; $UR' e3eF@| CpCr F6FTFKWO 00/ 75988 PCT/ US00/ 15801 | NTEGRATED Cl RCUI TS W TH
MULTI PLE LOW DI ELECTRI C- CONSTANT | NTER- METAL DI ELECTRICS FIELD OF THE

| NVENTI ON TQ, 09;7%§§nt invention relates to the formation QET%GM%OWGS in
m croel ectroni ¢ devi ces such as integrated circuit devices. re

particul arl the invention relates to the formation of vias, interconnect

met al | i zat i SNTEREATED GREVITS WIH NPTAIPLE L& DERLEGTRIGEONSTAN T onst ant
internetal dielectrics. DESGRIrERINATHE DIFEERERRIFED ART 15 20 25 30 In the

production of mcroel ectronic devices, integrated circuits utilize
multilevel wiring structures for interconnecting regions mummmmﬂﬂ“nmmﬁs and
for interconnecting Opg-RGRMIEDH: ﬁﬁﬁﬂ%ﬂ]ﬁdﬁt he i ntegr . In
form ng such structures, 1t 15 conventtonar to forma first |.Queh.!evel
wiringSlines, then an interlevel dielectric layer and then to form second

| evel wiri [ &@QMW metal filled vias are typically forned in
the interl OF; = connect the first and second | evel wring
lines. Onerne@ry@itirvertivh b0 thd BFmitdn B BBuchiré A nli¢Blectnid dicsd ruct ure is
to first forma tw | evel interconnect structure over a substrate, The
surface ofsugh apipisgratsd eirghifdepiccs. Mo partisalarlpfthgingention selatgetpitie structure or
the surfa : ; jis i d 1 O | | ayer is
typically epf([)lgﬁ'kJ e B%\%f”ﬁé“?ﬁé@?%%? g%@gﬁg%ﬁ%ﬁn\%@gﬁp e]%gsi tion. The
first 10evalicl¢atricgongamtanitrmetal deslagtrees. are defi ned by a conventi onal

phot ol i t hogr aphy process which fornms openings through the oxide | ayer where
the first level interconnects will be forned. CGenerally, the openings
expose porRESURIPTION ORAEH REISATED tART substrate to which interconnects are
fornmed. The ope%{ n%s ar e fil]led.with a . nmetal .intercopnect ,Leg faormthe

i nt er conneB fhePRRAuERon gt migrop ?tr‘fﬂ“i\lj\%‘?v‘cfﬁéﬁeﬁa?‘éﬁlé?““éfm mpltileNel WIHRE 5| uni num
i s deposi tsgdctes for iMercsrineétae@e@bns wighiR Hevids bRV RE iddtcorR¥&ingldde ofBbR! Pl ug to
a thickness appropriate for second |level wiring lines. The netal |ayer is

t hen pat t seriees Wit thepegalsd picyitsla foring sugh pirystuges, itheconsensionalitevel wiring
| nes are Gaf s ARMoWAr RvaHADThANR Akl AR ARNyP bAEESF P! OVI di NQ 2
layer of photoresist over the metal l[ayer, exposing ‘the photoresist through
a mask andegoadiavehyiripelingsoRge of mpteanasxfiled dias areypiGhly 7688 iPGE/ US00115801
phot or esi . tq.for t I St h ,mask.,.The portions of the

nmet al Iayéétc%%gégéa%%o%gﬁ?cgg’% f?%t%? %gecﬁﬁ% e‘c’)crlévsf?%% l"??ﬁ‘sk are then renoved by
etching and the photoresist nmask is renoved by asking. After the two | evel

i ntergannect structure |.s.forned, it i ecessary to, provide an intermnetal
diele %ri gffﬁmenﬁg@fipeglgﬁ\ﬁgéﬂgqlﬂ%a%%%ﬁ% “f“é%?t“%éiuf‘? B ?‘TSH &f¥°coveri ng
t he secondeveeitfirconhédt Bguchird 6¥er hQuEstRIMBKAtRcd difalsiBdiraR s aRshag of the
integrated circuit_device. In the past, the internetal dielectric |ayer

mi ght consPEcesf agiligomievis seugturs oF thegnrigseiof subgagie giay be apinsypinglayeenhanced
chem cal VapQLiddeRe N thits Jot-Nay-TalAToTeY-) | baL&Qr at ed
circuits pr oddced%).y tg]:nnglygfegr dua‘I’adarragiggeebyg)cggngggg‘éag alrvlei etp hﬂ%ﬁg

i nt er connddedirsifeyel ipigragnrdcbatruchuespondafimad by & sonventiongighatolithogtapby ri cs have

used |y i i | Co: 1.6 i . ic or a
hybri d of #%gsssje%@\%’og&f]%\%n&ﬁ P’g& otr%f\;/éen “lleglh%ﬁb %ﬁ% ? %{ac 3?61 ﬁlglé]%%n‘teﬁe sanme
ki nd of | ovilllbe foreled.chanexallf,che gpehingsretpmke partials ofinchduttard ie vied subdiiatezo has

limted prqgcess inteqration a inpl enent at.jon.options.. As a 1 S result,
addi ti onal™ ’8&5@'1%%{‘?{% gngcﬂgﬁggggngxgé&getaﬁlkgév 1ﬁ?’€dﬂft?@8t.erclof’ncht°desi rabl e
whenever FomsihbliRtertenne@due Gorivemadliles. Then Pl96@TF sheld sedheR aluibath fsed to form
a devi ce because reducing the nunpber of processing steps shortens the tine
requi red tdspesitediones thesurfare pf the oxide 1yt erthe mictrhplugdo p thickasssi ng st eps

i npro i ; S . : i i uses two or
oo dCes Rl B sitonl BPHCRRng 03is] Toé ety B 1€ BEA patdhiRhio 1507

Cu- based dewind deyvebwiciag dindsa Thesedenddevdl mtixug littee areclefinad in @ coffeetiamk of bot h
organic angd jneroanic |lowk dielectrics offers.several vant ages due to

t he signi fpl(i!l 8%’?%%’% % |)?9r%°regsnlfypprP‘élglrlrlﬁ ael?y(?ﬁog‘f?é)& %:stg?Yeé'tt]?ectggtglfla)chrese two ki nds
of di el ectexpasing thiwghothredis dirough aaaiskend asnevinggioetivmk opthe expdsedii ng t he ot her
dielectric. No additional oxide or nityride 25 etchstop layer is required.
H gh performance is achieved due to the |ower parasitic capacitance
resulting fromthe use of lowk dielectrics. SUMWARY OF THE | NVENTI ON 30
The invention provides an integrated circuit structure whic '
substrate and (a) an inorganic |ayer on the substrate whi chl\w \ m\u‘r
pattern of nmetal lines on the substrate and an inorganic dielectr | GosON t he
substrate between the netal lines; and (b) an organic |ayer on tfié

i norganic |ayer which conprises an organic dielectric having netal 2

<




WO 001 75988 PCTI US00/ 15801 filled vial therethrough which connect to the
metal lines of the inorganic layer. Preferably the integrated circuit’
structure conprises (c) an additional inorganic |layer on the organic |ayer
whi ch conprwede7#@spattern of additional netal |ines on thEC'HF’@‘Qa?WI ayer
and an inorganic dielectric on the organic |ayer between the additional
metal | i nebotoresit 15yef ¢ fozm aa;didliOteiSistmd;h wasgafihcpdragosof the mdta laedéxposdal
norganlclager vvh hﬁ ssmsk Igr%pnlc |eIt ctr| tFa\ﬂpog netal filled
vias t her & RPBUER ¥ O SRRERE Py PREIGYTT Porar S Ar PIOKRES Dt ¢t he
addi ti onalmasmsrrgmavmsﬁ Hyaylififig. Amthemwemvemte&bmcpﬁmgﬂ(ﬂs )f(ﬂ'ﬂlcii ntegrat efl
circuit structure I, onprises . a su te 10 an a gani c | ayer
on the suBSIFRNEIORIY H%B??@éi“‘ée @Pﬁ AT HRBYSER the saeasddsyel MEmeubst 1 at
and ansor Gl smddofrREliNd Scdid 1EREwWHHR Hne Mo ARRINERR hlifer PRIcBsidgioras; and (Db)
an inorganic layer on the organic |ayer which conprises an inorganic
di el ect ri dntpgroted girewittdgyice.iln thegpasti the intermetal dielscigh lays mightewnsislaf one t he et al
lines of t 3 tructure
conpri ses ?%Opglg%%ﬁthx?%% Sggc?g)ﬁélggﬂk%%/nié‘?&g%%%e&?h’%&rﬁéﬁ&%fé ayer which
conpri ses otheppiotesses. of addi ti onal netal lines on the inorganic |ayer and an
organic dielectric on the inorganic |ayer between the additional netal
lines; and (d) an additional inorganic |ayer on the additional organic
| ayer 10hi Phiof @MiidghRal Anuitd6ARBd By shelk 6Edal GankiRvdnd ?rdﬁfeisé’d with Ched vi as
t her et hrough which connect to the additional netal [ines of the additional

organi c | agferonngers wblop i st rengleatdkhintrmmgtakdiglegiries have psed oplyPhed substrat e
whi ch compidasiSow-k@lel@uld, Bitter Qio?éaﬁﬁtérgzﬁn&&*m%h& bPihedel Bk aTRLDSE T at €;

and (b) a second diel ectric conposition filmon the first dielectric
conposi t i eanventional sutpeaach Af wsing the same ldndofdewk diclednphs bethoretadderel he second

i el ot ! Spf OGR! VBT Mok S aPn SR bkl Bh b LSk R ShElh! ASkst ance, The
invention further provides a ocess roducing an in egra circuit '
st r uctléir e reshltchiditiongd preessingasjepp am/ziddcmg)saars wysiredfitas dd:snratlrie wd)mmvcrs es a

pattern of n ubstrat drd ri.c on th

Dibst r at o BB e RHE Tdlmbero bRty enl Buod Bgohe 5ot eleceric
| ayer on tr&tﬁlcﬁlglﬁiﬁlfuﬁﬂler ot(;m)cesmgmptlslﬁtgteﬁmhb Kigicgequired i @bzt fealeliayer on the
organi c dielectric; etchin attern of vi as thr ough the inorganic

di el ect ri @n{ Bsrapse °§m B“GFGFS 88t° U’S’GW’E@SB& PIFIEELItiy a pattern of
vias through the organic dielectric layer which correspond to the pattern
of vias through the inorganic dielectric |layer; (f) applying a photoresist
to t h@0t of hepresens iINvaRigAFSIWgio8 Mose dipsmilapey-kaligleatiigs| fprihe wirsmetehs in t he

or gani ¢ _digthglds bPChBUER 1 dulBSehd WU AR Gt licElaRalcirb el THEGsclirbBin

phot oresist; (g) 1 nmagew se renoving a portion o e photoresist fromthe
top of th@raanwragémocgadlcelwtktdlcrlectrluay)éfers savrdal rdvantagegdus tpthetsigoificatly | eavi ng a
portion of [esi 0 dielectric

| ayer; (h) li%e gntgméget%féa}af&c&g&%gg a%ﬂ‘%og&gﬁso?dgiecﬁggl gpcerlglgér]lﬂgrl ying the
portions (sérvem aphmhﬂopmu mhurgah@)mhet dielectnid. féo adujitionhl d)dﬂkarmm'x(yanl C

diele rlc ta formtrenc |nthe dielectric layer; (i)
Femovitng EifLHR s ear R BB rasice s 1L fe s Bl IRYereHashor gan: o

di el ectrl Gapadiice ARGktihE BOMitheuseoflow-k Hikletirics.i Nng the vias in the organic
dielectric and the trenches in the inorganic dielectric with a netal. 15

