °C or less. For example, the
second sacrificial layer 170 may be formed at an intermediate temperature in a range
25  between 400 °C and 800 °C.

The anti-reflective coating 180 may be formed as an organic material layer or
an inorganic material layer. For example, the anti-reflective coating 180 may be
formed as an organic material layer in the event the underlying second sacrificial
layer 170 is formed as an inorganic material layer. Alternatively, if the anti-reflective

30  coating 180 is formed as an inorganic material layer, such as silicon oxynitride, it may
be selectively etched relative to an underlying second sacrificial layer 170 formed of
silicon nitride.

Referring now to FIG. 4, the anti-reflective coating 180, second sacrificial

layer 170, first sacrificial layer 160, hard mask 150 and second electrically insulating



150. A photoresist layer is then deposited on the anti-reflective coating 180
and patterned to define a photoresist pattern (P) thereon. According to some
embodiments of the present invention, the second 20 sacrificial layer 170
may be formed as a low temperature silicon oxide layer. In particular, the
secomtysatiiziabtayerteily eiehpdbe fisfimed benchdnibiiprecde@ocesiop layer
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formation of a anti-reflective coating Eg}tem 180a, second sacrificial layer
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&JOQ' Ingn?‘agl/v ‘gg 31%9 Q{the{ln ﬁﬁggg ﬁg?c}gg]ncgggl?pse?ement. Alternatively, the hard mask 150
may be patterned using a wet etching method that includes a hydrofluoric acid (HF)
solution.
The trench T is formed in the second electrically insulating layer 140 by using
the plurality of patterned layers 150a, 160a, 170a and 180a as an etch mask. The
25  etching step used to form the trench T may be controlled to have a sufficient duration
to completely remove the first sacrificial layer 160 from the via hole Vh and expose
an upper surface of the etch-stop layer 130. This etching step may include plasma
etching the second electrically insulating layer 140.
Referring now to FIG. 5, the photoresist pattern P, the anti-reflection coating
30  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



hydrofluoric acid (HF) solution. In addition, portions of the first sacrificial layer
160 that are not covered by the second sacrificial layer pattern 170a during
the sequential 15 etching step may be removed by aching or other etching
step to remove organic materials. The hard mask 150 may be patterned
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secon sacrlﬁsma? %yer pattern ?6& are removea oexposg é) un(?erlying
first selevidigialsiagrert phttengoidbelactihdhe aftelating lexpasedrsitiérallood thaple,

hard pask QAR Pt AR FERREIRAQ deine S ratasRed 185 MAsk RAERH,
150b. This recession of the exposed sidewalls maﬁ‘gée performed by .

expoSIRGIAEShaH By IEIE o et steiAmbcembitaron bR e a/tiisdve
hydrgflugric @eigditonsahdiemhbas heparsent aigoralthe diluiedi iy may be

st alavolume raig 200,416, R0, (rolupe) HEYOmer-200. 1)

embodiments.of the inventio : tr
her Concentrations may 288 be usednaependlng on app icatiorn an

chardeeristitsof e Mapthsmaskepatgshe iS0adariersigribundingilg/besr Henay
substgnfial (BCRSHIR AL EXP AR SidEWalls of e, Pard mask Aatige0a

5 relative to the minimal recession, if any, of the exposed sidewalls of the
secontfUEEBElexR PRSIttt layer pattern 140a may be enhanced by using

a hard masirdfeifeipedofianeatariahthapiscesiat yelyohydaaphile iaReh diate
sfcong slesticall nsuiRing, aver 4RSS oh A MRIRTAL RosaeY
ashing process may result in the formation of a reaction layer 145 along exposed
portions of a recessed second electrically insulating layer pattern 140b. This reaction
layer 145 may be treated as a plasma reaction layer. In particular, the formation of the
reaction layer 145 may operate to modify the characteristics of the exposed portions
25  of the recessed second electrically insulating layer pattern 140b by increasing the
hydrophilic properties of the exposed portions. The ashing process may be performed
for a sufficient duration to convert the exposed portions from hydrophobic to
hydrophilic.
Referring now to FIG. 7, the exposed portion of the etch-stop layer 130 is then
30 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



