Dielectric Spacers for Metal Interconnects and Method to Formthe
Same BACKGROUND OF THE I NVENTION 1) FIELD OF THE | NVENTI ON [ 0001] The
i nventi on we dons/43esssfield of Integrated Circuits. 2) DeSORsEDY/OI443F
RELATED ART [0002] Metal interconnects are utilized in the fabrication
of integrated circuits as a means of connecting various electronic
and/ or sem conductor devices into a global circuitry. Two key factors
consi dered when fabricating such netal interconnects are the

resi stance (R) of each netal interconnect and the coupling
capacitance (C), i.e. cross-talk, generated bet ween the netal

i nt erconnects.. Bot h, of t rs ha enc
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resi stance. and the i nterconnects in order to
mtigate M@M&Mﬁ%] For the past decade, the
performance of integrated circuits, such as those found on

m cr oprocessors, has been greatly enhanced by the incorporation of

copper interconnects into "hack-end" of |ine processing sequence.
The pr esehcEL %’PB éga‘éﬁéﬁm(ﬁ?connect s, versus al um num

I nt erconn grea reduces, t such interconnects,
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to reduce the coupl i ng capacitance generated between netal

2) DESCRIPTION OF RELATED ART

[0002] Metal interconnects are utilized in the fabrication of integrated circuits
as a means of connecting various electronic and/or semiconductor devices into a
global circuitry, Two key factors considered when fabricating such metal
interconnects are the resistance (R) of each metal interconnect and the coupling
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 micreprocessors, 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



i nt erconnects have included the use of lowK (2.5 - 4) dielectric

| ayers that house the nmetal interconnects, where Kis the dielectric
const ant ofyg Joes/ebsssectri c | ayers. However, the incorpoparistoegdoesdsch
films has proven to be challenging. her WO

2008/ 036385PCT/ US2007/ 020443 attenpts to reduce the coupling

capaci tance between netal interconnects has focused on "air-gap"
technol ogi es, where no dielectric |ayer exists between the netal
lines. Although this technique has been effective for reducing the
coupling capacitance, a result of air having a K-value of only 1, the
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accordance wih an. embpdl Ments Sy 118 BLERG M inteBiRPS¢ Pflurality of metal
interconnects may be compromised in the absence of supporting dielectric layers.

[0005] Thus, a method to mitigate the RC~delay in a plurality of metal

interconmects is described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 illustrates a cross-sectional view of a plurality of
interconnects having flared profiles with discontiguous spacers, in accordance with
an émbodiment 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 invention.

{0008] Figure 3 illustrates a cross-sectional view of a plurality of
interconnects having flared profiles with discontiguoug spacers, -in accordance wi-th
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 5A-J illustrate cross-sectional views representing the

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



[0007] Figure 2 illustrates a cross-sectional view of a pair of

I nterconnects having flared profiles with discontiguous spacers,
wher ei n t heyg nbgegsmanect s are recessed i nto the underl yipog/igdembentds
| ayer, in accordance with an enbodinent of the present invention.
[0008] Figure 3 illustrates a cross-sectional view of a plurality of

I nterconnects having flared profiles with di scontiguous spacers, in
accordance with an enbodi nent 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
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[0011] Figures 6A-C illusirate cross-sectional views representing the

formation of a plurality of interconnects having flared profiles with discontiguous

spacers, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

{0012] A plurality of metal 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 following description, numerous sPeciﬁc'details are set forth, such
as specific dimensions and chemical regimes, in order to provide a thorough
understanding of the present invention. It will be apparent to one skilled in the art
that the present invention may be practiced without these specific details. In other
instances, well-l_cnowrl 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 iltustrative
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



form di scontiguous dielectric spacers, in accordance with an

enbodi mrent of the present invention. [0011]Figures 6A-Cillustrate

Cr oss- sect wanabs/ascesss representing the formati on of a plparaiskdoy/omiiss

i nterconnects having flared profiles with di scontiguous spacers, in
accordance with an enbodi nent of the present invention. DETAILED
DESCRI PTION [0012] A plurality of nmetal 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 owi ng descri ption, numerous specific details are set forth, such
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dielectric constant materials (e.g. materials with a dielectric constant less than that of
silicon dioxide) in the gaps between such metal interconnects. Embodiments of such
reduced dielectric constant materials include low-K dielectric layers (layers with a
dielectric constant c.>f' 2 — 4, where silicon dioxide is around 4) or even air, which has
a dieleciric constant of 1. Thus, including dielectric spacers between a plurality of
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 interconnéct 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 underneath,

metal interconnects 102 and 104.



that provides sufficient structural integrity for incorporation into
an integrated circuit and that provides a region onto which un-| anded
vi as may "hanmisemyssbe forned. [0014] The formati on of nmpeatus2007/020443

i nterconnects with a reduced coupling capacitance, i.e. a reduced
cross-tal k, anong each netal interconnect may be enabl ed by
incorporating dielectric spacers into an interconnect structure.

Thus, dielectric spacers can be used to mtigate an RC-delay within a
series of netal interconnects. For exanple, in accordance with an
enbodi mrent of the present invention, dielectric spacers are
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artifact and nay be characterized by a wder top surface

[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,



than bottom surface and a sidewall that tapers inward fromthe top
surface to the bottomsurface. In one enbodi nent, netal interconnects
102 and 10Wwdmvusoskisared profiles with a flared angl e 0 pgrhstoeensS0
degrees and 155 degrees, as depicted in Figure 1. In a specific

enbodi nent, the flared angle is in the range of 105- 135 degrees.
[0017] Di el ectric | ayers 106A and 10613 may conprise any nateri al
suitable to provide structural integrity to the interconnect
structure 100. In one enbodinent, the dielectric constant of
dielectric layers 106A and 106B is in the range of 2 - 5.5. In
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above a 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 interconnec‘: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 netal

i nterconnects 102 and 104. In accordance with an enbodi nent of the
present i nwerdongissssa third nmetal interconnect 110 i S CORUEWUSID7OMA43
nmetal interconnect 102 by a via 112 that is housed by dielectric

| ayer 106B. Dielectric spacers 108 nay have a width sufficient to
provide a surface for via 112 to land in the case that via 112 is an
un-l anded via. In an enbodinent, via 112-is |anded on a portion of
the top surface of netal interconnect 102 as well as on a portion of
the top surface of dielectric spacer 108, as depicted in Figure 1. In
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t he capacitive coupling between netal interconnects 102 and 104. In

one enbodixidafbn 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,



the material or gas of gap 120 is conprised of air. In another

enbodi nent, the dielectric constant of the material or gas of gap 120
is betweenwbh mogh3g3ss. | n a specific enbodi nent, gap 120pCsusmpoiessd
of a carbon-doped oxide with 25- 40% porosity. In an enbodi nent, the
dielectric constant of the material or gas of gap 120 is | ess than
the dielectric constant of dielectric |ayers 106A and 106B. [0022] Gap
120 may be of a width sufficient to mtigate cross-tal k between

nei ghbori ng nmetal interconnects yet, in the case of an air-gap, may
be sufficiently narrow at the top to block filling by dielectric
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[ 00241A plurali I nterconnect's 1’ncorporating dielectric
Spacers %22} Gap 120 may be of a width sufficient to 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 dieleciric 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.

