METHOD AND APPARATUS FOR PROVI DI NG VO D STRUCTURES
FI ELD OF THE | NVENTI ON [ 00011 The present invention
relates to integrated circuits. In particular, but not
exclusively, the invention relates to a nethod and
AR BODSANGY APBARKXTUS FOR AROYEDING VOIR §TRIEITURES
circuits wth interconnects having one or nore voids
formed between adj acent interconnects. DESCRI PTI ON OF
THE RELATED ART [ P03 oknfiggmeiestiigbreui ts (1 Cs)
conprising many tens of thousands of devices including
[0001]f i elTde pfekattintentiosieddterto ijteEris)l carditot Ingrartcbelar des nat e
a cornerstone of nodern mcroelectronic systens.
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associated with them As the ‘packing density of the

mear 8T OB R IR o B SRTB Rl Bl
' vari ous el enents increases. Connections between the
intercogngient s of the I C are known as interconnects and are
typically arranged in laterally extensive sheets or
| ayers, knownDESCRIRKESN OFnE Bemmeldil3 AR hin a gi ven
trace are separated by an intralevel dielectric,

[0002]W0i E§borh@dicHbdRAlC) BGBRsIAL TaahS R @thubihds dY 88 cQfind@lding
interlevel dielectric. Connections between traces nay
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of a given interconnect to other interconnects
systemge d hggdbiegratiy queuity haye siriutah pemsassesostased Witk Hegy- ghathe
propagati on al ong that interconnect increases for a
packingidessity df tedoimen ecteansst geinmimbell el Rl dorising structangs
be reduced by reducing the electrical resistance of

forminlgBtet BhREGORNEG BN Qhrid BANGhEHs bR asHs e (RRREBNS between the
constant k associated with interlevel and/or
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material of choice for . _
sheets or layers, known as fraces. Interconnects within a given trace are separated by an

intralevel dielectric, whilst individual traces are separated by layers of an interlevel dielectric.
Connections between traces may be made by forming transverse interconnects which are often
referred to as ‘vias’.

[0003] As the proximity of a given interconnect to other interconnects decreases, an RC
time constant associated with signal propagation along that interconnect increases for a given
interconnect material. The RC time constant may be reduced by reducing the electrical
resistance of the interconnect and/or reducing the dielectric constant k associated with
interlevel and/or intralevel dielectric materials.

[0004] Modern integrated circuits typically employ copper as the material of choice for

forming interconnects in preference to aluminium since copper has a lower electrical




form ng interconnects in preference to al um nium since

copper has a |lower electrical 1 resistance than

alum nium The | owest values of dielectric constant k

~are achieved by form ng voids between interconnects.

resistapcevibirdalmynisongdii sewest velypoel dielevitie gomatand k age aabiivedh by

contai ning gas such as air. 100051 Voids may be forned
formin@Woldsewaden dfite@omeery. fA @bl mapdontiprak adegios bf edudtl binPregion

the course of formng interconnects. The sacrifici al

: 1d &, gey.-be renoved by thermal deconposition. In
Conmugﬁég case, 1ﬁe sacrificial material may be exhausted
(000511 WotdtSns t{#tgtgﬁfﬂfgy %}%}[(ﬁfgg@ﬁ %%%iﬁ%ﬁ%t@%%glsde%si@é during the

Alternatively, sacrificial material may be renoved by
courseetf ¢drimgg inteseoraretppil be sasrifigiah matpanbmay bo remevgdiby therma

et chant. US6228770 di scl oses renoval of a sacrificial
decombadigsn. bly: thigcideNtheacri fagdalrmhatértal infayebel eyt @ustaavidarh Yhengruttuee

sacrificial layer. [0007] In structures having voids

hREHEHRELELR LiFE0R ABERL £ polols [yef ound that the
thrOugstruc Sralyﬁﬁﬁéd?%ty gpgtﬁé P%Pe?c %nect i's

conprom sed by the presence of the vojd. . Furthernore, .
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to formthe void, sidewalls of the interconnect _
gaseougpigeid etchant WL 8WHY diselpsasrernoral 08k earrifigil kit fooning an

or other degradation. SUVMARY OF THE | NVENTI ON [ 0008]
apertuteliniagay@h o@driVigf tht Borificks énkr.i nvention to at | east

partly mtigate at |east one of the above-nentioned
(00071 Ol ?[Hﬁ:turg%%](? vdidd ﬁgﬂeé BEGRET irAlB oS TP RALIRIGS: RE

he invention t0 provide an inproved | nterconnect

structure.. Anot her aim of enbodi.nents of the.present
struct JERET QT4 HHIGTGPBRA! o amPp R S AR ORI OTFBER e §Pidan

i mproved i nterconnect structure.
Furthermore, during the course of removal of the sacrificial layer to form the void, sidewalls

of the interconnect exposed to etchant may suffer corrosion, delamination or other
degradation.

SUMMARY OF THE INVENTION
[0008] It is an aim of the present invention to at least partly mitigate at [east one of the
above-mentioned problems.
[0009] It is a further aim of embodiments of the invention to provide an improved
interconnect structure. Another aim of embodiments of the present invention is to provide a
fabrication method for an improved interconnect structure.
[0010] It is an aim of embodiments of the present invention to provide voids proximate to

interconnects so as to control an RC time constant associated with the interconnects.




[0010] It is an aimof enbodi nents of the present

invention to provide voids proximte to interconnects

so as to control an RC time constant associated with

the interconnects. 2 Preferably structural support
Preferabljotitugtund sppentt sheild e prosided taensyest sirugiurgl mtegty oy thefoverall

the overall structures. (00111 According to a first
structu@spect of the present invention there is provided a

method for formng a void in a structure conpri sing

[0011]P' oxicgér@&g.% ﬁtffr%tcatsﬂé’c?opﬁeér&gﬁqﬁ'géﬁign tﬂg?g{??r&/ia&?a method for

structure”includes an I nternmedi ate [ayer tween upper

.and lpower layers, wherein the internediate |ayer can
formingg ot DG P RENER FrOBRYS Brop KR BT G P oM b St the
forming first and second trenches in the structure;
structufoinaiudes an hiermedistsrifysr baiwdeayeperiapd loveerldiers, waashetbe
formng a second conformal |ayer lining the trenches
interm@U & ldyRecdn Besdtcldntretigdly toajie uppdrhad 1dwa tayand feetangdrst and
conformal |ayers can be etched selectively to each

secondo&é?l@ﬁ%: iRk %%fw%;r}bl%ink%%& B8t Qﬂﬁy&flinﬁlﬂgtqﬁe Er%:ﬁéh%s;%gning a

second conformal ‘layer~lining a bottomo e first
and_.second trenches are renoyed; . filli t he, t.enches

