. JKe3e>; <"76.T*/- 6 FEB 200g HYBRI D DI ELECTRI C STRUCTURE FOR | MPROVI NG THE
STI FFNESS OF BACK END OF THE LI NE STRUCTURES FI ELD OF THE | NVENTI ON Thi s
invention relates to a nufti-level, coplanar interconnect structure on an
integrated circuit and, nore particularly) to a hygﬁé@ ctric structure
for inproving stiffness of back end of the line $tPu Ue ACKGROUND OF
THE | NVENTI ON Continued inprovenent in integrated circuit density is due,

in part, to Ln-inte i 0 ol nuf acturin

general ly i ngﬁm%ﬂﬁg@@%ﬁﬁﬁﬁ E@h&ﬁﬁﬁ%&%ﬂEﬁTmﬁgﬁﬁ&e
(BEOL) processes. The FEOF BAGICENLOXTHELINE SARHETHRES ftransi stors and
capacitors and the like along with polysilicon gate |ayers. BEOL processes
include steps to formnetal interconnects and associ ated diel ectrics.
Convent i ondIELR OF (iR ENVENTION ur es used al um num for conductors. The

al um num was deposited as a filmand then patterned to forminterconnects.

The dielectric insul arhi@hvERfi& tefitesWB 2 nﬁﬁ]ﬁﬂe@ﬁ@@ﬁlaﬁﬂq%@}&ﬂg&& ctu%o&&r}e

recently, processes' using copper interconnects have been devel ope

such proce ne copper, el ectropl.ating. for chip . . :

i nt ercon negﬁﬁegﬁgsd %@%ﬁi&% g Bgfﬁﬁ?lf“ﬁ%ﬁf %}W?’EP ﬁfleﬁgﬁl ngﬁtf’"i ‘ﬁémpé?wa&strfﬁ%% .
The i nsul ation IaIY r is etched to formtrenches or vias which are then
filled wt H)fﬁé?lé? ‘gﬂghﬁaf‘??ﬁ%w’t@& planarize. In a dual damascene process
two patterns are conbined into one. = 6 FEB 200 -2 The transition from
alum numto copper interconnects has resulted in reduction in resistance of
i nterconnects. To reduce RC noise, dielectric materials having | ow

di el ectri c RAOKGROBGNDROFOTHE TRVENTION as "l ow k") are now heing integrated
into BEOL structures. However, low k dielectric materials are not generally

structural in nature. 0 [ ; ncqunt ered. duri ng
w re bondi ng or ball %‘gﬂg‘?ﬁﬁgq%p%’&‘t%@@v@ﬁ%& acfrgléllt:%?ﬂ%tfﬁsegg?’e'@t Pt af0
reliabilit t he.devi ce. Ho er, these changes nust he addressed as the
i ndustry c%‘g%{gnecgslflrl%ﬂcaﬂ’é?‘:tt’?"waﬂb%gaénw t "&g‘?’?e(falh’dﬂ‘ih“g% fiogt ¢ne\pithe
nodul us ma .erk}qlléé seg as dielectrics. The present invention is directed to
over coni ng "8f Lgnﬁf‘ ba¢k enbohihsdineBER crrasessesabheeFEQh paosesses|relatedto
si mpl e manner. SUMVARY According to a first aspect of the invention, there
i s provi dedomnatighof trapsigbrs and phpaciersiand e dibnaleng with polgsilice gare layers. nBEQLAt ed
circuit chip, conprising a planar |ine [ayer having plural interconnect

conduct or s pseqeaseairethde)steps th fir@ahdtalintefebaidelant) adsbbigted dHI@h8&t Comv&RidakaNt
| ess than 4.0 and an el astic nodulus less than 75 GPa and a pl anar via

| ayer conphitss el 4 il i I 0,G: i.gher than in
the line | aytgl‘rcegrrlled%t %ﬁéﬁ%% P%/eg azldlnjla{@r?ﬁ)\élfet @%&grﬁ%&%@?lg‘?ﬂwggéeg%gﬁ%saltjlﬂlﬁ'e
and via la is. aon an. integrated circpit.substrate.and defjnes a first

