Dielectric Spacers for Metal Interconnects and Method
to Formthe Same BACKGROUND OFTHE | NVENTI ON 1) FIELD
wOR00BHB6ISBIVENTI ON [ 00011 The invention is in trerfusedod020443
of Integrated Crcuits. 2) DESCRI PTI ON OF RELATED ART
[0002] Metal interconnects are utilized in the
fabrication of integrated circuits as a neans of
connecting various el ectronic and/ or sem conduct or
devices into a global circuitry. Two key factors
consi dered when fabricating such netal interconnects
are the resistance (R) of each netal interconnect and
Digleetsic S nasgroios Metah fnterqompects and Meghod toFerm the Same
generated between the netal interconnects. Both of
BACKGROUNDE THEINVENFION: | ci ency of net al
i nterconnects. Thus, it has been desirable to reduce
both the resistance and the capacitance in netal
i nterconnects in order to mtigate the so called
1) FEELDaOBRTHE[IDDEBNTHON t he past decade, the
performance of integrated circuits, such as those
[006jund onTht veptiarcsds thiesfield af Iinegratagr @atdits. enhanced by
the incorporation of copper interconnects into the
"back-end" of |ine processing sequence. The presence
of such copper interconnects, versus al um num
2) DESURIFTEONOF RELATED ARItes the resistance of such
i nterconnects, lending to their inproved conduction
[0oaxyd ef fi 8iMGHterdoBRE4d ardltuititizbd $n iHe faBiiestidniofentegratediciguits
capaci tance generated between netal interconnects have

as d MEAMATEohhECtngS afbud S¥ttkorlie amd/or $midbRiREdr deRide s &
that house the netal interconnects, where Kis the

gloBH1 iRaitH. CTWORES BRtor®Lodsitersll #hes Fbrieatify SQich- mélamever ,
the incorporation of such filns has proven to be
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capaci tance between netal interconnects has focused
capacitance (C), i.e. cross-talk, generated between the metal interconnects. Both of

these factors hamper the efficiency of metal interconnects. Thus, it has been
desirable to reduce both the resistance and the capacitance in metal interconnects in -
order to mitigate the so called “RC-delay.”

[0003] For the past decade, the performance of integrated circuits, such as
those found on micréprocessors, has been greatly enhanced by the incorporation of
copper interconnects into the “back-end” of line processing sequence. The presence
of such copper interconnects, versus aluminum interconnects, greatly reduces the
resistance of such interconnects, lending to their improved conduction and efficiency.
[0004] Attempts to reduce the coupling capacitance generated between metal
interconnects have included the use of low-K (2.5 - 4) dielectric layers that house the
metal interconnects, where K is the dielectric constant of the dielectric layers.

However, the incorporation of such films has proven to be challenging. Other



on "air-gap" technol ogies, where no dielectric |ayer
exi sts between the netal |ines. Although this
woeaissepse has been effective for reduci ng t hepcomsbkiong20443
capaci tance, a result of air having a K-value of only
1, the structural integrity of a plurality of netal
i nterconnects maybe conprom sed in the absence of
supporting dielectric layers. [0005] Thus, a nethod to
mtigate the RC-delay in a plurality of netal
i nterconnects is described herein. BRI EF DESCRI PTI ON
OF THE W NGS_ [ 0006] Figure 1 illustrates a
atempisq £5OEE (e RAPIIDS AP e Son D o bt s fprsed
having flared profiles wth discontjquous spacers,.in
on “aHicagBT HEHERIORIE ™ BFFeRGUBIPHERIMG ST T seg) o metal lines.
invention.‘[0007£ Fiqure 2 illustrates a . )
Althopgh 8y tashnigga dps beavetirctiye fuiredusing hesoupling earackanse
flared profiles with di scontiguous spacers, wherein
resultidfein havingoKnedue oberly l e thestmatural dategrty eflpralitngf metal
dielectric layer, in accordance with an enbodi nent of
intercoheeqts wey e compeemised in feGbsincriof surposting Higdqctrg layers.
cross-sectional view of a plurality of interconnects
[0005]avi ng Ty edngthad to egigate the RiGdday imapluakiyadeneial j n
accordance with an enbodi nent of the present
interdonviedt$ isadescrfitBdreiri gure 4 illustrates a
cross-sectional view of a plurality of interconnects
having flared profiles with discontiguous spacers, in
accordance with an enbodi nent of the present
BRIEFDERCRIPTIONIOF FHEWRAVINGSi | | ustrate
cross-sectional views representing the formation of a
[0006) ur al i Figud 1 iINiseate ANLEssSsebrpotiah gickt af @ plupaliry iof es

i ncluding the steps tof orm di sconti guous dielectric
inter&RRAEAE Bavind MRAEKPHIOENEEYIM didcaligabhoshazent indccbidance with
an embodiment of the present invention.

[0007] Figure 2 illustrates a cross-sectional view of a pair of interconnects
having flared profiles with discontiguous spacers, wherein the interconnects are
recessed into the underlying dielectric layer, in accordance with an embodiment of
the present inventién.

{0008] Figure 3 illustrates a cross-sectional view of a plurality of
interconnects having flared profiles with discontiguoué spacers, .in accordance Wi;[h
an embodiment of the present invention.

[0009] Figure 4 illustrates a cross-sectional view of a plurality of
interconnects having flared profiles with discontiguous spacers, in accordance with
an embodiment of the present invention.

[0010] Figures SA-J illustrate cross-sectional views representing the

formation of a plurality of interconnects having flared profiles including the steps to



present invention. [0011] Figures 6A-Cillustrate
cross-sectional views representing the formation of a
wolorsaBeasy of i nterconnects having flared prof PCEASMOTA20443
di sconti guous spacers, in accordance with an
enbodi nent of the present invention. DETAILED
DESCRI PTI ON [ 0012J A plurality of netal interconnects
with dielectric spacers for use in an integrated
circuit and a process to fabricate such a plurality of
metal interconnects are described. In the foll ow ng
description,..nunmerous specific ,details are set forth,
fortg i ponB el 4ifleting AHaGRE o ao<orIATCH aYca Smbofmest of B1e
order tq provide a thorough understandi ng of the
mfﬂ?ﬁggﬁPhPﬁvention. It will be apparent to one skilled
in the art- that the present invention may be practiced
0042} hout FHBEe aciliskatgaressissctionsl yicws repisseniimgdhe
wel | - known processing steps, such as patterning steps,
formptiomef a plaality wéintpreorract having flaned erofiles with discontiguous
unnecessarily obscure the present invention.
spaggfe+ inacperdance with en gmbedinnent of theapresenbinvgniious
enbodi mnents shown in the figures are illustrative
representations and are not necessarily drawn to
scale. [0013] Disclosed herein are dielectric spacers
DEFMUKD DESGREPEEANect s and a nmethod to form such
di el ectric spacers. Incorporating dielectric spacers
[0032] acent At plutdhi¢y of thetad intercofineves with idivl esteio gpueissforrase in an
provi de physical support for a plurality of
inteignited ciscuitaidsa prodedshe ifibricatnachiagutaliasef ie] ravosiRct are
region onto which un-1landed vias nay reside, and may
destiletl. tia the fudloatihy dbstriptivh CRitdroigsprifacdd@iiGRe BatfRRSsuch
various netal interconnects. For exanple, an air-gap

as spetific dimtasieywikicdhei€dl iréd@ el i hddr 16 pRWIGES thorough
sufficient structural integrity for incorporation into

undepstarith 996 £he drésehiCinvEntiid 1t R4l bBLAVArERSo dnk SRI1IRA i fleCurt
whi ch un-1anded vias may "l and" nay be forned.
that the present invention may be practiced without these specific details. In other
instances, well-known processing steps, such as patterning steps, are not described in
detail, in order to not unnecessarily obscure the present invention. Furthermore, it is
understood that the various embodiments shown in the figures are illustrative
representations and are not necessarily drawn to scale.
{0013] Disclosed herein are dielectric spacers for metal interconnects and a
method to form such dielectric spacers. Incorporating dielectric spacers adjacent to
the sidewalls of metal interconnects may provide physical support for a plurality of
interconnects and their connecting vias, may provide a region onto which un-landed

vias may reside, and may lead to a relatively low coupling capacitance between

various metal interconnects. For example, an air-gap metal interconnect architecture



[0014] The formation of netal interconnects with a

reduced coupling capacitance, i.e. a reduced
wonoema3tabk, anong each netal interconnect mayPOE/US2007/020443

enabl ed by incorporating dielectric spacers into an

i nterconnect structure. Thus, dielectric spacers can

be used to mtigate an RC-delay within a series of

nmetal interconnects. For exanple, in accordance with

an enbodi ment of the present invention, dielectric

spacers are incorporated between.netal interconnects

to facilitate the use of reduced dielectric constant =
thapyproyides isutficiery stryefigal indegrityiforingogpreationtiptoandigtegrases circuit

| ess than that of silicon dioxide) in the gaps between
andsthatpremides ajragien oatowkich ungapdsdi viehngy oland( steybe dorerd-

di el ectric constant materials include | owK dielectric
[00pdyers ([Thedounationtofanetildntereqringcts ovitht araduoéd coupling

where silicon dioxide is around 4) or even air, which
capheitargedi.@lagetnded cronsdalinsmong ¢achThets) interconmgicrupay be enabled

dielectric spacers between a plurality of netal
by imcbgrocatimpedickctrivyspheers intd Ao dntpepatécd stro¢tudi ellmst dielectric

| ayers to only the |l evels where vias reside. Such an
spaapisfoan bk weed tdomitiate arcRICaddlaywyithinld setiespf areta limgrcbhrects.

integrity of an electronic structure based on a
Forpdxafrgdle,liy adEordmicelwithhire ebodiatins of {HQpt&dentHawestion, Hiceyric

be desirable to incorporate dielectric spacers
spagéisageticotporated beivienwatdtsl ifferconpkdis & facilitate thehsl of reduced

i nterconnects. In accordance with an enbodi nent of the
dieRcGSefdnstany @ititdriMs (edd) matéred] € M ecdicletiiiéGoustantlieéd than that of

conprising a plurality of metal interconnects is shown

silitén Ho3ided id thd\Bipa betwtef seMERN ntdiddnmdtes. IAbadifhents of such
spaced apart from one another and sit between

reddbéd @eldotic Lt MrRRAndRe8IovRIe IR Fla§83¢RY &s Wit a
reside adjacent to the sidewalls of, and underneath,

diel®Rtrdd cdritfi 6090eL tiheldx1i 80dib Rkteli9 QdRha My bAkven air, which has

i nt erconnects 102 and 104 may be conprised of any

a dggté&ﬁ& @J)ns?%tﬂtto?kil. eflhhg,_ iﬁaﬁéfﬁgdiaeapla rsgauers b@Weers ¥ pllrffty of
pper, silver, alunminumor an allo

metal interconnects may limit incorporation of dielectric layers to only the levels
where vias reside. Such an approach may be carried out without compromising the
integrity of an electronic structure based on a plurality of metal interconnects.