secondiRpforRal Pyer rpE e e ot fish ot REnfl Tkl Tt R b fecond
| ayer and internmediate |ayer to forma void in the

conforgiel apers cen bectakaiselacbrd i éscash oiher radmvhcreinat least aprtionpef the
voi d defined by the second conformal |ayer and upper

first andndcdndwlhfdr@yElager 1{n@l2botAgg of the Tgsttand 3e@ad arachzs peGtmoved;
of the invention there is provided a nethod for

filling BRAEHdsRG L BITEM S id Morfin: }nebﬁg&ﬁé ﬁ@f Sl 196VviHae
co t o ton

nprising the steps o ormnig at |eas

. i nterconnect sidewal |l spacer .elenment at |o i Qns .
intermgfuBASRF 4 i GO e SPCONRLE s tepdliss Wi al aterial, the
~ formng at |east one interconnect conprising one or
void defiyed byitliesegpnd corfgunali layes and Hpres vndh by deyars.
i nterconnect sidewall spacer elenent on at |east one

[0012]si dawaddinggaakecamdaggict of @BemtenitOtHett B8 @r@idedet hédbd for
support for the interconnect; formng at | east one

connec%fi?i.g%leg?eﬂ?és?ﬁ %Htint@%‘é{édi 'ﬂrcﬁi]‘i 99&15@&}11’1;3&?1@% Qﬂ._egs EXEERIDL least
pective sidewal | spacer el ehent;

one interconnect sidewall spacer element at locations where at least one interconnect is to be
formed; forming at least one interconnect comprising one or more sidewalls, each

interconnect having an interconnect sidewall spacer element on at least one sidewall; each
spacer element providing structural support for the interconnect; forming at least one void
adjacent each interconnect, each void extending from a respective sidewall spacer element;
and for each interconnect, providing structural support via a respective sidewall spacer
element, wherein the step of forming the sidewall spacer element further comprises the step of

forming the sidewall spacer element from a material that is resistant to etching by a sacrificial

spacer etchant.




and for each interconnect, providing structura
support via a respective sidewall spacer elenent,
wherein the step of formng the sidewall spacer
el ement further conprises the step of formng the
[0013] si déweirding pere drirdedspaetof tho aseat imsiendonghere keproyisied an
resistant to etching by a sacrificial spacer etchant.
intercodndc@0d 3dmApd siag distigstiace luvidy dndippeieefacfa dohéudore sebiconnect
invention there is provided an interconnection

dispos&iQIPhL Shillgafe SHASE 1R 1?{.6?&‘5&?19{9 h%aggf?@ﬂ %u?f%é Eﬁ@ﬁrs@amd second

conductive I ntercdnne sposea on ‘the substrate

. urface, the interco i .

sidona LA g D SRIBTES FP ARt TR e,
adjacent to the first sidewall of the conductive .

wherein attey eloha ettzap isgrdewithe tap swpacsof thednigrqonpegs the tapedfdhe air gap
the top surface of the interconnect, the top of the

formeddiy a @pPayet,oviteeeln blye @pliopr taygtises whepaiing inheninmitaiarvith the
conprises an opening in comunication with the air

air gapgiﬁ'gig\gﬁ%vég% ﬁjag&véﬁéfosﬁp@?ﬁ% FHLSRRSSH of Hletcjaﬁdl.flétirv%tintﬁrconnect,

the conductive | nterconnect, separati ng

t he,i nterconnect, and. t he air gap. [0014] In various
Separat’a&gptgsf@erB?nqeﬁ‘éar}dﬁg‘éﬁ'triga?r, forning the second conf or nal

| ayer further conprises the steps of form ng the
[0014] s ecbncrivun hepeatalof fgyiayentionnosmingttes seapnd ¢nmformal layer further
resistant to etching by a sacrificial spacer etchant.

compris@ehetepast forthihgaheseeoixd dirfemial 1.genpoihsasataridluhites edistant to
hydrofluoric acid, a dilute hydrofluoric acid or a

etchinglckgg%%&ﬂﬁicﬁps RE &Gfant. THR: LOMEDGL Ofk éﬁ&ﬁimgxﬁgéﬁnﬁﬁses a buffered

one aperture I n the uppér layer int

truct.yre... Th rture, . in one . enbodi nent.,. i.s in.
nycrofRgE L it R PROGIEL b7 FHEvia SR B iR eTipateo
lining the trench. The aperture is forned by renoving
forms atfeast presapertoisfio thriprealpest ihiths sigiciie Bhakmgeiiies inpfnet he
trenches. An aperture can also be forned in the | ower
embodinmatfis i juxopesidab odihrsiies of fiersstond cohformalpeydrlingng the trhech.
| oner | ayer precedes formng a via hole through one or

The apBRHE® id RAYRES bP AR ihD Be ArQMRafdRYBhyer lining the sidewalls of the

trenches. An aperture can also be formed in the lower layer. In one embodiment, forming the
aperture in the lower layer precedes forming a via hole through one or more layers below the
lower layer.

[0015] In various aspects of the invention, at least a portion of the intermediate layer
between upper and lower layer serves as a sacrificial material. At least a portion of the
intermediate layer is removed. In some embodiments, the intermediate layer is partially
removed to form support structures between the upper and lower layers.

[0016] In various aspects of the invention, the lower layer serves as a bottom of the

trenches formed in the stack. The first conformal layer lining the sidewalls of the trenches




[00151 In various aspects of the invention, at |east a
portion of the internediate | ayer between upper and
| oner | ayer serves as a sacrificial material. At Ieast
a portion of the internediate layer is renoved

serves 3haspesabls dldepiatl spacehdemgrter g ?%ioéd p@@fefmaléamhmn& sidpwalls
renoved to form support structures between the upper

of the mncthésoiven sideyat spadeDdGlnts fovatadra@unseaspect s of the
i nvention, the I ower |ayer serves as a bottom of the

[(}017]t r eﬂﬁm%alrﬂ‘lé?ﬁﬂ?fq}lé ﬂw&ﬁlﬁ)rﬁ{a@@é reddd8d R #the G@r&teﬁ’ﬂf BBbciated with
| ayer I|n|ng the S|dema s of the trenches serves

mtercogg%cg 9 > egr);iéerd qqu g"h egi(é:l \Né?rf ftm%ehcongg%t 1% Hrow(%egra%least

sidewal | spacer elenents for interconnects. 17]
in part BrhadoHER G181 Tc RBS IR AE AP BHCABRA VG &w&eﬂeﬁeclcprﬁ%ams of

constant associated with interconnects of an
convertiohaiglideddce mataiais . The reduction in RC tine constant
is provided at least in part by the Iower dielectric