| ayer and éﬁ%?}heé’rp a@?”’teﬁéo F‘?rﬁgngﬁﬁf"ﬁ%&lﬁgv&' eqtec giulptien F’iaf'eé‘laf Va3 ben agdednat
the vias in éhF via | ayer are selectively in contact with the conductors in
the |ine | &)&Pan2izedr ding to a second aspect of the invention, there is
provided a nmufti-Ilevel, coplanar copper danascene interconnect structure on
an integrated circui tMotd recentlynprocesseusing copper t@bainett3sthare besneddvelopy®@r on
an integrated circuit substrate and having plural |ine conductors separated

by a di el eCinei suchipi€delslisdadand@cene HoBh&CdlEdtfopRPNS IfeNEnip tercbRAdidnd R an
el astic nodulus less than 75 GPa; a second planar interconnect layer on the

first plan ' Matcraly |.a G j Si a dj.el ric, filmhavin n
el ast i E no {ﬁdgé&t ﬁllr't%ﬂfgr Fb? A ?{Iﬁﬁatrﬁgg@wroétl%r'anﬂ{re Llnn\fq%t}oé‘olrﬁ%rc'ts qt grt%aﬁﬁm
conductive, vigs therethrough, the vias in the second | ayer being

sel ecti vel VCP%'eéd%{t‘élE% Whichnareher filled withdueteland pelishad toiplanarizay dn addala

third planar interconnect |ayer on the second planar interconnect |ayer and
havi ng pl ufamasceng progessitstoqrasterns are combined into one.
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- 6 FEB 200g -3 separated by the dielectic material and selectively in
contact with the vias in the second layer. ' According to a final aspect of
the invention, there is provided a nmufti-|evel, coplanar interconnect
structure on an integrated circuit chip, conprising a planar line |ayer
havi ng plural interconnect conductors all separ a:_e% Fﬁ?ZgU@' ectric
material having a dielectric constant legs than 4.0 a a planar via |layer
conprising an inorganic dielectric filmhaving a dielectric constant |ess
than 4.0 and conductive vias therethrough, wherein one of the line and via

| ayers is on anThet@gsitabetoa slathiduns tdedppat thterbshrdefsiiassesalibd (Bedu@¥AY in
havi ng an upper harizontal planar surface and another of the line and via

| ayers ha&estansaof deicenrsstsal Ty redues REundises diedsstigmaterials havigelow gipleetric

hori zont aloolraReva1sd kG i ' (§1o¥ ' r i vely
in contactomfth E%%ycondﬁtﬁgfgh?ﬁygﬂgaﬁ%ﬁgwﬂgvggﬁg% %gg?xﬁh?gFﬁéggggﬁéémeen
the di el edloweyerdewrk diclestrit matsridlsedre ot gendrallynstarcturabini zaswteal Thenchnwier ei n

the diele i e i r .el asti,c dul us .than.the.di el ectri.c
e € Sl ARG s So Ryl Sl AR onlTb B SRR e |
be readi | yffagtpgrthatlettrion felisbikipesfithé daxi'c@nHawelve‘r,rtthesetdiﬁnFBsanm@&-ad&Bhﬁﬁ

DESCRI PTI ON OF. THE WNGS Fig. 1 Shia'tfle(:ti gnal _view i]lustrating a

mul ti -1 evé$ M Bisiesha chingos fism quarz sthieh figs @ hgh slasts mgdvdisaior lpw modulus

i nvent i on pihs@fhlOedRs HidlRgi@at ed circuit chip;, and Figs. 2-4 illustrate the
process for fabricating the interconnect structure of Fig. 1. - 6 FEB 200g
s DETAI LED DESCRh@Ppresniomveriion iyveiwguteNtiasverspmitg pag iopandrerofcigpapblems

[ nterconnggg&ss?ﬁﬁbci‘;gclgl IXif}dtﬂmgf'e)%ér 2peration devices, crosstalk between
lines is nost [ikely’ between ['i'nes on € sanme line level, and less likely
to occur between lines existing on different line levels, i.e., capacitance
across a via level. In accordance with the invention, dielectric materials
having low k dielectric constants separate lines on a given line |level. At
the via | gUBBARYer e copper density is insignificant, stiffness is

i ncreased by using higher npdulus dielectric materials at the via |evels.
Referring initi&cfgrding to g. first agpect o elfje dineentions dhare ismrpvided jas multi-leyek at ed
havi ng a g RhrdRek J . SEr HE 2.1 r W th
the i nven??%%ﬂar'}'ﬁg&!oglt}%?connece:tdngitn rei&%%gr? %PI&FIC tucglgés’L&gl’ﬁ}pl}]rglsnlgr!lpl?1 g%éa}rlgﬁ%gégerr 14
on a subsh#ungphsal intermwoonend cphducéars kepaeated By aslidecttibenatériad hayihgnatieleaier