[0015] Hence, it may be desirable to incorporate dielectric spacers adjacent to '
the sidewalls of a plurality of metal interconnects. In accordance with an
embodiment of the present invention, an interconnect structure 100 comprising a
plurality of metal interconnects is shown in Figure 1. Metal interconnects 102 and
104 are spaced apart from one another and sit between dielectric layers106A and

106B. Dielectric spacers 108 reside adjacent to the sidewalls of, and undemeath,

metal interconnects 102 and 104.



thereof. In one enbodi nent, netal interconnects 102

and 104 are conprised of polycrystalline copper with
wano@issdss conposition in the range of 97- 100%PCOMS007/020443

atons. I n another enbodi ment, netal interconnects 102

and 104 are conprised of an array of interspersed

carbon nanotubes. Metal interconnects 102 and 104 may

exhi bit any cross-sectional shape that does not

significantly degrade their performance, such as a

square, a rectangle, a circle, an ellipse, a U, aV, a

r an A-fra Cr0osSss i on shape. | n acgordance .
oolsfl, 3 BuosbiiMTaciBre e s8R 204 FreSitR romthried Of ) materia
. ss-sectional s es of netal ingerconnects 102 and
sui b3 B real B, mioh b GRBkes: o AR of 3 81P% o
thfo% metal jngerconnects 102 and 104. A flared profile
STt o I WESTBPAligent fataldptersonnects 1 02 apd 484 arsecomprised of
charagteri zed b¥ a wider top surface than bottom
P°‘§ﬂ?/?taﬁ'éle§ﬁap%f withapatomie sampesifier & thevangs o Pl 9086 copper
surface to the bottom surface. In one enbodi nent,
atompst dp anqther cabpdiment, prstal dptgreponedial@2 and i @4 agsraohipirised of an
with a flared angle g in between 90 degrees and 155
arrgyeRfriptesspersed gapioatnanotubes Mgtad intercppnests Jeard 104 may exhibit
enbodi nent, the flared angle is in the range of 105 -
any|egssoegtieral shimpoha) dasis sloesignificantlydessaddObair pedofiffiite, such
may conprise any material suitable to provide
as &3quges, aredtangle.ageiras, anellipse, 2 b eV arhecsn dt-framt eras-
100. hi one enbodi ment, the dielectric constant of
secHprd] shape dnlaggardance0sith am dmbOdiBrens of thetpresenainyentidn, the
2-5.5. In another enbodinment, the dielectric constant
crogsf-segtiena shapes df ayealsintedéanacts 10D 6#d i1 64 bre drtigactastyRe of
2.5 - 4. In one enbodinent, dielectric |ayers 106A and
pro¢@8Bgackerne nfilizeakw fofmaneitiatera@nneal €02 and fl 04 mMAt fkged profile
group consisting of silicon dioxide, a silicate, a
is ap@xopledefjzach ax adfasidnll rkylEcHREIRS 7] b9ra Wldeptdpatfde
versions thereof.[0018] Referring to Figure I
thanlbelt@atsut facspRLLSiHeV A tHae Spde iaNhAT RGN the td&urface to the

bottom surface. In one embodiment, metal interconnects 102 and 104 have flared
profiles with a flared angle 8 in between 90 degrees and 155 degrees, as depicted in
Figure 1. In a specific embodiment, the flared angle is in the range of 105 — 135
degrees.

{0017] Dielectric layers 106A and 106B may comprise any material suitable
to provide structural integrity to the interconnect structure 100.. In one embodiment,
the dielectric constant of dielectric layers 106A and 106B is in the range of 2 — 5.5.
In another embodiment, the dielectric constant of dielectric layers 106A and 106B is
in the range of 2.5 — 4. In one embodiment, dielectric layers 106A and 106B are
comprised of a material selected form the group consisting of silicon dioxide, a

silicate, a carbon-doped oxide with 0-10% porosity or fluorinated versions thereof.



sidewal I s of, and underneath, netal interconnects 102

and 104. Dielectric spacers 108 may be conprised of
wanysmaéassi al suitable to provide structural | RCEQISR0T7/020443

yet m nimal capacitance, to the interconnect structure

100. In one enbodi nent, the dielectric constant of

dielectric spacers 108 is in the range of 3-7. In

anot her enbodi nent, the dielectric constant of

dielectric spacers is in between 4-6 and is greater

than the dielectric constant of dielectric |ayer 106.

one e L . diel egiric. spacer 08. are.
[00(5: g]rrpr i s egl,gé g%hgﬁ r‘rgta%:1 %eg* ’ cgéllecétcr:'tces KD ir?%ff’é“%rag{?ﬁem to the
. i st Si L C nitride, siljcon rhi.de, .
S‘dﬁ?ﬁoﬁﬁ%’g‘%ﬁf‘? Tl ‘8@??%9“&18?5 JQ? gad -lﬁgpgagg?w EBapers
rbide, baron-doped carbon nitride or boron-doped
10357 b SomB Ko S ool 8l et PES Wit i GhBR inicgriy, v
.dieLectric spaCﬁrs 108 conprise a netal -based nmateri al
I (RAG G o HE Y PERRNech AERLTenP o fin camembodismmrt, the
di Di el ectric spacers, 108 nai be conformal to netal
teleftris cogsaBteidilestc sRacess 1 9% i the mage 963+ brialanofhepe.
Thus, in accordance w th another enbodi nent of the
em}b‘?‘ﬁ’%‘@ﬁ% ﬂi‘%@‘@ﬁﬁ"&rﬁoné@@l dighegtrigsnaears isdndetysess 4 16 and is
conjunction with metal interconnects having flared
gregiepan dhe diglectniarioastant efrdigiegiricdager 106. dmeneeibodinesnt,,
. dielectric spacers 108 contribute to the formation of
dielRginesPReers b38 regommrgcd et amatenialseloned dicm @ rauplcdisting
By breaking the continuity of the dielectric spacers
of siffcopdiridensilinen earbiday nitrogpmdoped sitiben carpilej ¢iygen-doped
...coupling path between netal interconnects may be
siliganegaghide.diaromidepgdrprbireniRiieiet ogronHoped silinomcabiddars an
W th an enbodi mrent of the present invention,
altegnagive embiodinericdielectt@dpoéersd 08 kompties & aprasedlMatepan
104 are discontiguous with (i.e. not connected to) one
selegtegttham thegroup cahsstirbeyfi €6 Wdor Co WBPUT Biclectri d6ph98rs A0S may
second |l evel of interconnects having flared profiles
be conforaiabwematal interconnects with any suitable cross-sectional shape. Thus, in

accordance with another embodiment of the present invention, dielectric spacers are
used in conjunction with metal interconnects having flared profiles, as depicted in
Figure 1. In one embodiment, dielectric spacers 108 contribute to the formation of
hermetic seals around metal interconnects 102 and 104. By breaking the continuity
of the dielectric spacers of adjacent metal interconnects, the capacitive coupling path
between metal interconnects may be broken, diminishing the RC-delay. Thus, in
accordance with an embodiment of the present invention, dielectric spacers 108 of
metal interconne;:ts 102 and 104 are discontiguous with (i.e. not connected to) one
another, as is also depicted in Figure 1.