[0018]CONBhARHinRntLoMRE Qw@r@c[ﬂ?l%r@@ﬂ%f&r&tﬁ?f&"cghr?ééﬁﬁ Elements in an
constants of conventional dielectric materials.

integra# gi cn&cg}ji Elg‘gl?:g zg\?i‘tgé %ﬁ%ﬁ% ed s?rﬁlctgﬁsﬁ lm é]?:‘é@&geed S I%E%trae} S%Ia%nhty is
evi ce having increased structural stablllt
PFOVldF(h@:tﬂ@%& Bopast Pybe aroyisien elpiidewal spgcerﬁk’ewnéﬁéal sidewabiaof
in part by the provision of sidewall spacer elenents
intercoanecds cemyaidirgg the appanttes.connect s conpri sing the
apparatus. [0019] Enbodi nents of the invention provide

[0019]2PPRLEAHEndHY o AROBREAtIND 6188 R a?atwfmonﬁ&hﬁgé@ﬁeﬂts in an
circult having reduced susceptibility to deterioration

asure o t he r tus an et chant or
imesre it S AR L mb e AR A lab e SR
deterloratlon is provided at |east in part
apparalijsde waFicha i 4 ethepreastbiiagerin Raduesdeaupespl ﬂlﬁzmo ioRRttongs
conprising the apparatus. BRI EF DESCRI PTI ON OF THE
provid QRAWENEE: part by sidewall spacer elements on sidewalls of interconnects comprising

the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Embodiments of the present invention will now be described hereinafter, by way
of example only, with reference to the accompanying drawings, in which:
[6021} FIGS. 1 to 8 show structures formed during a process of fabricating an
interconnect structure.
[6022] FIG. 9 shows a structure formed during a process of fabricating an interconnect
structure.
[0023] FIGS. 10 to 14 show structures formed during a process of fabricating an

interconnect structure.




100201 Enbodi nents of the present invention will now

be descri bed hereinafter, by way of exanple only,

with reference to the acconpanying draw ngs, in which:

[00211 FIGS. Ito 8 show structures formed during a
[0024]pr oEKs &l Sohowapsiragibfofgraed dyriieey poesse ef fabtieaingunenterconnect

100221 FIG 9 shows a structure fornmed during a
structupg.ocess of fabricating an interconnect structure.

100231 FIGS. 10 to 14 show structures formed during a

[0025]PT OFRSS 1@fanki qarshSQtstrﬁ&u&@ fm’nmdqu?l?g Qﬁ)gtgce% S Bing an
100241 FI G 15 shows a structure during a

¢ %g ss of fabricating an interconnect structure.
lne“mﬁﬁ &S 16 and 17 shOMIstructures formed during a
process of fabricatin i nt erconnect structure.

DETAI LED DESERIIA B I?@N@FEWE@N‘[@WQN The

foll owi ng enbodi ments are intended to illustrate the
[0026]i nvE&h¢ fdlowing embedilignts\wrd inedutded tomlluitnge theéhvengowp@re fully
since nunerous nodifications and variations will be

withouR BR&i 8 thelr QcodeN QR & Iﬁlﬂlérbl%dmb@lf E&ﬁ)r@ hd V%{@&Qr%ﬂ will be apparent to

Hereinatter reference will be made
t.er connect It will be understood that the term
thmms&ﬂ@ﬂ“ﬂﬁﬁgwbroadly construed to include not only
connections between elenents of an IC arranged in the
[0027]f or Hestinadigerderengsrellit reapeds toflg tegn siwtesepnnge|. t Awlild be
structure in which one or nore conductive |ines

understvet wee theteanehdidd 6€ bvadlysdoasad tairliRiktnoabely 8ohections between
provided. [0028] FIGS. 1 to 8 illustrate structures

elemerdtOS MRACHHnBE fARE FGAE 61Qhe?r nfifle ALK RRARE Ghy suitable structure in

which one or more conductive lines between elements of a system on a substrate are
provided.

[6028] FIGS. | to 8 illustrate structures formed during fabrication of an interconnect
structure 200 (FIG. 8) in accordance with an embodiment of the present invention.

[06029] FIG. 1 shows a stack structure 201 formed over a semiconductor substrate. The
stack structure 201 comprises a lower lateral layer 202, a sacrificial layer 203 above the lower
fateral layer 202, and an upper lateral layer 204 above the sacrificial layer 203. The structure,
for example can be an interconnect layer or metal layer of an IC. Typically, the interconnect
layer is formed on a substrate comprising circuit compenents (e.g., transistors and capacitors).
Forming the structure over other types of substrates is also useful.

[0030] In one embodiment, the lower lateral layer 202 is formed from silicon carbide.
Other materials which can serve as an etch stop are also useful. Preferably, other dielectric

materials which can serve as an etch stop are also useful. It will be appreciated that in
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structure 200 (FIG 8) in accordance with an

enbodi nent of the present invention. [0029] FIG 1

shows a stack structure 201 fornmed over a

sem conductor substrate. The stack structure 201
accordgnsapriihseberenmbndenentao thaprasenienvention the lewer fafarailayer 202 may

| ayer 203 above the lower |ateral |ayer 202, and an
alternatipfig be f@treddtont sijiesn 2i@4deabitiven tdieors@iaidd drangbtHeafigictionally

203. The structure, for exanple can be an

equwalemﬁﬁ&ﬁﬁf@%rﬂb%%ﬁn%eré@t al layer of an IC Typically,
he |1 nterconnect ayer |s forned on a substrate

1SIn cui t ransi tOfS
100311 o Bhs Sidfl ity dppg R %5@?@8 YR ot B aguch o
of substrates is also useful 0030£ I n_one .
phosphepiliselF iass (PS(heboronkespheriligatd glhssy(BPSG0Alyosing stopedisifipasenglass

silicon carbide. Oher materials which can serve as
(FSG) amd Bh@masddaflicategladsgBSUR ek wlill bPaghresialet yhat o febrdance with
dielectric materials which can serve as an etch stop

ther efbSdRSS J1SRE thesenlt Envihii tl% sEdH R 'le@fe?%ﬂ fal aftél’nguvely be

accordance w ot her e Odl ment s e present
at er

vention .t
fomdaf? LB PR erion it e Rore BT SROAEHIQMCTS M | con
carbon nitride or any other functionally equivalent
tetrameilyleyalofptrasilosagsic say Par funetiwsily eq@odaent maferial or combination
sacrificial layer 203 is fornmed froma doped silicon
thereofoXindaadrificdalilayles 283 GHfoased fpdinaphosidlitieaheyPeasshe(d RS an
bor ophosphosi | i cate glass (BPSG, fluorine-doped

etchanﬁh@lt’ \%ﬂt lﬁ)t glcﬁsﬁe lobfer@terANgyd bbbt ﬂ@h?ﬁeﬁhée'fa@ gpg/@ - 34855
be appreciated that accordance with

aof .t he Rrese I nvent i ‘ .
10032105 P??I Ef?tg'la Fﬂ?fe@“zééowﬂ ffi sl VSR Bavitiapespointed thar
from undoped silicon dioxide,
in accopdayae With| oty Icobediments c&g%@egmpgytlon the upper lateral layer 204
tetramet hyl cycl otetrasi |l oxane or any ot her
may alferimgivelghalfbyneicfion allieot carbbdenitrdde @rang ottt fgictiomlly equivalent
thereof. The sacrificial layer 203 is fornmed froma

matenemﬁ %Ihﬁﬂnaﬁ(l}}?ﬁxe%y be etched using an etchant that
not etch the | ower | ateral Iayer 202 or the upper

