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the surrounding conductors in the multilevel intercomnect structure. The
RC time constant may be reduced by lowering the resistance of the wiring
material. Copper is therefore a preferred material for IC interconnects
because of its relatively low resistance. The RC time constant may also
be reduced by using dielectric materials with a lower dielectric constant,
k.

High speed logic chips require faster interconnects, as the
interconnect delay is now limiting the overall circuit speed. With
scaling to smaller dimensions, the interconnect delay becomes a more
significant factor limiting overall circuit performance. Throughout the
semiconductor industry, interconnect structures using copper conductors
within a low-k insulator are being introduced to reduce the interconnect

delay. One measure of interconnect delay is the effective dielectric
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processes. For exanple, formation of the interconnect
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procgggég.cey%rlQQ&%bl%}'fo&Langg é%‘@he 1n %kggnnect level shown begins
with deposition of ILD material 12 onto cap layer 11. If the ILD material
is a low-k polymeric thermoset material such as SiLK™, the ILD material is
typically spin-applied, given a post apply hot bake to remove solvent, and
cured at elevated temperature. Next, silicon nitride layer 17 is
deposited on ILD layer 12. Silicon nitride layer 17, ILD layer 12, and
cap layer 11 are then patterned, using a conventional photolithography and
etching process, to form at least one trench 18 and via 14. The trenches
and vias may be lined with a diffusion barrier liner. The trenches and
viag are then filled with a metal such as copper to form conductor 14, 18
in a conventional dual damascene process. Excess metal is removed by a

chemical~mechanical polish (CMP) process. Finally, silicon nitride cap
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recognized by Andideh et al. Moreover, the second insulating materials
(having increased toughness) proposed here (810,, SiN, SiON, SiOF and SiC)
all have relatively high dielectric constants rendering the k(eff) of the
multi-layer ILD comparatively high. Finally, the manufacture of this
structure is made very difficult by using the same multi-layer ILD for the
via level and the line level, with no intermediate cap layer or etch stop

layer.

Thus, there is still a need in the art for an advanced interconnect
structure having a low k(eff) that does not suffer from the reliability
problems caused by thermal expansion of polymeric low-k dielectric

materials.
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According to a third aspect of the invention there is provided a
method of forming an interconnect structure on a substrate. In one
embodiment, the method comprises the steps of: depositing a first
dielectric layer on the substrate; depositing a first hardmask layer on
the first dielectric layer, the first hardmask layver having a top surface;
forming at least one via opening in the first dielectric layer and the
first hardmask layer; filling the via opening with a conductive material,
thereby forming at least one conductive via embedded in the first
dielectric layer and the first hardmask layer; depositing a via- level cap
layer on the first hardmask layer; depositing a second dielectric layer on
the via-level cap layer, wherein the second dielectric layer is formed of

a material different from the first dielectric layer; depositing a second
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t%ges eraftgres’ of the invention believed to be novel and the elements
characteristic of the invention are set forth with particularity in the
appended claims. The drawings are for illustration purposes only and are
not drawn to scale. Furthermore, like numbers represent like features in
the drawings. The invention itself, however, both as to organization and
method of operation, may best be understood by reference to the detailed
description which follows, taken in conjunction with the accompanying

drawings, in which:
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AltHough certain aspects of the invention 11 be described with

respect to a structure comprising copper, the invention is not so limited.
Although copper is the preferred conductive material, the structure of the
present invention may comprise any suitable conductive material, such as

aluminum.

Referring to Figure 2(e), a preferred embodiment of the interconnect
structure of this invention comprises a lower substrate 110 which may
contain logic circuit elements such as transistors, and may terminate with
a single damascene wiring level and/or cap layer, which may be formed of a
material the same as or different from the conductors and cap layers
discussed hereafter. For example, substrate 110 may terminate with a
wiring level comprising tungsten, while conductors 114 and 118 discussed
below may be formed of copper.



form ng an interconnect structure in accordance wth

anot her preferred enbodinent of the invention.
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wi Il now be described by reference to the acconpanyi ng

figures. In the figures, various aspects of the

structures have been shown and schematically

represented in a sinplified manner to nore clearly

descrl be and jllustrate the_invention. For exanple,
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top surfacec%% ?Pne conductor 218 is made coplanar with the top surface of
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hardmask layer 217.