14. Final t . r I lLayer .20 1 s.0n,the se | apar .l ayer. 18. The
substr at ek%gta%})rlr%rs itgaérg 4?%:14 iagoeﬁgsflﬁtné%c?uell'tlsel S%i?l}a@u??rt%afﬁmﬁﬁdg?? ivﬂﬁ ayet

el ect r oni comipnsioga. didleetriti filat hpliagan dlayie rmddulwohighérSthan dn lthaéink ayE and he

second pl an l.ayer C rises a.via layer,. The third planar |ayer 2
conpr i sesc%f’adlrufnr%f}/i”éﬁé&e.re gk’i NeeIeHy 8re 0? h%HHe apd I’{é?v%yﬁ‘gdf an %tré?gfatﬁ ect
conduct or girddt $BPRdta bed déhined adir§l 18¢dr'ah@ aNBher dfahe Afle add'PiaVhyerd R¥RIthd Brst
conprises_a dielectric film 26 having plural conductive vids 28

t her et hr olfgRt sorfhat (heagavm teaia hysepsciclsgBvelp it gentacl with desr eaniductorsein the t he
conduct or §,2Rve/AS 1S apparent, the particular connections are determnined as
requi red by t%,e design of the integrated circuit chip 10.

According to a second aspect of the invention, there is provided a multi-level,
coplanar copper damascene interconnect structure on an integrated circuit chip, comprising
a first planar interconnect layer on an integrated circuit substrate and having plural line
conductors separated by a dielectric material having a dielectric constant less than 4.0 and
an elastic modulus less than 75 GPa; a second planar interconnect layer on the first planar
interconnect layer comprising a dielectric film having an elastic modulus higher than in the
first planar interconnect layer and conductive vias therethrough, the vias in the second layer
being selectively in contact with the line conductors in the first layer and a third planar

interconnect layer on the second planar interconnect layer and having plural line conductors



- 6 FEB 200 6 I n accordance with the invention, the dielectric material 24
i‘n the line layers 14 and 20 conprises a low k and | ow el asti ¢ nodul es
dielectric. The dielectric film26 in the via layer 18 has a noderately | ow
k dielectric constant and a higher elastic nodules. A conventional '
dielectric material used in integrated circuits is-sﬁl' % xi de whi ch
has a dielectric constant k=4.0 and an ejastic nmpdul es of about 75 GPa. In
the illustrated enbodi nent of the invention, the dielectric constant at the
line levels 14 and 20 are | ower than 4.0 and advant ageously lower than 3.0
and an el asparstedrbgithe didlecticanstetifloshd2&:dBaelyl in dohtact Mithsthe atigdineiit adidmnt
of the inyention, the dielectric material 24 may. conprise a SILK

sem conductGt dielectric resin fromthe Dow Chemical Conpany. SILK is a

pol yaryl ene ether spun on organic material cured to forman insulating
film Alternatively, the dielectric material 24 may be an inorganic

mat eri al . Sl LK Hesomingi & @cfindlcaspestsefathe vivertioh, @BcreTisepmivisled ca mndtifleveln 26

i 01 oot Co@ankdbieFeORRRy Syl APLERANERT LB (Tp et} Bt Ry~

d| el ectri daamngsplaraﬂ 1mtcmnnadt @mﬂhdot:sealhs&ﬂafb&ﬂ byer didlgotZd mareridlehaiigg laayer
|ncIu% Si Oz. Fb ﬂ 5@:@@ F terial is.not used in_the |ine

I ayer s 14 diecHEe C‘P—iégfaé‘lt L8] agar YiRdaYsr SOBWEISEIE FoHeTgagiq diglectric

i nt er connegh KevidgCs af&eclé’c ESnstdnk Wb Rdred 0 eﬂcigconauéddeuaag HeBthroll S\Hﬂ?&hﬁat e