[0033] 'fgtrﬁ@% 4 e e b PO Fiiion B F stk 2 in the

stack Zt()? followed by formation of a first conformal layer 206 over the resulting structure.
[0034] The trench 205 may be formed by conventional patterning followed by an etching
process. The etching process is an anisotropic etching process such as a reactive ion etching
process. Following etching of the trench, a lower boundary of the trench 205 is defined by
lower lateral fayer 202,

[0035] In one embodiment, interconnects are formed in the trench. Contacts can be
provided below the stru.cture to couple the interconnect with devices on the substrate. The

contacts and interconnects can be formed by damascene or dual damascene techniques.




i n accordance with other enbodi nents of the present
i nvention the upper lateral |ayer 204 nay
alternatively be fornmed fromsilicon carbon nitride or
any other functionally equivalent material or
[0036]c onbIhat shows theettaefure POBRB Fll@ving thhgwess dilteactive wataieheng of
of FIG | followng formation of a trench 205 in the

the stnfdh@€ ko R@dove fattlcawed fiby chaormililor: 006 frivel oh 4Rl Qi fBds of the
| ayer 206 over the resulting structure. [0034] The

structu%% Fffbgf\%/e“g?? thg?yacﬁ% I?ere@grbé) rog&g,vrﬁ oig%e]?(ls:iﬁ?ﬁ%ﬁ gggag%:xre]eg%ments 207

y an et ching Cess..

i s an ani sotropi ¢ etching process such as a reactive
arefomlsﬁoet@ﬁwa@sofgﬁ%s%@ Uol | owi ng etching of the trench,

a lower boundary of the trench 205 is defined by
[0037]] owEIG.|4athewalthd sigretur@ 0PF1(. G0BHwing fomeatiemyddiseessnt] conformal
i nterconnects are forned in the trench. Contacts can

layer 208 ov@rty belReirb oF BUG tah eT st sebtsidUudoR fdrMaTC RYG! 203t Mene embodiment,
i nterconnect with devices on the substrate. The

s TR0 AR AT GATTeE e
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first conformal |ayer 206 formed on |ateral surfaces
siliconafitridhesili®nreadoomeridEalriaowothgr funstiowdlytequiaiconmeatetli igr

process, disposable sidewall spacer elenments 207 are
exampleQ iiRgiaBrvigtid e rhiscoaforbPlatéresas e 2RBed 5O TEyHhdretodre also

shows the structure of FIG 3 following formation of a
usefur.Se€cond conformal  layer 208 over the structure of FIG
‘3. The second confornmal |ayer 208, in one enbodi nent,

IS fromsilicon bide. Jt wll be apprecjated
(0038} ha%ﬁi[":?a o kRS T PR ﬁ‘égﬁ%w&dfs%élm Do the Second
present invention the second confornal |ayer 208 may
conforiye! fawerrAdd t6 resmvegioktigerof nédoni denfogidlilexsn 26 fdymad over lateral

nitride, or any other functionally equival ent
surfacd¥RIf @d FhuctulkOr Fol RX%aAPlRcti vEibE EtcBln® oMbdnd tcbgfofrhalStyer 208,

conformal |ayer can be etched selectively thereto are
portior@l oFQecorld Sbiormal layer 208 formed over disposable sidewall elements 207 remain,
thereby forming interconnect sidewall spacer elements 209,
[0039] FiG. 6 shows the structure of FIG. 5 following formation of a barrier layer and a
seed layer, and subsequent filling of trench 205 with interconnect material. In one
embodiment, the interconnect material is copper. It will be appreciated that in accordance
with other embodiments of the present invention other interconnect materials may be used,
for example aluminium or any other functionally equivalent material.
[0040]  The barrier layer is formed from tantalum nitride. It will be appreciated that in

accordance with other embodiments of the present invention a Ta layer may be used instead

of or in combination with TaN. The seed layer is formed from copper.




[0038] FIG 5 shows the structure of FIG 4 follow ng
reactive ion etching of the second confornmal |ayer
208 to renove portions of second conformal |ayer 208
fornmed over lateral surfaces of the structure.
[0041] Fol Thavingcomeact msterialan degoshedigy décteebontakpiatioy (IP). It will
| ayer 208, portions of second conformal |ayer 208
be apprfe@fa%dché%\{ﬁ hedbr$RRS At AeMBHIMBILITBRS Sredf idv@BbMother
her eby orn1ng i nterconnect sidewall spacer elenents
209 9 shows the structure of FIG 5
depos‘?m} ?rgLe%gg’S %‘ or ha S|e§n of a barrier |ayer and a seed
and subsequent filling of trench 205 wi
l00421i nt BIC hhes theteiciua of K16 griallowin shsreal me@h@éwai polishing
i nterconnect material is copper. It will be
(CMP)appeessingb Ethetupper surfaaceiche sinoture va temoot ieercendred matenin b
of the present invention other interconnect materials
overlyifiBYat&al p586ns of tRE uSpeR TGS BP0 WR@bnRRY2 W Refains following
functlonally equi val ent material. [0040] The barrier
s formed fromtantalumnitride. It wll be
CNHW%§%$IH ‘ated that in accordance MAth ot her enbodinents
of the present invention a Ta |ayer may be use
[0043]; nstneens enpffodgpentpafies G af Ff@ﬁtwtﬂ% TANT alwed%eaiypra%rbe
is formed fromcopper. 8 100411 The i nterconnect
formednmtee thiedhter@ndepodht ezp bycrekves toguhent ioskconnedtifrign chemical
(ECP). It will be appreciated that in accordance with
attack @&rh@' suBbRReh R cichafe, e eﬁ)&lﬁﬁ@ Nhe ta/RMEriRRaS IElﬁ‘:rmterconnec’t

depaosition processes may be used. [0042] FIG 7 shows

from sﬁg}?ql? Lok Hr% %}%R/gj)f Ele%ls %se{b% élgé%e{fﬁ%)%p&r&e%m dﬁ&losable

er sudrrtace
he struct ure to rermve |nt erconnec

layer 28%qu nerfargoditaeny) the sai laypiscogiprissie ﬁgnﬁé@@}%ﬂ RSy

204. Interconnect 210 remains follow ng CW
phosphpdoEas¥ P higyerlid ©d8ied on thmairobolitheempper aft¢reonr@VP iafrmbhen of
structure, a self aligned cap | ayer can be forned

self aliBNQF CO WP dapl Blef BREGbed Th lecéﬁn{p?ey Cle, SENAASIEOCHNG BEdsts
I'nt erconnect from chemi cal

Copper Reliability, Device Performance, Semiconductor International, July 1, 2004, which is

herein incorporated by reference for all purposes. In alternative embodiments, a tungsten

layer or copper silicon nitride layer may be formed instead of a CoWP layer.