ILD layers 112, 116, 212 and 216 may be formed of any suitable
dielectric material, although low-k dielectric materials are preferred.
Suitable dielectric materials include carbon-doped gilicon dioxide
materials; fluorinated silicate glass (FSG); organic polymeric thermoset
materials, silicon oxycarbide; SiCOH dielectrics; fluorine doped silicon
oxide; spin-on glasses; silsesquioxanes, including hydrogen silsesquioxane
(HSQ) , methyl silsesquioxane (MSQ) and mixtures or copolymers of HSQ and
MSQ; benzocyclobutene (BCB)-based polymer dielectrics, and any silicon-
containing low-k dielectric. Examples of spin-on low-k films with

SiCOH-type composition using silsesquioxane chemistry include HOSP™
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w0 ndogoemmect | evel is defined by cap | ayer 11BCT/GBEN03/004814
| ayer 112, hardmask |layer 113, and via conductor 114
in the interconnect structwe shown in Figure 2(e). A
second interconnect |evel, shown above the first
i nterconnect level in Figure 2, includes via cap |ayer
115, ILD layer 116, line hardmask |ayer 117, and line
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216 may be formed of porous SiLK™, In yvet another embodiment, via-level
ILD lavers 112 and 212 may be formed of porous S1COH, and line-level ILD
layers 116 and 216 may be formed of SiCOH. In yet another embodiment,
via-level ILD layers 112 and 212 may be formed of SiCOH, and line- level
ILD layers 116 and 216 may be formed of porous SiCOH.

ILD layers 112, 116, 212 and 216 may each be about 10 nm to about
1000 nm thick, but these layers are each preferably about 120 nm thick.
The dielectric constant for ILD layers 112, 116, 212 and 216 ig preferably
about 1.8 to about 3.5, and most preferably about 2.5 to about 2.9. 1In
embodiments using porous materials for both line-level and via-level ILD,

the materials for ILD layers 112, 116, 212 and 216 are porous materials,
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strip operatlons, (3) acts as a copper barrier; and (4) has etch
selectivity properties and therefore acts as an etch stop layer. A
particularly preferred material for via cap layer 115 is an amorphous
nitrogenated hydrogenated silicon carbide comprising silicon, carbon,
nitrogen and hydrogen (SiCNH), having a dielectric constant of less than
about 5. Other suitable materials include SiN, SiCH and SiON.

Adhesion promoter layer 215 preferably has the following
characteristics: (1) low dielectric constant; (2) low moisture
interaction; (3) increases oxidation resistance; and (4) RIE chemigtry

selectivity with respect to ILD layer 216 and via hardmask layer 213.
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to remove solvent and then a thermal curing step.

Via-level hardmask layer 113 is then deposited on ILD layer 112, as
shown in Figure 2(a). Hardmask layer 113 may be deposited by any suitable
method, but is preferably deposited by chemical vapor deposition (CVD)
directly onto ILD layer 112 when hardmask layer 113 is SiNCH.
Alternatively, spin-on glasses may be used for via-level hardmask layer
113. An example of a preferred CVD material is SiCH, and an example of a

preferred spin-on material is HOSP BESt™.

Following deposition of a hardmask layer 113, additional sacrificial

hardmask layers (not shown) may be deposited. For example, a series of



selectivity properties and therefore acts as an etch
stop layer. A particularly preferred material for via
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hydr ogenated silicon carbide conprising silicon,

carbon, nitrogen and hydrogen (Si CNH), having a

dielectric constant of |ess than about 5. Oher

suitable materials include SiN, SiCH and Si ON.
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CMP step.

Figures 2(a)-2(b) illustrate the formation of the first interconnect
level, which comprises cap layer 111, ILD layer 112, hardmask layer 113 '
and via conductor 115. In Figure 2(c¢), the formation of the second
interconnect level begins with deposition of via cap layer 115, ILD layer
116 and hardmask layer 117. Additional sacrificial hardmask layers (not
shown) may be deposited on primary hardmask layer 117.



shown in Figure 2(a). Cap layer 111 and ILD | ayer 112
may be deposited by any suitable nethod. For exanple,

WO 200S0I4TM i s used for ILD layer 112-, the reBCTIGBRaYN3/004814
be applied by a spin-coating process, followed by a
baking step to renove solvent and then a thernal
curing step. Via-level hardmask |ayer 113 is then
deposited on ILD layer 112, as shown in Figure 2(a).

Har dmask | ayer 113 may be deposited by any suitable

nerh8dPT BEELS% eﬁwﬂ@?%“m PRIEFYST tedd BY acﬁéﬁcew nifgpge £ilm
depogligipdshy iGYR - ( QVD: padiciedelyy anedetded bmydindi? whedayver 115
is shamdaasdsikayefy i3 is SIiNCH  Alternatively, spin-on

gl asses may be used for via-level hardmask |ayer 113.

An exanple of a preferred CVD material is SiCH and an
exERptarest 1 i5rtedrralvs BRmegnof Briosial 1ifEsent from the
mateBESt 04 IED| lawicnYl2depoSiItb orevet d2has diveskd lodyersitds,

mateiddi t(ﬁ)ﬂﬂf%lra@@c kbfdGkah pyharsimasked @M@ rl%.yéf‘ aly GSDQ\M)Bf erably
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is ab@WdEp%W%*aw BRicarias UhB HardHEYk tP%\)Fé’Psm%f@é?éﬂ Bedtygically
spinooprpéedl ogvdd 8. pdat emblyAppt ivedeitonrServe Bolvent, and cured at

elev&%/dSIé&ﬁp%ﬁtmfg,l ed April 14, 2000 and titled
"Protective Hardmask for Produci ng | nterconnect