The invention still further provides a process for producing an integrated
circuit structure which conprises (a) providing a substrate, which
conprises a pattern of netal lines on the substrate and a dielectric on the

substrate bet vveen t he net a&lMMA&JﬂL{ﬂ)MY@NﬂQN ng an organl c via | evel
di el e%t()rl Cth mven 1eonsplflc?vsi rat %iteeq(,rc%d decQuq lIi]lg nchtcrc]) nseg%rs % f“ll)leCt ric
| ayer “on t'hé organi‘c Vi ectrlc (’V evvlse pa &' g and
removi ng anﬁ:mrgmarlaynf oﬁtheshﬂ*stratelmmmpnsdilaqiaea-hrofmeiam ot kies defi ni ng

vias through, the thin inar dielectric |aye
gbstrate an& an ﬁorgax%c glepectnc e substrate bet\Xeen the metal lines; and (b) an

organic layer on the inorganic layer which comprises an organic dielectric having metal
2



(e) depositing a thin organic dielectric etchstop material |ayer on the
thin inorganic 25 dielectric layer and filling the vias in the thin

i norganic dwogﬁggﬁg c layer with the organic dielectric mbgihdbeiséd)
depositing a netal |evel inorganic dielectric layer on the organic

dielectric_etchsto ayer:; . | i magewi se patternjng and, renoving a portion
0t Cthe. mos IR AR BN EL i RS Meiesd Hnes arth i haRatis 1R o gani &

di el ect ri cprefefddBit taPinfextAsd ciicuit r@turk Gorhprised (o) 8 &diForlaNinb@niBBdyad od evel
inorganic dielectric layer; (h) renoving the portign of the organic

di el ect ri ctheprgarie fpyerwhich pomprises epatigrurifadditines] metal HpesathofrarHglayenoved
portion of,yhe iRl difuelic bRE IFRhG 18PbEREL tﬁeh L&iti&{af%ktaﬁﬂfé%%d‘l WO

00/ 75988 PCT/ US00115801 therein, and removing the organic etchstop materi al
from tHe vidasn additidnel darpdnic layesog sl agldtiondlémdrganic layey evhich(doinpriessaui ng t he

portion of the arganic via |le i.electric layer underlying.the thin

i norgani c %gglce@lflr%?tgc ﬁ%‘ﬂ}%&fmftﬁﬁ@l]ﬁ‘dgvﬂ%ﬁt edetsﬁoggh Wﬁlrcéﬁ&?{wfht(g)(%er%gﬁ]ioﬂalvi a |l evel
di el ect ri cmbtayiedes dote additidabinbiganik ldyenes; (j) filling the vias in the via

| evel organic dielectric layer and the thin inorganic dielectric |ayer, and
trenches in the organic dielectric etchstop layer and netal |evel inorganic
di el ectri cThAWNtIvA hibo FroVRiESAn intkBralddirciy SRl POwBicR CoRpiRés H85bsBatBr OCess for
producing an integrated circuit sStructure which conprises (a) providing a
subst r Ht e, anfp)n cEgamisrlpyee an thesabstratervineh epmpaises 4 patismend mewd ligeptpstthet e and a
dielectric t LG ER ' . d {fing an
organi c vi%lgﬂéa&/%%dz’#gféeag?r(lﬁ%&%yer Sﬁﬁb?ﬁgggﬁlbvg%drtgg Zﬂ;etaig)ﬁ(‘sé?gﬁgto%dsi ting an

t hi n i nor gapigenidiaykeptthe orghmy Bryerowmhitlheongrryesdncnergani¢ dickectridihetieg tnefat ;  ( d)

deposi ting thin, organi.c dielectric. etchsto erial. |aye n.the thin
o gant o e desp P ARTRE AR sk o ol 158 Bhtat SreBbie P bregERY

di el ectri Cthk aitegratedicifchit s@lic@d8 cémphith @) bh bddigdrahaizaic 1agwten; theDofghnici Magew se
patterning and renoving a portign of the nmetal |evel inorganic_ dielectric

| ayer Hownlays high cafngagﬁse paitwegmlf&mémﬁ%‘tl@ﬁs Aatherropanialyr 2pd2% or m vi as
in the metgkali€¥iglectib oh 8RNMhdgsila§&ieiviech BEQNditi6AR ne@TMMéR Snd (apaPor tion of
the organic dielectric etchstop material |ayer underlying the correspondi ng
renmoved potdditional ipgreatielaygsiog|thq addiionplpsgagicpyer wihishegmprigesjapyorgants f or m vi as
25 in the ' ' [ i ' 3 hng the
portion ofa% %gﬂ% ﬁ?%ﬁ%%@k?ﬁﬁﬁ%@ﬁl Pi?&ﬁ%bgémlﬁﬁt gheyaiﬁﬁl)ém{lﬁ?% \gdcl)r r espondi ng
renoved polinesofitheefditibral onggrinilayerdi el ectric etchstop nmaterial layer to form
Vi as i§bthe thin inorganic dielectric layer; (i) covering the top of the
metal Tevel inorganic dielectric layer with a photoresist and 30 filling

t he vi as i Thdiheentieh also pr@vidks 4 dielegizioicoate @lbsiedte which ayprises:ne or gani c
dielectric, et hst_olo material.layer and the thin inorganic dielectric |ayer
with phot of2e& it dielectiipycopposipndiipon 4 apgyaies (j) imagew se patterning and
removi ng abpkédofddiefecttib BoRpaditnGimSdn thé 1% dibRcthio Porpositha Mt al | evel
inorganic dielectric |ayer; and renoving a portion and | eaving a portion of
t he phot or Wherein thefirsf igleciriq ¢ampnesitien apd the gecopddiglectris sampesiiand@ie ¢ di el ectri c
layer; 24 k) sbamal dieRadnt et reEﬁﬁnﬁ@?t al level inorganic dielectric |layer
underlying the poftions of the photoresist renmoved fromthe top of the
inorganic dielectric layer to formtrenches in the netal |evel inorganic

di el ectricy aver.. renmovi.ng the bal ance .of th hot gresi st . fromthe top
of “the. et TrEHELe" MbPERIR S Reper P BRRl e . ARl T Sent? "D

removi ng tWwhichoeshprises of the organic dielectric etchstop material |ayer
underlying,the trenches until the thin inorganic¢c dielectric |ayer is 10
reached; (%) ProdiB aRybIwis Wirh SEPPrises 4 pttepy 54l lpeson B aibsuperta ;i ¢ | ayer
under | ¥4 Ngdikiz6tri¥ bA theisibstia@ beteln tHRGhdANines;di el ectric layer;

(b) depositing an organic dielectric layer on the substrate;
(c) depositing an inorganic dielectric layer on the organic dielectric;

(d) etching a pattern of vias through the inorganic dielectric layer;
3



(n) filling the vias in the via |level organic dielectric layer and the thin
inorganic dielectric layer, and trenches in the organic dielectric etchstop
| ayer and metal |evel inorganic 15 dielectric layer with a netal. The

i nvention fwotoveses®r e provi des a process for produci ng anPCTVUS@asoed
circuit structure which conprises (a) providing a substrate, which

conpri ses (& dishirdetd phttern oTR1a8 khrbighQBe QRarlid) GicRebtPie tdyf Whieh Corfbspdhddb @leect ri c on

t he substrate between the netal |ines;. g) depositing an organic via |evel
di el ect ri dattapef vignthrengh shegaereaniedicleetyic daypbsi ti ng an thin inorganic

di el ectri gql | j - di; 21 1l j:1d:ng a thin
organi c dﬁglagglﬁnlggrﬁg%’%ﬁ?ﬁ)%%tg %E‘lhglf k[ﬁg%}cddéﬁgﬁgakﬁia&g?Hglggkﬁlég lgi electric
| ayer; 25 tfejrgahipdisicttrindpyer andttlx indrganet dieleotrigdayiecwidh phataresistc | ayer on t he

organi ¢ diel.ectri.c etchstop lLayek: L mgew se .patterni ng and renoving a
portio of(a'ﬁ’ég%f%ﬁcﬂoél\?éla POHS gogtr]ﬁcg’fnétf)ﬁsgg “r”?@hﬁt 98&‘ EIBW‘F%’P]S the organic
di el ectri cdcilﬂéoiﬁhslhﬁd@; m?&mbﬁhg 4 poreon dmd 1eofinp a/]boﬁﬁoﬂ of thdﬁo@?sﬁt ;]HI@@M
inorganic dielectrjc, |ayer;. 30 renmovi ng the portion of the organic

di el ectri éh‘élfrl?F%‘E% Wﬁ‘igé?‘FQP?qdéég%yeﬁnderl ying the correspondi ng renoved
portions Qf)R6viRBbat of Y Rlordahie dtkdehic 18V WA Hing thedRliods@ffer mvial in the
organic dielectric etchstop material |ayer; 6 WO 00l 75988 PCT/ US00115801
(h) r enpviphgtorasist fsaovediior theitpreof the morganicakiglectricdipesr sxforn drendpein theider | yi ng
the corre I I .portions of the organic dielectric etchstop

mat eriolé)l ﬁgﬁgér}h({]%elfgggnya\?grél in the thin inorganic dielectric layer; (i)
renovi ng t(Heemovitg tha bahndeloé thepgetniesist/fran ttlevtep ofthe Inecganicdidlaytirlayender | yi ng

t he corresaggrtndi qﬁ renoved portions of the thin inorganic dielectric |ayer
to form vi®88 PR thE?Brganic via level dielectric layer; (j) covering the
top of thej)milimgtht eMein thoepgandielectrie bat the inendhay Brthavinblpasic @heidcalcesi st and
filling the vias jn the netal |evel inorganic dielectric |layer, the organic
di el ectri é”‘g’tacrﬁgtfdop material |ayer, the thin inorganic dielectric |ayer and ’
the organic via level dielectric layer 10 with photoresist; (k) inagew se
pat t er ni ng]algr_ld renovi r}g a portion of the photoresist fromthe top of the
i nor gani ¢ diednvention il fgghar proyides 2 progess #ey Prodwsingian integieied dEoRitSEUATBorti on of -
t he phot orvggéhsgo“;plgirsgugh a thickness of the netal |evel inorganic dielectric
| ayer; (1) renoving part of the nmetal |evel inorganic dielectric |ayer
under | yi ndakprevigiog g isdrstratef whish ¢dmprigérot pattesi oftmatal hipgseh the supstrdteartdop of t he

i norgani c gdi,el ectr.i es in the netal |evel inorganic

di el ectri cdq‘lll%%/necr?n tb%db?%%&%tﬁé@h%gfgﬁegé of the photoresist fromthe top
of t heomet(b) depesitig dnrpgapirvicledelelicdatnd an heyéstraeed from t he vias; and

renmoving the portion of .the organic dieleciric etchstop.material |ayer
under | yi nég[q‘? ostlt}wﬁgig Rheanie cﬁ-ﬁgct?% aﬁerioﬁéf’eg‘gﬁ?rﬂc HFZQV ﬁq‘a?‘ifmf’ayer is 20
reached; ((@)infapéwisdgatichtngvind SerhdVid¥potiién bauEthirDinGami€ didietirietiyet C | ayer and
the thin inorganic dielectric |ayer, .and trenches in the organic dielectric
et chst op. |tBYpeiehining viss thipughdlethin ipgseyhdiletris lavet ri ¢ | ayer with a metal . 25