[06023] 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,



conprise an architecture of active netal interconnects with a

vari abl e spacing. Such an architecture of various spaci ngs between
active netelo to08/@sssannects may inhibit formati on of a tetcatusaicropas
architecture because the overlying dielectric layer may fill-in w der
gaps and may thus increase the coupling capacitance between netal

i nterconnects that are spaced further apart. In accordance with an
enbodi nent of the present invention, a dumy netal interconnect, i.e,
a netal interconnect that is not connected to the active portions of
an integrated circuit, is used to naintain equal spacing between
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wher oi n-t ASeiehlirsBsRARE RER BEb A e A E R Crcf et ibion
To a1 at PR P a R iHERARI Rk feAlle bR ohaITHESRRART bl S1a°
of 1 he pr Snenr e b Py e i Sese o, SHRGERARE ek Beffbef oA, ™=
A4, wher BRCPmSeR Cptery popAERCAS! RD L Bhagdlt SRR RGH 20K

diel ectri ré&ﬁqgvgenﬁgﬁ’a &ﬂnﬁﬁﬁmtﬁli%ﬁ:%nﬁébft,fiie(?g%alix?gﬁ%ﬁ?{écg%gﬁisfdoﬁt

surfacé above and i n betweeh netal |nterconnects and VO

2008/ 03638F{eL{l%s 9%74&39 ﬁé;%ah@@?ﬁﬂi&e%}a%& éi'}&lit,s RAGES & L@intaiEbdtlal

i nterconnects may be tabricated by any suitable nmethod that provides

total coverRas Rhwkhfmelafiatlseas. RUGHR &) Fi'%&g%r, CORRGEE e dibchie

dielectric spacer materital. In accordance wt n"enbodi nent of the

present ipyg @&igﬁﬂ estal FALRT nref IntblobMidof ?%@m{drﬁedigf%@%?%ﬁoﬁl one

di sconti guous dielectric spacers for a plurality o

i nt er connggh8diment, dummy metal interconnect 330 blocks dielectric layer 306 from filling
the gap between discontiguous dielectric spacers on neighboring active metal

interconnects.



[0027] Referring to Figure 5A, a dielectric layer 502 is forned above
a structure 500. Structure 500 may be any structure onto which a
plurality wo mwed/asssgsnt erconnects is forned. |n accordaneeTmwistdvroreiss
enbodi ment of the present invention, structure 500 is an array of
conplimentary netal -oxi de-sem conductor (CMOS) transistors fabricated
in a silicon substrate and encased in a dielectric layer. A plurality
of nmetal interconnects (e.g. the plurality of netal interconnects
formed in the steps described bel ow) may be fornmed above the

transi stors, and on the surrounding dielectric layer, and are used to

O oot oSt PS80 AL By 734 haBs
Rt et ooy

dielectric . laye is d L OCEesSs ze ected fromthe

50
or oup. condeE, F"fhﬁaldfl%aw&ﬁﬁﬁg gt &vgea‘éls Spaping, YR OR (OOPe FIBEY 1 i on
Dot HestuRRetr T aardies Pt o8 oo aBs SFRE TRt eﬁf@ﬁ’ﬁs@ﬁéﬂ%m
d |
E?E?Lrsﬁfgs' et e Bﬁr Efﬁ%sa%eér?é%g%'a%gﬁﬁaa? SHpR T @%P%w Rate o
t abl t d bl b f. t f t
o er comntiedd TR feetl Bipre i euPln BePhlltfoy il oy earis s
| 502 d .of t d f |
o b Refer T RBSE 4 heldn é%r*éeahafer%’ém?? Sﬁ@faﬁ’"ﬁ?' F%@%ﬁ%ctys
b f | t 5
dielectri ?;“ aygéag‘gtg)ﬁgf‘gl ShEMEE bl i Ehna0ea0d Ml RE ARORLTRO .
mterial gad Lhe,glekgchide ?mat@%n%fc d4og'a%§t4b4 L3y {ﬁl?%% gogst n

t he range O ano er e rc

s rer S U e RSl O LT
f h

A B A e T B,
o L RS, BT R S R

| nt er conngegige n}?{eﬁﬁg% 2%’ lzcsrastgpr%\fegﬁ?ﬁn' Vel 6l EP&R}S s ﬁﬂﬁ&tb&ﬂx to a

bl anket neta neta I nt é&rcornects are

f or med by p‘ﬁﬁﬁﬁpﬁ{é%ﬁtﬁﬁﬂﬂbﬂuﬁe gﬁ? B&Web@ﬂlef&@ iff térQU 12 and A14 &

danascene techni que using a sacrificial dielectric [ayer 504 is used

to form agphif flahld% RhofBled!. HidfRiqmeak mag%gd'e?éﬁfealby@tgéhﬂﬁfué' ¢

| ayer 504 may be conprised of any nateria e ftor~being

pat t er nedsype SRS E&ﬁbéﬁ%&?&%&?hﬁf&@&ﬁx@c@ 49e G 494‘ d.wél%ﬁ-elﬁ i @ita'd?o{f or

subsequent renpval wthout | npacting dielectric layer 502 or
subsequenieypah @4 &%Qtepﬁ{aﬁ lthd Riceh 6PMBREKC si)ﬂ:ep 363, 8 edlh Eﬁ@ﬁness sufﬁc1ent

sacrificial dlelectrlc l'ayer 504 is conprised of a carbon-doped

silicon oy glesitkddue’ily séhfghra@i@§nsfysurﬁé&mo%%almﬂbﬁ&e%ﬁtlﬁb@l | ayer 504
may be deposited by any suitable technique that provides

subst ant i glibioBieeR AAHATR, RfdepReddiih iFfhad 4d4rﬁb§% hédordRY¥EWitRA4 above
dielectric layer 502, as depicted in Figure 5B. 'In one enbodi nent,

sacrifici @an&!lﬁleﬁ%fi‘h@ ¥R invlioh %1@%%@“&3%94&)’13%e b8EADS 2SBIe6 ed
fromthe group consisting of a spin-on process, em cal vapor

deposi ti OBrdRERAS T a SAp FetROlHBG! RRs&hnche A £2hd mtz%eiﬂ&ﬂ%l Wid@or
process.