Structures,"” the disclosure of which is incorporated
hérBf Mapsgns it dpvsrc 17 Fol PrriicngbHefe5nad oh ofloedp diajrstric
matedibl, sydiDak aSieOH 142 satl bad dr@ske depyeirted 13 cvatod epii apply

meth&R€ Vi okl d 8¢ f0 w&gryéa REpend Hel-hOOHAPEYPaL L LAl &&mple

process. Via 114a renovi ng har dnask
of a B L T3 AR °4 matg |on o%O%FLﬁﬁtayer 112 by, for

exan‘pl e, react ive ion etching (RIE), in areas not
protéatied dposhelophot atiestst layar dmbskobayger 13 BRY line

hard.r?a%%' ﬁye'rnll'ﬁ h|a§ 1%%%@'&1% §J§<§1Qha§18fao!|.é %meﬂ%g@%kllt}ggraphy
in _areas not covered

pact R 0P GOLEF PERAF PReTDOY GPEAR TRag e FEnGrens
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barridre1phot ores isﬁbwn)pa&%]cﬁrtﬁen -E.hebhdulcbatfé @M@érl&izlﬁr&@pé@éﬁ;ed in

a 1 I n_areas no cover
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Parriel{fes HaY PBedtnondtrdvey Py S%W&%l%ﬁh%r FReR asi perphysical
vapoy depossittoum) (Pvahd chheirad canaduéédosetimat ecvial, &somic layer
depoﬁ@@@ﬁ;' rX=36)) |d(} Ybrﬁ_ﬁ%&‘l&ldfs??afloRr%&tg@gﬁa@ngEorlj(ﬁwP@% .Shayn

| | .0 arrier

dlffddé':’. E lgiljjrgcg %l@wr ma?J 1% e rsrcet dy'&r SJUnC Céosns%gugl{:ae%/?y%rcal
depo—%,})’a? S&é‘ﬁ%}% FF%WCGPVD)met%}rFeﬁF caa|thvlapférlmd@a@§meon Conductive
materi@VD)18 iattamiicallyytle deposicteoinl( Akdd for doanuddte via 114,

and rRYSE GRboyaRAr 1.depesd h o8y by any suitable method, such as by
plating technology. Excess liner material and excess conductive material
118 may be removed in a CMP process, in which the top surface of conductor

118 is made coplanar with the line hardmask layer 117.

After conductors 114 and 118 are formed, final cap layer 119 may be
deposited as shown in Figure 3(d). Final cap layer 119 may be formed of
any suitable dielectric material, but is preferably formed of SiCNH or SiN
deposited by CVD.

As an alternative to the single damascene method described above and
shown in Figures 2(a)-2{(e), the interconnect structure of this invention

may be formed using a dual damascene method, such as the method shown in



(1-PVD). The diffusion barrier liner may be a
multi-layer liner constructed by depositing several
WO edonaetoss y netals as a thin film conposite. PCT/GB2003/004814
Conductive material 114 rmay be deposited in via 114a
by any suitable nmethod, suabh as by plating
technol ogy. Excess liner material and excess
conductive material 114 nmay be renoved in a CWP
L9 which the top surface of conductor 114 is
PO 2 ﬂéjﬂar %lﬁhalttﬁén% griiaeeFayRRrionaldy heginRggikh
deporsa‘gﬂe}n 913351@&}'61&5%? YE &3 wubsordtwh280 opnbiayefothtviengbst hi s
depo€MP onsbe LDt Nefebyipratest tHgd b | ayer 112 from ,
damage duri ng poI ishing. Sacrificial hardmask |ayers
al so be renoved during this CW step.
Fi gfﬁ?zgyef( 5}‘:}2(5&55’19 i41°) BRYY 5PRStrREteDPHafitsh @foosheing etch
stopf 13¥sir Pt encHinéayer Pévelthemhiephs compri®esiaaprbaies layer
215 ddduentif) vayedo ddeh shas dagsk le@yerL 43 218N6s MeBosited

prefgpaﬁﬁli}cﬁyrcvélénd I_'LQ nE)sguggr%f £'Ck)lq 1 T ¢ hi%xgl 8(% ?’F%Ollgf layer

.lnter
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215 b d%eailﬁeéy@fefﬂ%blyl Pp: %pape«?pp 1%’51%&“#5196%@@ fqpepferably
a SiqQwy mapeidfiafli owmit seferihlei Boshaedrask | ayers (not
shown) may be deposited on primary hardmask Iayer 117.
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formedvbedi stemt, irc apothay 8(b)] 16sings a StdiMeh eiepasi 1 eUofyapbYDhrocess.
The &l bayRledd Gris ﬂybgéég*QQbéﬁVEQrEﬁgquIlf%agfgn f;agﬁﬁrlfiﬁsal
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non-fagrireikadf lavgrobyher LitHobedsps ek ﬂH@heﬁéﬁibrﬁéﬁChoEﬁhttern the
via ﬁﬂdeKThATtheﬂéhE5£6¥%§5 Eyéﬁsf%fi @ é‘@@% Zflgl reT?v1ng