[0044] CMP processing also results in exposure of end portions 207A, 209A of the

disposable sidewall spacer elements 207 and interconnect sidewall spacer elements 209,

respectively.

[0045] FIG. 8 shows the structure of FIG. 7 following etching of disposable sidewall

spacer elements 207 and remaining portions of disposable layer 203 to form voids 211. From

FIG. 8 it may be seen that gaps 212 are thereby formed between interconnect sidewall spacer

elements 209 and remaining portions of upper lateral layer 204. Gaps 212 permit disposable




attack during subsequent wet etching. For exanple, the

cap | ayer protects the interconnect from subsequent

wet etching of the disposable sidewall spacer el enents

207 and di sposable |ayer 203. In one enbodi nent, the
sidewal apadeaylemesoRP7 iasd sutmeginfly addrgeed layob203 tothgregposd to etchant.

phosphi de (CoWP) |ayer is fornmed on the surface of the

Gaps 2¢2RR6 ekt Slch@NMeCtal thOk BRhdRRIG om 8l oidtdgmerd GMR
cap layer is described in, for exanple, Lee,

e
: " El e t Labi iy, Device
CXPosuIEFErOfegérl{r%g{h ﬁjﬁpsgg%?%%%%c or g?%te g{? %J;?E!leona S,ZI uly 1,
2004, which is  hereip incorporated by reference for,
[0046] 5 | ThepRiss &geral AV 1o8 PHERPECE Rbr Srakic dielecting epesnial (not
| ayer or copper silicon nitride |layer may be forned
shown] insttieagodiona oCtheEcliay.e (The[dd@datdc QuRrpl worlddiersyowh sbother
results in exposure of end portions 207A, 209A of the
cross-soétfp@p@blve si dewal | spacer el enents 207 and
i nterconnect sidewall spacer elenments 209,

[0047] {:leé@?c%h#g\éﬁdg oéa%?e“’{?%v@ﬂ%pa?er Iﬂ:%tst%f/ ﬁlﬁ&%\é&%h@ ﬁ?)frtions of

ng e ng o I sposabl e si
_ acer elements 207 and renaini portions of,
dlspos%ﬁ%b@f%fawéeqnawrw@wtwﬂYfaﬁ R detvrpn adgpoisidenall secers of
it may be seen that gaps 212 are thereby forned
adjacerigatimeenndctt dtaonmeg pogiodewhlppes paoelrlaya|28dend $v0 Satemblayer
remai ni ng portions of upper |ateral |ayer 204. Gaps

202 fordd &n RS ldterd] WRIDSRAIE: fhdIbWerRical SRACREM G SRBRLEveID 7
and subsequently sacrificial |ayer 203 to be exposed

[0048] L 0 %hﬁ Qt@ﬁz%né i ﬁ%ﬁqt(ﬁﬂaﬁt, a9 p?l‘girémgﬂy ﬁ%ﬁ%ﬂ%%nﬁ%ta%uiﬂ%l‘edt 0

e exhaus vol d exposure

to etchant. ps 212 1 al so be referred to as,
hydroflygeie ?HHZQHEi%UH%JSY%E% appipeinted Hiagugcopidpace wishother
supported by, for exanple, dielectric material (not
embodghowndf the postréinypotion testdint hey beyildete hFirofldort agd sélotion
mat eri al woul d be shown at other cross-sectional

(DHF) Ve otHed 9ditabi it i @a o i Ph G REEADE Db | @B hyer SPRABHer lateral
el enents 207 and remai ni ng portions of

layer 202, or interconnect sidewall spacer elements 209.

{0049] FIG. 9 shows an alternative embodiment of the present invention in which

structures are formed as per the steps described hereinabove but in which the structure of FIG.

7 is exposed to etchant such that incomplete removal of sacrificial layer 203 occurs. Portions

of the sacrificial layer 203 that remain form support posts 213 extending between and in

contact with lower lateral layer 202 and upper lateral layer 204. Support posts 213 provide

mechanical support to upper lateral layer 204, enhancing the mechanical stability and integrity

of the structure.

[0050] Interconnect sidewall spacer elements 209 provide structural support to

interconnect 210. This enhances the structural integrity of interconnect 210. Furthermore,

10




di sposabl e | ayer 203 renoves substantially al

mat eri al between adj acent sidewall spacers of

adj acent interconnects. Remai ning portions of upper

| ateral |ayer 204 and | ower |ateral |ayer 202 form an
intercounpebsidewmalbspaicenméments adbprotesheldewalesrofliatewentechdl | from damage

el ement, respectively. [00481 The etchant is a wet

due to &lpob@dof tHepPaaaistio eichaitlayd bhRr edredsantagests 2ithuf digtpdhe
hydrofluoric acid (BHF) solution. It will be

pﬂxﬁ&%gg?ﬁg%%gggmgp@hmg A8 prdance with other enbodinents

resent 1 nvention the etchant may be a dilute

hyd ri id solution F),. or..any.other .
joos11 02 s, 380 S BRieattionF ot gt e oindpigroonnec
| ayer 204, |lower lateral |ayer 202, or interconnect
structugsi 1G. I<p aceqeonianemetiith adgther todadimeant & the prdseigngamtion
alternative enbodi nent of the present invention in

associatddl wifth a StAdiCliidt @l diadcefididtbgafiopsthdnie $hepheme may be used
descri bed herei nabove but in which the structure of

to prov?de@i‘ trar%v%r?e R0 gct?(@ia?%&%@ﬁ gg&:% Rebf ﬁﬁeér%@@ PRLEL Sevice, or

enova sacrificial ' l'ayer 3 occurs.” Portions o
the sacrjficial layer 203 that.remain form support
beowespgarie aibobit St R Seforutt Bhi HR R sHT A LR e pther
lateral |ayer 202 and upper l|ateral |ayer 204. Support
structursd sements 3s mebidicd strugtaehelpingats o8 & pipldraffecioransisenr shet asragource
| ayer 204, enhancing the nechanical stability and

electrodld) aeigaih klectrode, ahgtesdeatiotielrod any 0GBOJuitablegtrag0fe element.
sidewal | spacer el enents 209 provide structural