BRI EF DESGR) I e frxhRAMNGS, ELBMhfindcsONS: & hb b1 inbilhgr at od ci rouit

architecture of mufti-Ilevel 1 nterconnections fabricated according to this
i nvent35on did@tiki lgyer andfilling the vias s the tlein inergagicadielectas laperiwithgheérigandet ur e of
muf ti-| ev‘?fielécﬂlic%&%'ﬁ?m ions fabricated according to this invention. 7

(f) depositing a metal level inorganic dielectric layer on the organic dielectric etchstop

layer;

(g) imagewise patterning and removing a portion of the metal level inorganic dielectric

30 layer down to the organic dielectric etchstop material layer to form trenches in the metal
level inorganic dielectric layer;
(h) removing the portion of the organic dielectric etchstop material layer underlying the

corresponding removed portion of the metal level inorganic dielectric to form trenches
4



WO 001 75988 PCT/ US00/ 15801 Figure 3 shows the formation process for a first
enbodi ment of’ the invention resulting after organic lowk dielectric
deposition; inorganic lowk dielectric deposition and resist spin and bake.
5 Figure 4 WAQKE%Bhe for mat i on process resulting after vi BCHESWIEHY resi st
devel opment and netal trench inorganic lowk dielectric etch. Figure 5
shows theﬂm&imeasérmsfingthabngemicvichstopgamﬁd fromwwthle vicis én the thin inoeganiz. 10 Fi gure
6 shows t eo%bcless result after resist spin and bake. Figure 7 shows the
result af btlc ¥t rench mask and resist devel opnent. Figure 8 shows the

resul t af (@ eerhd QRO pErtibOYE the dtgeiue@tarlb\eel @ielebtric 1yeriiefiging aehipins the result
after selective renoval of resist. %re 10 shows the result after Cu

inter connélocfgaﬁ‘f%%@gpﬁb‘}er?b“@@%‘%“ﬁ %th%a%w%ﬁwbﬂelﬁ%%@w for a
second senbggi, iRt nRfal lif&; | nvention resulting after organic |owk dielectric
deposi tion; 1norganic | owk dielectric deposition and resist spin and bake.
Figure 12 (8 fding thheas iortheip tevelmrganéssdielegric layerand tii thimbnetgamendiclzétrier vi a

ek and &8 3h SonBELARIEN. AGLOGAAY Bl ot el RLSGLGE o Floure

13 shows t process a renova ure shows the process
after orgaNMNﬂamW#“dMthﬂMrlc deposition, inorganic lowk 30 dielectric
deposition, resist spin and bake and netal trench mask and resi st

devel opnent. Figure 15 shows the process after inorganic |lowk dielectric

etch. 13 THOIRRAHM MR ﬁﬁﬁ&ﬁ%c&gﬁ@ﬂpﬁggﬁiﬁ% anlifiteSRARITIrE R EstRRFERRicRI t er
S

organic lowk dielectric etch. Figure ows the process after organic
| ow- k di elc@@Prise8 etch 5 Figure 18 shows the second enbodi nent process after

— 'nt.ercqugﬁ&&dlng%mm@qvhlax fisda @?@fgﬁoﬁn&hm& &Imé)gub@m&ag{) the

i nvention ter ofganic | ow k ct r osition, 1nor gani ¢
dielectri dldl@pmmth@wbswghﬁweed tbvmctablhedsect ri c deposition, inor gam c lowk

dielectri g?)da%B&%r}%%?ll&E Q:J]fﬁbat evel?.geqogﬁi% ub Ign Figure 20 shows the

process after via F oSt St I horgam c lowk
di el edbri ¢c)elepdsitingiagulie nﬂﬁgmhﬂl&dc&tﬂ@lapcmehmrgaﬁmm lcaifel daelecmganl c lowk
dielectric,etch.and nor di e equlc e ure 22 shows the

W- k
process ré‘s1 eposifingat g’eqr qc)‘éle?tB%thlt}S??péﬁﬁt@’é‘f ayer on the thin o ganic

dielectric layer;
(e) depositing a metal level inorganic dielectric layer on the organic dielectric etchstop
layer;

20  (f) imagewise patterning and removing a portion of the metal level inorganic dielectric
layer down to the organic dielectric etchstop material layer to form vias in the metal level
inorganic dielectric layer;

(g) removing the portion of the organic dielectric etchstop material layer underlying the
corresponding removed portions of the metal level inorganic dielectric layer to form vias

25  in the organic dielectric etchstop material layer;
(h) removing the portion of the thin inorganic dielectric layer underlying the
corresponding removed portions of the organic dielectric etchstop material layer to form
vias in the thin inorganic dielectric layer;
(i) covering the top of the metal level inorganic dielectric layer with a photoresist and

30 filling the vias in the metal level inorganic dielectric layer, the organic dielectric etchstop

material layer and the thin inorganic dielectric layer with photoresist;



Figure 23 shows the process result after resist spin and bake. 20 Figure 24
shows the process result after netal trench mask and resist devel opnent.
Figure 25 shows the process result after inorganic lowk dielectric etch.
25 Figure Xgoatvossss t he process result after organi c | ow kpdrekexissoic et ch.
Figure 27 shows the process result after via inorganic |lowk dielectric
etch. Fi gy)emARwidt Pakierflin qmielaaoem%caqiomtofﬂ{e ﬁhB%résibvﬁeﬁ;th@to?fotﬁ{e or gani c

|l ow-k dielectric etch. 30 Figure 29 shows the process result after resist
spi n and et level igoreanig diclastiigdaser ang Feraving arosion andfleavingrpgnogtionafdhrch mask
and resi S;phsit%ye@éspoﬂm%gﬁauﬁckneééQf%/xZi%g@w b} A Wi heailia e gur € 31 shows the
process result after "I norganic | ow Ielecttic etch. gure 32 shows the
process r dkukmoving part of theymietal leyel-ikorginid dieleetiic laymoundedyisg the petionDTAI LED
DESCRI RTI THE, PREF D NT The i.nteqgrate ircuit, architecture
o oduced By Bofer bt Faryed bomab Bk Meporpetfs SO0 B FoR T b SR i ur o
1. This stthemétarlevel imsgahivalicledificlagar ki nds of Lowk dielectric thin filns
for the IND, one dielectric . is organi¢c and the_other dielectric is

i nor gani CYRIWWC Hanse gt the PRotogsishirera dhe tp of the meta] jexel jngrgands ¢ he backend
of an int egl@kRMagdr ardirbmhe VIbY: hird leRNPing HiH RGN VISR dr@05: diglbédicat ed
according to this invention. An organic lowk dielectric is used for

vi a- | evel ectdvBopmatesial layes npdaslying|tenireuchigsamibthe thin ingraanisdiedlestrictayenis evel | MD.
The anghi tegtiy.e 11, structure is produced according to another enbodi ment
of the invention. Architecture Ii differs fromarchitecture I in that two

t hi n | ayer(®) ofmdvang-the fdtioh ef the onghis yiatléwel diclecton dayer walnilyingithd viakén bot t om

i nor gani C.nhE i%c()jrdeqc iii@ ebte.tc}i\geern via-level and netal-level IMDs. The
process steps EEE T of }ﬁg ®6Fi cation of via 1 and metal 2 can be r epeat ed
agai n for (hh@llibpevids vk siadtvey biganiafidledicady®r addthé én mempnie dkedirizent s of
the invention, alternating dieleectric {Ja ers hayve is a significant

di f f er encd®h 28 Hﬁmﬁ’&qt‘@.thel‘ﬁéani‘%qe)%lﬁ‘ftpﬁﬁtc siorslayer qudmetablevel inoiganicyn £ i cant

di f f ergnceiidieetid BpdravidtaGhetsiat € bet ween 20 organi c and inorganic
dielectrics. This is not avail able when the sanme dielectric is enployed for
both via-level and netal-level IMD s. In oxygen-based plasnas, organic
dielectriec . : t i . j.c di Jcs. lnversely,
in carbon f e%&?ﬁ%ﬂﬁgﬁgﬁégﬁg%% piqélcg%%lgﬁﬁgaﬁliqe eclgi tregllggeldg%lﬁi much faster

t han or garstroctuicethacit qompsises25 A first process enbodi nent of the invention is
exenplifi ELgur t .. T fd gures sh t he _process flow
after t hee(?)(ﬁr% ﬁ%{?‘?‘gﬁ °0 tr? ﬁb‘bﬁlﬂrghﬁgsse &?tﬁltq’eorﬂg%ﬁar@g s oélﬁw‘f\/%“tbgtra[eel?ndaand t he
procesx f |deledtnricoom e subktrite betveththomgtal tils; second- | evel of i nterconnect or
Metal 2. ver.. the same .processing steps can be repeated again for upper
| evel s of Yi@ego%t;%g ‘T“notréa}nécoﬂg&c‘ffclﬁaﬁ"&}?%er§n§}P?09\‘/!}§‘3‘?FFe interimstructure
after st eqc)ldephditidy dnhia ivfgaapidbdtiony@fonake aEgadvie ldveVdiledii€l ectric, step
2 which is a deposition of an in organic lowk dielectric and deposition
and baki nddbfepasiingn insrrganic diglpeirie pighstonamaterial javey @ e thin morganigppl i ed to a
substrat e fi@viniiagerpattern of nmetal lines on its surface. Typical
substrates include those suitable to be processed into an integrated

ci rcuid’ or(eldenesiting amefal leval morgagic iplectriadeyyo b7 $@38ganisHidentmseidistogevi ce.