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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WD 2008/ 036385PCT/ US2007/ 020443 100301Referring to Figure 5C,
sacrificial dielectric |layer 504 is patterned to form patterned

sacri fici awolioes/esssssi ¢ | ayer 506, which exposes porti ongcofustdeoioass
surface of dielectric layer 502. In one enbodinment, sacrificial
dielectric layer 504 is patterned by using an anisotropic etch
process. In another enbodi ment, sacrificial dielectric |ayer 504 is
patterned to formpatterned sacrificial dielectric |ayer 506 by using
a vertical dry or plasma etch process conprising fluorocarbons of the
general formula C ,Fy, where x and y are natural nunbers. In a

Spect 11 GIBR o0 20 Ll Sk S BB S0,
o ocarRoas o814 SR STRSEE SRR soBRRH fiBled cLv1 ©
1 .| R AR, B R OOE T T B o Bt
o NS e T, 98, NGB ol
e B S5l VBR3P e
2o 1 gt 1o B AlERR R 8 e A A Rgabblca
7L O 330 536NN o RSB Rt Gefly, T
L0 "o 5P P SR Lt AL e
L e e N
therel n "aY8 A ATASRICAL) L Bicon ol 8NSHATROALITY acflictraca of

5ist
trenches %Q/és?rlsare(? es W are etween 90

S R M L g
degr s, T JLAHGA AL L8Po0bok U8 SSTL G2 LBESIENS AEREIGLAY,

form the Eﬁfeigg'ﬁrﬁ)l?%er,t IRAEDESa 18 %&Qtr%ﬁ{l% Q&n%&tfrtg% Rafidosts fcgrﬁ-zﬁ | bed

above. For e I'n accordance w an e Iment o pr esent
i nventi on, Likargdprofile is formed during the patterning of

. .1t£%t ; . : .
sacrificial |e¢e% i c | ayer 504 with an ani sotropic plasnma etch

process. dbétgjgﬁi ﬁgbgb?él%% lafylEpﬁ)% ‘Q‘g?ié? g%?ﬁitéﬁ ?t}ok}g sﬂ’ﬁ%ﬁ{éﬁsp‘g?ﬁ{g??s

during th sacrifircra ric layer 5 ng in

a taperi n&ﬁ%%lét?&r@ix{@th%t@?g@ﬁeé Jﬁﬁfttaﬁ@amn bhA Rt o dRIQRHE B $02f 9§ M

patterned sacrificl fric layer "506. |n another enbodi ment,

the maski agaié@a Eﬁ&%ﬁ.oﬂﬁ%ﬁ%ﬁiﬁéﬁﬁ &iglﬁétn@flay%?%i tsi&baéuelqibgvlaect ric

| ayer 504 dre slo eroded during an etching process, resulting in a

great er aghiipls leoflBfil e gRSi CbrisRURY S LiiRBh pRGoLOR cRBldaPYapRE 1 he

series of "trenches as conpared with the bottomportion of the series

of said t B@ﬂlﬁnﬁﬁ-process, or a polymer-based chemical vapor deposition process, Ina
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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[0032] Referring to Figure 5D, a spacer-formng dielectric |ayer 514
is deposited above patterned sacrificial dielectric |ayer 506. Thus,
i n accor dammez0es/633an enbodi ment of the present inventi eQr/US2007/020443
spacer-formng dielectric layer 514 is deposited prior to the
formation of a plurality of netal interconnects. Spacer-formng
dielectric layer 514 may be deposited by any suitable techni que that
renders a layer that is conformal, or nearly conformal, wth
patterned sacrificial dielectric |ayer 506. Al so, spacer-form ng
dielectric layer 514 may be deposited by any suitable technique t hat

d duc d

000s 008 U T SRR AN Bl RO MBI BAERR. BT
embod ﬁéﬁfhﬁgﬁﬁeﬁf'@%ﬁﬁ%&‘” ?(F‘-’lsemenfe Btk Sofekan e
d h

e e i b A
| ayer 514 H%Xd:l?neent Qf;g@% ec{n%nc],o% td?e%c%-‘p a&le} 1s1 &em@iglg%%aes 4.

cross-tal K weert ‘a su sequen

ot a1t o b B SoBRALS ér%ecﬁic“famr 53?5%%%%1?%8" P?ﬁ ﬁ e atpdted
| ayer 514 glogr} :?tgdg &\)%58{1 : ?%fgﬁti ! Id’%x:ég & ageé]:azr' 9 g]?rr diJ ‘%‘é‘éf’ with

consistin on ni A RRR N
silicon cgrth om% gen-doped silicon carbide, boron- doped car bon
nitride or %%ed silicon carbide. In another enbodinent

car bon fn?pm 32 L oL 8841 HRL Py b RO S50 B RARLPBOTRPRY,
s for mod oo £GRCLiR KEatRS B RNADE ilchgEANE 10F§§§P§§“ﬁem aecn 2N,

al ternative odi nent , 'spacer-formng dielectric éonpri s

a metal - based, lﬂ?&erar@%orﬁehg%%b&e{agg% ueg U208 'té%h%ﬂké?f SAW or

CoVWBP. 100331Referring to ure rrier a er or med

above spaggh- 1f d{&hé}en%drﬁ&grmga ﬁvecgfpiééks aﬁ%ﬁﬁ&{( n,g xﬁﬁas%%bﬁay be

conpri sed of any materi al a su cient t Ss suitable to

i nhibit owngight. Uﬁlef}ﬁ-ug%%tlﬁ rgg%él——ba fﬁ %§c%Hé Ygg%@kjﬂe AilelL r?zllcglgala(l) ¢

i nt er connect S I n one ment ayer I'S CO

t I i i
ant al om ot ecraey PR Hedlo R ERURISy bERM it AERANT, Shrieh

enbodi neng 25
OT0%0. Mgl o TRy B RS ARl ol Rl BB by
t echni que,thaliaf rlﬁﬂdﬁgﬁly?etﬁpﬁ}%@ésgﬂldfopgmtaﬁﬁrfby Slﬁgé’lflﬁﬁfmmvliﬁyﬁou@b ove

spacer-formng dielectriic [ayer 514. In one enbodient, barrier l|ayer

508 is deﬂﬁﬁdchﬁg dReiP1a96E52 &%Isssgeadeﬁtry%hﬁ&ﬁmgfaw@ere&ﬂﬁus tzh Ble Of
an atom c | ayer deposition process, a chém cal vapor deposition

process ObmBodiént, GatriiYddl HielRRORlED SV iPEQBBESed of' Wearbon-doped silicon
2008/ 036385PCT1US20071020443 [ 0034] Referring again to Figure 5E, an

i nt er connggide WA (Y598 jopdsity ABRErfRAA dielectric layer 504 may be deposited by any