[0052] S UPPR]. 4 Otsﬁow.ﬁ HeSEGONRES FIG1R fo1Md%v@p§qigfé@@Strlfﬂ%r 503 formed

structural Integrity of Interconnect er nor e,

0 ingerconnect Ssi | 1  spacer, el enments 209 pr.otec
over a Gl TGOBT R OnABE DS SRR oA e RIS 5 firt trace
exposure of the apparatus to etchant and ot her
from inggreorostty én ageqens tragg alivee thiubiishigaacher injsrapnaess ipfone trace from
form ng voids or subsequently. ]0051] FIGS. 10 to 14
other sirhdtual elaments belot the @acd. or med during fabrication of an
i nterconnect structure 400 (FIG 14) in accordance

(00531 R 11 WD eS0TI TGO 0 FIR WRALRERHSTYEN L @ity 405

e A AR A A R AT

between trench 205 and a structure underlying layer 502. The via cavity 405 is formed by a
process of patterning and etching. Lateral portions of second conformal layer 208 overlying

an upper surface of the structure are also removed by an etching process.

[0054] The etching process is an anisotropic etching process, more particularly a reactive
ion etching process. ‘ |
[0055] Interconnect sidewall spacer elements 209 remains following removal of lateral

portions of second conformal layer 208 overlying the upper surface of the structure.



associated with a trench first dual damascene

i ntegration schene. The schene may be used to provide

a transverse interconnect (via) between traces of an

integrated circuit device, or between a trace and
[0056] ot hEnd peortinns 207, 26P Amdtiiesdisfostie sidatvelf sprcedelementa 27 and

By reference to other structural elenents is included

intercoBhdct GHbW Al sgRicen@athent9P0ParkicRpsbe@ FdIRR NS FtSIas b Platcdl §Brtions
as a source electrode, a drain electrode, a gate

, - ' t | enent.
of secofy SEb AR 1% 280N 08 Upha B! SRL HERAy €} O,
over a dielectric layer 503 formed ver a |ayer 502.
[0057] eflé%tl,ziséowég}‘@rst@@tgrqgf e ! ¥ lloudng reapo ¢ gbarrier layer and a
interconnects in a first trace frominterconnects in
seed lagersaaofiding & the vabeavity ¥ afd frencht20&ceith mtertonnecticoatpedt Jhe
in one trace from other structural elenents bel ow the

barrier |4yR€ B foAQB8dm ddelui ditrRIBOYSHAINR a?;bfe!é(‘attéélrtﬁa’&iﬁ abddiant with

following formation of a via cavity 405 between
oter cfbSBHk RO ROfkeSerk LAY STHISEL LY DOl RleR0for THE
vila cavity i's fornmed by a- process of patterning
.and etching. lLateral portions of second conformal L
combinagya iy B SFehyeiain fRfgisdritn ceRReE bhe tpoetidpafedal is
are al so renoved by an etching process. 100541 The
depositet bhiclgtrpehooesad plasingE@R). sot r opi ¢ et chi ng process,
nore particularly a reactive ion etching process.

[0058]100Bf&]. 1Bnhews apnaatusd siavusl |2 sHRGEHg ENMINBRESsHZ90 remove
remains follow ng renoval of |atera portions of

N e R e

the dj sposahl e sidewall spacer elenments 207 and

510 rempin dplsiing EME PERSGENNS spacer el ements 209 are exposed
foll owi ng renoval of lateral portions of second

[0059] con€dthhploctsaingr re2@8 iowrpdspiand enfl@otpme 2084 ZWdeoitthe tilsposable
structure. [00571 FIG 12 shows the structure of FIG

sidewall shade® ble@h R0l QhABItEr0MnREL AT dpakerlcBi@itaTh. @ seed
| ayer, and filling of the via cavity 405 and trench

[0060] ZOSFY&.th sth\tNg HEREGte SBhET il?%dllomgg etching of disposable sidewall

spacer elements 207 and remaining portions of disposable layer 203 to form voids 211. From
FIG. 14 it may be seen that removal of disposable sidewall spacer elements 207 results in the
formation of gaps 212 between interconnect sidewall spacer elements 209 and remaining
portions of upper lateral layer 204. Gaps 212 permit remaining portions of sacrificial layer
203 to be exposed to etchant.

[0061] The etchant is a wet etchant, more particularly the etchant is a buffered
hydrofluoric acid (BHF) solution. In alternative embodiments of the invention the etchant is a

dilute hydrofluoric acid solution (DHF), or any other suitable etchant that will not etch

12




barrier layer is fornmed fromtantalumnitride. It wll

be appreciated that in accordance with other

enbodi ments of the present invention a Ta | ayer may be

used instead of or in conbination with TaN. The seed
signifi¢aayp uppes [aterahlager 30nlavep raeral Iker 208t erigtsrvapect slewpll gpacer

is deposited by el ectrochem cal plating (ECP). 100581
elemerfd T9.13 shows the structure of FIG 12 foll ow ng CW

processing to renove nmaterial overlying latera

[0062]'90r H(ﬁ’ :}% Sﬂgwg ﬁf‘e StRBEke J)ialfleir @l.’v f&lmf&ég& g&éﬂé RERANGEcrificial

via 510 renmain fol OMAng cessi ng.

O 9 ro ults i.n exposure of .
layer Zbg ??%wgs SRS OR R iarB G %uppgﬁﬁga%??%’&swg
el ements 207 and interconnect sidewall spacer elenents
betweepdoweq loed layer &2 anl wpenkatardldaxer 20¢+t Srrposfposts@l3 pgovide
foll owi ng etching of disposable sidewall spacer
mechagicgirmppat R0ppankdteralimyen 204 ephaddignde afecHirsqsabiliey and
| ayer 203 to formvoids 211. From FIG 14 it may be