[0019] A second level of interconnects having flared profiles sit above a

second dielectric layer 106B, which in turn sits above metal interconnects 102 and



second dielectric layer 106B, which in turn sits above

metal interconnects 102 andl104. I n accordance with an
wonhisdizeasat of the present invention, a third merals2007/020443

i nterconnect 110 is connected to netal interconnect

102 by a via 112 that is housed by dielectric |ayer

106B. Dielectric spacers 108 may have a wi dth

sufficient to provide a surface for via 112 to land in

the case that via 112 is an un-landed via. In an

enbodi nent, via 112 is landed on a portion of the top

s .con wel Ll as on.a
10448 L8 S Blec oAk ERLSSFONEE e 2P YR RS B B

as de re 1..1ln one e he wi dth
intefiprf 15005 rhingsleldh gi%gnﬁegcomeﬁtﬁ@%ﬁg@aaﬁ5hat iShsed

f. the MAdHBPﬁf a metal interconnect. | specific

n
by diglSetHC haYFr Dielgemcspacars | S may a§‘baé‘é¢‘%‘ spifcient tp
He raag @F o- 20 njnonpters. For Qo_ arison with
Pm‘(} © p SHORCP A9r y1a h 12 todandyingbeg casedhativia 142 deqn wn-tandpdyvia. In

gure 1, in accordance with another enbodi nent of the
an eartts’é‘éfﬂFn‘is MiehiZ is landed gp @jpoTtien of the dpp syrfask ofeneial
interconnects in interconnect structure 100 may
intercerperérl Ogairpralkas an wpetipa of figytep sunface efidieleetricisagesr 108, as
116 may conprise any material suitable to inhibit
depistesdinFagvred dniong embodimery, themeitlth of deleomicspacsrs 108 is in the
prevent oxidation of the netal interconnects, or to
rangeraf\ 020% of k¢ width 06 p nratall interdoonedtn In adpedfic embodiment, the
process. In one enbodi nent, barrier layer 116 is
widdoefidieleeticopacerad0R is lalthcseingc €8 —2Comanoeeters.0Bpr comparison
consisting of tantalum titanium tantalumnitride,
with pn-davidedhvim 112, ddamtedaviz divbisnbepicoed inhgigenf 1, ih Ac@pdinke fvith
enbodi nent, the thickness of barrier layer 116 is in
anothieeembodienait ob the-prddet wwgstiorons. The plurality of
nmetal interconnects in interconnect structure 100 may

[0020]so co rfphe: plurdlitg appieny intayonndetSin ictREInAGt stRfurd 160 may
may conprise any material suitable to inhibit

furtidreohipeistiadiadti¢erdaydr 106) Bagieriydr 11 8hehCMfseSnd mdidial
prevent oxidation of the netal interconnects. In one
suit&1e esliniebit electro-migration from the metal interconnects, to prevent
oxidation of the metal interconnects, or to provide a surface for nucleation in a
damascene process. In one embodiment, barrier layer 116 is comprised of a material
selected from the group consisting of tantalum, titanium, tantalum nitride, titanium
nitride or a combination thereof. In another embodiment, the thickness of barrier
layer 116 is in the range of 50 — 150 Angstroms. The plurality of metal interconnects
in interconnect structure 100 may also comprise a capping layer 118. Capping layer
118 may comprise any material suitable to inhibit electro-migration from the metal

interconnects or to prevent oxidation of the metal interconnects. In one embodiment,

capping layer 118 comprises a material selected from the group consisting of iridium,



cappi ng layer 118 conprises a material selected from

the group consisting of indiumruthenium cobalt,
woabmléassingst en al | oy, cobal t/tungsten phosphPd&Us2007/020443

cobalt boron phosphide or a conbination thereof.

[0021] Referring to Figure 1, a gap 120 exists between

the dielectric spacers 108 associated with nei ghboring

netal interconnects 102 and 104. Gap 120 maybe

conprised of any suitable material or gas that

i solates netal interconnects 102 and 104. In an

enbodi nent, the nmateri r.g of gap 120, cont ut es
rutheagim.oBRk. a&tﬁ@%ﬁs@{% a@%ﬂ FyPhRsplisenc oron
i nterconnects 102 and 104. In one enbodlnent the
phogplide Prp combipatiopthegeef- 120 is conprised of air. h
anot her enbodi nent, the dielectric constant of the
[002Hk er i al Refergag taoFisyep! . momppi R0sxisiebetween the dieksctricpacers
speci fic enbodi nent, gap 120 is conprised of a
108cassiated wyithonebghwingi metabiftetgomngots dO2 tapd 104. &fap 120 may be
enbodi nent, the dielectric constant of .the material or
comyarised fof gap suizdlé mategims ot gawrthathieoldtes hetalinter@ansttah2 afhd
di el ectric layers 106A and 106B. [0022] Gap 120 may be
1040 f Inaanvdntddimedtf ihei reateritloorrgas iof gére 120 cagribaiek nbgligiblyrio the
nei ghboring netal interconnects yet, in the case of an
capatitivg apyplimgybdieeainkiat irgerdcbynacay YT02wmarelt 1G4h dntomp etnbodiment,
bl ock filling by dielectric |ayer 106B during the '
thedepodiltar @as of gapi El(eistcbirprised of aif. OhBanokirer &mbevdirachtniet |
gap 120 is sufficiently wwde to mtigate cross-tal k
diehetrivcmnsiaat ghhe hidigridlioelzactf gap 06ie besvebkd. ard 2.6NEn a
enbodi nment, the top width of gap 120 is substantially
speefladhbodi@eht) gapvl 20 I cimstisel €k chibosvped okife. wilth 25 — 40%
anot her enbodi nent, the top wwdth of gap 120 is in the
porb it €InQin e'§n‘r?&i1ﬂléﬁpﬂﬁt &ERctrictodstRay 31l the hidtereirdodi ap 120
the top width of gap 120 is approximately one thir
is 1bRanal fle@6cthe CHRRItNTIdKIBRF L e PRIHA ikt e NNect S-
[0023] A plurality of netal interconnects

[0023F 0 POT fapdodh &) 6EbF b G/idRRARSed?RY mitigate cross-talk between
neighboring metal interconnects yet, in the case of an air-gap, may be sufficiently
narrow at the top to block filling by dielectric layer 106B during the deposition of
dielectric layer 106B. In an embodiment, gap 120 is sufficiently wide to mitigate
cross-talk between neighboring dielectric spacers 108. In one embodiment, the top
width of gap 120 is substantially equally to the width of dielectric spacer 108. In
another embodiment, the top width of gap 120 is in the range of 5 — 20 nanometers.
In a particular embodiment, the top width of gap 120 is approximately one third of
the distance between neighboring metal interconnects.

[0023] A plurality of metal interconnects incorporating dielectric spacers may
require structural reinforcement. In accordance with an embodiment of the present

invention, such metal interconnects are recessed into the underlying dielectric layer,



require structural reinforcenent. In accordance wth
an enbodi nent of the present invention, such netal
wonwmroseashect s are recessed i nto the underlyi ngCT/US2007/020443
dielectric |ayer,thus "anchoring” the netal
i nterconnects. Referring to Figure 2, netal
i nterconnects 202 and 204, which nmay conprise a
barrier layer 216 and a capping |ayer 218, are
recessed into dielectric |layer 206. Dielectric spacers
208 may be di scontiguous and separated by gap 220, as
depicted in Fi gure 2. In acgordance with an enpodi nent
thugfancheripg e metpliptertanggactsi Relrepa frokisuss #-0eetal wtoepnects
fromFigure 2, conprising a plurality of metal
02; apded (e Miich may BRIBPHSF 2 PHESE Eﬁde%% Fueid g sapping layey 318, are
resulting fromthe anchoring of netal interconnects
receaged bvel dipbeptric layerndOe iigkicticinacets 288 vaay bredigeontiguous and
i nterconnects 202 and 204 are forned by a danascene
sepgreteddnysgapids, es demcted dreEigure? o Inlacsoedance withapesmipgmient of
formed during the danmascene patterning step, as
the gessent ipwentian, inversontechstiudiale A0 @0 Fagura 2ptempitising aof
nmetal interconnects incorporating dielectric spacers
pluradiyy abmptal seemnnzactd) haeart entenoéd stoictwral integaity resulting from
i nterconnects with a variable spacing. Such an
the anchivringodfinetabinteresrinects 20 and 204. e bne embaditieng roessdd
i nterconnects may inhibit formation of a total air-gap
metal iherconhadts? (Pl 204 dré Gormedriyyd dgmakicehepiocess, Wagerthe
may fill-in w der gaps and nay thus increase the
recés ol digleCtiidaydr 206 ¢s foeined darin® tid ddntdseeoputeedifg btepf as
are spaced further apart. In accordance with an
desefballinmbte dtail Bdowt esent i nvention, a dunmy net al
i nterconnect, i.e. a netal interconnect that is not

[pog@nnect eqy bRt offictal ntBROhA QRS inRbrpdtatinl BeledkR@pacers may
circuit, is used to nmaintain equal spacing between

coriFtist! anl HERECARESE htiveTREB inté¥okiRcls Wit § variakle sgacin g. Such
i nterconnect structure 300 conprises a dumy netal

an whﬁé&&%rzﬁ%ﬁs@s@eﬁllgé bEivRleR GLfil € PR GRErcohfec®Riay inhibit
enbodi nent, dunmy netal i1 nterconnect 330 bl ocks

forthafbf OF h t&tal &Y ghp 2Rt DY ekhlde e overlying dielectric layer may

fill-in wider gaps and may thus increase the coupling capacitance between metal
interconnects that are spaced further apart. In accordance with an embodiment of the
present invention, a dummy metal interconnect, i.e. a metal interconnect that is not
connected to the active portions of an integrated circuit, is used to maintain equal
spacing between metal interconnects. Referring to Figure 3, an interconnect structure
300 comprises a dummy metal interconnect 330 and a dielectric spacer. In one
embodiment, dummy metal interconnect 330 blocks dielectric layer 306 from filling
the gap between discontiguous dielectric spacers on neighboring active metal

interconnects.



the gap between di scontiguous dielectric spacers on

nei ghboring active netal interconnects.[0025]
waéhomroedss ve to the structure associ ated w th PCgwse003/020443

a plurality of netal interconnects incorporating

di el ectric spacers may conprise an architecture of

active netal interconnects with a vari abl e spacing,

yet not incorporate dumry interconnects. In accordance

wi th an enbodi nent of the present invention, the gap

bet ween di el ectric spacers associ ated with nei ghboring

netal interconnects that are spaced further_ apart fropw
[0023]e anot Ademative to thstrueturg asgogigted \villy Bigugg 3yq plurality o

dielectric layer. Referring to Figure 4, neighboning1
metghinigreonnesisdaraeraiing dielegiic sppeets faaseprpRidser Aty arpiifecture of

apart than nei ghboring netal interconnects 402 and
actiye metalduigraginngtty widhi ayasigble spatiageyet agbincgmeyete fpmany

i nterconnects 402 and 404, may not fill the gap
intepennneets. e acdordamce matraneantisodipentofdhe presenttinyention, the gap

dielectric |layer 440, above netal interconnects 412
betwech ditkctrivespaters lassokmtegapith etighborimpingtial intewoonevheibakare