-t

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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is formed above barrier layer 508. Interconnect-formng netal |ayer
540 may be fornmed by any process and from any conductive materi al

sui tabl e fwo mogyBssdsel y (or nostly, if a void is inadverptenkbosr0o20443
formed) filling the series of trenches fornmed in patterned
sacrificial dielectric |ayer 506. In an enbodi nent,
interconnect-formng netal |ayer 540 is conprised of a materi al

sel ected fromthe group consisting of copper, silver, alumnumor an
all oy thereof. In one enbodi nent, interconnect-formng netal |ayer
540 is conprised of polycrystalline copper with an atom c conposition

S T, SRS e DRt e
e L S
deposi BBt AUOTNE, IRVEScERRSIAL S0 ADY L0005 e
spacer | obBaf.0hhath b el e S b9 LG OB A0Y boconi,

f ey ' jc | 06.are remved. T :
Ser s, of CaseRRlel 1k pAldFadifb oty N Fhe PR AR PRRAR Lo oy W ¢
barrier | ' tgd 516 ks f d. T
el oot ri gk 8 RaBd SpRefRlday SR Ehipiily b BRPER af)iger
di ti icred in Fi 5E. T

| scont i giRasnd £ ?ﬂ&e%%tdgﬁ[erf nétﬁraﬁ'ﬁ%ﬁé& h%%i?écgg%%%l?oding?gs 508 and

portions of spacer-formng ectric rayer

i nt erconn i hﬂ?% t.hat - are abo the .to rface
of patter ﬁ%%ifﬁgggg%eﬁ% cla %Ji§e()lq ég??tlég%dadé@rm Verrrg(f/a\fﬁg ' ! ‘Wgadestéﬁ/ any
techni quepRididsaly n‘fsﬂlfgrf?ééqg(%cﬁlr}ﬁﬁa?o ohb ORSan it o 3LBRLE I cant |y
er odi ng tRe portions that are encased I n pd?%erne sacr|?F§PI

di el ectri gaclig¢Rl drftrid l'ﬁy%%grigQpﬁ(ﬁol’&eﬁgabqgmgfgg@fmﬂt a&éméc@%ﬂ&ﬁlgsem

invention, the portions of space ormng die ric rayer

barrier I@mg@lggg?a&gckﬂkgégonnect-forning metal |ayer 540 that are
above the top surface of patterned sacrificial dielectric |ayer 506

are 1 emovRd3Y {h A RHECESFusleis e dBHiohBf s A AR R IR Rl i cRlor 2.

1
pl asma etch process, a chemcal etch process, hem ca an

o oo RSO 2R SRR A REENS 1n bl BrBERFIhL. fhe hopigms

enbodi nent, the portions o er-torm ng ric layer

barrier | aygesafid o@%@n&ﬂys%ﬁr%arlﬁ%drffﬁﬁﬂ?d%cﬁ% ﬁgtlarle 0 are ﬁﬂ% JitRnedr €

above the top surface of patterned sacri ric 1ayer 506

are removeg swithék 6 GLESHE Myel56) %ﬂiaﬁ%lteﬁgiiﬁ%?%&%gﬁé il'&'g%%tfég i

slurry conprised of alum na and potassium oxl erring

t o Fi gur esdpfes ofitr&tihbé Rmled YL Sachitidial éiei[e@%rﬁquéﬁ) Bo& Plel:l 1%9&5&1‘%&%9&%&186‘

plurality of nmetal interconnects, including neta nt er connect

Cappi ng | Ry&r5021# o¥BY: tBPr&HRAPEA qulflg PéINt f@&l‘ﬁrfg?tlfﬂf ﬁf@r&(ﬂ}ﬁle%? a% et al

prevent netal |ine extrusion or netal atom out- Itsion

i nt er conn@iedusSsiabod tH AdsOR Aoy with PRREDS). 'ﬁa\é%os@gsgﬂgqm Q{ag‘?%%ﬁlﬁ%ct 510

benefits for inhibiting electro-mgrati'on from net I nt

and/ or f oferips 6V@&HdhBEmAY dkadth 81t Mfal B bOP sl bR GRS MhtelBhets
i nterconnect 510. In one enbodi nent, capping layer 512 1 s conprised

of a condfeemtd thetdy CFoSeatP& Eé&%aﬁé@wﬁﬁgﬂegﬁg?ﬁeﬂt Bﬁﬂlteg:‘;r]esieﬁti di um

ruthenium cobalt, a cobalt/tungsten alloy, c t ungs

phosphi deinvesizal me@aﬂgﬁsmneﬁémvpha%g?wtﬁm, 9%9@41&89% 9%3%@ RQyde or
e

a conbi nation thereof. Capping |ayer 2 may or nmed any process

sui tabl e thog a Bétds O Wlefal GR¥RHIAGS BENEPRILSEH i
i nterconnect 510. In one enbodi nent, capplugﬁﬁg§§?£%9§§§éﬁﬁﬂﬁ§8gk?éd

Y a1 ecimidsenteliBrdRant MBS 0neolRURNKAMRE] SloftkANuPh AEk 3G O

deposition process, an electro-less depositio rocess or an
between 90 degrees and 155 degrees. In a specific embodiment, the flared angle is in
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[ 0037] Patterned sacrificial dielectric |ayer 506 may be renoved to
provi de free-standing netal interconnect 510, as depicted in Figure
5G Patt er maxhosfaesssdsi ci al dielectric |ayer 506 nay be r eawascoobyzoassy
sui tabl e techni que wherein the renoval process does not inpact
dielectric layer 502 or netal interconnect 510. in accordance with
one enbodi nent of the present invention, patterned sacrificial
dielectric layer 506 is conprised of a carbon-doped oxide with 20-35%
porosity, dielectric layer 502 is conprised of a carbon-doped oxide
with 0-10@6porosity, and patterned sacrificial dielectric layer 506

of 1ot ranarr e N eI kel AR AT o e R APt epioned T

fi d t th f t f
appi ng | glye%b%ll%@ B ke B R iR e 0 55 Bt or o
'n an ol t &7 SaCT Ve depaae R SRRk aBe defiBed R Tor eiaiih b | ayer