1n&gn§ﬁﬁﬂhé§ﬁkﬁ&§”ﬁVa| of disposabl e sidewal | spacer
nts 207 results in the formation of gaps 212

nter onnect s nts . and
100631, crod R PresEPBoF (TGRGTSF! UBDE ARG Am LD S0tae capral
212 pen-nit renalnln? portions of sacrificial |ayer
supporp mnt%ccméefé XpBs dbistephanceh detstrugiopd integriip obingdiegnnests 1§,
wet etchant, nore particularly the etchant is a
Furthebtﬂér%,eim&ﬁconhyd sifelvall spaceaclethenBIABY peabarkidewalld ¢f interconnect 210
alternative enbodi nents of the invention the etchant

from d.hﬁlager il th &k osjﬂ)@t'b%ftéﬂéﬂﬂ' drfd (ﬁ‘l?ér@oﬁ iv h&ﬂts% B} dufig BR%rocess

sui tabl e etchant that will not
£ f can ¥ ﬁﬁ | ateral |ayer 204, Iomer | at era
0 °”?%§¥P‘§6§$‘8‘“F ¥rconnect sidewal | spacer elenents

209. 100621 FI G 15 shows the structure of FIG 13
[0064]f ol osinkEmbrednpitepbtheenvpapn.of cappiogilice P b1 (FIOy &, 17) is
203. Portions of sacrificial layer 203 that remain
formed oFemispppetineashsc 230 bafoanettlfige disposable spacer 207 and remaining
portions of sacrificial layer 203. The capping layer 215 is formed in order to protect the
interconnect from chemical attack by BHF or DHF etchant.
[0065] Capping layer 215 is formed from cobalt tungsten phosphide (CoWP). It will be
appreciated that in accordance with other embodiments of the present invention the capping
layer 215 may be formed from tungsten, copper silicon nitride, or any other functionally
equivalent material.
0066} 1t will be appreciated that some embodiments of the present invention will not

include a capping layer 215 over the interconnect. Also, in some embodiments, the upper

lateral layer can be removed after formation of the void. In yet other embodiments, the void

13




between | ower |ateral |ayer 202 and upper | ateral

| ayer 204. Support posts 213 provide nmechanical

support to upper lateral |ayer 204, enhancing the

mechani cal stability and integrity of the structure.
can be f@08d by Phieviging se wpeniog in the eppanaet tvhidhdewbles agpsicterthe

el ements 209 provide structural support to

underlyiff 8lae@ANRMe rdk@vedlhi s enhances the structural
integrity of interconnect 210. Furthernore,

[0067] Is ng&%ﬁ?@&g%hfﬁe@&mldn a‘?‘le%&;ﬁlﬁg% @ﬁ%&%ﬁ@ﬂ?on? g%téﬁfrgs “comprise”

I nterconnect anmage

. _exposure to etchant and qt her corrosiyve ents, either
and C‘?ﬂﬁ?‘ﬂﬁ @“‘f H%‘%‘PB%%@@@ W&F"%ﬁ gqr,?fcwapk?o F‘&‘Ep%ﬁ*“‘g ?Pd&e%ﬂ’é’ﬁf 1?315, means
c}00641 In sone enbodi nents of the invention, a capping
“includimg/eyt @1 Bmited G5, andis nb¥int¢nsled foofand dowwet) exiebide offpe moieties,
i nt erconnect 210 before etching di sposabl e spacer 207
additive) @of@omdnl, MegdpObitdtgRs of sacrificial layer 203. The
capping layer 215 is formed in order to protect the

i nt : ] : : . Qr .
onss, 7 PHEREAT L ORARATL R84l Bloel gt P
cobal{ tungsten phosphide (CoWP). It will b
encompasETSIar B fheo @Efo‘?théﬁ‘i"&? I)ﬁﬁlqlf?som%%m@ﬁ%mhﬁ@ﬁhg
of the present invention the capping |ayer 215 may be
indefinftorrtidle fsruoed, thmgpstiéinaticop pebe widerstand asiconteuwlatiog pimglity as
ot her functionally equivalent material. [00661 It

well asWidduldiRy,aRPise GeadoBbxt Rahir&tRer@eodi ments of the
present invention will not include a capping |ayer

[0069] t2ﬁ2Fga\égﬂétﬁ,tiHﬁ%g%rg,tcﬁﬁﬁ?{éﬂgt%s odhRmdd An&f Eaxﬁp?ééﬁgi SERbSos

e€ral” Tayer tan ‘be rénove

fqormation of the void. In yet qther enbodi nent the .

deseribifrcon@ncuah with & EFHEHoTAPH ORAGer AT SHERRIAGT (s T fation are
upper | ayer which enables access to the underlying

to be undareippdio hanppdcatdertovany.otlio@axit, Tbodigivotior ¢xagple described
description and clains of this specification, the

herein WRIESISInCEHANbIS@®Erewith,

[0070] What is claimed 1s:




and "contain" and variations of the words, for exanple
"“conprising" and "conprises”, nmeans "including but

not limted to", and is not intended to (and does not)
excl ude other noieties, additives, conponents,

i ntegers or steps. [0068?L$HM§ughout t he descri ption
and clains of this specification, the singular

e aRMpdSEehrihg oldid & a stRloges chhgrisiagt ext ot herw se
requires. In particular where the i1ndefinite article

éﬁoxHﬁi% a stll€u 1{b§ﬁ‘£tb O\Whér@mt e RRIHPEEL, CFJCQQ 9 BRermediate

ontenplating plurality as as singularit

SIS e R a-ﬂri“@a% 508 i

chem cal noieties or groups described in conjunction

selectivly to the paparispdiicarer 4986t , enbodi nent or exanpl e of the

invention are to be understood to be applicable to

doymiag Iiiest aad paohd trendhes imbvstroctuexanpl e descri bed
herei n unl ess inconpatible therewith. [0070] What is

%ﬁﬁiﬂg%r&w%nﬁ%ﬁh lindn tﬁe%mg for formng a void

In a structure COITp Sln provi di’ ng a structure on a

sﬂ’?’gﬁ’g’%}fg cop% A ltigge(r r uctbﬁ é‘ggchgﬁ 8verrgaeeﬁrs %?%nal layer,

wherein the |nterned|ate | ayer can be etched

the firss phcbascpucbpyfonnal omspe be sished sestivElaye pach tbsrnndgnherein at

first and second trenches in the structure; fornmng a

least péitioas oftaa fiest oad sdecayd® codformal dayich Bnilnp @vobies; offtier fiishgndsecond

second conformal |ayer |lining the trenches over the

nmmh%uﬁékmﬁgggornal | ayer, the first and second conforna

ayers can be etched selectively to each other, and
t rtions of, the first and second
QORI e &R 4 B R ™ om of the first and
second
removing the first conformal layer and intermediate layer to form a void in the

structure between trenches with the fill material, the void defined by the second conformal

layer and upper and lower layers.

2.

The method of claim 1 wherein the structure comprises an interconnect layer of an

integrated circuit.

3.

4.

The method of claim 2 wherein the fill material comprises copper.