412 and 414. In a specific enbodinent, a gap with a
spatapfunthet hp=atifretaotei ambther griedaarfilteddry aohevenlyttghdiekectric layer.

dielectric spacer 408 is filled by overlying
RefdirizlgetotRigarel 4 yieighBdiing mstat apercomeecis 12 g 41 4are lspaced e

enbodi nent, the gap between netal interconnects 412
furthetaphitdthhs ngighbbeiig inkeh intércomme i and 494e| Ladotrdiagly,

| ayer 440 may be deposited by a technique suitable to
diefetdric 1aygagp6bsboveanctiEin®rcdnibets 40D aRd Bo4 4hay acdfil ik gap

wherein the wwdth of the gap is greater than the width
bet@berlinRl=? GiteiconBOAEC £02 4iiB404QRhileAicledthic ¢&Re 430, above metal

sufficient to be subsequently polished to a flat

intetboHnR68 4ARQNa 413Nfhal, illBE RS Petwdth aletdTARICHANBES U2 4dP414,
and 414, as depicted in Figure 4. Thus, in accordance

In MdgeBifRIErRERRGERE At agfwifme?toerv@i_aﬁﬂiubisﬁﬁﬁﬁﬂj.' Brtater than the width
diielectric layer 440 is deposited by a spin-on process

ofﬁglgcﬁqu aler 3B iDE11VE 2 V& Ahg HRAKRLEORNECIS0, 44 deftdd in
, rein the width of

Figure 4. In one embodiment, the gap between metal interconnects 412 and 414 is
greater than 45 nanometers. Dielectric layer 440 may be deposited by a technique
suitable to fill a gap between metal interconnects 412 and 414, wherein the width of
the gap is greater than the width of dielectric spacer 408, and to a thickness sufficient
to be subsequently polished to a flat surface above, and in between, metal
interconnects 412 and 414, as depicted in Figure 4. Thus, in accordance with an
embodiment of the present invention, dielectric layer 440 is deposited by a spin-on
process to .fill a gap between metal interconnects 412 and 414, wherein the .width of

the gap is greater than the width of dielectric spacer 408, to a thickness sufficient to

provide a flat surface above and in between metal interconnects 412 and 414.
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the gap is greater than the width of dielectric spacer
408, to a thickness sufficient to provide a flat
weuodsasessabove and i n between netal interconneeCs/U417/020443
and 414.[0026] Dielectric spacers for netal
i nterconnects may be fabricated by any suitable nmethod
that provides total coverage of the sidewalls of the
netal interconnects with the dielectric spacer
material. In accordance with an enbodi nent of the
present i nvention, Figures 5A-J illustrate the
formati on of discontiguous dielectric sp rs. for
[Ooﬁlur al i t?‘eéﬂd‘i‘ﬁe%l’ci‘lcersﬁg %WE%HE@PQ““‘FWE?X pgqbéycp}eﬁ&ytagy
gure 5A, a dielectric layer 502 is forned above a

Swt%hlﬁ msthadethatprovigies trtel sayesee ok Beevalls afthemettle ont o

which a plurality of metal interconnects is formed. In
inteepopnedtani th dielestriemscat meteriabfIntageorgpracayith an embodiment

i nvention, structure 500 is an array of conplinentary
of theprebent i ationHigaiesd S -billysemeshe farmatips 0§ discontiguous
fabricated in a silicon substrate and encased in a
dieleictelk spacercfor aypduraliy ¢firoetal intgrcarfneptst al i nt er connect s
(e.g. the plurality of nmetal interconnects forned in
[002Te st epRefdesny iodtiduiec] Ayvd dinkeytricdagepS08ds fiyowed abhee a
transistors, and on the surrounding dielectric |ayer,
strudtifle 80@ Stedutes08l sy bé aay btyuctaeast whivh d plardity dHmstal
to forman integrated circuit. [0028] D electric |ayer
inteBEbAnBRY iPRrfiePOoN i@drdboy eithtanumhbudembMloflilie pregent invention,
sui tabl e techni que that provides substantially even

struCRN €500 & Y artHyad fROhiP1 BndrAde m& o xias senitondwdor (CMOS)
Figure 5A. I n one enbodi nent, dielectric |layer 502 is

tran@RRAS FiREaRY i3 aRIIRGASHbSEIE ahEehdak@int @ e@tBitlayer. A
consi sting of a spin-on process, a chem cal vapor

plu&ﬁ@ya}f hkQDiREREARR s @ thalaney obasRliktiesutits f6AREd in the
deposition process. In a specific enbodi nent,

steﬁé%gixﬁe{d‘()%l%%@ég g@ ?‘F&%%gé g}ﬁ#giﬁgﬁs Qﬁﬂ"ﬂr@tﬁk sUAP@ding
dieREGRNy ! At Ve BSeProtI EGHEAR/ cotfSet thi &Lﬁs%tsfsqo I8¢ hn 502
integrated circuit.

[0028] Dielectric layer 502 may be deposited above structure. 500 by any
suitable technique that provides substantially even coverage of dielectric layer 502, as
depicted in Figure 5A. In one embodiment, dielectric layer 502 is deposited by a
process selected from the group consisting of a spin-on process, a chemical vapor
deposition process, or a polymer-based chemical vapor deposition process. In a
specific embodiment, dielectric layer 502 is deposited by a chemical vapor deposition
process involving silane or an organo-silane as a precursor gas. Dielectric layer 502
may be comprised of any material suitable to act as a durable base for a plurality of

metal interconnects with dielectric spacers. In an embodiment, dielectric layer 502 is

comprised of a material that does not significantly contribute to cross-talk between a
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may be conprised of any material suitable to act as a

durabl e base for a plurality of netal interconnects
woi0ds/déssectri ¢ spacers. I n an enbodi ment, di BCEASLRG0C/020443

| ayer 502 is conprised of a material that does not

significantly contribute to cross-tal k between aseries

of metal interconnects subsequently fornmed on

di el ectric layer 502. In one enbodi ment, dielectric

| ayer 502 is conprised of a low to md-K dielectric

material and the dielectric constant of dielectric

layer 502 is in the range _ of. 2-5 5. .1 n apot her
serighb el RtercoREcqt? BRsERIEntY Geyadlan disfectiicieue 302 In one
| ayer 502 is .in the range of Z.g - 4. In_a particular
em@%@&Pﬁé‘n’ﬁ‘?"tﬁF EPYEE P97 15 qompsised g5 a lawcigpid-Kehelgptrig material
material selected fromthe group consisting of silicon
anddthe dicdectrig congtant of diclesirilayay ﬁbﬁwd@ therapgs 662 wisth In another
0- 10% porosity. [0029] Metal interconnects may be
embestiment, b diglegiria eanstantof digleetridayds\p03 iy in the hanggnd 2.5 — 4.
suitable to provide patterned netal structures. In one
In aepryticilaeembodisent, dielearic dayer 802 issqomprizedwod almyaterial selected
subtractive etch process applied to a bl anket netal
fromi thergrdup comeisting otsitioah dionide, asilizhtel ot 2cabomdoped axide with
formed by a danmascene techni que. Referring to Figures
0-18% pdrpsigy.damascene t echni que using a sacrificial
dielectric layer 504 is used to forma plurality of
(0028} al | niMetabintrrcdsicctSacay e foirakd db@teaditietigicllayee 503 B4 any
may be conprised of any material suitable for being
teclpatibesuiedidip mrosidapdacded hichd gtraphydsetls bnp embedsnent, metal
and/ or suitable for subsequent renoval w thout
intédroq@actisige tirdleddy d sibtraytive &R pRicess pplisd g€ Blanket metal
formed netal interconnect. In one enbodi nent,
filns.al arfdthéradmisbdement, frictal higRbniéMs i 6T by £ da®hsRne
car bon-doped silicon oxide with 20-35% porosity.
tecagli.f RefedlingliccFigaids i5€ 1 87 & darfidscBRYRehsigROadhLd sihtificial
any suitable technique that provides substantially

dieR¥EIE 16PMSICAGS uddd RAB I fal ghudlitydbeheat k&G chbdels. Mrificial
above dielectric layer 502, as depicted in Figure 5B.

diel RtrRNMBy&BVAShERBE comprised of any material suitable for being patterned by
a standard lithography/etch process and/or suitable for subsequent removal without
impacting dielectric layer 502 or a subsequently formed metal interconnect. In one
embodiment, sacrificial dielectric layer 504 is comprised of a carbon-doped silicon
oxide with 20-35% porosity. Sacrificial dielectric layer 504 may be deposited by any
suitable technique that provides substantially even coverage of sacrificial dielectric
layer 504 above dielectric layer 502, as depicted in Figure 5B. In one embodiment,
sacrificial dielectric layer 504 is deposited by a process selected from the group
consisting of a spin-on process, a chemical vapor deposition process, or a polymer-

based chemical vapor deposition process.
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sacrificial dielectric |ayer 504 is deposited by a

process selected fromthe group consisting of a
WOR003/03688pr ocess, a chem cal vapor deposition pPCOMSI®;]7/020443

or a pol ynmerbased chem cal vapor deposition

process. [ 0030] Referring to Figure 5C, sacrificial

dielectric layer 504 is patterned to form patterned

sacrificial dielectric |ayer 506, which exposes

portions of the top surface of dielectric |ayer 502.