16 including the first |ayer 14, conprisin ine layer, theré€on

| ayer 14 PR bfitheslingnandoviatlaysre isppmesn lnmmtcgmemt sehstrdiecangr defipps arfdsttllayaer

dielectri r.ate nt

di scuss edﬁaﬂm% gg) Iu?ﬁer% nz})ﬁa{ ?%drr?lli#g%el %Itd a%ﬂﬁ{cég?rg{rhlgg@% a%{j L%]@H‘L’rnxl% Il S péﬁn on
and cur ed hoozdnsaliplanar surfack amltkmgﬁfst layer ﬂijper hmﬁmnm iplemat surface so drat thetvass id2 1 s
then forngd using canventi 200 roc S|ng
A barri er avgk ygbargé Slre?t iy %cgnfqpfgfth OrS'I*Pléhq IHberE’@&?ﬁ v ém@ 98¢
thin fil mbefivees tHetielectelp asdtéred aﬁ)dltHehﬁelécttﬁS mﬁ@y@hor%nw i 4nd villedsifm- enhanced
chemni cal vapor depQS|t|on QPECVD of SICOHd A via openlng 32 is then forned
usi ng convent i ofIdiglsetrie material hate lovvenelagtic wmedwus thas thedieleetricfdm o Fig. 3,
the SILK dielectric material 24 is spun on and cured. As illustrated, a
void 34 may be fornmed in the via opening 32. A hard nask cap |ayer 36 is
formed on top of the SILK 24 and then a photo-resist layer 38 is patterned
according to the conductor line pattern to be formed. Referring to Fig. 4,
a SILK etch is perforned to renove *~ the SILK dielectric material 24 in the
non-patterned area. A different gas is used to renove the barrier |ayer 30
underlying the via opening 32. The dual -damascene process can then be used
to electroplate the conductive vias 28 at the via level 18 and the line
conductors 22 in the third planar |ayer 20. As is apparent, the

i nterconnect structure 12 could use additional line |layers and/or via

| ayers. Likew se, the first layer could be a via |layer and the second | ayer
a line layer, etc., according to chip requirenents. Thus, the present
invention is particularly directed toward use of dual |low dielectric
constant materials with copper damascene interconnects. Each dielectric is
used in a planar film deposited on a planar surface. Each gap between the
i nterconnects on a planar |level, regardless of spacing, is f lied wth the
same low k material. Al) interfaces between different dielectrics are
purely horizontal. A higher k material may be used at the via |evel)



but not between the interconnect conductors) in accordance with the
i.nventi on., - 6 FEB 2004 g WE CLAIM 1. A nufti-Ilevel, coplanar
interconnect structure on an .integrated circuit chip, conprising: a planar
line |ayer having plural interconnect conductors separated by a dielectric
material having a dielectric constant, |ess than &16 E%m astic nodul us
| ess than 75 GPa; and a planar via |layer conpris ric film
havi ng an el astic nodul us higher than in the line |layer and conductive vias
t her et hr ough, - wher ei gglg_g_'e f the line and via layers is on an integrated
circuit substrate anc e tratures gndrashvantagesiof thedhventis el Eéreh&lljd Ipafer?fdmy ! @
| ayers is gn the first -layer so that the vias in the via |aye :E:Pe )
sel ecti vel eisﬁe@:lﬁmtémtanﬂﬁ'hmtthedmm@ggtors inthe line layer. 2. The
mufti-level, coplanar interconnect structure of claim1l wherein the
dielectric filmhas a dielectric constant | ess than 4.0. 3. The
mufti-level, coplanar interconnect structure of claiml1l wherein the
dielectri i : ielectric constant less than 3.0. 4. The

muf ti-| ev?@%ﬁ%én%gﬁﬁn@ﬁ??n ;tb%‘ﬁme of claim1l wherein the
dielectric materi al %?npri,,ses a polyaryl ene ether material. S. The
(rjryf ti-level, coplana §nt & & gapteral yievu dlustratingf a ﬁiu&i%v@l,%a?x‘ap itft@lecolnnect

i el ectrl_c%mn,giqefrg:i‘;ll cog‘})rlsefkgn@‘?rgfn!c gaterla!. 6. The | ti- e}/_el,
copl anar i ecorddncectitt the dfveditin i .. ol ctri rHm
conprises an inorganic thin film 7.. Thggenﬁﬁ&ﬁ-l@g gfé,a c&%ﬂﬁfﬁﬂ’r’ af‘ﬁt er connect
structure of clai m 1Ephes.qi; i 1 G.filmconprises SiCOH film 8.
The nufti-1evel, copl WAC2 BlilsteRfo the FroBes Flr i ihehe tkerponmect sthustwsierf Figai d
pl ural intjerconnect conductors are all separated by said dielectric