A plasma treatment may be performed to enhance the hydrophilic 10
characteristics of the hard mask pattern 150a and enhance the hydrophobic
characteristics of the second electrically insulating layer pattern 140a. For
example, the plasma treatment may include the use of gases containing
carbohy gthilsyeaagre ifpusetbthen i o) anitrcidmn hipdhoipn magy prepedesnaddsing
combinatigsathereptaAlErAALYEn RIRSMMERMRORIFCRHAN treatments may

also be performed in alternatively 15 embodiments of the invention. The
formation offHEEBRERY Wd(ricfaretniemy By paitarAved ey ssiracd
etchingcthd skecendiglactiieally ingulpitagnayeb. 12hiMmeayc tialstyesbimanbe
increase in the hydrophobic properties of the second.electrically, insulatin
yer SR TlBa RES s e e R e By
on théintéerpedizaetionatiystere afMIGsGuigother dby gerd by barvarflpstvely limited

sacrifigigl JayiRatierR a0 TR BRI RAIPeesSHlaYreRthil henfarmaten

of a reaction layer 145 along exposed portions of a recessed second
electrRaPHEHAtIG ray 8P HARRYH 2416 reasiirdavtioaler {us ity be
treatedi asplbamanaaciiondayars InEaticidacdiedanmdation phitbe reactan
gﬂg er 145 may aperaie o modity the characterisdes, plihe 2x OS%%;PJHQ”S
of the recessed secon efectrlcaﬂy insula mﬁ 1I%lyer pattern PA0D y
increasing tRefeaigamohilic Plop@riieslefttivel bxpodadtipetiiong 9T frecactoimaplly

Process iR RN {Ry fRulficiantdyatign ﬁ%&?ﬂé’c‘ﬁﬁﬁﬁ@%l@eﬁﬂ@éﬁd

portions from hii{dro hobic to hydrophilic. Referring now to FIG. 7, the
expoSeRpetiB ST tHY SRR rRsPakretBHacs bR dUEdrer dicale an
etch-steadayes pakarn 03a. 1hee sedeh-$topf layescks mayohe eriahediysing

th dry etching or wet etching techpiques. In the event a wet etchi
AT e T
acid, nmpdinogteiorictleidl vy eoffivetiy awiduand:dombif@tiondofthest acidsigle

may RE &R AGPENAING, ARINRTRALRIBACRATACIRIFHCS b G BIE FoRioR ver

130. However, ifa 8 dréetchin process is used, then a plasma etching
technldUéhiayrbe PaVfbireeer asiny layeombriaimcoh ey rnemOhel opérialidnan

inert grs HonRYaAMpginRefenring mevoimbd Gy Sctheprastiondaysest4bisng
moved from the recessed iecon&ieelectncall |nsﬂgé|rflcgﬂlla}}{gr pat&elgr;/ elr%gg

i FRSISIGR 4P gy Her deposiing iy inc aste

then plating a conductive layer on the seed layer. The formation of the conductive
liner 190 is followed by the formation of an electrically conductive layer 200 (e.g.,
copper layer) that fills the trench T.
Referring now to FIG. 10, the electrically conductive layer 200 (and liner 190)
25  is then planarized to have an upper surface that is coplanar with 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
30  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.



5 removed using a wet etching solution containing hydrofluoric acid. It is
preferably that the composition of this wet etching solution be designed to
have relatively limited impact on the recessed hard mask pattern 150b (i.e.,
not significantly etch the hard mask pattern 150b). The removal of the
reaction layEKG%15 bisd iHubusirets methadyoimtenmingtivtsarmipheragidalgiies150s

of the,fecesser haddimaskilismR o OianstAeninnespidewalsiattaed by FIG.