Sui t abl e 515’}% trates for the present invention non-exclusively include

seni conductor’ materials such as gallium arsenide (GaAs), gernmani um

si licon, diflimegawispgratreningrand tentolvingra portinnaif ¢heanelaldewepimsiganio divlectriet ai ni ng

silicon such as c talli.ne sil.ico ol ysi,l.i con,. amor phous si].icon,

opi taxi al 18yeF fRKLo'Es dremnic Mgk SER i Jvesiaont yebidte mRal bt The

| i nes ar e ihytpamiadiei¢citiolayae by well known |ithographi c techniques. Suitable
materigls for the lines include alum num alum num alloys, copper, copper

al | oys30 t i @hrsmeKins theposionpf thepgpanisliclectric ctohstopanateriablayerginderiving thonduct or s
of an i nt eQkRdnBAliRE Fertdvid portild oR R il ih&(rgﬂi@ﬁﬁic}fui%?ﬁ@f@% éiﬁsom one
anot her at di stances preferably of from about 20 m cronéters or less, nore
pr ef er abl yinthepnganisolielectric @chstopmnteriablayess | ess, and nost preferably of from
about 0.05 to about 1 mcroneter. The organic and inorganic dielectric
conpositions may conprise any of a wde variety of dielectnc formng
materials which are well known in thebart for use in the formation of




m croel ectronic devices. The dielectric |ayers may nonexcl usively include
silicon 15 containing spin-on glasses, i.e. silicon containing polyner such
as an al ko i pol yner, a silsesqui oxane polyner, a sidoxapgsspo! ymer; a
pol y(aryl e)r%é{éd{ﬁ%rﬁ), a fluorinated poly(aryl ene ether), g‘t‘%er go ymeric
dielectrig materials, nanoporous.silica.qQr mxture hereof. The only
criteria ﬁarre‘?ﬁ‘?%g ' HPWFSE&F P Hﬁ’fgaB}chﬁ?CS‘dﬁ@ré‘B errfyggt %e formed adj acent
t 0 i nor gapérfespbrirRGEmbeca pokiddh BF the beraRic @idlkicl Etdtsiop ARl fhass fomi ch 20
foll ow whi ch _are carbon containing and i norganics are those which foll ow
whi ch ar e Vi#sin g Hiporsgnic diekicHis 1avshe usef ul pol ymeric dielectric naterial

useful fog; ! | 1 -ap: Ll ysi | ane pol yner
Formad 1 S e e 3 S e ™ R e "R 50 R
wher ei fi atotrespertding refovddepoRiaps ofifhs thin inorgadizplieichend layer@-farm v imteoxy gr oups
and the bal am&e%}a i‘tel Ao 2N eir_ndependent ly selected fromthe group

consi st nﬁr%l’fn A alf’ogen, éllck)?i ,> phenyl , hal ogen, substituted phenyl.

Pr ef er abl yj) ea@fingthc Sopattthomptal letd)dorgaic dieletixMyer With a photdIENist QB8

PCT/ US00/ 15801 Such, a“e co rciall vail able tfromAlliedSi gnal as

Nanog! ass finefheVigpBihsipeipllevel inozgapisdidsqtaniaysrohe prgants diciestrichithsoRy si | ane
(TECS). Als@ridbRief! théfién Mﬂj’aﬁ‘i@%@éekr&?ﬁ%@%d’@ﬂb 6iahig Vi 1BV dieRiMidhiAel (HS O
s)xOy]" , hydrogensil sesqui oxanes whi ch have the fornula (HS 0~,5)", and
hydr odpgaﬁﬂé\inh@tf@mﬁlé‘s whi ch have the fornul ae [ (HS1O- 5) XOy(RSi G, s) z] n,
[(HSI A s)x:RSLQ: Illy SN0 I?:Z‘t)%%" | .Q~ P f these

pol ymer f%)%()r%u %eg‘sejgé‘ﬂa ol {m %Lto ar%oa 2 &?:%1 O(t)o‘rf!%i%%lﬁctom?,t?e {z%g%gg%ut 6 to
about 20, invrdanfcalicibntui lafer0H@ rermpdng aportibh psd lemdegpepataon bfthéphdioresia Cs al kyl
or C6 to 2 aryl.. The i gh ver.age nol.ecyl.ar wei ght may range from about
1,000 to %8@%5%69%%%{%%@&%%% ’elﬁ%l%lia?@nt n ranges from about 100
to about @&nydv&#gq:iaﬁglf&elﬁktﬂﬂé\ebimbgam‘éﬂidgﬂ&tﬂmﬁyef‘ ﬁﬂi&l@ig@lﬁe Portldhe of f)dabout
45,000, More prefera , ranges from about 250 .to aboyt 650 yielding a
mol ecdPar Wthgioresist T Wﬁ?ﬂ E?J‘B@PG top ?E’é‘ﬁ inoxganissliglectiac 1auey to {asmrtisnelss iy ner s

wi t hi n t heheGRALIBE el Rbrdafic RididtufiThie@n nonexcl usively incl ude

hydr ogensi | oxane, hydrogensi| sesqui oxane, hydrogennet hyl sil oxane,

hydr ogeneﬁmmowmagﬁehalq@yﬁ@ﬁgenw@my$t§tqnbsbaﬁ@, of iyernetaldpyal inpragnicox ane,

hydr ogent i . i T .

hydr ogen rrgge?ﬁ??rgl I%Iébsﬂqﬁ%@g%g{? aShy r o@gﬁgg E&Iq)é%tﬁl é’gg{%{bg aglrfed,lelecmc

hydr ogenprtpstbsmawsaldayeowaizdying i toegelrss whyll the thireinguganix divtectric layer is

hydroggnt ert- %Ut yl si | sesqui oxane and hydrogenphenyl si | sesqui oxane and

mi xt urls tHEPEDf. Useful organic pol yners include polyinides, fluorinated
and nonf | yeyrfiliad the viaointheyia Jevehofadit dielebwie 1dykioidithedh@tinargehid Qielectric

nonf |l uori nat ed pol y(aryl ethers) avai.labl e under fhe tradenane, FLARES from
AT caS oaer FRLTenthiN U6 sor i s R T B mesghgvel o genic

hydr oor gasdctritiarewitha@er{lar yl ene ethers), fluorinated poly(aryl ene
ethers) and m xtures thereof are preferred. Suitable poly(arylene ethers)
or fluorinated poly(arylene ethers) are known in the art fromU S. patents
5,155,%75; 5,114,780 and 5,1 i5,082. Preferred poly(arylene ethers) and 25
fluorinated poly(arylene ethers) are disclosed in U S. patent application
serial nunber 08l 990, 1°BRIEH I2ESCRIPETON OFIPHE DRFIWINGEh i s i ncor porat ed

IS Tk .Y,
herein by Leference. Preferred siloxane material uitable for use in this
i nventi onPr & ¢ A (ﬁ? SIS t\?gl RS tf%tﬁlieK? H“@HE@H&‘FCPWEPI‘ der the
t r adenane fAgicagd acerdingltd thidinteniivad T- 14. Al so useful are nethyl ated
si | oxane polyners available fromAlliedSignal Inc. under the 30 tradenanes
Pur espi nTM and Accuspin T18, T23 and T24. 12 WO 00/ 75988 PCT/ US00/ 15801
Pr ef ersped Feurd £ SHowa AREND keprite®bibitakdhitb@Sre 88 muREleVél SnBRbatiEBichs havi ng a
formul a sel ected fromthe group consisting of [(HSI O- s)xOyJdn, (HSi O-, s)n,
[ (HSi O . s)fsbogatedpcoerdingp this nyvemtion~. 5) x(RSi 0, , 5)y. ]" and [ (HSi O~
S)XOY(RSi A .s)Z] n wherein x= about 6 to about 20, y=1 to about 3, z= about
6 to about 20, n=1 to about 4,000, and each R is independently H C to C8
al kyl or C6 to C-2 aryl which are disclosed in U S. patent application
serial nunber 08/955,802 filed Cctober 22, 1997 and which is incorporated
herein by reference. Also preferred are certain | ow organic content silicon
cont ai ni ng polymers such as those having the formula I: [H Si0~, 5] n[R-Si O-
s]m10 [Ho.4-SiO~.s -~ s]"[Ro.4-~ 0-SIO- 5 _ ~.s]m




[Ho-~.0-Si O~.5-2.0)nLR-S~O15)m [H-SI O .s]x[R-Si O . s]y[ Si 02] Z wherein the
sumof n and m or the sumor x, y and z is from about 8 to about 5000, and
mand y are sel ected such that carbon containing substituents are present
in an anpbuWoBf7538 | ess t han about 40 Ml e percent. Pol yrEEUNYEHg t he
structure | are of |ow organic content where the carbon containing

subst i t ueBigareed shops dedhtmation processdonrd firsf embedsndnhaftha nyeitioAQesubiing per cent .

These pol rs are described . nore fully in U.S. patent applicati.on serial
nunber | OoF O BRI Tok Gifjenly dqpogor firskeni ik ie R SenRiBne Sl o by
ref er encesgpifasdbdkecf erred are certain high organic content silicon

contai ning polyners 20 such as those having the forrmula Il: [HS10-~. 5] n
[RSIiO~.s]mLIO.4-1.051~1.5-1.8]n [RO.4-1 OS101 s-1.Blm[Ho-~ 0SiO.s-2.0~n
[RS O-5s] | GloWs 1SFofhHHoR brdde@Pebulling S AN G MAR0HH r&isd QeveRPHenH@0 and m
is selected such that the 25 carbon contai ning substituent is present in an
amount of nfetad trendhdoerganic ptedigleetsiestchor greater; and [HSi O-.s]x [RSi Ol .s]y
[ Si 02)Z; wherein the sumof x, y and z is from about 8 to about 5000 and y
is selected such that the carbon containing substituent is present in an
anmount of Fiueed shdtys e prodisOresuit afat e jorgaBicaowd-kwlindecaiidetéh.i S sel ected from
substituted and unsubstituted straight chain and branched al kyl groups,
cycl oal kyl groups, substituted and unsubstituted aryl groups, and m xtures
13 VO 08(aa8hoRE T s0Rk:158 M aflehRsi0din sHadarpeci fi ¢ ol e percent of
carbon containing substitucnts is a function of the ratio of the amounts of
starting materials. Polyners having the structure Il which are of high
organic ce ?é‘ﬁsﬂéf%&l?ex%ﬁ&a%”ﬂ@@lE&@B%ammrésli@?%ueﬁdﬁ%%§ are present 1n an
anount of about 40 nole percent or nore. These polyners are described nore
fully in U S patent application serial nunber 09/044,798, filed March 20,
1998, whi Gl S5 LRGRIAALAAGALEEGL R by kAIRLENGE, The pol yrer may be present
in the diel®ctric conposition Ima pure or neat State (not m xed with any
sol verits) or it may be present in a solution where it is mxed with 10