mat eri al ; - 6 FEB 2004 _g_




said-first layer has an upper horizontal planar surface; said another of
the line and via | ayer has a | ower horizontal planar surface on the first
| ayer upper horizontal planar surface; and all interfaces between the
dielectric material and the dielectric filmare horizonsa#Eizzﬂa

mul ti-level, coplanar copper damascene_ i nterconnect sfY 4an
integrated circuit chip, conprising:a?first pl anar interconnect |ayer on

an i nt egr at BETWILED DESCRIPTRIN GHHRANVENPIdNal |ine conductors separated
by a dielectric material having a dielectric constant less than 4.0 and an

el astic nodul us | ess A .8 second planar interconnegct |ayer on the
first planar inter con%‘gggb ‘i"g{/agr‘a’ g@%ﬁ#’ Pesrilq rcﬁ"ﬁcg %rSf'}q??s?C’]YvHﬁ H%T%@e@ﬂon

el astic m)d(:f)l% us hi gher Lhan in the first planar jnterconnect |ayer and
conduct i ve VAVAES:$i5stalk betgrn lipeidis mostlikely batweenlings @n|thg samediniedeyel, and less
sel ectively in contact wth the |line conductors in the first layer; and a
third pl andikelyhtoepesonhetsteeh dipes exasiinghon differentdingl laveds, i k5 tcapaitan@cicrdsaieFia and
having plural |ine conductors separated by the dielectic naterial and

sel ecti vel ylevel. matcardanyd with tHeenvenaen, idieldckiec RACARNE hhAYELW sé-&el_e&hg constants
mufti-Ilevel, coplanar damascene interconnect structure of claim erern

the di el ectgepgrafe s %ﬂ?a vell BleQEvdi! At BRI ?e%lsl\%ﬁér{e%p neégi'eg:fitgsi#néi-lg-aﬁg?@i N

nufti -1 evel, copl anar scene | nterconnect Struc

the dielectfix material s a di.electrjc constant |ess than about 3.0. 12.
The nufti - |s¢r5’\‘?g’ > 'wﬁregaai‘*?yd%@gh@ 'P?ii“i‘rsé@a%% materiglsiaf the via leyelai m 9
wherein the dielectric material conprises an polyarylene ether material.
13. The nufti-level, Refsrringdnitighnioskienb anintegrotsdroinctit shipudtisillestofted hadimg 9
.wWherein the dielectric material conprises an organic material. 14. The

nufti -1 evela mobipleselacoplanasio@nennattestimonnedl isheestai® With eledinteRionhergd n
the dielectric filmconprises an inorganic thin film 10 - - 6 FEB 2004

e " Tl o A B8 o B U5yl o
copl anar i niggk 6RARSL: pihrfal fyeF fa OfRindlly, Lﬂxtir%%rl%tare Elygri JoGyhy thcehsiegdndcp?amg ia%rng:
18.
The substrate 16 comprises a silicon integrated circuit with underlying
electronic devices. The first planar layer 14 comprises a line layer. The second planar layer
18 comprises a via layer. The third planar layer 20 comprises a line layer.
The line layers 14 and 20 have plural interconnect conductors 22 separated by
a dielectric material 24. The via layer 18 comprises a dielectric film 26 having plural
conductive vias 28 therethrough. The vias 28 are in selective contact with certain ones of the

conductors 22. As is apparerit, the particular connections are determined as required by the

design of the integrated circuit chip 10.



-

a planar line |layer having plural interconnect conductors all separated by
a dielectric material having a dielectric constant less than 4.0; and a

pl anar. via | ayer conprising an inorganic dielectric fi bﬂt@l a
dielectric constant | ess than 4.0 and conductive vi as® Bh téb.ﬂfpgh,
wherein one of the line and via layer$is on an integrated circuit
substrate and defines a first |layer having an upper horizontal planar

surface and anot her ofintadgordhM@ vARFhE i chAYE the &'l@l%ct?iclnﬁ)a\f\&fal Q@FH ﬁgrl}lkgllatyﬁg

pl anar surface on the first layer upper hori’zontal planar surfacé's

the 1ine | ayerid 2l BaBifdadod iy IR e e

dielectric fjl m are EO“ zontal, and wherein the dielectric material has a
| ower el ast Vi lapaIu & Bas h medenatelyidaw kcdielpetripidonstantzandThbighert dlasticenadulus, A
copl anar interconnect structure of claim16 wherein the dielectric materi al
and the di eresentiondlidicleatsic materiab usedlincinagrated cieanstiasiliche dioxideanhidh Gas 8-
The nufti-Ilevel, coplanar interconnect structure of claim 16 wherein the

diel ectric diteetricbommtar-420 and is amfélmaddlessaftaban 79 dp-
AL A2 Ay#. A(LALL A L AF A AFE. A@ hVr 65t XZ In the illustrated