The method of claim 3 further comprises forming a cap layer over the fill material in

the trench.
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trenches are renoved; filling the trenches with a fil
material; and renoving the first conformal |ayer and
internediate layer to forma void in the structure
bet ween trenches with the fill nmaterial, the void

5. dékinmetbiodbyf dhier 3 ebereth thedillanattial dospeisesancbndpgire raatdrial.
| oner layers. 2. The nethod of claim| wherein the
structure conprises an interconnect |ayer of an
integrated circuit. 3. The nethod of claim2 wherein

6 iEmechid PR ZhufRPPLhBRRs FARATh, oyl TR L RON g i
fill material in the trench. 15 5. The nethod of

formede| aj m 2 wherein the fill material conprises a
conductive material. 6. The nethod of claim2 further
conprises renoving the upper |layer after the void is
fornmed. 7. The nethod of claim6 wherein the fil

7. "Bic8hdtRéd 60NN & SBckaPPemill BatediliCofBReopherc! ai m 7
further conprises formng a cap |ayer over the fil
material in the trench. 9. The nmethod of claim®6

wherein the fill material conprises a conductive

mat eri al 0. The nethod of claiml erein the fill . |
8 nieapsthpd %?]{m %ggtft%&a"épmsemm#ﬁ%aﬁ@ B G Sikpaterial in

wherein the fill material conprises a conductive

the tremdlit eri al . 12. The nethod of claim| wherein the first
conformal |ayer and internediate | ayer can be renoved
selectively to the upper, |ower and second confornal
| ayers. 13. The nethod of claim 12 wherein the upper,

9. l’ﬁ%etﬂ@&joﬁagﬁpg wHER Pl Ilngt)éﬁgllscomprises a conductive material.

10.  The method of claim 1 wherein the fill material comprises copper.

11.  The method of claim | wherein the fill material comprises a conductive material.

12. The method of claim 1 wherein the first conformal layer and intermediate layer can be

removed selectively to the upper, lower and second conformal layers.
13, The method of claim 12 wherein the upper, lower and second conformal layers

comprise a material selected from silicon carbide, silicon nitride, silicon carbon nitride or a

combination thereof.
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conprise a material selected fromsilicon carbide,

silicon nitride, silicon carbon nitride or a

conbi nation thereof. 16 14. The nethod of claim13

wherein the internediate |ayer and first conform
4. |Higencthedapelpige [ h whatesy thainteraredéate e ye angh figh) Jopmmal layer

oxi de, doped silicate glass or a conbination thereof.
comprit®a nhe@iaetlbaed dbmalilaomolkidshéseiinilidae: dlass st acombiiatiah thereof.

| ayer and internedi ate | ayer can be renoved

selectively to the upper, |ower and second confornal

| ayers with a wet etchant. 16. The nmethod of claim 15

15. Wﬁ%ﬁ' tE%é F ﬂ%%g?%v&llelregl\é\ﬁlrg é&ggzopf gli?hg a?t%@%ﬁ 11{:[Bl rlf%e%dg%g [a%/er can be

silicon nitride, silicon_carbon nitride or
removedsabaciaely oo thenwpaiotower and w&‘énqiré@lrf@an@flab@lwm gevet etchant.

wherein the internediate | ayer and first confornal

| ayer conprise a material selected fromsilicon

oxi de, doped silicate glass or a conbination thereof.

16. Hhe hBSodBE fath 95 w%@arr@hé%})ﬁ\é?%wep abd\Schid @Jlﬁ&%a@'ia%fexs

Iayer and first confornal ayer conprlse a materi al

sel ected, fro
comprisg ﬁﬁi?aﬁ%rﬂl 8?‘}6 Tﬁ(itlglalfsohCOEé:al Kien@? ﬁ%ranﬁi é i gqrg?]xbru% idéora
el ements in an integrated circuit device conprising
combingiiendbe®prf. of: formi ng at |east one interconnect
si dewal | spacer elenent at |ocations where at | east
one interconnect is to be forned; formng at | east one
i nterconnect conprising one or nore sidewalls, each

17.  1THSHERH0 @P&lamh 8 WABreRlkhi: Mt&mm@ﬁgfeﬁdnq%l donﬁf?ﬁlﬁﬁfa er
el enment on at | east one sidewall; each spacer el enen

l A f t.h t
comprgg f m%%rpagtsglpcetg {iglréﬁéhc{?gr())%? gd?cgagergmhct%gl pg%‘sg rﬁ% 9 %Qr%%manon thereof.
i nt erconnect, each void extending froma

18.  The method of claim 15 wherein the intermediate layer and first conformal layer

comprise a material selected from silicon oxide, doped silicate glass or a combination thereof.

19. A method for connecting elements in an integrated circuit device comprising the steps
of:

forming at least one interconnect sidewall spacer element at locations where at least
one interconnect is to be formed;

forming at least one interconnect comprising one or more sidewalls, each interconnect
having an interconnect sidewall spacer element on at least one sidewall; each spacer element

providing structural support for the interconnect;
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respective sidewall spacer elenent; and for each

i nterconnect, providing structural support via the

respective sidewall spacer elenment, wherein the step

of form ng the at | east one interconnect sidewal

Jpavieg atlearrent voitl udjdeent te omgbrintresnacdst eph wbidfegtomiling from a

the sidewal | spacer elenent froma material that is
respecthR®SHdialltsphcer eleg®h@ndy a sacrificial spacer etchant.

20 An interconnection conprising: a substrate having

for eacgh%t?rﬁgﬁ{seﬁ gm&aﬁg sﬁucﬁﬁ%ﬁ%@yk%%ﬁtﬂ X s?@&%%?de@jaﬁ Q;gft%gelFmel1t,

trate~surtace, e conaductive I nterconnec

havi ng a top rface and first. and second sjdewal | s;
CH U oIS i Bt R T SCw Al St Sghent

t he conductive interconnect, wherein a top of the air
further gamprisesireitepw fi theming phessidvead bspotertebemant frdoca ingterial that is

i nterconnect, the top of the air gap formed by a top
resistantay efchingidgaeatyifidiel spAger k@Yt Conpri ses an opening in

communi cation with the air gap; and a sidewall spacer

di sposed on the first sidewall of the conductive

i nterconnect, separating the conductive interconnect

20 %{9 inttet}gon%iecgtio%ac%inp]f%ing:

a substrate having an upper surface;

a conductive interconnect disposed on the substrate surface, the conductive
interconnect having a top surface and first and second sidewalls;

an air gap located adjacent to the first sidewall of the conductive interconnect, wherein
a top of the air gap is below the top surface of the conductive interconnect, the top of the air
gap formed by a top layer, wherein the top layer comprises an opening in communication with
the air gap; and

a sidewall spacer disposed on the first sidewall of the conductive interconnect,

separating the conductive interconnect and the air gap.
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