sol vents. When, sol vents ar resent, th olypmer is preferably present in
an armount T§R$Y wﬁ@bel}'?s“l?t a&ef%?egﬁﬁﬁem%ﬁ%?w%ﬁi ght of the pol yner, nore
preferably fromabout 3 to about 20 % The sol vent conponent is preferably
present in_an ampunt of from about 50 to about 99 % by wei ght of the

di el ect ri ERFPLDPYE Gi resil pBerfrbmisreonnsrt Progessiggout 80 to about 97 %
Sui t abl e sol vents nonexcl usively include aprotic solvents such as cyclic 15
ket ones includi ng cycl opent anone, cycl ohexanone, cycl ohexanone and

cycl 038t akigyee 1lcshews thefpamptian pigeess 47 aneeand pmbodimsng ofithroReenifer ei n t he al kyl
group has : 4 & ¥ C < .0l i di none,
and m xt urr %asyslﬂlghé? %arg)]{ %éﬁ%%@%ﬁgd%gmﬁ ’é?dggatnrli\él_ %%@rpg%&é?é% id?régllhglll deposi ted
ont 0 a suiahdtekiet spirbadbake to t hereby 20 form a pol yner |ayer on the
substrate. Deposition may be conducted via conventional spin-coating, dip
coating, roller coating, spraying, chem cal vapor deposition nethods, or
Meni SCUs Eifikd Tsho®s fedomyiibe Prodése foval seednd @ibodithehtufieAvia maSipard re@@t i ng i s
nost greferr d. The thickness of. the polymer |ayer on the substrate may
vary dépefgrsiprsnt eddnreaisioprbielsrtie&flir e and parameter setup, but
typically the thickness may range from 25 about 500 O to about 50,000 O
and preferably from about 2000 O to about 12000 O The anount of dielectric
conposi t i &iguEhA shews the prosessafisEiepiskremA¥ad) vary from about 1 m to about 10
m, and preferably fromabout 2 m to about 8 m. In the preferred

enbodi ment, the liquid dielectric conposition is spun onto the upper

surf ace t Hegusaib¥sshows thepraressdiftaorganik lowink disjsctnic deprisitiogLinergarie bbivek abl y, t he

CommoaPi A isab Qe s anh Sk Rl AR Py LT e BoBRE ot i ng

wheel at speeds ranging from about 500 to about 6000 rpm

Figure 15 shows the process after inorganic low-k dielectric etch.



preferably from about 1500 to about 4000 rpm for about 5 to about 60
seconds, 14 ' WD 00/ 75988 PCTI US00/ 15801 preferably from about 10 to about

30 seconds,, er to spread the solution evenly across beirate
surface. Th‘XbB%‘?{? r layer preferably has a density of frgénﬂglso@}dt 1 g/cn8

to about 3.g/cpB. S The dielectric |aye pptionally be heated to expel
resi dual i:&ﬂ%&%ﬂ?ss Ws the Drefes éoﬁgﬁ@c%'f'g@ln#%mc\ﬁé‘i ht. The heating may be

conducted by conventional nmeans such as heating on a hot plate in air or in
an inert at_m)sEhere, or it r%é occur in a furnace or oven in air) or in an
i nert at noéget bshoys therprengss after oreanip loyw-k dielagiricratthnace or vacuum oven.
Heating is preferably conducted at a tenperature of from about 80C to about
SO00C, and nore 10 preferably from about 150C to about 425 C. This heating
is prefier diduye pestows thecse¢and embbdintentiprogessisfier Co intboutne8Gfocrssing.es, and nore
preferably fromabout 2 to about 60 m nutes. The polyner |ayer may al so
optionally be exposed to actinic light, such as UV light, to increase its
nol ecul ar Figirg) 9 showsa tkirdenitiodithen® sPHS iHventityafteasi@enié fodk dietediricl00 ml/cm to
about 300 md/¢m ., The dielectric,layers may optionally be cured by 15
overal | exspRstiPn ’BO’@F@E@‘?"‘Gﬁ disdectricdenpsiiqro ATBatr dvr-K difldsisAcpaséur e may be
control | eqy¥anieloblinGielehfic BETHBA G LR dpfRundBaEt ron beam radi ation may
take place in any chanber having a neans for providing el ectron beam

radi atlilon to substrates placed therein. It is preferred that the el ectron

' _. _ erein. It | .|
cadi ot on PR s xR el IndbeiGr B0 BT Bienlle TR ot on

beam 20 chigkixnic éteh.used whi ch provides a | arge area el ectron source.

Sui tabl e el ectron beam chanbers are commercially available from El ectron
Vision, a unit of AlliedSignal Inc., under the trade nanme "El ectronCureTM.
The pri nciRigrs 2 Déhods elicirbcess @At 47rr bpania ek dhvidcattefih ant insgaic lowah devi ce
are descriped in U S. Patent 5,001,178, the disclosure of which is
incordérat PO @Fh by reference. The tenperature of the el ectron beam 25
exposure preferably ranges from about 20C to about 450C, nore preferably
from about 50C to about 400C and nost preferably from about 200C to about
400C. The Faguse2? showsdhanregesy igsuli afteppaddctivarssigt 'emomalabout . 5 KeV to about 30
KeV, and nore preferably fromabout 3 to about 10 KeV. The dose of

el ectrons is preferably fromabout 1 to about 50,000 p.C/ cn2 and nore

pr ef er abl Figure?3 dioesttheyBodess mbdirftel sB0Pin-@ddake. The gas 30 anbient in the
el ectron beamtool can be any of the foll ow ng gases: nitrogen, oxygen,
hydrodg%, argon, a blend of hydrogen and nitrogen, ammobni a, xenon or any
conbi nat i iguaé 24 kRee tgaaecss rehdt et fictabtedth athsk bid resikt deselpgmérgr abl y from
about 1 to about 40 mA, and nore preferably fromabout S to about 20 mA.
Preferably, the el ectron beam exposing 15 WO 00/ 75988 PCT/ US00115801 step
i s conductmghrih$ ot WhéiRocek et RAMoRfanR 160K dWlediéad. adi ati on from a
uniform | arge-are el ectron beam source which covers an area of from about 4
i nches to about 256 square inches. Vias are forned in the inorganic

di el eciqr i Gg; 9%@193&& L aphi ni ques using a
photo?%%ig?bg%%%gg%?ioﬁ#O |guré sﬁ%&gb?ﬁgﬁgggﬁggﬁgu'strate after step 4,
i.e. imgew se patterning and renoval of portions of the resist and step 5,
an i norgani.c diel.ectric etch tq formcaviti t.he. h these | ayers. Such
are for red BHe 37 HO A TR RRLAIT Teongedn Py K et SR | oyt he

phot oresi st, i nmagew se exposing to actinic radiation 10 such as through a
sui tabl e mgsk, .devel opi ng the photoresist and etching away, portions of the
i nor gani c?ég‘gf' @gf}?"iwé atfl “‘ﬁb‘?’&l"éﬁ%“f Pfe e inpprtiqnafierereane lowsk fistsstiricielih nay be
positije working or negative working and are generally conmmercially

avail abl e._Suitable positive working photoresists are well known in the art
and may cdfipre 32 showssheprpesstiesult after shsist spin enditeke.sensi ti zer. The o- qui none
di azi de sensitizers include the o-quinone-4-or-5 15 sul fonyl -di azi des
disclosed in U S. Patents Nos. 2,797,213; 3,106, 465; 3,148,983; 3,130,047;
3, 201, 329;Figuyre 836 sl thegproce3s 60t F85 metah gencb-nipsk moduesish dzxelogsemr e used,
preferred binding resins include a watgr insoluble, aqueous alkaline

sol ubl e or swellable binding resin, which is preferably a novol ak. Suitable
positive photodielectric resins may be obtained cormercially, for exanple,
under the trade nane of AZ-P4620 from C ariant 20 Corporation of
Somerville, New Jersey. The photoresist is then i nagew se exposed to
actinic radiation such as light in the visible, ultraviolet or infrared
regions of the spectrumthrough a mask, or scanned by an el ectron beam ion
or neutron beamor X-ray radiation. Actinic radiation nmay be in the form of
i ncoherent light or coherent light, for exanple, light froma |aser. The

I T - I I Y | L T



25 solvent, such as an aqueous al kaline solution. Optionally the
photoresist is heated to cure the inmage portions thereof and thereafter
devel oped to renove the noni mage portions and define a via mask. Vias are

t hen for medW§P088%Bi ng t echni ques which are well known i nPCRASHVIS8INeyt ¢t he
photoresist is conpletely renoved fromthe inorganic dielectric surface by
pl asma etching. Plasma generators whi ch are capable of such etching are
top, the Ry s R bEER it et i loy AR R cherm sty wni ch
does not renove the inorganic lowk dielectric. The resulting structure
with vias s 1 WO 00/ 75988 PCT/ US00/ 158 in Fi 5. Next, a
resi st app*:‘igﬁragizd]ﬂo%ﬁrgﬁp’ﬁcﬁ resalf ﬁft?ré’d@af‘lfrlot‘é‘t‘ﬁae‘fuﬂ%mﬁfeﬁgﬁc fning. Another
photoresist is applied to the top of the inorganic dielectric layer and
fills the vies in the oroanrc drelectrrc Ia er and the |noroanic dielectric
| ayer with photo LED DESGRAP - ! IDBMENDp i cation and
baki ng of hpga15 e i nagew se
exposes thﬁeﬂer es?%‘?ﬁrc1 Cﬁ%oaﬁﬁm%etcrret a?&l{cg&by%tﬁrS?E’i?%sgg&B%@m&glg Orfg{r%pves a portion
of the phoineergioh s¢ shbwomFiguee k. dfhiodtruttees usaowgahfferenhlmhda@tf tawck deejeetric and

' d.l t f t. th h
i cknosa B DS TPABY DA, wrestaraat s e pad e rlee pRLERE S o%8R i n i gure