? EI ?51](2: M;i?’(;é]g]ﬁgg? ]?E%?n('%it{lg ](tgg %};ﬁ%agfﬂtg@k&%&i GohS R an%b%%l'g ialver lh%g] ca

| 04 O
aftg##% Ay nd\gd%r?t]aggolucﬁ]l aleghedlralcal galsalsalsaleal cal cal cal cal cal c

ajJ c(a] ca] ca]blca] c;% caj] ca] ca] c&alU] c&a] ca] ca] cal | k&&' m ") ((((L))) $*** <+++++++
.S, e, ,--... oY} of theainveitial ¢bd dizlecticoajtend] af] map Lohptifecs S a] ©
a) ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! {//090001 111J2W[ 2223

P333544455KehtiZantiictB @8 ecsiid @sid fbaahe Bboad nalicrtembsn] alkala g)@]gﬁéllé}ﬁ]e%]ca]

ca] ca] ca] ca] ca]ca]ca]ca]c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9Y99

<<= q>>>K66ﬁﬁﬁ73m%%d<§{ate¢talzurﬁé]t8%ﬁﬁ]aEQLﬁrﬂtﬁg]fﬁﬁi C%tﬁﬁlaﬁ%l?%gegl&aétga] ca
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WX ZXY: / 10 0% u Z10% u& 10% u
&Z10% u&' ()° Elﬁe}rﬁé%l)%wec&%wsén) T(f"j‘affl'ﬁifﬁm mgr@gmc thm film such as SICOH which has

a dielectric constant of k=2.7. In accordance with the invention, a higher dielectric constant
material could be used for the film 26 in the via layer18, including SiO,. However, the higher
k material is not used in the line layers 14 or 20.

Referring to Figs. 2-4, the process of f'orming the interconnect structure 12
is-illustrated. Fig. 2 illustrates the substrate 16 including the first layer 14, comprising the
line layer, thereon. The layer 14 includes one of the copper interconnect conductors 22 and
the dielectric material 24. Inthe illustrated embodiment of the invention, as discussed above,
the die]ectric_material 24 comprises SiLK which is spun on and cured to form an insulating

film. Theinterconnect line conductor 22 is then formed using conventional copper damascene



2= Y10% u& () -*10% ué& ()-Y®10% u& ()- "10% u& ()-3 ml0% Iu&' (0)- 'Z'LO% u& .() -bC
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:$10% & () - VAr?nmbC 103 10%&Z&' ()-!F9"10%=¢& ()-F9"10%& Eéi & ()-ndY
109%Z& ()-! 1@ 109% ()- YA @10 s10%& (%- ! @0%&:'() @'0 ( 10z
10Z310%Z& () - 10%& ()-EeWE @ 10Y (10%& ()-4#F"109%&' () -
| MLOY& () - JEOEEMRE( A BardiOARydr) 303 eH@he firsOk yér14= The inorganic dielectric thin film
10! F(109%<<&' () - sm' 10%& ()- FmO%& ()- 3! k910%& (0)-
26 is then deposited on the first layer 14 using plasma—enhanced chemlcal vapor deposition
(PECVD) of SiCOH. A via opening 32 is then formed using conventional patterning and
etching techniques.

Referring to Fig. 3, the SiLK dielectric material 24 is spun on and cured. As
illustrated, a void 34 may be formed in the via opening 32. A hard mask cap layer 36 is
formed on top of the SiLK 24 and then a photo-resist layer 38 is patterned according to the
conductor line pattern to be formed. Referring to Fig. 4, a SiLK etch is performed to remove
the SiLK dielectric material 24 in the non-patterned area. A different gas is used to remove
the barrier layer 30 underlying the via opening 32. The dual-damascene process can then be
used to electroplate the conductive vias 28 at the via level 18 and the line conductors 22 in
the third planar layer 20.

As is apparent, the interconnect structure 12 could use additional line layers
and/or via layers. Likewise, the first layer could be a via layer and the second layer a line
layer, etc., according to chip requirements.