recessed second electrically insulating layer pattern 140b. Referring now to

FIG. ¢! AntdistrlediiribnerdsE i eaidds FrERsHine HepeiStaddl the
intermsdiatiestivetooo.0Thd e a8 cA8-Huplated3this felaaidioallye condlativeally

liper 190,contacts.an osed u r surface of the first electrically .
o aRaee B SPaRS e PR RS A IR SEO0 s ccprarop
15 induletivdy laybepettered baGhs et Sidentvaid p nwating paestifhce birthaask

recessar haychdnaskPaIL PR of iR SleGHicAbLfanY lﬂﬁi}{%illil%%y]e?@ma)&

be formed as a single conductive layer or as a multilayer. In parficular, the

liner POOPHAY HamFHESEned PieRiRRIsyRS AGUNAHYERSH @ sFARgle by

exampleuflowevierdothek piateiibdBenaynalsedatcuise thsihgdinay kI maydine a
rmed lectroplating, electroless plating 20.and/or sputter depositing.

B B e R A S B R W an

condimtiveityerlonfithe Sewdiaske?> T hedithasetiod ofetitacebnchsotivaglinper B30.

is follayeek BY; e RImatiRs O iRl G REIEAL X ARACH CHYS 1AVE b BRAHE B is the
copper layer) that fills the trench T. ReferrlnI%é(now to FIG. 10, the electrically

cond s AYe it fHer s st Hadalisbiing Hasdltamaipser
surfasmbbainistopisnaseynthesieeesserbhard mask pattern 150b, to
?ereby def'ﬁggfan electricakg)fcgor] uctiv%gtattern 200a. Thereafter, an

8 1G

ectrically conductive V(gatf)plng Ilayéraﬁ iS' O?Fﬁ}éla%sﬁe&lé’ B?ér?gﬁ%%éo ?ﬁer%lgé
of the@isstiicaliyeconduetiyeizhttband2064. 3A0 colding tidtlsome endbwdimehtise

of the, praREALNYENIQRs AG Q%PQzﬂé‘,ya%{d%ﬁé}éﬁwleﬁﬁég%@&?fféﬁtﬁﬁéﬁ%ﬁ

material as 30 the liner 190. A third electrically insulating layer 220 is then

formed%h tHe'edppiigtivn 21 hanpeae BebssreiHigdhtiddraphattedn it 5039h
additﬁ@ﬁkmaﬁi%@ﬁﬁé EnREATERL LVERIIOR MG M SISGIHeally 340. This

insulating layer 220 may be formed of the same material as thefirst an
gecondelectrcdiiygnspl aiirgdsybessi@e W B ST hAkhtE nihsktrede aethoasads the

formiQ%%ﬁ&@e@ﬁ%%@%%ﬁ&rated and described hereinabove with respect to
FIG. 5.
Referring now to FIG. 11C, the exposed upper surface of the etch-stop layer is
then selectively etched for a sufficient duration to expose an underlying upper surface
25  of the first electrically conductive pattern 310. During this selective etching step, a
reaction layer 345 may be formed on the inner sidewall of the second electrically
insulating layer 340. The reaction layer 345 is then removed, as illustrated by FIG.
11D. This removal of the reaction layer 345 exposes recessed inner sidewalls (340s)
of the second electrically insulating layer 340, which are relatively aligned with the
30  previously recessed inner sidewalls (350s) of the modified hard mask 350a. However,
it is preferable that the inner sidewalls of the modified hard mask 350a be slightly
more recessed relative to the inner sidewalls of the second electrically insulating layer

340 to prevent undercutting. Finally, as illustrated by FIG. 11E, an electrically