In an alternative I 'men pat

506 t he f t t

otruct ur o o PEEAT i cibobM: B e RedeCvipr g et bralere srmed o

d ited | udi t al
e connagritt g el deordic a’ﬁﬁt‘r. ; OleSGRNSRE §t anivcirs '&%gn”tai‘er |
518 may bacﬁgmagst 9 oB¥ ARV 3 Rk C%p LELRRal PO g the

substantially even coverage a ?Va%?a

e comeigg oGk GBIl é‘f%ﬁcfm*aﬁéﬁ Pkt Aepues T the

dielectric spacers 51 out  guBst ant

bet d t t
570" an oo RE MeCaBRIRIE Ribnh b BRMHR! OB G eli B ane SO B ccr 1 c
| 51 th

conel st o SRbSIEaL e D OE B ﬁ%%?ﬁét%g%% EPUREERET eI  ocess,
or a pol yaelecRRI8FE: 308 ﬁ}e(‘s"l’éwl\ﬁ%ptﬁ)dred%g g E{%ﬂm% 5)9&% resDitle%ﬁﬁ%[ﬁlr%ateﬁase

| ayer 518 may conprise any materi al *as a

for a newrh@ulbf alatdiBi Bbink MoS6vea "t t
2008/ 036385 PO, a0 D) Dane fayed My ?%H"“Mg"f [recPrrEoiagabessts i s

conpri sedcddipatedWitR theotDal ﬁﬁleﬂo%ﬂﬁ%dﬁ&%fgﬁﬁ% ﬁlg%m sting of silicon
ed oxl t

di oxide, a silicate, or a carbon-dop 10% porosity. In

an al ter e emboRk @R 1o RRhkesPLA SAC il A b ElaglE bty laver 506

is renoved subsequent to the Tornmafi Frre ?8 by

met hod selepetied Jbboaptrttenars%ﬂ@ﬁamah&h?@ary@yﬁéﬁ Ythit, u{:ié‘é ddeewifh,

deconposi tion, or irradiation. [0039]Re ring agaih
gap 520 i dnidiReleRINREN cstineiRehtidL 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 fthat 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 af 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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spacers 516 of neighboring netal interconnects 510 and 511 and in
between dielectric layers 502 and 518. Gap 520 may be conprised of
any suitabwo 1es/e3638sl or gas that enables a negligi bl e eapamstao7em443
coupling between netal interconnects 510 and 511. In one enbodi nent,
gap 520 is conprised of air. In another enbodinent, gap 520 is
conpri sed of a carbon-doped oxide with 25 - 40% porosity, the
formation of which is discussed in association with Figures 6A-C
bel ow. 100401Referring to Figure 51, dielectric |ayer 518 may be
patterned to forma via trench 530 above a portion of netal

LT CONN e S a0 bl GRS G HE PR S8 d Rros PO LR, £

via trench not ove 1 ace

516, and COTRE 'a%%%ﬁgﬁﬁ%‘&?ﬁn%%ﬂ%ﬁm% PR LR
the presen therf)Ytﬁ'Qfl%' Jjélaabﬁkﬁe nh&ots Dot e%%? de%Y sg&ger-% m%%e?ecﬁ{‘é °

whi ch such an ‘“un- Vi a renc

Oure o il SHATRRELLAGr ] Baldiiifocnd oy BREGHG LS sgsgﬂg

i nt erconn I NC nt'erconnec orned

above di el GeyLi.f oy blgéﬁ,tfaeg{an%% f 25560 A9, ERad @ﬁﬂ:ton%;:b J@e

present |nven ‘i on, COﬂ don

2008/ Bé%g%g%ﬁd&%%%% 855??*3’5?%1%‘% e St mel iRl 0
W1 SCOpLL MO LRI fer SHSFL R 0 68 BGAHL e o0 RPO"

whi ch un- can

layer, wherein said boron-doped carbon nitride layer is formed by reacting the gases
methane, diborane, and ammonia. In an alternative embodiment, spacer-forming
dielectric tayer 514 comprises a metal-based material selected from the group
congisting of CoW or CoWBP.

[0033] Referring to Figure SE, a barrier layer 508 is formed above spacer-
forming dielectric layer 514. Barrier layer 508 may be comprised of any material and
of a sufficient thickness 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.



[0042] I n accordance wi th anot her enbodi nent of the present invention,
gap 520 from Figure 5H may be filled with a material other than air,
as 1|1 ustr #@eWos/Psersgures 6A-C. Referring to Figure 613PCAAIS2007/620443
interstitial dielectric |ayer 660 is deposited on the structure shown
in Figure 6A (which is anal ogous to the structure in Figure 50).
Interstitial dielectric |ayer 660 may be conprised of any materi al
suitable to enable a negligi ble capacitive coupling between a
plurality of metal interconnects, including netal interconnect 610.
In one enbodi ment, the dielectric constant of interstitial dielectric

I 6604 t : : %&gﬁ o d L1dqal
d?gftractri [:doﬁgegrmgg © g?xg%a r’?tsoeﬂ&&%%@aﬁt’ggg ton- olpc)é oiq%gg%[ﬁélizj@-
40% . . . y
ntert 1 FapndyR0E LETRP R g, hEoh B ol pRONTARR 40 nay be
tant af di . o :

e e L e
i nt erconn - - . .
| er connehiy, it Shilsh DMeABIchhy KLREFRIDGe Sl PR Mimepin
Cayer siePfiosibbaiidifuciitinge 30y i AR ot B e B o

£ nt oL : C 0 . .
Coret o S MPEL SEOPIER L SR 4 LB,
| S!l !-l[ e 69; !‘ |2
be formed.g 8%21391 EJ ?houglqn%%g?gé%g‘gﬁﬁgggﬁggg#ghts é’&%‘%ﬁ%ﬁg‘?& g
di el ectrig, k1 fa9br wieko&pﬁgémyawﬁtammo%&s@ﬁﬁ ah BGILT ON 1S

not limted to the uSe of netal Interconnects. Conductive carbon

nanot ubes . JRYAforlHRG sl Qgﬁ-ﬁéﬁ%%?péfsa?&né%iaﬂfeﬁ{%‘aﬂﬂ&ﬁ} itekSnnect-
i ncorporate electronic or sem conducting devices into an 1ntegrated

i it. ot ' !
cireul t. binAGeAEARRGE: Molid d8RALBE by STRAHIGTERIALa 0 BE 8RR

invention, dielectriC spacers are used in conjunction w

i nt er conngghsrifRs StleiRbrLEndhes RhosiABE PrcbMdCartAERRIN SR oeR. | N a
speci fic enbodi ment, the bundl es of carbon hanotubes have flared
profiles gfcsss! £ehtnticAlvababidpositioAProtess, fn HRIIBS MHBEIRDONEBE SALDHUS,
dielectric spacers nmay be fornmed on the sidewalls of "interconnects
formed frgmcbiinglhesnsl pfaefOn nanotubes in order to reduce the