Thus, the present invention is particularly directed toward use of dual low-
dielectric constant materials with copper damascene interconnects. Each dielectric is used in
a planar film, deposited on a planar surface. Each gap between the interconnects on a planar

+  level, regardless of spacing, is filled with the same low k material. All interfaces between

different dielectrics are purely horizontal. A higher k material may be used at the via level,

but not between the interconnect conductors, in accordance with the invention.
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1. A multi-level, coplanar interconnect structure on an integrated circuit
chip, comprising:

a planar line layer having plural interconnect conductors separated by a dielectric
material having a dielectric constant less than 4.0 and an elastic modulus less than 75 GPa;
and

a planar via layer comprising a dielectric film having an elastic modulus higher
than in the line layer and conductive vias therethrough, wherein

one of the line and via layers is on an integrated circuit substrate and defines a first
layer and another of the line and via layers is on the first layer so that the vias in the via

layer are selectively in contact with the conductors in the line layer.

2. The multi-level, coplanar interconnect structure of claim 1 wherein the

dielectric film has a dielectric constant less than 4.0.

3. The multi-level, coplanar interconnect structure of claim 1 wherein the

dielectric material has a dielectric constant less than 3.0.

4. The multi-level, coplanar interconnect structure of claim 1 wherein the

dielectric material comprises a polyarylene ether material.

5. The multi-level, coplanar interconnect structure of claim 1 wherein the

dielectric material comprises an organic material.

6. The multi-level, coplanar interconnect structure of claim 1 wherein the

dielectric film comprises an inorganic thin film.

7. The multi-level, coplanar interconnect structure of claim 1 wherein the

dielectric film comprises SiCOH film.

8. The multi-level, coplanar interconnect structure of claim 1, wherein:

said plural interconnect conductors are all separated by said dielectric material;
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said first layer has an upper horizontal planar surface;

said another of the line and via layer has a lower horizontal planar surface on the

first layer upper horizontal planar surface; and

all interfaces between the dielectric material and the dielectric film are horizontal.

9. A multi-level, coplanar copper damascene interconnect structure on an
integrated circuit chip, comprising:

a first planar interconnect layer on an integrated circuit substrate and having plural
line conductors separated by a dielectric material having a dielectric constant less than 4.0
and an elastic modulus less than 75 GPa;

a second planar interconnect layer on the first planar interconnect layer comprising
a dielectric film having an elastic modulus higher than in the first planar interconnect layer
and conductive vias therethrough, the vias in the second layer being selectively in contact
with the line conductors in the first layer; and

a third planar interconnect layer on the second planar interconnect layer and
having plural line conductors separated by the dielectic material and selectively in contact

with the vias in the second layer.

10. The multi-level, coplanar damascene interconnect structure of claim 9

wherein the dielectric film has a dielectric constant less than 4.0.

11. The multi-level, coplanar damascene interconnect structure of claim 9

wherein the dielectric material has a dielectric constant less than about 3.0.

12. The multi-level, coplanar damascene interconnect structure of claim 9

wherein the dielectric material comprises an polyarylene ether material.

13, The multi-level, coplanar damascene interconnect structure of claim 9

wherein the dielectric material comprises an organic material.

14, The multi-level, coplanar damascene interconnect structure of claim 9

wherein the dielectric film comprises an inorganic thin film.
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16. A multi-level, coplanar interconnect structure on an integrated circuit
chip, comprising:

a planar line layer having plural interconnect conductors all separated by a
dielectric material having a dielectric constant less than 4.0; and

a planar via layer comprising an inorganic dielectric film having a dielectric
constant less than 4.0 and conductive vias therethrough, wherein

one of the line and via layers is on an integrated circuit substrate and defines a first
layer having an upper horizontal planar surface and another of the line and via layers has a
lower horizontal planar surface on the first layer upper horizontal planar surface so that the
vias in the via layer are selectively in contact with the conductors in the line layer and all
interfaces between the dielectric material and the dielectric film are horizontal, and wherein

the dielectric material has a lower elastic modulus than the dielectric film.

17. The multi-level, coplanar interconnect structure of claim 16 wherein the

dielectric material and the dielectric film each have a dielectric constant less than 3.0.

18. The multi-level, coplanar interconnect structure of claim 16 wherein the

dielectric material has an elastic modulus less than 20 GPa.