eri a
ene {BL bRtk R v<éﬁc§1d¢8gtlaafﬁ5|%Whofndogka ltaé’eF
sele%W@&ﬁtStOWgc@? daver 218} evaked tthenp@rraatlmgellmﬂevel
hardie@kdimsgics| ayetudibg is/pr efor abd eckpearedrof Rk %&"oléess

contmu@ge;g; relcehmga&% Lal sueh 23 8 qgg o é%%na“d '«I?X

epos or Spin ap fl t
Selec * ?éf gr f’%‘%i%‘é\lﬁ‘ BV T i%4f - i SPS; @lli layRr ak? éﬁaﬁmh@d i f&rther
deflrpar éh%rlrl@a spinaly, n’ﬁt@epﬁmllawsr HOSPi BEStH Fol towilage the
via. de’pﬂ)@ﬂm@n @bh VdtRpCalol ayefved Ibyel LD ay eJheliﬁleathtem to

pe dmmsk dayer 117, at |east one trench 118a is
Comple'gr n%%$3£| ng a i% i't hogr aphy patterning and etching

process which may include reactive ion etching
Via 2l4a and trench 218a are then filled with conductive material in

a dual damascene process to form conductor 214, 218, as shown in Figure
3(c). Excess conductor material may be removed in a CMP process as
described above. '

After conductor 214, 218 is formed, final cap layer 219 may be
deposited as shown in Figure 3(d). Final cap layer 219 may be formed of
any suitable dielectric material, but is preferably formed of SiCNH or SiN
deposited by CVD.

As an alternative to the dual damascene method illustrated in
Figures 3(a)-3(d), the interconnect structure of this invention may be
formed using a simplified dual damascene method as follows. In this

alternative dual damascene method, the properties of ILD layer 212 may be



(RIE), as shown in Fig. 2(c). Trench 118a may be |ined

wth a diffusion barrier liner (not shown), and then
w@2@endwes i ve material is deposited in trenchrdl/B&82G06/004814

form conductor 118, as shown in Figure 2(d). The

diffusion barrier liner nmaysbe deposited by any

sui tabl e net hod, such as by physical vapor deposition

(PVD), chem cal vapor deposition (CVD), atom c |ayer

d ition (ALD) or ionized physical vapor deposition
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uctive, via and €po | ted in
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technol ogy. Excess liner material and excess
canduet thee phddepk i Blvendildd RRY deen rﬁF&Y@ﬁlairmy BeSMibed in
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varipgipngewildepe sirpeterds te hbwae igkiFiglrie S{edprt Ennaloicapt the

foreb@yr déﬁ&lﬁﬁ:ﬁbnbe ftﬂﬁ%e@fefor%n}lntséﬂdta@bdlﬁtd&k@ gﬁﬁéﬂd@d claims

embr%?é %ﬁ.!]_aéu hbyf at%.HKgLerm% }L 1<:a(gr 1S an%l vatrﬁe 1o.ns ﬁ-ts '}Ialllng

oSi t ernative sing
Wlthb‘é §c"e‘?‘ﬁ§ ﬁ%%%an%égmtbea HF5ovEeSERE TYRBWPY-n Fi gur es
2(a)-2(e), the interconnect structure of this
invention may be fornmed using a dual damascene
met hod, such as the nmethod shown in WO 2004/ 044978
PCT/ GB2003/ 004814 13 Figures 3(a)-3(d). This
alternative process optionally begins with deposition
of cap layer 211 on substrate 210, and is foll owed by
deposition of ILD layer 212 on cap |layer 211. A
bi |l ayer etch stop is then constructed by first
depositing etch stop layer 213 on ILD layer 212, then
depositi ng adhesion pronoter |ayer 215 sequentially
onto etch stop layer 213. Layer 213 is deposited
preferably by CVD and is nost preferably SI NCH
Adhesion pronoter |ayer 215 is deposited preferably
by spin application methods and is preferably a Si COH
mat erial, nost preferably HOSP BESt TM After adhesi on
pronoter |ayer 215 is deposited, ILD | ayer 216 and
har dmask | ayer 217 are deposited. Then, trench 218a
and via 214a are fornmed, as shown in Figure 3(b),
usi ng a conventional |ithography process. The dua
damascene etch process involves the utilization of
sacrificial