RC- del ay associated with such interconnects, to provide durability to
the interpuaspct ar QBidBAS 1 BiguRlSE, A1l BoRGhSIBf ShassH foAGMmeQiitlectb Loy
un-IandédggPaE may | and %%to ?ﬁe inte?connept?ﬁ [0045]%?35, a Sk
pluralitysof vaRiedllayen568 SNMEGEShNEACRIAREIh Ay 846 Gldt hfe HBAE Heopnd
a nethod to formsuch dielectric spacers have been described. In one

enbodi menturficB@f Pattdreed $akhifisiapgielctrR 18y 3@ 8REmb fed) ETIRRPOEritg ofrEt al
i nterconnects having flared profiles and are discontiguous from one

anot her. hidt=dNQklaeHneRED BIUERIYE metalfrtsteainREl TI0CwHB dELHe? 8)fedI0dend
regi on upon whi ch un-|anded vias can effectively |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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What is clained is: 1. An electronic structure with a plurality of
I nterconnects, conprising: a first dielectric layer; a first

I nt er connet™O 20B%ABe388 first portion of said first diel ecPCraskw@yer0443
wherein said first interconnect conprises a first dielectric spacer
directly adjacent to a pair of side-walls of said first interconnect
and directly between said first dielectric |ayer and the bottom
surface of said first interconnect; a second interconnect above a
second portion of said first dielectric layer, said second portion
of said first dielectric |ayer continuous with said first portion of,

sai d firstnwthbghé b_@rtioﬁé’@fapa%}%ﬁﬁﬂlg%ﬁ’élgcﬁlgf@&gs 140b&tHEPRY& 405, and_

conprises a second dielectric spacer directly adjacent to"a pair of s

| deval IS afofBifect 86 Rl 150N haPd abb VAR lop BELNEG hohBhflaf I St

dielectric layer and the bottom surface of said rconnect,

and wher eisgurifRiidl sR6RAE 1L RCIE tnSRAGRE 4 Srotkss CABLE BAHSmE LPpsal d

first dielec- tric spacer;
consisting of a plasma etch process, a chemical etch process, a chemical-mechanical

polish process or an electro-polish process. In a specific embodiment, 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 are
removed with a chemical-mechanical polish process that uses a slurry comprised of
alumina and potassium hydroxide.

[0036] Referring to Figure 5G, a capping layer 512 is formed on the top
surface of a plurality of metal interconnects, including metal interconnect 510.
Capping layer 512 may be comprised of any material suitable to prevent metal line
éxtrusion or metal atom out-diffusion from metal interconnect 510. Additionally,
capping layer 512 may provide benefits for inhibiting 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).f 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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a second dielectric |ayer, wherein said second dielectric layer is
above said first and said second interconnects; and a gap in between
sai d firstwd29pgeesdsc | ayer, said first inter- connect, PERIUS2HZ0204B

i nterconnect and said second dielectric |ayer. 2. The structure of
claiml wherein said first and said second interconnects have fl ared
profiles with a flared angle in between 90 degrees and 155 degrees.

3. The structure of claim2 wherein said flared angle is in the range

of 105-135 degrees.
[0037] Patterned sacrificial dielectric layer 506 may be removed to provide
free-standing metal interconnect 510, as depicted in Figure 5G. Patterned sacrificial
d%electric layer 506 may be removed by any suitable technique wherein the removal
process does not impact dielectric layer 502 or metal interconnect 510. in accordance
with one embediment of the present invention, patterned sacrificial dielectric layer
506 is com.prised of a carbon-doped oxide with 20-35% porosity, dielectric layer 502
is comprised of a carbon-doped oxide with 0-10% porosity, and patterned sacrificial
dielectric layer 506 is removed with a wet etch chemistry that comprises 20-30% by
volume of tetramethylammonium hydroxide. In an embodiment, patterned sacrificial
dielectric layer 506 is removed prior to the formation of capping layer 512. In
another embodiment, capping layer 512 is formed prior to the removal of patterned
sacrificial dielectric layer 506. In an alternative embodiment, patterned sacrificial
dielectric layer 506 is not removed and is retained in the final interconnect structure.
[0038] Referring to Figure 5H, a dielectric layer 518 is deposited above a
plurality of metal interconnects, including metal inte;coxmect 510, 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 interconneets 510 and 511, and above dielectric
spacers 516 without substantially filling the space betwéen 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 level of metal interconnects. In
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4. The structure of claim?2 wherein said second dielectric |ayer and
said first and said second dielectric spacers formhernetic seals
around sai wofa0pge36383d sai d second interconnects, respecPCyaisyn07/02048.
The structure of claim4 wherein said gap is conprlsed of air. 6.
The structure ofelaim 2 whereinthe-dielectricconstant of said first
and said second dielectric spacers is greater than the dielectric
constant of said first and said second dielectric |ayers, and
wherein the dielectric constant of said first and said second
dielectric | ayers is greater than the dielectric constant of said

gap. IS Y e &R Léms@o B8 O SRbArk dofdct
3% ‘?‘d ﬁaect egifrom

second dlgfeg{rlc sﬁacers are conpri a materra

th o

BI '?r gg%ﬁp%éoncgc;ngxshnggﬁgﬂégé Ahﬁ}? 'ae,rﬂ é:ﬁ!:a‘i!@ (1)'%'6 bgiﬁ lr?lloggtliq 9%%? Bvlltge -10%
or on-doped car yﬁﬁg-'

said fir ERO oS lsi?g?‘%a Ié%natﬁ% %{bolta ga‘?ﬁ%gr%g r%ééﬁaf?cga él ge?r%}rﬁltlggd © 50

mater!al eeheg su%s%%l%mdmhﬁe QY or?8 SFGERLAATRL T bl 6 A ldeldlea 2

silicate, "0Or a car ed oxl orosity,

S e e e

second difihsgit 11 C SRAGRLE dofinWWHEAISHEL blp S RInAAINbviikAR Of

spacers 516 of neighboring metal interconnects 510 and 511 and in between dielectric
layers 502 and 518. Gap 520 may be comprised of any suitable material or gas that
enables a negligible capacitive coupling between metal interconnects 510 and 511. In
one embodiment, gap 520 is comprised of air. In another embodiment, gap 520 is
comprised of a carbon-doped oxide with 25 — 40% porosity, the formation of which

is discussed in association with Figures 6A-C below.