10



according to additional embodiments of the present invention. As illustrated

by FIG. 11A, a first electrically conductive pattern 310 is formed in a first
electrically insulating layer 320. Then, an etch-stop layer 330 is formed on

the first electrically 5 conductive pattern 310 and the first electrically
insul&enduiiiner 32 plug Biaddteithstopithape c 380G thiincoboaietldipn isdeonl
electrigally inswlating RHeLIEQoAV BaithNI 3 HinRRRISSAERRDIARAN: URRBHIments,
surface of the second_electricalf!éinsulating layer 340. A photolithographically

defin@d ERHIAR BB RN PEHormed to selectively etch through the hard
mask 350 andibésecanchelepyithdhtivisuatiighlayee 340 dowafing al Pevéared
hole Vh.therein, which exposes an upper surface of the etch-stop layer 330
. R R AL R S L SRR
insulatind)ilny epB4Q. ansk dbisripdivet santiseoplpoveksot i intearrs dibliengaiuiiee
|Ilustr§gg§ by FGhvEtAbisddife SAMsRshR RiRmediaigsiructure illustrated
by FIG. 2, including the alternative embodiments described with respect to
FIG. 2. 15 Referring now to FIG. 11B, a selective etching step is performed to
laterally recess the inner sidewalls of the hard mask 350 relative to the inner
sidewalls of the second electrically insulating layer 340, and thereby define a
modified hard mask 350a. Thus, the width WI of the opening in the modified
hard mask 350a is greater than the width W2 of the opening in the second
electrically insulating layer 340. This 20 selective etching step to recess the
sidewalls of the hard mask may be the same as the corresponding etching
step illustrated and described hereinabove with respect to FIG. 5. Referring
now to FIG. 11C, the exposed upper surface of the etch-stop layer is then
selectively etched for a sufficient duration to expose an underlying upper
surface 25 of the first electrically conductive pattern 310. During this
selective etching step, a reaction layer 345 may be formed on the inner
sidewall of the second electrically insulating layer 340. The reaction layer
345 is then removed, as illustrated by FIG. 11D. This removal of the reaction
layer 345 exposes recessed inner sidewalls (340s) of the second electrically
insulating layer 340, which are relatively aligned with the 30 previously
recessed inner sidewalls (350s) of the modified hard mask 350a. However, it
is preferable that the inner sidewalls of the modified hard mask 350a be
slightly more recessed relative to the inner sidewalls of the second
electrically insulating layer

11



340 to prevent undercutting. Finally, as illustrated by FIG. 11F, an electrically
10 conductive via plug 360 (with or without conductive liner/barrier layer) is
formed within the via hole Vh using conventional techniques to define, in
some embodiments, a metal damascene interconnect. In the drawings and

specifddfddStebAIME2 Been disclosed typical preferred 5 embodiments of
the invention and, although specific terms are employed, they are used in a

generic andldescriptivahedriddwanipaneinsefaicpansosals Oédirpdmtiopnghe

scope of thGfdﬂﬂ%@“ﬂbf%@ﬂlﬂgaﬁ?Tiﬁ@ﬁfﬁhﬁ'llﬂ&?eﬁ%l?!"iﬂggﬁjﬁ@S- 1_1 WHAT |‘S'
CLAIMED IS: 1. A method of ormln&ean integrated circuit device, comprising:

forming an S8RiNRARATHLISERY 1By EF IR RN BSHAtR S EWring a hard mask on
te electricalljestisulatingilay ek lselraivaly etchingihehardimaskardithe
electrically insulating layer in_sequence to define.an opening therein that
o B O e P A O R b
layeranddbssingihdlinmenlgideiaitof the hard mask relative to the inner

sidewall of {he &lReHcHINCINSUAINDIAYE FalfPHALRVOG R SRERONABYSE QM NG

inner sidewal| of the electrically insulating layer that recesses the inner
sidewf Dethic Al dpneaigiaisting layer; and then removing the reaction
layer from the-necessestidnaeiwtewal phthsietocticathe insuirting ilayefidd

2. The mefhod of Clayn. 1, wherein forning an elegiically nsylating, ayer on
a subStrate'is Frecedets by the Steps of rorming an Llectricaly conductive

pattern on thensubstthteantddiohmindgran ttechestopdayer oilehel bid thdcadiyrically
condyclive; n; and wherein selectively etching the hard mask and the
electrically insulating layer comprises selectively etching the hard mask and
the electrically insulating layer 20 in sequence to define an opening therein

isat exposes. the efab-steplayeci@mhevieeshodafifdaimRewbareifsulating
selecfellvglyoetchngg the .hard éﬂgé;lg and the e%etctrlcally 1|]ne§ulat|n Ieéyer in.

n a substrate is prec the steps of forming-an electricafly conductive
sequetice 18 prédeded by five steps of. > P & y
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 and the electrically insulating layer

20  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 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
25 electrically insulating layer; and

filling the via hole with a first layer.
4. The method of Claim 3, wherein forming a reaction layer on the inner

sidewall of the electrically insulating layer comprises removing at least a portion of

30  the first layer using an ashing technique.