har dmasks. After line |evel |ithography is perforned,
the etch process transfers the |line |level pattern
WO nioa/0449e8 har dmask | evel s except for the PCT/GB2003/004814
non-sacrifical layer 217. Lithography is then
perforned to pattern the vim |level. The etch process
transfers the via 214a pattern by renoving the ful
har dmask stack (including layer 217) and |ILD | ayer
216, selectively stopping on |layer 215. Next, the
remai ning |ine-level har &S | ayers (|nclud|ng | ayer
217) are etched. The etch process continues by
1. etehi Mg ABendcas DALLEFD bt bRYLISHEl e 2 kot 2Ly
compéf%- sel ectively stopping on layer 211. The ILD | ayer
“P§ etched to further define the line. Finally,
t Feftayr PagEactyiq lprepoyRetying eonpiletteatte via. This
final etch step also renoves layer 215 in the |ine
p@t tf?fé'{: hgr@ﬁgmﬁge dh8ald 8ACH: 2188eccVig %142 ahda first
har&n %pga 1?a are_ thenQI%lled wi th conductive materi al
X Gal ™ HaTed CERe"Pr6685s to form conductor 214,
218, as shown in Figure 3(c). Excess conductor
nettel éadt BBy cbeduenioy edai emadGMP ipr ecies $ias dbesetirbedayer
and SRQVe: - Af LefangoRdUctor 214, 218 is formed, final cap
| ayer 219 may be dep03|ted as shown in Figure 3(d).
Final cap |ayer 219 may be fornmed of any suitable
dideVerthevel maretavar, cthspid Sippefherdmak favered of Si CNH
or SiN deposited by CV/D. As an alternative to the

dléalseéjcﬁﬁa§f<9.régtf% Eg%a:lnbh L@Hgﬁ%lhyel %E}Q%&?@r, wherein said
secort SLTAGh Sy Bb o FRE e it S Pt afge seid riret
dielepgmascemernet hod as follows. In this alternative dual

damascene nethod, the properties of ILD |ayer 212 may

b%. M&Q{Oﬁfé%é%z%aﬁg/o@%%%/ QQ%%lélel:E%tquj %ﬂg)zeqd LQZ{d second

ectivif atterning step, and
hard‘%ats% axctie Vslfl?y ﬁﬁ? SE% g’fﬁ uéPd by, for exanple,

naklng | ayers 216 and 212 dissimlar materials,
t her edstpaidricbhidunng i esrhedd eghbkayer sn 23 ganth-24%:1t @ape ayer,

said %@cgltl@%lgf:&fprggc(ﬁtef Lé_(}lhuga.e_l.d gQ&on Xﬁ%ngsk (.;LF§%e Béapg

d rial used
COHd%"tt&He p]ﬁflf‘z r@“&g fat-&? |Séﬂr a‘"s%ffﬁ %ﬁ?néif L“f%thv@ﬁﬁ E°r Ffélrface o
said greggehthar@iesht 1ayerhas been particul arly described in

conjunction with a specific preferred enmbodi nent and

2. OtTIH@ r:.rﬁ'e&*@cgrﬂl@t:{: Vs%rugt[m%dtlaﬁ%?lg.%m ll t wﬂéﬁre?% Qﬁﬁt £ fﬂ;@t dlelectrlc

ous alternatives I cati on var| a

1aye*w1F| E%fé‘eap%faﬁé%?ff 8% 19708 SSKRPH | HELPH L RelEE 1 fprw of a

polynsfrig hghermoset material.

3. The interconnect structure of Claims 1 or 2, wherein said first
dielectric layer has a coefficient of thermal expansion of less than about
50 ppm/°C.

4. The interconnect structure of Claims 1, 2 or 3, wherein said first
and second dielectric layers each have a dielectric constant of about 1.8
to about 3.5, and preferably about 2.5 to about 2.9.

5. The interconnect structure of any of Claims 1 to 4, wherein said
first hardmask layver is formed of SiCH or SiNCH.



foregoing description. It is therefore intended that

t he appended clains enbrace all such alternatives,
wOorR@i4li4928 | ons and variations as falling w thP@I/GB2003/004814

true scope and spirit of the present invention. WO

2004/ 044978 PCT/ GB2003/ 00481841 15 CLAIMS 1. An

I nterconnect structure fornmed on a substrate, the

structure conprising: a first dielectric |ayer

0 t he substrate; first h mask Ia
6. sa:?1 %/ gt"ortﬂegFegttrrlfﬂcurleai)/granys%?ed djfllms h]art sl%’plereln said
via-}eypércaravhyRy astprsdrftateiCHat Sibea§tCan>e FWduct i ve

via enbedded in said first dielectric Iayer and said

7. f "I‘i'l%t 1&%&«@5@1%%;' saCYCQEtur% Mf aanlyegr% Fa&.alﬁgej{ t8n6 S%hgreln said

ectri ayer

st _hard | a econd
secorch hIRN| BB LaBorisart SeP e St d-rEdeona o olectric
consighing| et tiepe Yhaperbous For-ned of a material different
fromsaid first dielectric |ayer; a second har dmask

8. :'I%ylg r 1I&rer§<§ﬂn%c§ e&QﬂgtLﬂleeLE %tnﬁz' 4 %¥ e(fl’alag ? e’P Y r%grther

avin tQ%‘ ace; east one
C°mpfeﬁﬁa%arﬁ %hﬁvsrlﬁ’é e i’jaY Qétﬁifs\?fiabﬂté@%rt Sé‘é% Yiayesvel cap
layes gind spddoserodidefiedeetnicl dgpemr-and sai d second har dmask
| ayer, said conductive Iine having a top surface