7. 10 70 ni SHdwnsih @gureDUkdhitsctire Uy the @aid af the Bhckeh®of MAfiggAaIee cllbvil Ctri ¢ | ayer
underlying the p?rtrons of tga%riphmtoresrst removed fromthe to of the

i nor gani ¢ BPErista! fteropniicetions fabrigat "th‘e"ﬂHﬁé%t}t‘srﬂ“t’ﬁe‘OPn’%'r%ré?ﬂ‘% - ]él ectric

| ayer. Duegibectsib emse@for Jial i@ VIDARd BE INABRRILIHN-K HAEGRNs GsNEr REERNI C
dielectrics, the H' asma, _etch rate of lowk organic dielectric can be nmade
to be si gniersldMhx The prekitectusell, smeturs ispioduced ebcordingtoghothbreritedineuhp t
dielectric 5 n ectric on
top of thethtc)?ggﬁlmil d‘f‘%ﬁg%:ctmrrle E:Ith?fgeq%:ﬁear e%ﬂ&ﬂﬁr@‘i?‘n tl&llt'gtem)orﬁ%9‘1 ellag’f%ydkl nthis :
appr oath. diblectriess thettop enesmrgamiq amdFﬂnedwttenﬂnorEhec raee@:ddsd Bbelden eiadees t he

bal ance of _the |,s fromth arc 20.dielectric

| ayer and { nfidnn%t@h‘evc\%\g? and’etp Oe:esrsgsﬂf't‘sgflgorstﬁ %R"? log Yif & 38d m§taL€ 11 fills
t he vi al |cranﬂ3beepeatgcamgain fbir leaipperileveBrod viabend meashibhe martgmnhoﬁmn@&ni c

dielectric harret as seen in Fi elO Sui.t abl netal s incl ude
al uni num %fl\%‘?ﬁ“hﬂm"ﬁ’lal frating Jiplgeqtric l@lﬁ%i) Veéﬁ?ﬂ%‘ghc ﬁ‘?%’t 1e05R mﬁfhé%”fen
titani um orhedhfafionRka ﬂv&ftaé@dfh@fgﬁﬁic&ﬂl%i@?énc@% PRt ttcdeRIeeyed in the
formati on of mcroelectronjc devices. The netal may be applied by such 25

t echni Hlesoradigadporgapodicierigss. Epweerqvmjablwapﬂhaﬁmﬂrdﬁmnt ife 1i ke.

Copper i s AR &l Lt f eferably
from about@%go ft 0 'EH i ev Angsttér:llggn\gﬁm?psl gﬁa?’f)g% %Leselrirg%é%&r lsn%gl‘g%ﬂ i ed by
first for ndldgctacstmm@mqméwly fegerdhangingrgynie dislectrios Inmérbady, @i carbon vi es and t he
top dielec i | i ed. sed herein,
the term Monﬁf b?s,légpla'éx?%dg@ Er%ﬁbeg&"%cg% tcﬁe?éu%ksﬁgeﬁﬁgagru reafic dIFleeics o ves 30
to prevent diffusion of the conductive nmetal into the d|eIectr|c | ayers.

The b i tal ma for le, . Ti 0O i de such TaN or Ti N
Coppe?ﬂr ntérﬁngﬂt?éﬁstg %‘PE}@E’& éﬁ n‘%’g%'stede‘t‘@r'ﬁ‘id}y? oS3 t1%5‘1‘?5}(‘,1(’i‘&rlet al barrier
on the topTiRte fifiResoBPW die protess oW BREthe lrhdtion ofMtedrstaveindrcded: 0P the
comonly used silicon nitrjde barper is not necessary. It is to 17

001 75988 Pdsialsgnd thsrpeessdloyniien Mia b levelthiouginths secondlevehof ingecoprast at ed to

provide a Godif2. Howivid ARlstmt a%e&sangadpscaﬂ%uwetﬁ@d &%tmr RF 169618 Pnot her
on the substrate to produce the architecture of Figu he arc |tecture

shown i n Prl@ﬂmé iferpermeeteFaguat 3 diotsi theintefignstoactige affsr sfepamdutqhonar s not needed

bet we rati .a uired, | owk

di el ec r| c gﬁ%ms ?g}r’r %ewﬁz%“d' w{fﬁﬁ?ﬁqge%5 W?‘é%‘ X?Eﬂ?@ OPR ?"ﬁf’?rgaﬁifentr on

whi ch uti Ilbwésdlélmldarﬁlaiepbdlmn dnd\b'a]kmgibﬁd ﬁmtdresistf Thewrghiii¢ lowMOdRlecticgur e 2) .
In a conventl % apgroach CVD o xrd? or ﬁI|ICQn nitride is commonly used
as separ at’f SRPIEd ipc SubsENG havingapaliem of mejal figes ondts gpufecs Typicalsubstiates; he maj or
di sadvant dg@udefthéi ghitbleto be grocelised i dnl ifiteSAfRA cdbilit orbtifh thickoelERRRCL | Vel Y,
for silicon oxide and silicon nitride,,Concerning the functions of the 10
separation | ayers, heretofore a high d?electrlc constant material such as
silicon nitride, is provided as an etchstop in opening netal trenches. In
architecture I, there is no need to have such an etchstop since the organic
| ow-k dielectric used for via-level |IMD etches nuch slower than the
inorganic lowk dielectric and thus it is an etchstop by itself. 15
Separation |ayers are al so used as an etchstop in opening borderl ess vial
when the vias are msaligned to the underlying netal |ine. The presence of
the separatron Iayers can prevent the creatron of deep and narrOM/trenches

o T
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efforts have been nmade to prevent the creation of deep and narrow trenches
at the bottom of partially landed via. In the conventional approach, an
etchstop | ayer ch as silicon nitride, is often added t t he
formation Oﬂ%ﬁééirable trenches. However, an 18 WO Odﬂ?@@gﬁﬁﬂﬁl

PCT/ US00115801 etchstop is not necessary in this enbodi ment since there is
a_si gni fi davies. Suitalln sisatanios thepragentarienion Jom@clnswalydddsi ¢ and i nor gani c
di o1 €Ct 1 S APRPIARN St A @ublardefiigh (BARAG ! dehtbniled SRFRVGRLAST St

sel ectively in the presence of “organic diclectrics, a different

ar chi t ect gemnanging hithies mipbatejand corgpagitiods cofitranihg biliowi sugh esdrpdllent s are to
construct _grchi yre sk | | . | ect.u IJ differs
from ar chisﬁlé:cl%’é#g&?lgénh ax{nh?ﬁ §'fsnsgi)c\1{)\g’ré&ﬁe}?’ﬁ %g {cgrel’rznaggg llﬁ?%&?gl?%@oye aeen

met al - bevelixtared therewf.| Ehelinek bd tgpically feamd by evelidsibwe fithogfaphib éechmiyesst i on i s
represented, t he .process. ste shown in 10 Figures | 1-18. The process
flow com§Ht§ e spleefls forRg ies e gR slpmingny.opin pLPYS, SOPBFCERMRELL Or Mbtal 1
as shown igflofs! Ghi8mZeanthiien, RO RAESer. | THEEIMES Tdind thOBdndudtork ofgyel through the
second-| evel” of interconnect or Metal 2. However, the sanme processing steps
can be reputesrated sispaitnSychrar fypisally desglyseprrated fiamsneanqihes pedisipeces s. The sane
substrate I i (e LNQA j i I rials may be
used as i Hr#ﬁ@%ﬁ%&hﬁ%ﬁ(ﬁﬁ%b flgﬁl(rétee}sﬁ 1%%311“@ © 9 #Zér&g# %It%iagﬁﬁ tgr ocess for a
secondOenipociometst oiEsst frel mosy prefaraly offinen blegit A9S5 te sHoubl sudrsmetat. e, whi ch
conprises a pattern of netal lines on the substrate and a dielectric on the
substrate between the netal lines as with enbodi nent 1. An organic | owKk

di el ect r i @hk srdahie andRpaRhic diklaiiccopesitoitshiyadomplied irywed wiye dreeft i on of a
thin inorganic lowk dielectri¢ and i n-on and paki ng of a photgresist.
The resi s?hqksctrfofomgmegékp‘a’e _ el gﬁ_‘fﬁ””r @m@‘u‘%bysedgm foppAtie °hnd a
portion ofyitleieéifintt deVREDINE Giefto@iceslefsi hay iMBichisivelydARN&GiRnet chi ng thus
defining vias through the thin inorganic dielectric |ayer. Figure 12 shows
t he fdfnarcpeangRspn-ap sasprisie. siligon eafainingpelEnensietnes arfdkoxpblagaini c | ow k

di el ectri <l : - af I noval . Sone of
the ex pos@g%gta ﬁ%&%g%gaglgﬁgﬁlﬁﬁ%ﬁg ecf’?dl ;%:o%r\g? rﬁlﬁﬁie}&g?’ﬁy be renoved to
a 25 | i m tfhdrisstedpuiy(artyieneetber), ather holymenodielertric impgdrialsi manepdrbws sgia br of

organic dielectric ich i.s not coyered by a in_layer, of. inorganic
i o ect v cngpire dskeolorfi v e BE R Pt Rub A e e s el ect ri ¢
Ft chst 0phmltiiaajacdn??oeﬁor'ﬁsﬁd&ip?sﬁbeolrjlmltﬁt’@nichiimednﬁmragﬂhbslfe vehied eclt ric )
ayer. This alsp fills the vial in the thin inorgani ielecitric |layer wt
the orfanifeliey 8}9@{3 PYCiCATORR CRHFIRING afrh@ﬁfgan%ffaﬁhqss%}ch%ﬂgwwhﬁ% 2% ect ri c
layer is demestdfsniag the 30 organic dielectric etchstop layer. The neta
| evel inorganic dielectric is then inagewi se patterned. This may be done by
deposi ting, baking, exposing and devel oping a photoresist. Figure 14 shows
the processedb i poBhRAL ikich@Wttdiaflsefl for hedRRARIN ihdfe dnRAhgRRIS | oW k
dielectric gep05|t|on, resist spin and bake and netal trench nask and 19
WD 001 75988licRakoxisiorepoiotkr fanmied fromcanailkopysilane mohorseriwhichgma e | ow k
dieIeg%riqblexgr is for netal-level AVID. The portion of the inorganic
di el ectric T%yér under the renoved part of the photoresist is then etched
down to the organic dielectric et®stop material layer to formtrenches in
the netal level inorganic dielectric |layer. The organic lowk dielectric
serves as etchstop since it et ched significantly slower than the inorganic
|l ow-k dielectric. Figure 15 showssitke netal trenches produced at this step
after inorganic lowk dielectric etch. The portion of the organic
dielectric etchstop materi al IayeH underlying the correspondi ng renoved
portigp of the metal level inorgagic dielectric is then renoved by etching
to formtrenches therein. At the sane tinme the organic etchstop material is
renoved f rwiwrdima 146t 2/0fatbe Rigrdupe atehndependentiia@i o Cliatkosy groups amslithe . Some
resist is.renopv at _this sten. Figure 16 shows the. process after the
O gani o | GRS Temb aps Pabeienty e fort s BB b BB ol VBB Aot ' he
or gani ¢ Viphetyg\Halogéh, eltetifutddphkmy e Prefuistdy a¢h BOis ietholkipi athoxp of prapexy. di el ectric
| ayer thus form ng vias through the okganic via level dielectric |ayer down
to the nmetal lines. The inorganic lowk dielectric on top of the organic
| ow-k dielectric serves as 15 mask. Resist is also renoved at this step.
Steps 12 and 13 can be conbi ned together into a single step. The result is
shown in Figure 17. Thereafter the vias are filled with a nmetal in the via
| evel organic dielectric layer and the thin inorganic dielectric |ayer, and
trenches in the organic dielectric etchstop layer and netal |evel inorganic
dielectric layer with a netal as shown in Figure 18. Repetition of the
process produces the structure of 20 architecture Il as seen in Figure 2. A
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thin inorganic lowk dielectric |ayer together separate the via-level and
metal -1 evel 1IMD's. Then a metal level inorganic dielectric layer is
deposited on the organic 20 WO 00l 75988 PCT/ US00/ 15801 di el ectric