[0040] i{efening to Figure 51, dielectric layer 518 may be patterned to form a
via trench 530 above a portion 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 5L

[0041] Referring to Figure 5J, a second level of metal interconnects,
including metal interconnects 522 and 524, is formed above dielectric 1éyer 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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9. The structure of claim8 wherein the width of said first and said
second dielectric spacers is in the range of 5-20 nanoneters. 10.
The struct w0e2008/63088i m 2. further conprising: a via in sacl/USzwanzi43
dielectric layer, wherein a first portion of said via is on the top

surface of said first interconnect, and wherein a second portion of

said via is on the top surface of said first dielectric spacer.

11. The structure of claim2 wherein said first and said second

i nterconnects are recessed into said first dielectric |ayer. 12.

An el ectronic structure with a plurality of interconnects,

CONPr i Si ngir-gaprhetslinthk @InA6dtabhitb R witRaksbdrteubil cﬁélﬁaﬂt%géceﬁsb%?chsai d
a

first dielectric |ayer, wherein said first interconnec onpf 1 ses

first di ebReidd LreaRaOfondiNielht-Yanded %G8 Blaylighd@ cbd fohesi deval | s of

said first interconnect and directly between said first dielectric

| d b bal fireta o e
ayer and[ggag] bot t oM sslokdteee Aftheablel é;ﬁ@%d;fn@ﬁt%ﬁm%g&gém uﬁm@t?ogngggo%

I nt erconnect above said first dielectric |ayer, n sai

i Nt er CoNNSLo HEAIPIELESSH fha§Be FMa Wil £Ebiekis] SRASEL di ;ﬁﬁhls%a%ﬂ{i{f/‘c ent

to a pair of sidewalls of said second I nterconnect 4 I rec

bet ween sRighrdsigAC. LRI th Eidudy 68, eﬁ\rlﬂte}é?ﬁiap&ﬁsfe%cqwe; 866 isHepsdled

second interconnect, and wherein said second dielectric spaceP I'S

di scont i gomtite shi:efirs shoi infKSkurei6Al @AHidH 1S a8RB8E& s to the structure in Figure
5G). Interstitial dielectric tayer 660 may be comprised of any material suitable to
enable a negligible capacitive coupling between a plurality of metal interconnects,
including metal interconnect 610. In one embodiment, the dielectric constant of
interstitial dielectric layer 660 is between 1 and 2.5. In another embodiment,
interstitial dielectric layer 660 is comprised of a carbon-doped oxide with 25 — 40%
porosity. In one embodiment, the dielectric constant of interstitial dielectric layer 660
is less than the dielectric constant of dielectric layer 602.
[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 10.w~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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a second dielectric |ayer, wherein said second dielectric layer is
above said first and said second interconnects; a third interconnect
above sai dWSeWg#BB68RSel ectric | ayer, wherein said third PcrarsSc@®mozas3
conprises a third dielectric spacer directly adjacent to a pair of
sidewal I s of said third interconnect and directly between said second
dielectric layer and the bottom surface of said third interconnect; a
fourth i nterconnect above said second dielectric |ayer, wherein said
fourth interconnect conprises a fourth dielectric spacer directly

adj acent to a pair of sidewalls of said fourth interconnect and

directly Rgugen fRbMaaGCARH afbBbaGiBdaim bR hedtbhehPRivBRldOMefitface

of said fourth interconnect, and wherein said fourth d?gfectrlc

spacer i s sgh&eoRb Iugémscoﬁﬁﬂ%&awﬂhmﬂh%&ufyg&'w &b&ﬂ%%rf,cgo Sidchii g d

dielectric layer, wherein said thir ctric layer Is above said

third and gajod nfaﬁ&[li)& Imra%saﬂe embsdinRnd, eHundRR off eaﬂesﬁ WeRumRndve

first dielectric layer,; said first i nt efconnect, said second
| nt er connegtedRes ﬁe@laﬁlﬁé‘s%ﬁmt f£15rf‘éa§8r§ {ia G dafiiSdene ‘Mkf‘c%@é PrrRAl %el%&ﬁgnd
dielectric layer does not fill said first gap; and a second gap in

bet ween 5%E5’ce§serﬁ 2PBe ﬁirﬁiea%rth@mh@mfs,ofmﬂoﬁ%&%nhsu £:8migth8ls gpNect

said fourth interconnect and said third dielectric |layer, wherein

sai d secongdiamah@tsbes lh%wtd}éauéyﬁétmae@ Lééoaafea%ﬂ; et 1ﬂt91%oﬁr%ts
wi dth of said first gap, and wherein said third dielectric layer

Fills sai do pRARMMERALILy to tife infdEortiitUednitetiuRt of lAlBlilid  MME &I dhis 2l d

first, said second, said third and said fourth interconnects have

L | ar ed prQﬁmbwﬁnmnnbdalaéhﬁyqﬁamb%xﬁte%mw 90 degrees and 155
egr ees.

[0045] Thus, a plurality of metal interconnects incorporating dielectric
spacers and a method to form such dielectric spacers have been described. In one
embodiment, the dielectric spacers are adjacent to neighboring metal interconnects
having flared profiles and are discontiguous from one another. In another
embodiment, the dielectric spacers provide a region upon which un-landed vias can

effectively land.
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14. The structure of claim 13 wherein said flared angle is in the
/range of 105-135 degrees. 15. The structure of claim 13 wherein
/ said second dielectric layer and said first, and said second
di el ectric spacers formhernetic seals around said first and said
second interconnects, respectively. 16. The structure of claim15
wherein said first gap is conprised of air. 17. The structure of
claim 13 wherein the dielectric constant of sai-d first, said second,
said third, ﬁd sai.d. fourth dielectric spacers is greater than the
dielectric d@ 15t Brftlagncd &'d first, said second, and said third
di el ectric |layaraecaoniomarcaing witk adileradidy of mtewesnaels, of said first,
sai d seconghm gngaid third dielectric layers is greater than the

dielectric ¢o - sal.d.first gap. 24 18. The structure of
claim 17 V\h(e'%lr@‘%{na%gelcghip?‘rq% } said second, 1 and said fourth