9. c (’?E‘hg nﬂa’g%EféMntegt t&?u&ﬂﬁ* SUE fa%&eorpef of S@i'a@tmg eJ.C (EQ d8 fgther

i nferconnect structure of
CompT{ S1{HH & érnalsgna FYrsogretesered hpzdraski eves sy soid
condBit@BH ldnd- sai d second dielectric layer is forned of a
pol yneric thernoset material. 3. The interconnect

d%%r%@:te%?%rg{ecg @I%tttlreog’ox%%e V\’gﬁr e%@b%ﬂ*'ag tE?tstructure

ayer has a coefticient
Comp@fbﬁ%5|on of less than about 50 ppmiC. 4. The
i nterconnect structure of Clains 1, 2 or 3, wherein

sal gifdtr ate1can8i Sespndodialesy rine bayerscgach have a
di el ectric constant of about 1.8 to about 3.5, and

referablg about 2.5 to about 2.9. 5. The interconnect
sPPUBtr 8°8Y 1aKTF OF Bdi Fe st tlAC el & Hisaid  first
har dmask | ayer is formed of SiCH or SiNCH WO

20044 £H44 948 pggdt@zmo&ﬂ' 81449 etch stop layver;

a second dielectric laver on said adhesion promoter laver, wherein
said second dielectric layer is formed of a material different from said

first dielectric layer;

a hardmask layer on said second dielectric laver, said hardmask

layer having a top surface;

at least one conductive via embedded in said first dielectric laver

and said etch stop layer; and

at least one conductive line embedded in said adhesion promoter
layer, said second dielectric layer and said hardmask layer, said
conductive line having a top surface co-planar with the top surface of

said hardmask layer.

11. The interconnect structure of Claim 10, wherein said first
dielectric layer is formed of SiCOH and said second dielectric layer is

formed of a polymeric thermoset material.



16 6. The interconnect structure of any one of Cains
1to5 wherein said via-level cap layer is fornmed of
WERNDB49B N, Si CH or SiON. 7. The interconnectPCT/GB2003/004814
structure of any one of Clains 1 to 6, wherein said
second hardmask layer is foaumed of SiCOH or Si CH, and
has a dielectric constant of |ess than about 3.5. 8.
The i nterconnect structure of any one of Claims 1 to
12 further conprisi ng an adhesi on pronoter |ayer
: ?ﬁfbé?ﬁfﬁ?@?%ﬁﬁ%nsEﬁﬁca Qflgﬁﬁépsc%ﬂaorl%%yewh%ﬁﬂins%ﬁH§ first
dlelS@*@:@OFdlwegl bt i eodffyerentgot Theriall erponientofstescitbar about
50 pph/a@any one of Clains 1 to 8, further conprising a
final cap |ayer on said second hardmask | ayer and said
conductlve line. 10. An interconnect structure forned

- onthe SHHECPHSET FHECEMTUOE Ur@ing orfor F5idtgL2 a vhpFER said
flrSdlqﬂdee@¢qné fiplertovetdyarngeddrehsub st dtlectrian cetgfant of

abouStOB Lay®budrs .salfhdl br&derdbB} @6bEd € . b AL Eboutdl . 9.
adhesi on pronoter |ayer on said etch stop layer; a
second dielectric Iager on sai d adhesi on pronoter _
| ayer TNRTEPRSTE SEHGTEEC BRI erR O FimayEt tPsl ohepin

saidoftch aedreipedr df ffoemedhtofl Btn sai $iNCHirst diel ectric
| ayer; a hardmask | ayer on said second dielectric

I r d a havi n surfac .
A 150 S U ARl 0 M LR, Bheves
Saldo‘?dé‘leét‘f“r PEOTyErlavaRdt s 4Pt €R FECOP- | ayer; and at

| east one conductive |ine enbedded in said adhesi on
16. prq@l@ohecrercdxméee,st&ab@llr%espreglydb&é %@téiaqmgajyoertoaﬂd 8ddin -

saldI'l'?a{rg.\q?zﬁé< 1L9é/erls LSO%IIHQ Ed&:@t |0¥631C ace g%\a” n% Q:(L]electrlc

rface colpl anar Wt sur Sa
constayqfhsiesE ayer. 2Pt %ﬁé |nterconnect structure of

Claim 10, wherein said first dielectric layer is
17. f %@&t@:ﬁ:e&r@@c" ARd8alelo 8 669Neh Jdice! @%tlﬁlé C d ayels, i Burther

comp LI A50E REbYEEh ) it Tas ot Syt and Reid csmiuive

linegtrycture of aims 10 or 11, wherein said first
dielectric layer has a coefficient of thernal

18. expassidn:&f rbesisigt han nabihnect structure on a substrate, the

method comprising the steps of:
depositing a first dielectric layer on the substrate;

depositing a first hardmask layer on said first dielectric layer,

said first hardmask layer having a top surface;

forming at least one via opening in said first dielectric layer and
said first hardmask layer;

filling said via opening with a conductive material, thereby forming
at least one conductive via embedded in said first dielectric layer and

gsald first hardmask layer;
depositing a via-level cap layer on sald first hardmask layer;
depositing a second dielectric layer on said via-level cap layer,

wherein said second dielectric layer is formed of a material different

from said first dielectric layer;