et chst op | ay€00788hhot oresi st i s deposited on the netal | BGEPSO4E Y ani c
dielectric layer to produce the structure of Figure 19. The photoresist is
i mgew se Sexipasedmnmsrialy avaiiblédon ApiedSignallae Nenaglasel't Fhe mestpvéfergeda port i on
of the nmetal |evel i i jelectr] y do t g t.he organic

i el oct 1 RS po RN oS BRYE EOPYRG, SR e RiBaR o, o

i nor gani ¢ whichl 1aeé¢ the Cormalad(HSiO 9E@M) hivdrogengilseuiiXanddfvilich Ka@gtheéi ng t he

portion of_ th nic dielectric etchst terial |ayer underlying the
corr esppncf?‘ﬁ@‘%@%@éﬂ"’ﬁ’b‘llﬂdﬁ‘?%gaﬁf’sﬁﬂ’i@‘eﬁé‘g’gqhﬁfé‘i/@F 1A ani ¢ di el ectric
| ayer i agsie, {)qu@%%t&_lg) g]é] tlgﬂ%gq?ggﬁfﬁii@mg]n%a [(;gi@lggx@(@o@zt]er nal |ayer.

After renoving n 1rnorganic dielectric |]'ayer
under | yi ngaehe these pelsmenigrmgas: sngbeal 6o phqubil yot ta dheutld zgebemiddo di el ectric

etehstop NBhRH0A-1| B¥ESut YioBs, A gaa‘h% [Gtichbhdbidfy 11 o[ AAGRNI G, et ect i ©

| ayer. The result is seen In ure Is*thén rénoved to

provi de t heylsThauetightmvefgdmglecwdarageighOneytringn froonvabost 1,000 tbapowf t he net al

| evel i nor | ielectric | r wth a photoresi nd fills.the vias in
t he metal 2?@'\%? %g‘r%‘g?ﬂaﬁr’s‘?ﬂl‘@‘?ﬁ@?f‘f‘iﬂém}g&@@?‘? aﬁ%‘ﬁﬁ@%"a out %qoeyllei?:‘flﬁc et chst op
mat eL i1al |n@$&fula&ﬁ@igﬂ1h@fﬁ-dfﬂxh ﬁbduﬂgoqatmiaboﬁimloeo.tmoeeﬂ,ra%mblyé\hmgedﬂ@ér@r eﬁi st ﬁS
as shown in Figure 23. After imgew se patterning the otoresi st through a
trench W&@k?l.ltlzgwl)ﬁﬂt %?_wafi%ﬁmaﬁwlﬁréwmla}toéﬁegﬁ pulf Méﬁott‘hél?oﬂlbp of the

net al | evel god AT QAN pslydbs Wil thCconR¥ESrhidMWerdiBNBYREuGvAP i@ and | eavi ng

a portion of the photoresist through a thickness of the netal |evel
i nor gani c hairepenstlexape, hydregensissaquienape thydregenmettiyipiloxanz4 | s obt ai ned. 20

After remyi 10fank L ' o1k g 1

cndor 1 y1 naVepgerREblsnBlant MR pork B Ghonk IDAEELSOMBLER, bidode AL, 1

i nor gdAi c bdfybiilexdane] ydtogguphenylslos fres hakegehmetheldilsesquidraneret al | evel i norganic
dielectri ayer .shown in,FLgure 25 .After renoving the bal ance of the
phot or esi g‘P'(lirPg%ﬁ&@ESggs O e hH%I% e Pé‘fpy}sg%eé?m?’ﬁg?’gani c 25 dielectric |layer
and from thipérogénbdatylsissquiexsny, hydroghgenpbutylsises@fiodaheamd gani ¢ di el ectric

etchstop material |ayer underlying the trenches until the thin jnorganic

di el ectri @y‘isr%‘?é’lp{’?’g'?%éeéﬁlﬂﬁ’&f‘e f’%/f{emgi"r“ﬁ%‘thﬁrlefépgrse F giere ?BI}P‘:’?rSdB‘g‘&iened. One

t hen renDyweEirhides, BAbrina@d a8 nédTRiodh&adpdlyiérs, ih Fé{rﬁbulﬁii flopiahted end ayer
underlying the vial in the thin inorganic dielectric |ayer as shown in

Fi gur @027 Dorikazinated polyanfithard aveilablegpder thetrafenameFWRES. fraimt er filling the
30 vias i it eyel I Gixdll i : hi n inorganic

di el ectri 2\ 1%%(%%‘%@%6@#3%@2@? @ﬁm{rﬁgﬁ%&%ﬂéﬁ?égﬁ?&f@@? ?liiog&g%’c hstop | ayer and
met al | evebly(andeapeatics)diusrisated pely(angene ethershand mixtues thereofsre preferred of Fi gure

Froure 2. SHE pVERRRBERRS (o RpEERILA ot ) BERpSUT bR BHR coe.

PCT/ US00/ 158 GibteatstSoldisiiasts, 114, 28R and 8,115,082 | Reeferredpady(prydint ethais) ande done

sequenti ald y .and, n Ki nd plasmy. i.s done between diel ectric
Gomosri oftbrine iRt dferd e s it po S GORReRSH ST ST oy
repr esent 08/9p0,25 Efile@ DepanitRe 55 100 DWhich ii@édrpdrited Réreibyirefdrefitd. CUI t

fabrication facilities. A fourth enbodi nent of the invention is represented
by the pr SEfeTedsilgypae Wkiswtﬁbﬂfﬁrw 1p fusnventing apgcgrwsEcitlyaxaildithences
after the j t ' Al ) t tyal . The
process flf%%‘ggl{\?g@gn%?ngm |e£m%§%%%}lgﬁﬁgmk%§% ?Eg’e’gég%%?@\?éﬁl%f

i nt er connaesdfulare tuethplate@ sildiamepdymers henilgbladropr AltiedSipmdg st eypler than be r epeat ed
10 agai.n for upper |evels qf, vias ot er nects. Steps 1- 9 for this
fourtﬁberrgﬁ‘éﬁnﬁg‘ﬁif"gf’sé’mth éﬁ?ﬁ“s&’é“@gpt an_dcr% of the third enmbodi nent as
shown in Figures 19-21 as descri bed above. One then renoves the portion of
the organic via level dielectric |layer underlying the correspondi ng renoved
portions of the thin inorganic dielectric layer to formvias in the organic
via level dielectric layer as shown in Figure 28. One then covers 15 the
top of the netal |evel inorganic dielgctric layer with a photoresist and
fills the vias in the netal |evel inorganic dielectric |layer, the organic
dielectric etchstop material layer, the thin inorganic dielectric |ayer and
the organic via level dielectric layer with photoresist as shown in Figure
29. 20 After inmagew se patterning and renoving a portion of the photoresist
fromthe top of the inorganic dielectric |ayer; and renoving a portion and
| eaving a portion of the photoresist through a thickness of the netal |evel
inorganic dielectric layer the structure of Figure 30 is obtained. After
renoving part of the nmetal |evel inorganic dielectric |ayer underlying the

' o, " - - . Y




WO 001 75988 PCTI US00115801 Figure 2 is obtained. Enbodi nent four is unique
in that 'via patterning is entirely independent of netal trench patterning.
Wil e the present invention has been particularly shown j bed with
reference t“OPRYEP red embodi ments, it will be readily aSﬁM@@@&Pby t hose
of ordinary skill in the art that various changes and nodifications nmay be
made wi t h8tafererdsaicon pentdiniggdickrstricapsing inglnde prdopess bavingeeformylaselpded [t s

ermbod nent o b 88 PAERR 5 IO} SR TSH0y 6 PR AAIRSIEh6 S s

equi val en{@ESiOe)ERS1.0: 23], andNOHE I} R OFR SHOTs) ISR 1lb 80 dbddhbto atwut2®i med is: 1.

An integrat ircuit structure ich, c i a substrate and (a) an

i nor gani C>’T§€%@°‘d‘§#?ﬁ8§%§g‘f %ﬂ%%’lg iy @’%4’5@?%3$§?\t‘%ﬂ?e%ﬂﬂ9%‘&a| | i nes
on thessubg Ty & € Ak 08T 10104, @AM ivbicHiadd EHEdldsed in0W. St piter URHich@dnseR@t Wween t he
metal |ines; andg)%b) an o&go?ni C Iager on the inorganic |ayer which

conpri ses NEMPFOFATP S04 filed Lxtqber 2% 499 handwtish isfinqornomisd hegeih R¥r et hr ough whi ch
connect t t : TIp N glels i The | at ed
circuit s??fﬁlgfcﬁgg ]%!‘pr%qegfﬁrgtﬁ%ﬁg% co Sr%??gcgléén?%?&éln&gﬁ% %Jrl:%rﬁé}lé nor gani ¢

| ayer on sieh asthpanhayingtheformbladh conprises a pattern of 10 additional netal
lines on the organic_layer and an inorganic dielectric on the organic |ayer
bet ween the additi &ﬁ%ﬁ‘%%‘slqlﬁbs; and (d) an additional organic |ayer on
t he adgditional inorganice~l ayer,whi CO ises an organic dielectric having
met al qﬁl |l ed vias t[%gf'est?%‘rsdﬁ?jﬂlz%]i"gﬂoébﬂ t to the additional netal |ines
of the additional ifgr g8, ppesio,lp, 3. The integrated circuit structure
of claim2 which conprises one or nore further alternating inorganic |ayers
(c) and organic | ay@-SiGl)]RSichel,E8i0i)t i onal, i norganic layer (c) and organic
| ayer (d). 20 4. The integrated circuit structure of claim2 further

conpri si ngvhakin the sganf © ali 18] @ahe sun bray, §rand B i fem albsc@d B ikCadoay S000Pgidween t he
vias and under the additional tal lipes of the additional inorganic