In one enbodi nent, sacrificial dielectric layer 504 is

terne .Usi ng. an i sotropi ¢ etch process. In
10038 ¢ e R Fistie 3, srnboR! fiefhchik Byer 104 patigmed to
is patterned_t.o fo&g&& tterned sacrificial dielectric

form_gpliprsggagRficial ¢ig RYST 4P WhiFD GPpes PREIRASEH the top
rocess conp{isigﬁ%fluorocarbpns of LhehﬂeneraL _
surfigp Hgakfl% 2Yfhele T onsempodiraentatagrifiriah diftrotec layer 304 is

speci fic _enbodi nent, sacrificial dielectric |ayer 504

patfesned hyt usingan aYiseisenig eich\nspeess aln anojhes emblodimentesactificial

. process conprising free radical fluorocarbons. In an

dw@ﬂ“@rlﬁxﬁri 3P4 iz pptéerned i formaattetnied isadrifitiiall dieleetric layey 506 by
504 is a photo-definable material and is patterned

usigg p werticel ‘gﬁ}’tqii Plashia ¢tcly pragkiscoprutemsiludroG8hdnsiolithe general
structure is formed conprising a patterned sacrificial

forghla @dYyr Wheteayand Bae nahirhl runstears. e aépecifenahmsdibented
therein. In one enbodi nent, the bottons of the series

sacyficial dietdvtric fagem®Wt isipatterned bi abialk adicetiend tiry or playrs eA6
are flush with the top surface of dielectric |layer .

proB&8 cotnprigingairdecradatl fleorendrbohsrdntan altemabiot epodifierdthe
series of trenches forned in sacrificial dielectric

sactifiyiat disliStric RyereS0esis @ahhot-defitiablebferial Ay paklred ditectly
order to provide an anchoring point for the netal

with atikhegapitic psodeds di scussed above in association with
Figure 2). The cross-sectional shapes of the series of

[0081ENChes THaY, akithichire id fdembd Bahpsiape 'ga&eﬁlea Qhdrfifcifldielectric
metal interconnects fornmed therein. For exanple, In
lay &S0 6 Qetést dF tAdhcREPRAHEE Merdh. HEndPERBSMIment, the bottoms
of the series of trenches formed in sacrificial dielectric layer 506 are flush with the
top surface of dielectric layer 502. In an alternative embodiment, the bottoms of the
series of trenches formed in sacrificial dielectric layér 506 are recessed into dielectric;
layer 502, in order to provide an anchoring point for the metal interconnects (as
discussed above in association with Figure 2). The cross-sectional shapes of the
series of trenches may dictate the final shape of a series of metal interconnects
formed therein. For example, in accordance with an embodiment of the present
invention, the series of trenches have flared profiles, as depicted in Figure 5C, and _
thus a series of metal interconnects formed subsequently therein have flared profiles. .

* In one embodiment, the series of trenches have flared profiles with a flared angle © in

between 90 degrees and 155 degrees. In a specific embodiment, the flared angle is in
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i nvention, the series of trenches have flared

profiles, as depicted in Figure 5C, and thus a series
wohRorsasedssi nt er connects formed subsequent |y theceius2007/020443

have flared profiles. . In one enbodi nent, the series

of trenches have flared profiles with a flared angle g

in between 90 degrees and 155 degrees. In a specific

enbodi ment, the flared angle is inthe range of 105 -

135 degrees. The flared profiles of the series of

trenches depicted in Figure 5C may be a consequence of

the rnj roce iljzed to formpthe series of
the piipehih é?g ~Pridgessy, ﬁs?fﬁﬁedpwa les of thegsesies phanliss gepicted
. FFor nplg, in accordance with an enbodi nent of the
in FJEe 36 THRX DB A(PBTEAUANGS Clrtbe PRGFINE PPt biihead t@ufprmm ghe

the Pat erning of sacrificial dielectric |ayer 504

serigs Phirenrhss suph asiheetel professes dascribestaboye. Far example, in
enpodi ment, the |ocal bias of the plasma changes

accopganerywith @nembedpgensiof b present inyentipry aclared profily éy formed
504, resulting in a tapering of the profiles of the

duringdhe patéerpingto ép@féﬁ@dgd@dh‘icc}aye@ b0 petht @ argsbtropic plasma
sacrificial dielectric |ayer 506. In another

etchepipsgisndn ne embodimaditrthe leopbbias 96 thetpdaspresimnges during the
portions of sacrificial dielectric |ayer 504 are

etching of sacsifisind diedenttin tpyanS@4, césultinginacteparing @thé biotfiled Of the
a greater anount of material being renoved fromthe

trenches thet are prodyiced kefosny patermdd sacficihldielestrivdayarses. wh t h
the bottom portion of the series of said trenches.

anofigp saipoRwhent, the gnaskingilgyereis&Dio mespocportibns 6F i@rificial
dielectric layer 514 is deposited above patterned

dielsetricilayer iS# adi dbwhit ¢rbded ayrirg aD&chihh PSocekd) réRgMNCEreater
W th an enbodi nent of the present invention,

amak o€ mataiarbeig gderabeat from thaysy pdrfidn bstHdaRAsd bLEedihbOks
to the formation of a plurality of netal

conipatet with tiechctonbpagdin-JfahdbdHes @i 64i8 Glchtikes! ayer 514 may
be deposited by any suitable technique that renders a

[0037yer t hREfSnLRFiQhRSD, D¥pab&afotifinpQREIRERR Nayebish B is
patterned sacrificral dielectric |ayer 506. Aﬁso,

dep&fifudeibol e pattdtgedliRtiielal tfcld @Y Elay el ReinIRREHhE with
: by any suitabl e technique

an embodiment of the present invention, spacer-forming dielectric layer 514 is
deposited prior to the formation of a plurality of metal interconnects. Spacer-forming
dielectric layer 514 may be deposited by any suitable technique that renders a layer
that is conformal, or nearly conformal, with patterned sacrificial dielectric layer 506.
Also, spacer-forming dielectric layer 514 may be deposited by any suitable technique
that does not over-heat any electronic or semiconductor devices that may reside in
structure 500. In one embodiment, spacer-forming dielectric layer 514 is deposited at
or below a temperature 6f 400 °C. In another embodiment, spacer-forming dielectric

layer 514 is deposited by a deposition process selected from the group consisting of

atomic layer deposition or chemical vapor deposition. Spacer-forming dielectric.
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that does not over-heat any el ectronic or

sem conduct or devices that may reside in structure
woQms/essone enbodi ment, spacer-form ng di el ecPCTAIS2007/020443

| ayer 514 is deposited at or bel ow a tenperature of

400 OC. In another enbodi ment, spacer-form ng

dielectric layer 514 is deposited by a deposition

process selected fromthe group consisting of atomc

| ayer deposition or chem cal vapor deposition.

Spacer-form ng dielectriclayer 514 may be forned from

any material suitable to mtiga cross-tal k be en a
laygrﬁééa%ﬁ? ?Weérfﬁ%a 2By R 9915%53%& figalg Gos e brecn 2

whi |l e addi ng, structural support to the plurality of
subgequently derapdopHertity of mptabHECTEdRSStsaiile addingstrupyralispgport

dielectric layer 514 is conprised of a material . ) )
to the pheality of magtak interepnmgess.c Bhanessmbryligrent spacesforming dighectric

silicon carbide, nitrogen-doped silicon carbide,
layend/lddia campaiged pf & owferi s@e@éf frpey he-coyreepnsistipg f silicon

nitride or boron-doped silicon carbide. In another
nitigr stlicon warbidgp adteosehaloped gilighe cabidd, oxygepedor®d silicon carbide,

conprised of a boron-doped carbon nitride |ayer,
borph aiopied carhiod nitpide vr Howacdaped Isdiconicarbide Inaapether smbodiment,

formed by reacting the gases nethane, diborane, and
spagamfomming diclestricalayer Ydtis cempribmih frelronsioaed carbon mitrige

di el ectric layer 514 conprises a netal -based nateri al
layee wdetedd shiddorémdoprdocapbaromigidet layeg i fored/tyrretainBifhe gases

[0033] Referring to Figure 5E, a barrier layer 508 is
meflanapilbataae carsipanachiar i g aliérebiedd embodifieat, spdcér-forming

‘Barrier layer 508 may be conprised of any material and
dietdctric By 3 161 @rhprides alonesisbased inabdrial béled¢tod i the group

out-diffusion of the netal atons fromw thin a netal
consitREGFTEN sy CIWBPNe enbodi nent, barrier layer 508 is

conprised of a material selected fromthe group

[OO‘?,QPSi st i ﬂ&f@ﬁin&&&@é&%ﬂébﬁﬁ%ﬂmy&m Al tBmed &Hdv@%pacer—
titaniumnitride or a conbination thereof. In an

e RPHTEte L AR R B Yy
of DSufRRAF ti8thess suitable to inhibit out-diffusion of the metal atoms from
within a metal interconnects. In one embodiment, barrier layer 508 is comprised of a
material selected from the group consisting of tantalum, titanium, tantalum nitride,
titanium nitride or a combination thereof. In an embodiment, the thickness of barrier
layer 508 is in the range of 25 — 250 Angstroms. Barrier layer 508 may be deposited
by any suitable technique that provides a conformal, or nearly conformal, layer above
spacer-forming dielectric layer 514. In one embodiment, barrier layer 508 is
deposited by a process selected from the group consisting of an atomic layer
deposition process, a chemical vapor deposition process or a physical vapor