12



forming a via hole that extends through the hard mask and the 25 electrically
insulating layer; and filling the via hole with a first layer. 4. The method of
Claim 3, wherein forming a reaction layer on the inner sidewall of the
electrically insulating layer comprises removing at least a portion of 30 the
first layer using anfhemisthedcHkitpie, 4 v Berfingametiegited Chairmnd ayen dieinthe

remoyipg theirgaction ayer Iﬁ@@é&}ﬁdﬁ;@ﬁ%@iﬂ%ﬂ%eﬁie@mm&f Bosing the

electrically insulating layer comprises exposing the reaction layer to a diluted
hydrdRAHR duier LofdidHeshy datlions dfdd SHEMIm 5, wherein selectively
etching the hard mask and the electrically insulating layer in sequence
Cfmp.”ses selectively RICRING G HISE. Iaﬁ%ﬁfiths%lgc?t{gewa%ﬁ%nCEhteh%P $task and
electrically insulating layer In sequence“fo efine a trench therein tha
expodescinpecsidansalikiof inecfirstskayencenohprdessebicarrdythichulg dir dably
insulaiing lavetrd sk 0 Metiod-REMHIBIN sWhereinRe ivebr&iehingitoe

hard mask and the electrically insulating layer in sequence comprises

selectivBf) BCRIRGHEMCI AT 1ie BekishiXfe Hstarbritikam the

insulalingdaysr ik geauengerio define a trench therein that exposes inner
idewalls of the first layer, the hard mask and the 15 electrically insulating
ayer. 8. The method of Claim 7, wherein recessing the inner sidewall of the

hard mask demprisbs meteskind thimidnehaidewadcof thectvhrdatirdiaré atisleand

to thepinnglsidawall ALENS 5 lAveL ANIIREBRELSdewali LG Rlactically

insulating 20 layer. 9. The method of Claim 8, wherein recessing the inner
sidewaIFbtisdafhrenth 48R CErHpiss BRHbSIPY HE AU RIRAAINET thEMaf R
maskuenehdiletad dhydsgitveyiameid aolutiont B8 14 hhe methad shlaim de
Y\?er%ig re(r:naﬂvirg1 utlhe refalction layer from the recessed inner sidewall of the
e

ectrlcafﬁr)} insula m%tlfla%/éy i followed by the step of
8. The method of Claim 7, wherein recessing the inner sidewall of the
hard mask comprises recessing the inner sidewall of the hard mask relative to the

inner sidewall of the first layer and the inner sidewall of the electrically insulating

20 layer.

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.

25
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.
30 11. The method of Claim 1, wherein the electrically insulating layer

comprises SICOH.
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filling the trench with a metal interconnect structure. 30 11. The method of
Claim 1, wherein the electrically insulating layer comprises SiCOH. 13 12.
The method of Claim 1, wherein the hard mask comprises a material
selected from a group consisting of silicon oxide, an organic metal oxide,

silicon nitride andmsilcaar¥ysTittiden 3, heldie tRathadbiCaiipdsewharaitial

formigg AtQ33Rn RYES G%Qﬁﬁgcﬁf Sﬁ@&?Md‘é]‘é‘ni%?g‘pfn%q{?&’ﬁ'b%fd@?incon _
electrlcalclly insulatin é’%ﬁ to a plasma. 14. The method of Claim 13, wherein