50 ppm 2C. 13. The interconnect structure of C ains
10, 11 or 12, wherein said first and second
walt@medrs c | ayers each have a diel ectric conspEnGBRG03/004814
about 1.8 to about 3.5, and preferably about 2.5 to
about 2.9. 14. The interconmect structure of any one
of Clains 10 to 13, wherein said etch stop layer is
for med of SiCH or SiNCH 15. The interconnect
uctuyre of _an ms 10 tp. 14 n__said
e % gB e Py el TR T i 261 Sobe SHELSbpRel tover,
Saldls’rﬂcéﬁ%éﬁﬁ@&%s%%{%t ﬁ%‘é‘n@faaﬁw BidEage A ai ms 10 to 15,
wherein said hardmask | ayer is forned of Si COH or

S'fgfl»nlr@_jngt hagsa d;ﬂeelzle&xtcw speneegsltnaggmptuilﬁl%%ei hal 1ayer,

5 rco ect structure
o1 GRS 195 5 TGt ML At COMBPESI TG 5 PERAT Gap crenen
Openjrfé;yéife@ﬁe?,aﬁaéldhﬁrréﬁa%q{ld}layﬂé’ie @it safd conductive
line. 18. A nethod for form ng an interconnect

stfrlmw 8a t@ez&!ﬁbéﬁ&ﬁtﬂ ’w1ttil1ea MBRHEROY Ve ORI 5119 thgﬁeby
form g tdo leve rsth %ggc I (a:t %yyer ovne the layer

]§](?b ifraef"E &gp% nidﬁ Ay Sattt STORSEEnHE KoL AYEr bW SdafdP taver:
said fyeeqnd diieletri¢ cavay end sxig aefﬁqndshalfﬁa@@ﬂﬁvl@ket:afeﬁd
condl@iiva@g.idet ity rd a6, sukresdd RE-llanbeAGhOfiR: ¢of QREMdGE

saldlégcgga qilag&gagq( pay%gect ric layer and said first
dnask layer; filling said via opening with a

conductlve material, thereby formng at |east one
19. cahdurathee ofi Glaimelidediersins artfl first ddpkicaeie ilevenyier
formé@nds s@od ddar sdichaechm@shidiayeric dapasiiki NgmaddVdfaal @¥eheric

thern%gtlr@a)égh_;ﬂn said first hardmask | ayer; depositing a
second dielectric layer on said via-level cap |ayer,

wherein said second dielectric layer is fornmed of a
20. mihermexhodidtf ekadme 1§ cond Saivbefdinssaidi 6fesdt dieldchyey layer
has NBo200144 844 D 8t RLhA (B2 13048 4 esd & nde PaBIut | 1) pPm/ °C.
second hardmask | ayer on said second dielectric |ayer,
saj d second har dnask | aye a to syrface;
2L fgpﬁll??(‘j 8¢ Fea A Gne’ t llén%rh‘zSp“@r?g’ﬁbn iSRS aﬁla%f&r@a%%i layer
has gapelenpeic cosatahtset disds ditehegtautc?| ayer and said
hardmask | ayer, wherein said trench opening overlies

22. S%%g Jétﬁ§£ &%OgﬁyJ%LL\G% Eiéﬁmsawg to 21, wherein said first

hardmask layer is formed of SiCH or SiNCH.

23. The method of any one of Claims 18 to 22, wherein said via-level cap
layver is formed of SiCNH

24, The method of any one of Claims 18 to 23, wherein said via-level cap

layer has a dielectric constant of less than about 5.

25. The method of any one of Claims 18 to 24, further comprising the
step of depositing a final cap layer on said second hardmask layer and

said conductive line.

26. The method of any one of Claims 18 to 25, further comprising the
step of depositing an adhesion promoter layer on said via level cap layer
prior to depositing said second dielectric laver.

27. A method for forming an interconnect structure on a substrate, the

method comprising the steps of:



filling said trench opening with a conductive
material, thereby formng at | east one conductive
wo pove/oetyzedded in said via-level cap |ayer, sSBETIGB2003/004814
second dielectric |layer and said second hardmask
| ayer, said conductive lineohaving a top surface
co-planar with the top surface of said second
hardmask | ayer. 19. The nethod of C aim 18, wherein
first diel ect is for i COH and
sgélle OZHESH S ditePed lF?%cq%%]ray% cfrbrtggcfugft]éatﬁol yneric
thernoset material. 20. The nethod of Clains 18 or 19,
whizpesitiagi ah fekelststdp elsgetrirt shay @i rsthasebe@el fikeNtsaid
etcho;toghf,cgﬁl hae;gg%ng,ltgg of -¢hess than about 50 ppm 2C. 21.
he met hod of ainms 18, 19 or 20 wherein said first
hardnask | ayer has a dielectric constant of |ess than
aptsgpsiting2n Theesiorhobrotemnyyenenofaid afers siep tloved;,
wherein said first hardmask layer is forned of SiCH