deposition process.
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by any suitable technique that provides a confornmal,
or nearly conformal, |ayer above spacer-formng
wdizels@séassc | ayer 514. I n one enbodi nent, barr per/usannen20443
508 is deposited by a process selected fromthe group
consi sting of an atom c | ayer deposition process, a
chem cal vapor deposition process or a physical vapor
deposition process.[0034] Referring again to Figure
5E, an interconnect-form ng netal |ayer 540 is forned
above barrier |ayer 508. Interconnect form ng netal
| ayer 540 may be forned any process and froma W
10034 duct | RelCRREAga t%Etgtléeo?% Fdptercomppeirionyinggpetal layer 540
) nost | if avoidis inadvertently fornediqfl L1ing the
is fcmeri@gom barrien yes 5% r Interconnegiaforavipgoanetad daver P49 giay be
dielectric layer 506. In an enbodi nent,
formert by amnprosessfavdrfiarg ame conductye materil peitabberfaricommleselyLor
material selected fromthe group consisting of copper,
mosly} ifer void isimadvertentlyforra¢d) ditlinhthessfies ofirgrbes formed in
enbodi nent, interconnectformng netal |ayer 540 is
pattenrg rsher@bimlfdipl@btyicrlymréIOBi e axg eppedinyint intmcanent-forming
conposition in the range of 97-100% copper atons. In
metahlaged®id isentnprised of & oranetd fdected fonethalgrdgy ernsttifg o
deposited by a technique selected fromthe group -
coppeaypilves] algndmure loe ah ratieg liemeafalln dep embbdiorenpriocessinectn
el ectro-1ess deposition process, a chemnmical vapor
fontlapaaétal RRens4icie compeisedbHpdlgcrystyBinedoppai witlo an arini
process or a reflow process. [0035] Referring to
conmpd@ition ibfthe Alnige PEOTI1D0%, cdppepaals: fioaRienpodimémcintdérconnect-
| ayer 514, barrier |layer 508 and interconnect-formng
forriR{gahetaBla§er SAistdepbsitiddyadRYknifiesdl&ted bmAbe gedup
patterned sacrificial dielectric |ayer 506 are

comHERYESh elEBS-chémRAl HEsosfonPrbedss,| dit BERRIIREE Bposition
including netal interconnect 510, with barrier |ayers

o S ot 1 U S oo (ALD)
process or a reflow process.

[0035] Referring to Figure SF, all portions of spacer-forming dielectric layer
514, barrier layer 508 and interconnect-forming metal layer 540 that are above the top
surface of patterned sacrificial dielectric layer 506 are removed. Thus, a series of
metal interconnects, including metal interconnect 510, with barrier layers 508 and
dielectric spacers 516 is formed. The dielectric spacers 516 of adjacent metal
interconnects may be discontiguous from one another, as depicted in Figure SF. The
portions of spacer-forming dielectric layer 514, barrier layer 508 and interconnect-
forming metal layer 540 that are above the top surface of patterned sacrificial
dielectric layer 506 may be removed by any technique suitable to remove these

portions without significantly eroding the portions that are encased in patterned

sacrificial dielectric layer 506. In accordance with an embodiment of the present
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i nterconnects may be di scontiguous from one anot her,
as depicted in Figure 5F. The portions of
wepesasedssr mi ng dielectric |ayer 514, barrier Ppayas200820443
and interconnectform ng netal |ayer 540 that are above
the top surface of patterned sacrificial dielectric
| ayer 506 may be renoved by any technique suitable to
renove these portions without significantly eroding
the portions that are encased in patterned sacrificial
dielectric |ayer 506. In accordance with an enbodi nment
. of .th ent | ventl ons
invEnsion, Fog Bormiony o fnar ey %%F{‘&lﬁyerbﬁf‘r‘?a@q layer SCand
nd i nterconnect-form.n netal yer 540 that are
intGRSaAsct ﬁaﬁv%“ﬁﬁlﬁ%é 549 %@feea}h? R the{@pisprigse0f patterned
electric | ayer_ 506 are reppved with a process
Saceér?@i Pisdedtiie ﬂWh%OGg?ra aﬁmetsﬂ%wstb.anﬁoeﬁss selpgted frgmetheigroup
process, a chem cal etch process,
cor@wgﬁg@g [a_plaseopasgich BIOCEH R & ermc@l: gtgg p#fceas; a chemical-mechanical
el ectro-polish process. In a specific enbodi nent, the
PolbrRIPeass Open slesEemolish Rasgssilalaspeeific embpdim@tathe portions of
barrier layer 508 and interconnect-formng netal |ayer
spasgpforming dietectiirolagen Hd, baopies layrn2es ofd intercameeeforming metal
sacrificial dielectric |ayer 506 are renoved with a
layem¥H bat angebbenihedop patficetpipatiomsd sadrificial siéalectrig layer §06 are
conpri sed of alum na and potassi um hydroxi de. [0036]
renRefed rwitlng chemicalgunechdiz;al pobistppionessithatasesd fuity chnprzed of
on the top surface of a plurality of neta
alupmieambpetessien hydeixidd. ng met al i nt erconnect 510.
Cappi ng |l ayer 512 nmay be conprised of any materia
[0036] t abl e Referpingve Rigure5a] a lchpying kiyetiS1 DR formeesmtheabpm
out-diffusion fromnetal interconnect 510.
surfiddiof ia@artality, ofangpl ingerbenteEts Dihdludaig ReRY e chenet 51¢
for inhibiting electro-mgration from netal

Cappihg 1HRAVET naY bR cdhfpriRed bohnPmaeial snﬂﬁtb@%q)?é&e%ﬂ nfetal line
. the top surfaces of netal interconnect 510. In one

extEERAbMMBBtal aeBPRUNH A Trord Auetal ikteridnhe8%10f Additionall
conductive |ayer selected fromthe group consisting o¥
cappingliay8R 5 12UhBe Piovie KRBl for fhhibiting electro-migration from metal
interconnect 510 and/or for preventing oxidation of the top surfaces of metal
interconnect 510. In one embodiment, capping layer 512 is comprised of a
conductive layer selected from the group consisting of iridium, ruthenium, cobalt, a
cobalt/tungsten alloy, cobalt/tungsten phosphide, cobalt tungsten boron phosphide,
cobalt boron phosphide or a combination thereof. Capping layer 512 may be formed
by any process suitable for uniformly covering the top surfaces of metal interconnect
510. In one embodiment, capping layer 512 is deposited b}’r a technique selected from

the group comprising an electro-chemical deposition process, an electro-less

deposition process or an atomic layer deposition (ALD) process.
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cobal t/tungsten all oy, cobalt/tungsten phosphide,
cobalt tungsten boron phosphi de, cobalt boron
wohomspaéste or a conbi nation thereof. Capping | agemsaihz2/020443
may be formed by any process suitable for uniformy
covering the top surfaces of netal interconnect 510.
I n one enbodi nent, capping |ayer 512 is deposited by a
techni que selected fromthe group conprising an
el ectro-chem cal deposition process, an electro-I|ess
deposition process or an atom c | ayer deposition (ALD)
cess. [0037] ,Patterned .sacrificj di el ectric_|ayer,
100858 oy BREES SRAEA Sheiae o Ea0 mi e Remivuscoto Brovide
i nter.connegt. 510, as picted ip Figure 5G_ Patterned
fred SR BIRIA infebeinntny 110 ayderaebinidores G o hevaacd gacarmpial
di %uilﬁbleébgchnique wherein the renoval process does
1B PR cOO AR Rctemaved by epy seisabls teghnighe whesie herentoval
510.. I n accordance w th one enbodi nent of .the present
Profesy dnes Bt 1mpact delsetmicdaveriSPR or aetaliintereonnee 518y dn aG®6dance
.Js conprised of a carbon-doped oxide w th 20-35%

W*tib 8RGEMPYdimgns (Of the presanainyentioR prdermodpadrifinial afielectric layer
car bon- doped oxide with 0-10% porosity, and patterned
506slaePlinPné¢<g1>f Ypasberdeped pxide with(R-3 % menesityd disldotriclayat 502

. etch chem stry that conprises 20-30% by vol une of
is compriagde iy rarhomdioped oxide wiihdk 1 0%rpoaosiombodipattarted sacrificial
_patterned sacrificial dielectric |ayer 506 is renoved
dielgetrigrayes SPAds fapmamedivith @ wet efphichemistryehatTbaprises 20-30% by
anot her enbodi nent, capping |ayer 512 is forned prior
volyme ofi tetragrehyd kmofonpat hedmedles e ah keirtiodimetitep et fiddGacrificial
_layer 506. In an alternative enbodi ment, patterned
dielgetriciléyer SAP isiremi@eti pirior kathe fomitiionsofappingN@ed12nth | S
retained in the final interconnect structure. [0038]
anofkef embbdignens, dapginedaixi,512 isfeined prioe td Meeemd¥d dfpatterned
deposited above a plurality of metal interconnects,
saciificibludiclegtriveapdr 306t ¢n anAneGhtiEldnbaditheal Pufedicq kRFIAEA
spacers 516. Dielectric layer 518 may be deposited by
dielactyic $ayier 806 s hetabmiodetaridaretRined ikl G S Sht@Rbhald ¥tructure.
* even coverage above the plurality of netal

[0038] Referring to Figure 5H, a dielectric layer 518 is deposited above a
plurality of metal interconnects, including metal interconnect 5 10, and above
dielectric spacers 516. Dielectric layer 518 may be deposited by any suitable
technique that provides substantially even coverage above the plurality of metal
interconnects, including metal interconnects 510 and 51 1, and above dielectric
spacers 516 without substantially filling the space between dielectric spacers 516
from neighboring metal interconnects 510 and 511, as depicted in Figure 5H. In one
embodiment, dielectric layer 518 is deposited by a process selected from the group
consisting of a spin-on process, a chemical vapor deposition process, or a polymer-
based chemical vapor deposition process. Dielectric layer 518 may comprise any

material suitable to act as a durable base for a new levél of metal interconnects. In

18



i nterconnects, including netal interconnects 510 and

511, and above dielectric spacers 516 w t hout
weubssiiaedssal |y filling the space between di el eBCTiUS2007/020443

spacers 516 from nei ghboring nmetal interconnects 510

and 5 11, as depicted in Figure 5H In one enbodi nent,

dielectric layer 518 is deposited by a process

selected fromthe group consisting of a spin-on

process, a chem cal vapor deposition process, or a

pol ymer based chem cal vapor deposition process.