expoii TR {i'd¢the electrically insulating layer to a plasma
comprises exposing the inner sidewall of the 10 electrically insulating layer to
adplasma fot A suffiaient dotadiotl iorconvissteihdsuiiiace rat tha 1apercsidptsall

from bychaphaRitiR MYELRRINGE 1R MEIROH QI A0 Fgghated circuit

device, comprising: forming an electrically conductive pattern on the
substrate; 15 forming an etch-stop Iaier on the electrically conductive

pattern; and %ormihiyy & BREN EAASu RGP SRGHYE Ster sidpell et the
forminycdricalld masition heelecpleally iosulating tayenssblentive hdeteHing the
the hareimask andittiaelacyicallyliRpilatinglayeiin dmeqisancedaverfinesaace
openifaherein fhal SXReSeR/ MBIy AlG 8hRlR hard mask 20 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 sidewiali of theMSfaet RIS ARG et foicHl SIS FPBRFARA to
achieve a hasgninpakdnavirglpresnaessidpwaitibatis resasged relative to the
inner sidewall of the 25 electrically insulating.layer; selectively etching the
LS posed up ULt SR R Bk QLA aT e LG B
conductive pattens andsslcetlyehpuletiegding thetherrerhsitmwalbof the
electrically ipsylatnoniayshand e (g e ARRRAD an electrical

interconnect that Is electrically connected 30 to the electrically conductive
pattern. selectively etching the hard mask and the electrically insulating layer in

sequence to define an opening therein that exposes inner sidewalls of the hard mask
20  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
25  electrically insulating layer;
selectively etching the exposed upper surface of the etch-stop layer to expose
the electrically conductive pattern and selectively recessing the inner sidewall of the
electrically insulating layer; and then
filling the opening with an electrical interconnect that is electrically connected

30  to the electrically conductive pattern.

14



14 16. The method of Claim 15, wherein selectively etching the hard mask
and the electrically insulating layer in sequence to define an opening is
preceded by the steps of: selectively etching the hard mask and the
electrically insulating layer 5 in sequence to define a via hole therein that
exposes thel @tch-diespriaihed elfdlafining. tectdin Kelketiviehy aivliiecthichiyd mask
inSU|3aﬂ@9hfér§1%@b{@i}1}?nsﬁ@§d§1 dnakllaim Lawherginseliastyelveiching
the hard mask and the electrically insulating layer in sequence to define an
openihf 18 &R 10 comprises selectively etching the first layer, the hard
mask and tkel@lgatricallyingsidatingnayennd seqlentell8ndhainpdtyed of
aim 17, wherein selectively etching. the inner sidewall of the hard mask
B B R SR R S R e e
to the inner isitlesvhil o theeetattdoaliscinsalatingylayes andlayeinner sidewall of
the first layer defined by the opening. 19. The method of Claim 18, wherein
selectively etching the inner sidewall of the hard mask is followed by a step
of removing'dt leadt'a BERAPHIHAE" 56 At &r LG A Seps B ERI RIS
that defines aceactipnilsyereniifer inneqgsidevwalicahthe eleairgatiténsulating
er. 20. The method of Claim 15 .wherein the electrically.ipsulating layer
e R R B S R e e S R TR T
compiisdstmgriayerial seplested from a group consisting of silicon oxide, an
organic metal oxide, silicon nitride and silicon oxynitride. 30 22. The method
of Claim 15, wherein said filing the opening with an electrical interconnect is
preceded by %ormiﬁbeﬂ?ﬁmdd% trlatmmerdhaesiair e theyerking Ay Mstilating

layer sifowall of the hard mask comprises selectively etching the inner sidewall of the hard
15  mask relative to the inner sidewall of the electrically insulating layer and an inner

sidewall of the first layer defined by the opening.

19. The method of Claim 18, wherein selectively etching the inner
sidewall of the hard mask is followed by a step of removing at least a portion of the
20  first layer using an ashing technique that defines a reaction layer on the inner sidewall

of the electrically insulating layer.

20. The method of Claim 15, wherein the electrically insulating layer
comprises SICOH.

25
21. 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.
30 22. 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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