orde§bm3_|ng2?§ seI&?d @?&Mr?&f 1%9¥r %Qlesz%fd gﬂ Y: neéﬁf %ngter

ereln evel

Lave gl P 7. S5 ST L O Ry 8s%e%flsc§°&?“ﬁ§ o gpipyial
diffgprarefrrrs adif Vipst dielecsapc Yamger has a dielectric

constant of |ess than about 5. 25. The nethod of any

o?i%}(igéit% Iﬁai‘é‘natsg %\%/erf tsQ% s%%gpdl Ief&:ttrqg la§/te§,p said

0 05| fina a er on said secon
hardpagky Pﬁﬁ'? %ﬁdp §5chﬁbnductive line. 26. The

nmet hod of any one of Clains 18 to 25, further

Carphisi g Ihet cﬁrieeﬁlé)fopgmsﬁ.ﬁid’é@d&[hr@fﬂé’]@ﬁil@ﬁer, said second

dlelégtgggtl%&ejr ays%& Oa[dh%@i% é dt%yeiag(e?p Ja@&eéj.} Qrdlele%&alc

Sal secon ectri ayer

ositin
laya?dgdf%Fﬁ1 ﬁﬂbﬁt@%EQY%%nnect structure on a substrate,
the nethod conprising the steps of: WO 2004/ 044978

PEOL£B2003/10048 14 ﬂﬁerﬁﬁp&‘,ﬂnﬁﬁ@g.nasiid ﬁ&rcﬁﬁa@keﬁﬂeirgt sald
secoAdE%l?el E@%a§%¢b5a?—1[iaéa%.d Q %!315 Iprllgm%ﬂe e&& tx?l?ere@{ sald

Qn sal FiFst ectrlc yer, “sali etch $top
trengih PRIy ?6ﬁléﬁﬁﬁﬁ&%‘”deﬁ%§PP?ng an adhesi on pronnter

| ayer on said etch stop layer; depositing a second
direhetior 5£id av€ran@nt Saicd @fgﬂeﬁcj{é) RiPk QMebtucthdy %terlal

there‘i@/e%&lnﬂ éaa{dfjg.gg&ogge q/llg.l g&'}dql Jg}éﬁra&: :Ilsq:r mgg ]]1ne conductor
I‘Ia|n erent fromsal eFectrlc ayer;
embedded in sald first dielectric layer, said etch stop layer, said

adhesion promoter layer, said second dielectric layer and said hardmask
layer, said line conductor having a top surface co-planar with the top

surface of said hardmask layer.

28. The method of Claim 27, wherein said first dielectric layer is
formed of SiCOH and saild second dielectric layer is formed of a polymeric

thermoset material.

29. The method of Claims 27 or 28, wherein said first dielectric layer

has a coefficient of thermal expansion of less than about 50 ppm/eC.

30. The method of Claims 27, 28 or 29, wherein said etch stop layer is
formed of SiCH or SiNCH.

31. The method of any one of Claims 27 to 31, wherein said adhesion

promoter layer is formed of S1iCOH.



depositing a hardmask | ayer on said second dielectric
| ayer, said hardmask | ayer having a top surface;
wo ooomiomy7@t | east one via opening in said har dreEkB2003/004814

| ayer, said second dielectric |ayer, said adhesion
pronoter |ayer, said first dbelectric |ayer and said
etch stop layer; formng at | east one trench opening
in said hardmask | ayer, said second dielectric |ayer

32 sal %dhfs on ronDter | ayer, wherein said trench

- o elfi Ng- Vet i8¢ 85\ BB AY:3l i FIITRET Sorarifiag the

Stepaﬁ%l @P@W@Hn@ﬁeﬁph@s C\ﬂptlﬁmrc@ndam iseeompherdrgdsk layer and

saidt berdebyifeoLiieng at | east one via conductor and at
| east one line conductor enbedded in said first
dielectric layer, said etch stop layer, said adhesion
pronoter |ayer, said second dielectric |ayer and said
hardmask |ayer, said |ine conductor having a top
surface co-planar with the top surface of said
har dmask | ayer. 28. The nmethod of C aim 27, wherein
said first dielectric layer is forned of Si COH and
said second dielectric layer is formed of a polyneric
thernoset material. 29. The nethod of Cainms 27 or 28,
wherein said first dielectric |ayer has a coefficient
of thermal expansion of |ess than about 50 ppm C. 30.
The method of Cains 27, 28 or 29, wherein said etch
stop layer is formed of SiCH or SiNCH 31. The nethod
of any one of Clains 27 to 31, wherein said adhesion
pronoter layer is fornmed of Si COH WO 2004/ 044978
PCT/ GB2003/ 004814 20 32. The method of any one of
Clainms 27 to 31, further conprising the step of
depositing a final cap |layer on said second hardmask
| ayer and said conductive |ine.