Dielectric _layer 518 y conprise_.any jmterja
one emPpRBIeELCISHC48Yex SR SEPTiRS é’ffﬂdffatsrlﬂe%ﬁ}qct“\%fr org the
metal interconnects, |none enbodi nent, dielectri, o
group:gpapistngof ylieemmpioxideya stiicatenpy 2 Farhpn-dapeted o YA
g[oughconsist[ng of silicon dioxide, a sllicat?, or_a,
porasity b bnanjalgernative erabegdiment patempd passificial djslectyic layer 506 1s
alternative enbodi ment, patterned sacrificial
remoyes] ssbsequent teythe f@oeition of dirkeatdc RyBs 2t lene meshedygelected
formation of dielectric layer 518 by a method sel ected
fronf thergrotye compuiging eyelyss, thermal desomppsitidne priradiation.
deconposition, or irradiation. [0039] Referring again
[0039) Fi gurRefdiiingraggaptosBiguiesSH,or grpdS2A0ds ferareddietiveen dielectric
spacers 516 of nei ghboring netal interconnects 510 and
spacersl 11 Gofhdightoeingaaetadingdreatnects S18yed$15@ad ambetegn diglgstric
520 may be conprised of any suitable material or gas
layer1802 &bl & sGap H2Q hiagitel congaisad bf anyesuitabiel matgribledrvgse that
metal interconnects 510 and 511. In one enbodi nent,
enableP a adfligibleapmditi 6ecolingitetwdean raetal inesrcameodi SiOrnd 511. In
gap 520 1s conprised of a carbon-doped oxide with
oneZRnER! 85 $20 istddmpriRedraf aienTinoder@boglirdestc pgs 82D is
in association with Figures 6A-C bel ow. [0040]

conff{sed bF B8arbenfdopbd 8xidlk. with 25 2ars Sorosiys thé fo¥miakiyn b€ which
patterned to forma via trench 530 above a portion of

is dfehakd iNLRHEAAGE WithTFidlres B -Clheldwspect i ve cappi ng
[ayer 512. A portion of via trench 530 nmay not be

oL YRR K gt ) B szt
via ttfeh §Waﬂo§/eta%ion of metal interconnect 511, or its respective capping
layer 512. A portion of via trench 530 may not be directly above the top surface of
metal interconnect 511, but rather above a portion of dielectric spacer 516, and is thus
un-landed. Thus, in accordance with an embodiment of the present invention,
dielectric spacer 516 provides a surface onto which such an un-landed via trench 530
can land, as depicted in Figure 31

[0041] Referring to Figure 5J, a second level of metal interconnects,
including metal interconnects 522 and 524, is formed above dielectric léyer 518. In

accordance with an embodiment of the present invention, metal interconnect 524 is

connected with underlying metal interconnect 511 by un-landed via 526. Thus, an
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un-1l anded. Thus, in accordance with an enbodi nent of
the present invention, dielectric spacer 516 provides
wa 2608r0Be3se ont o whi ch such an un-1anded vi a treathus®0/020443
can | and, as depicted in Figure 51. [0041] Referring
to Figure 5J, a second |level of netal interconnects,
i ncluding netal interconnects 522 and 524, is forned
above dielectric layer 518. In accordance with an
enbodi nent of the present invention, netal
i nterconnect 524 is connected with underlying netal

i - i 526... Thus, .
i 3 L e e A0 822 TS, s, e

S I e I T
f, d. [0042],I d i t.h th nbodi t
R R RN S .

fil.led wth erial other than air, as.
520?‘%?‘6} 1 éﬁﬂl my%e&ﬁfesswma oateygl othar Hean air, g5 iiyserasd in
.an interstitial dielectric |ayer 660 is deposited on
Figpyes égt'ﬁu cs}%?f%mgﬁemrﬁ OB gy indenstitighghieleetric dayen 60 grodeposited
0 the structure in Figure 5G. Interstitia

on e sfrueturs haws iy Figers 6h(Whish dpanlogaug to thesmtcivae oy Figlire
suitable to enable a negligible capacitive coupling

SG)y dpteaetitial dislentrs jayer 640 may Be compeisebofrewtmaterialduitdblego
netal interconnect 610. In one enbodi ment, the

enaflecy prgligibie cenpsitivetcoyplingbeimvsen aiphiratifysifauttal intdrapnmects,

. 660 is between 1 and 2.5. In another enbodi nent,

includingrmaetal indgreenneceel Q. i n dngyeorbogii@ents theatiglectsie dondtart of

. carbon-doped oxide wth 25-40% porosity. In one

integgtitigidivdentric tayer @hitisdetwéen Icambs?.4nln efotheat eilsdditind,
dielectric layer 660 is less than the dielectric

integsiitial divlectic Hivet &wl isicomipaiged o680 2arbp 4B Ketle iiin s + 0%
Figure 6C, dielectric layer 6 18 is then be deposited

poretityv dn@npleartbadithgntpthe ribdl edtric BoestaR VI GREStiti hINdibledkiddayer 660
nmetal interconnect 610, having an interstitia

is lads eHamcthe dicléane coriht oDiRlR6dd iaged 6Oper 618 nay be
conprised of any )

[0043] Referring to Figure 6C, dielectric layer 618 is then be deposited above

a plurality of metal interconnects, including metal intercc;nnect 610, having an
interstitial dielectric layer 660. Dielectric layer 618 may be comprised of any
material discussed in association with dielectric layer 518 from Figure 5I. In one
embodiment, the dielectric constant of interstitial dielectric layer 660 is less than the
dielectric constant of dielectric layer 618. Thus, an “ultra low-K gap” metal
interconnect architecture with discontiguous dielectric spacers may be formed.
[0044] Although the foregoing embodiments contemplate dielectric spacers
for metal interconnects, the present invention is not limited to the use of metal
interconnects. Conductive carbon nanotubes may be bundled together and used as

interconnects to incorporate electronic or semiconducting devices into an integrated
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mat eri al di scussed in association with dielectric

| ayer 518 from Figure 51. I n one enbodi nent, the
wdizels@séass c constant of interstitial dielectrieChagennyn20443

660 is less than the dielectric constant of dielectric

| ayer 618. Thus, an "ultra | ow K gap" neta

i nterconnect architecture with discontiguous

di el ectric spacers may be forned. [0044] Although the

foregoi ng enbodi nents contenpl ate di el ectric spacers

for netal interconnects, the present invention is not

limted tq the use of netal..interconnects.. Conductiyve, .
cirgsif P erarancioutt aaghsbnoningn o BE PP AT Tiogqlsleetric
i nterconnects o i.ncorparate el ecironic or .
SPASERSi LD IIRIIP ICRY HEUPR @’é‘?‘i IRtECORRSGH @&B Aoyodles gf condygtive

accordance with anqgt her enmbodi ment of the present
carppR BAIqURPEs- dn @(seeeifir embedunst, the éuwi‘sw FRrBOM Pt hes have
with interconnects based on bundl es of conductive )
flaged mpefalen ana refylicof fabricatiop &éq 4 demasesrripiveats; Tihws, dielectric
bundl es of carbon nanotubes have flared profiles as a
spacersunay be formiseiondhe sidevwalls of intarecrmests formardeiem bpmdles of
dielectric spacers may be forned on the sidewalls of
carbpn apr@inbrsdn ordertaweduce tin RGrddlaysasedciatad vdth swehdntgtsennects,
in order to reduce the RC-delay associated with such
to proyvistechmatslitysto the injergonnket aghiddrtiinet gr togrovide a surface onto
i nterconnect architecture, or to provide a surface
whaicht un-leinidedh vian nhaynided onfoathe magrcbmmdtsont o t he
i nterconnects. [0045] Thus, a plurality of netal
[0045] er conrEnssa pheality of atetal dntdtoeheatty incogaatargsdieleckria
met hod to formsuch dielectric spacers have been
spatessCindlzatethbd to fiene sivhdlietesttic spivershaledeti descsipad.elrbone
are adj acent to nei ghboring netal interconnects having
embbaintsht xhe tidl&ariasshcarseare hdja ot k@i glibdrird netakinterconnects
anot her. In another enbodi nent, the dielectric spacers

ha{ihg flabl FrofiRGiadd adP@Rcoligabudfiomasidesiottieds if@fbther
effectively land. P24963 CLAIMS for PCT Wat is clai med
embddiment, the dielectric spacers provide a region upon which un-landed vias can

effectively land.
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1. An electronic structure with a plurality of

i nterconnects, conprising: a first dielectric |layer; a
woOi201036385 er connect above said first diel ectri eCragenn;/020443

wherein said first interconnect conprises a first

di el ectric spacer directly adjacent to the sidewalls

of said first interconnect and directly between said

first dielectric |ayer and the bottom surface of said

first interconnect; a second interconnect above said

first dielectric |ayer, wherein said second

i nterconnect conprises a second dielectric spacer
!ZéaﬁiééﬁﬁyﬂﬁdpaEsﬁf to the sidewalls of said second
i nterconnect and directly between said first
di eVBatisickaimgdés and the bottom surface of said second
I nterconnect, and wherein said second dielectric
spacer is discontiguous fromsaid first dielectric
spacer; a second dielectric |ayer, wherein said second
1. Adv electtami¢ siruchyrewithsa phwality o intefcoprgcts GAMPEP@Es econd
i nterconnects; and a gap in between said first
difiesteli¢lectacllapeer, said first interconnect, said second
i nterconnect and said second dielectric |ayer. 2. The
stfirstdtitere@noéctabaiersdid finstrdielactsialayef, wisreinrsdidstaistiinterconnect
second i nterconnects have flared profiles with a
f | acoanlpriveg hdirstndidletvieaspa@d ditecttyeadjacmtitol ths sttegatle of s@d
The structure of claim2 wherein said flared angle is
i n fikeintaogmeof addird 3y tdegeaesmidiirsT Heletnialayer andahe
claim2 wherein said second dielectric |ayer and said
fi risdttomn suSadetbfsaioigt aitet@atei;c spacers form hernetic
seal s around said first and said second interconnects,

aesEnRlinteetohnet abbhe satifiist diglectdit 18yen] whetelnhmaidsasondi d

gap i s conprised of air. '
interconnect comprises a second dielectric spacer directly adjacent to the
sidewalls of said second interconnect and directly between said first dielectric
layer and the bottom surface of said second interconnect, and wherein said
second dielectric spacer is discontiguous from said first dielectric spacer;

a second dielectric layer, wherein said second dielectric layer is above said first
and said second interconnects; and

a gap in between said first dielectric layer, said first interconnect, said second

interconnect and said second dielectric layer.