aid.third,

di el ectri c SfHeLIICTAPRNETROPVS Edirst Partiam rsa ﬁ%%ﬁéﬂ?%‘d from the
group consi st img lafersmtliccan suid rfinge interddnpeat canipiryes ani t r ogen- doped
silicon carbi dest d¥eeic sererdietilg adjm@nbidle pajrarfasidsloped car bon
nitride or bopaf:APLAH M hARoARE Mt dithRRAlwesh il T ST, said
second, and rsrﬁl‘ third. fée' ect(ﬁltc: a\F/ers are con&ar-qllﬁgq of a materi al
sel ected fromit Sieipeials BERLTE |1?1‘g SHOLT SYIEEs Y B2 2 silicate, or
a car bon- doped@&yePReGlt h 0- 10% porosity, and wherein.said first gap
i s conpri sed aofecand antesermgst abeXe ééeﬁP}tl(ﬂ]PQ@% ﬁ%ifi&gﬂay. 19. The
structure of cHidesritIayheseidsacoadvpationatf seid Grstidigec- sai d second,

said third, angisaivirfQutinfods eligskaidofispacaion ofsaddatantially equal
to the top w dH 18 triﬁ%gexf, WiRkeSPRid second interconnect com- _

prises a second dielectric spacer directly adjacent to a

pair of 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 dielec-

tric spacer;

a second dielectric layer, wherein said second dielectric
Jayer is above said first and said second interconuects;
and ‘

a gap in between said first dielectric layer, said first inter-
connect, 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.

4. The structure of claim 2 wherein said second dielectric
Jayer and said first and said second diclectric spacers form
hermetic seals around said first and said second interconnects,

respectively. . .
5. The structure of claim 4 wherein said gap is comprised of

air.
6. The structure of'claim 2 wherein the dielectric constant
of said first and said second dielectric spacers is greater than
the dielectric constant of said first and said second dielectric -
Jayers, and wherein the dielectric constant of said first an.d
said second dielectric layers is greater than the dielectric

constant of said gap.
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20. The structure of claim19 wherein the width of said first, said
second; said third, and said fourth dielectric spacers is in the

range of 5-20 nanoneters. 21. The structure of claim20 wherein
the top width of said second gap is greater than 45 nanoneters. 22.
The structufeThe sthaiturel 8f falaimhdr wdurpm saidgfirsh anddsaid sai d second
di el ectri gedoaeliel ot ameﬁsémm@hlmddldraméteml selyctadi s on the top

surface ofy 3aiyh In‘ cc‘nﬂ&ﬁ BPQ 11 a@es‘iﬁé ﬁ?@@nd portion of
said via | on t % ‘% 5110 spacer .
23. The s %ﬁ‘f 1 t’?\ g}; C} Sai d second
i nt er cat Lqes amp ep §@@0|11r’&181 %I ¢rops¢o E‘PI?‘ F%" | ayer .

bide, 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 car-

bon-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.

10. The structure of claim 2 further comprising:

avia in said second dielectric layer, wherein a first portion

of said via is on the top surface of said first interconnect,
and wherein a second portion of said via is on the top
surface of said first dielectric spacer.

11. The structure of claim 2 wherein said first and said
second interconnects are recessed info said first diclectric
layer.

12. An electronic structure with a plurality of intercon-
nects, comprising:

a first dielectric layer;

a first interconnect above said first diclectric layer, wherein

said first interconncect comprises a first dielectric spacer
directly adjacent to a pair of sidewalls of said first inter-
comnect and directly between said first dielectric layer
and the bottom surface of said first interconnect;

a second interconnect above said first dielectric layer,

wherein said second interconnect comprises a second

dielectric spacer directly adjacent to a pair of sidewalls
of said second interconnect and directly between said
first dielectric layer and the bottom surface of said sec-
ond 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;
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a third interconnect above said second dielectric layer,
wheérein said third interconnect comprises a third dielec-
tric spacer directly adjacent to a pair of sidewalls of said
third interconnect and directly between said second
dielectric layer and the bottom surface of said third
interconnect;

a fourth interconnect above said second dielectric layer,
wherein said fourth interconnect comprises a fourth
dielectric spacer dircctly adjacent to a pair of sidewalls
of said fourth interconnect and directly between said
second dielectric layer and the bottom surface of said
fourth interconnect, and wherein said fourth dielectric
spacer is discontignouns from said third dielectric spacer;

a third diclectric layer, wherein said third diclectric layer is
above said third and said fourth interconnects;

a first gap in between said first diclectric layer, said first
interconnect, said second interconnect and said second
diclectric layer, wherein said second diclectric layer
does not fill said first gap; and

a second gap in between said second dielectric layer, said
second third interconnect, said fourth interconnect and
said third diclectric layer, wherein said second gap hasa
top width substantially larger than the top width of said
first gap, and wherein said third dielectric layer fills said
second gap.

13. The structure of claim 12 wherein said first, said scc-
ond, said third and said fourth interconnects have flared pro-
files with a flared angle in between 90 degrees and 155
degrees.

14. The structure of claim 13 wherein said {lared angle 15 in
the range of 105-135 degrees.

15. The structure of claim 13 wherein said second dielec-
tric layer and said first, and said second dielectric spacers
form hermetic seals around said first and said second inter-
connects, respectively.

16. The structure of claim 15 wherein said first gap is
comprised of air.

17. The structure of claim 13 wherein the dielectric con-
stant of said first, said second, said third, and said fourth
dielectric spacers is greater than the dielectric constant of said
first, said second, and said third dielectric layers, and wherein
the dielectric constant of said first, said second, and said third
dielectric layers is greater than the dielectric constant of said

first gap. ”



18. The structure of claim 17 wherein said first, said sec-
ond, said third, and said fourth diclectric spacers ar¢ com-
prised of a material selected from the group consisting of
silicon nitride, silicon carbide, nitrogen-doped silicon car-
bide, oxygen-doped silicon carbide, boron-doped carbon
nitride or boron-doped silicon carbide, wherein said first, said
second, 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 said first gap is comprised of a carbon-doped oxide
with 25-40% porosity.

19. The structure of claim 13 wherein the width of said first,
said second, said third, and said fourth dielectric spacers is
substantially equal to the top width of said first gap.

20. The structure of ¢claim 19 wherein the width of said first,
‘said second; said third, and said Tourth dielectric spacers 18 in
the range of 5-20 nanometers.

1. The structure of claim 20 w

second gap is greater than 45 nanometers.

22 The structure of claim 13 further comprsing:

2 via in said second dielectric layer, wherein a first portion
of said via is on the top surface of said first interconnect,
and wherein a second portion of said via is on the top
surface of said first dielectric spacer.

23 The structure of claim 13 whercin said first and said

second interconnects are recessed into said first dielectric

herein the top width of said

layer.
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