2. The structure of claim 1 wherein said first and said second interconnects have

flared profiles with a flared angle in between 90 degrees and 155 degrees.

3. The structure of claim 2 wherein said flared angle is in the range of 105 — 135

degrees.
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6. The structure of claim2 wherein the dielectric
constant of said first and said second dielectric
wepesasesss greater than the dielectric constarcTmis2007/020443
said first and said second dielectric |ayers, and
wherein the dielectric constant of said first and said
second dielectric layers is greater than the
di el ectric constant of said gap. 7. The structure of
claim6 wherein said first and said second dielectric
spacers are conprised of a material selected fron1the
T%roup conS|st|n of silicon nitride, silicon carbi
P EWBeiErR efofiaian 3mhesdn seidiserand diglegicayes 3ad S%lmﬁrafcﬂﬁld said
car bi de, boron doped carbon nitride or_boron-doped
secarid dielsairisaappears formhberaietic seale afound saidrfirstandcsaidbessard
dielectric layers are conprised of a material selected
intefqopneethaespestipelyonsi sting of silicon dioxide, a
silicate, or a carbon-doped oxide with 0-10% porosity,
and wherein said gap is conprised of a carbon-doped
oxide wth 25-40% porosity. 8. The structure of claim
5. Thewtrecteraof ¢leimit dttiereint saidi ghpfis canprsad ofaiid second
di el ectric spacers is substantially equal to the top
wi dth of said gap. 9. The structure of claim8 wherein
the width of said first and said second dielectric
6. Theaaeatture sf tlainh Daviicaeigehodickcit coantnedfsasd fitst afdheaid
structure of claim2 further conprising: a via in said
secoeCdislbcti cdpaces icgleatee thanwhediel aetric Ednstint phedid Grst @hd said
said via is on the top surface of said first
sechi dieRRutERlersadi@d Whetl the diebetd Cor3edntt bOFaid firstaind syida
is on the top surface of said first dielectric spacer.
secdrd dithRtid Talieis i¢ Sre@fer Hadithe dieWeariceidhstmt of &did gip.and
sai d second interconnects are recessed into said first
dielectric layer. 12. A nmethod of form ng an
el ectronic structure with aplurality of interconnects,

7. THRPLRIr& 8F claim 6 wherein said first and said second dielectric spacers are
comprised of a material selected from the group consisting of silicon nitride, silicon
carbide, nitrogen-doped silicon carbide, oxygen-doped silicon carbide, boron-doped

_ carbon nitride or boron-doped silicon carbide, wherein said first and said second
dielectric layers are comprised of a material selected from the group consisting of
silicon dioxide, a silicate, or a carbon-doped oxide with 0-10% porosity, and wherein

said gap is comprised of a carbon-doped oxide with 25-40% porosity.

8. The structure of claim 2 wherein the width of said first and said second dielectric

spacers is substantially equal to the top width of said gap.

9. The structure of claim 8 wherein the width of said first and said second dielectric

spacers is in the range of 5-20 nanometers.
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formng a first dielectric layer; form ng a second

dielectric |layer above said first dielectric |ayer;
woabtdasaseishg sai d second dielectric |ayer to foPaTAS2007/020443

patterned dielectric |layer having a series of

trenches, wherein the bottons of said series of

trenches expose the top surface of said first

dielectric layer; formng a spacer-fornming dielectric

| ayer in said series of .trenches to partially fil

said series of trenches, wherein said spacer-formng

i,electric er covers the.top surface of said
10, Bt of Bht piRERr St tE s ng. an
i nt.er connect - f or.m ng tal | ayer above said .. . .
Fpde & 5316 seroRg dirleriaedares VhgrEin 4 ‘@rs&aw‘ﬁpetoé pgidrvia s qnbe
remai ni ng portions of said series of trenches; | o
pl afP&rﬁ“ﬂgaﬁ@ of said firstrintescomneett andwhers meacand pation of sgid via
the spacer-fornmng dielectric |ayer to expose the top
sur fsarethgfton ayrdaqsafisaidféngt dielectsicsppeer] ayer and to form
a series of interconnects with discontiguous
di el ectric spacers; renoving said patterned dielectric
| ayer; andforming a third dielectric | ayer above said
11.sHre stmictire phicleits @rwlkerein, saichBrseamd sad seconil intertiopheats atiec
| ayer, said first dielectric l'ayer and said series of
recessee into saiddirst dieteletriti lsgent i guous di el ectric spacers
forma series of gaps. 13. The nethod of claim 12
wherein said series of trenches has flared profiles
wth a flared angle in between 90 degrees and 155
12 de guetlesd oflfbrmidpamelettochio ftradtaternwiilBa phealétyrof Smtertonnects,
flared angle is in the range of 105 -135 degrees. 15.
compasingt hod of claim 12 wherein the dielectric constant
of said spacer-formng dielectric layer is greater
tdanirghefidt @lehetrid iyegnst ant of said first and said

hir
tform;jng a second dielectric layer above said first dielectric layer;

patterning said second dielectric layer to form a patterned dielectric layer having a
series of trenches, wherein the bottoms of said series of trenches expose the
top surface of said first dielectric layer;

forming a spacer-forming dielectric layer in said series of trenches to partially fill
said series of trenches, wherein said spacer-forming dielectric layer covers the
top surface of said patterned dielectric layer;

forming an interconnect-forming metal layer above said spacer-forming dielectric
layer to completely fill the remaining portions of said series of trenches;

planarizing said interconnect-forming metal layer and the .spacer-forming
dielectric layer to expose the top surface of said patterned dielectric layer and

to form a series of interconnects with discontiguous dielectric spacers;

removing said patterned dielectric layer; and
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dielectric |layers, and wherein the dielectric constant

of said first and said third dielectric layers is
wgnemtoas3ss han the diel ectric constant of said BeTiUS2000020443

gaps. 16. The nethod of claim 15 wherein said

spacer-formng dielectric layer is conprised of a

materi al selected fromthe group consisting of silicon

nitride, silicon carbide, nitrogen-doped silicon

car bi de, oxygen-doped silicon carbide, boron-doped

carbon nitride or boron-doped silicon carbide, wherein

aid first. and sai,d third di.el ectric | ayers ar . .
Peming & dircfteleoiilayer Apoxe il SERFS A SpHeTREnGHY ypherein said
consisting of silican. dioxjde, a silicate, .or
bl digloseie bPrssid Rt Geleaicdeysant said shes plntarpnnects
said series of gaps is conprised of a carbon-doped
oxiwigh diseentigons dickrstizspagers form ¢iseriesR g8 of claim 12
wherein said series of gaps is conprised of air.18.

The method of claim 17, wherein said second dielectric
| ayer is conprised of a carbon-doped oxide with 20-35%
13. be owmithad ofidainThd wikereim spid Seri¢sai{irengheghas dlapedsprofiles with a
spacer-formng dielectric layer is deposited by a
flargt agls 5 bativeen 80 dégroes aikl Yy drppeasonsi sting of a
chem cal vapor deposition process or an atom c | ayer
deposition process, and wherein said spacer-form ng
dielectric layer is conprised of a material selected
14. The methel gf dain tDHmiesdin sajd dfarsd drghois inithe jadgs 05105 €dAS
carbi de, nitrogen-doped silicon carbide, oxygen-doped
degsdeki con car bi de, boron-doped carbon nitride or
bor on- doped silicon carbide. 20. The nmethod of claim
12 further conprising: formng an unlanded via in said
third dielectric |ayer.
15. The method of claim 12 wherein the dielectric constant of said spacer-forming

dielectric layer is greater than the dielectric constant of said first and said third
dielectric layers, and wherein the dielectric constant of said first and said third

dielectric layers is greater than the dielectric constant of said series of gaps.

16. The method of claim 15 wherein said spacer-forming dielectric layer is comprised
of a material selected from the group consisting of silicon nitride, silicon carbide,
nitrogen-doped silicon carbide, oxygen-doped silicon carbide, boron-doped carbon
nitride or boron-doped silicon carbide, wherein said first and said third dielectric
layers are comprised of a material selected from .the group consisting of silicon
dioxide, a silicate, or a carbon-doped oxide with 0-10% porosity, and wherein séid

series of gaps is comprised of a carbon-doped oxide with 25-40% porosity.

17. The method of claim 12 wherein said series of gaps is comprised of air.
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18. The method of claim 17, wherein said second dielectric layer is comprised of a

carbon-doped oxide with 20-35% porosity.

19. The method of claim 18 wherein said spacer-forming dielectric layer is deposited
by a process selected from the group consisting of a chemical vapor deposition
process or an atomic layer deposition process, and wherein said spacer-forming
dielectric layer is comprised of a material selected from the group consisting of
silicon nitride, silicon carbide, nitrogen-doped silicon carbide, oxygen-doped silicon

carbide, boron-doped carbon nitride or boron-doped silicon carbide.

20. The method of claim 12 further comprising;:

forming an unlanded via in said third dielectric layer.
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