| ayer; and 4 YorgSRivLe _cfi”@'f@&tt‘iaf 0 GAREIRDS; SHRTFEATS ArehTesean an ameBs&l pet ween
the addit iiQ0fan aw@honp@&r&ﬁu.mmeatm@ﬁﬁé sttuBRFIN &f 1b@%eganic2® 5. The
Fntegrated circuit structure of claim3 further conprising an inorganic
di el ect r i €ontenfavhersitheeabpngontaining suhsfiteantfoaie prepeay wran(agoupleafigss thanhe vi as and
under the ny 8L Fedelnd L Ady 01 ' ic layer; and an
organic diae ect W(’l;@ﬂcfrr\ tf1e fr?grg'gﬁ?{:ard?islcect ?Il%;rg dagg?%ﬁ)%gﬂn t he additional
met al | i nepplsatigrhserialduimbenfRi044,83d filad Mardhadfe i 9983@hih isTineorporeted hareimd ci rcui t
structure ' i.n t .al | ine M. as _have a.barrier metal
on oneor PaEsEeRisRo BBt Rard RaifHM orbl For Lk e A Bpa A PRARG ot ca
Ci rcui2d studheik tiiose Whviigdthe dormalades 24 WO 001 75988 PCT/ US00/ 15801 (a)
providing a substrate which (_:orrE)mrBi ses a pattern of netal lines on the
substrate and a di elfd@ridRSiPishe substrate between the netal lines; (b)
depositing an organic diglectric la on t he bstrate;

pOSIEINY J nlll‘ﬁ).m.(l)sel Enl[ﬁo.u ogled SHDS

1.5-1.8 15-1.8]Jm ,

[Ho.1 0Si01.5.2.0]0 [RS101 5]
wherein the sum of n and m is from about 8 to about 5000 and m is selected such that the
25 carbon containing substituent is present in an amount of from about 40 Mole percent or
greater; and
[HSiO) s}« [RSiOy 5]y [SiO2]z
wherein the sum of x, y and z is from about 8 to about 5000 and y is selected such that
the carbon containing substituent is present in an amount of about 40 Mole % or greater;
30 and wherein R is selected from substituted and unsubstituted straight chain and branched
alkyl groups, cycloalkyl groups, substituted and unsubstituted aryl groups, and mixtures
13



(c) depositing an inorganic dielectric layer on the organic dielectric; 5
(d) etching a pattern of vias through the inorganic dielectric layer; (e)
etching a pattern of vias through the organic dielectric |ayer which
correspond wo oohsspattern of vias through the inorganic dPETESWISHL| ayer ;
(f) applying a photoresist to the top of the inorganic dielectric |ayer and

filling tRRer¥dfeBhd Pedii€mledtRiteit HicBbEE Edritfinih g ¥iestiMBAts ISHEuhdh B8 MHeC
dielectric |layer with photoresist; 1 i magewi se renovi ng a portion of

: . 9 (9) !
the phot orraiq &fithe srapentsRf stagiinegpatends. PAMgEaKing the suetured] Whigh are odnd
removing &;Rpsbiddcdiiidh WREY iR afboR R5hthiRihg Ybstife Qﬁfétr%és_%ﬁt'iﬁfan yﬂ&&ggh a
t hi ckness of the 1 norganic dielectric |ayer; (h? removi ng part of the
i nor gani ¢ ofiabdug 40 mote pezgeat onmeter Thesapplyrhess gredescohed wbretfuldly pAd8or esi st
removed fromihe..top of .the in i Felectrie Jl.ayer,.t.o. formtrenches in
he 161 ndRuEhR B St PEmbGRRaR 5 EGGeh ob Bt SiisaRbPotds
phot or esi Herehnf Byicteience.op of the inorganic dielectric |ayer and fromthe
vial; (j) filling the vias in the organic dielectric and the trenches in
the inorganic dielectric with a nmetal. 20 8. The process of claim7 wherein
steps (b) I j ’ . . ONG th reviously formed
i nt egrat ecilt hrc%ip(rgg’g{%{ 1(1453' Pgﬁ‘?a{“gﬂ‘e‘gé glglﬁgthf ﬁ?rgéésgfoél S%%‘r}rceuolrg BEIs?tS tr tu°c( (:f}r e produced
accor di ng rhiged Wwith pnyosodeeatspdr icnay be preseRbinhGolufibe wihartedgis atixed withr cui t

structyre produced according to the process aof .claim8. 11. A process for
pr oduc'%ng Sﬁh’e?tﬁf\g'g?“aﬁogv&nﬁia e?z‘ﬁf?“%??ﬁ@@ﬁ?‘é“ﬂﬁ?%fﬁ’é%’ﬁﬁﬁ Bag a‘@@b‘mﬁf oviding a
subst r at e, froMhitellt T ab&R SO % Waldigit Bf Bk potehal, moidHRsfeably Hom bty at e and a
30 dielectric on ;the substrate between the nmetal lines; (b) depositing an
organi ¢ vit@ a2 % The ey st eorprenen ds efpably Present nean agyakefifionyabaut oni n

i norgani c %k&ib%ﬁﬁqdo;ssb&%gn &}ﬂhetﬁée%@&ﬂip%siﬁ&nﬁﬂo?é’ﬁgfc%ﬁloﬁﬂ HoGigerr =~ WO

00l 75988 pcT~sooi i s8o~ I magew se patterning an ving a portion of

the thin itnerqyhdl B Guisshiesolvents nenexelusivelyindkfi¢ anretiy splvants sushesigielic he t hi n

i nor gayd ¢ (dj i; : i1l I gglq' i ctric

et chsta1 ?p rrl%toglr}sﬁ%lﬁ#lg ée}?%g%m?{?gé’tcgﬁ?ﬁggnn%bgg ‘iq%ge Hg’f“gc r S' ‘(L':lg?c%lnglr‘&and filling
t he vi as iayclicamiddsisuchi asdN-glkylpyarolidibmecwhierain thapikyl gwbephhas fremar tgabout 4di el ectric -
material; (f) depositi netal level inprganic,dielectric |ayer on the
or gani ¢ di%ﬁ%ﬁf‘?ﬁ'&’ a@?éﬁ%fcg’sc’iyifﬁgp;h%’(’lﬁyc’ ng@%rgsethggﬁ erning and renoving a
portion of the netal level inorganic dielectric |ayer down to the organic
dielectric etchstop material layer to formtrenches in the netal 10 |evel

i norgani c diel.ectric lLayer. (h) renovin i%{e orti of the o ni c

i e Setr i e Efity e s oMb R SR ra by R e Pebsltetn P roved
porti op of foing pélpinat lale bflthd siBst@RNDEpditioh afl be Eoddactédvidcédvemedags t herein,
and renovi ng tﬁe organi ¢ etchstop material fromthe vias.in the thin

i nor gani ¢ Bif40aHRS I 04YRE f°11f’5f‘1a ig, FRIABDE-fGerpical y3Bendeesitam mefkods Jani ¢ via
| evel di eliggidchecdaYEmetnbdianhivh 26 wellnbRh ih thB ok BHm Soalth@lsedst i ¢ | ayer thus
formng vias through the o&g}?m c via level dielectric |ayer down to the
met al | i nesefenrgd, Thethirkngss ofdhapodangr fayeren the subisgte may varx fependingloadhe i ¢ | ayer
and the thi.R,diEH ' ' i ' ani c
di el ectri (I;H € ?éét@tlgg&jg?g?@gﬁ%%%%giuﬁ%l@}gp @ﬁ%&%gﬁ%}%ﬁjﬂ %II %‘F%c{tp({rn?c | ayer
wi th a25retahbut 500 © Trabopt 999D ind ptefiirahlyl fromiaboeti2008 Oetosibeis 120000 @ugh (j) are
[ spes ﬁ‘r’eafhe'm%%%ﬁt 1'35Tect S oRhic apDHE t dh duBEithed MEPHFHED Bl Gt

to about 10 ml, and preferably from about 2 ml to about 8 ml. In the preferred

=t

embodiment, the liquid dielectric composition is spun onto the upper surface the
substrate according to known spin techniques. Preferably, the polymer layer is applied
30 Dby centrally applying the liquid dielectric composition to the substrate and then spinning
the substrate on a rotating wheel at speeds ranging from about 500 to about 6000 rpm,
preferably from about 1500 to about 4000 rpm, for about 5 to about 60 seconds,

14



25 13. The int egrated circuit structure produced according to the process
of claim1l. '14. The integrated circuit structure produced according to the
process of claim12. 15. A process for producing an integrated circuit
structure WPEH'¥8npri ses 30 (a) providing a substrate, WRFENSYGAi ses a
pattern of metal lines on the substrate and a dielectric on the substrate
bet ween t tpeefemblalfrohi arbest;lqtbpbmieﬁﬁsémhdngimdmtgmbm the solbtnadverdy el ectri c

| ayer on the s |t| i_nor,gani c. di el ic layer
on” ¢ heor GFE e PirsPAg speiih SRR R Mol D SN B R BT 3801 (1)
dep05|t|ngkmﬁuhbmnmsg&nic dlelectrlc etchstop materi al Iayer on the thin
inorganic dielectric layer; (e) depositing a netal |evel inorganic
dielectric layer on the organic dielectric etchstop layer; 5 (f) inmagew se

pat t er Bi ngrleramécerreqx)»epgm?op@cmallpee Batddhé e)[ﬂ%i ?bkldhﬁ‘é@fveﬁt%ﬁ"icgﬁ@ﬂeﬁseq{sel ectric
llayer down to the organit dielectric etchstop material layer to formvias

in the rretrmleduéamelghh&h@mtmgmaerlbeeondugteﬂayewnve(ltganalrmmnsm@ asheatingrt i on of
e O gan oL RAlh b oP AR Bl SlcBks i AUTLolAS! b0 gy GOAF eSPONGl N9

removed portion eve i) gani B formvias
10 i n the oiganinet sinesgetd, bcit etag losdud n m@&uménhmbc&y:ewacwhl)ovreembaanﬂg t he
portion of, th n_in anic dielectric La Jdnder | yi th correspondlng
r enoved pd??‘ie {blyo‘f"“fhhc 1 GAFTRETGE O igf)?]l %%h@? % H&@% arMNer to form
vial i1 tRgefbdably fiohPat@ani ©°dicdteet B25°C. aPIEE hea(m ispPaferabl) Peifbithel FnPf t he
metal level inorganic dielectric layer with a_photoresist and 15 filling

the vias iajoutHaningiedp alquyde0 ’PH’GF“@GP{W(E“‘H? E‘Ieéfé"lbrllf Eomahar 2 to Arewplani ¢
di el ectri %ﬁ&&b%@?} l?ﬁ%ﬁa&&lmdy%ys%r Pa&ﬁam@ eiﬁvsga bRehdanke, derbegyric |ayer

wi th photoresi st magew Se patterning and renoving a portion of the
phot or esi dighf, towriehss itsopolestilar weightt Hie ameuet of| enmsgarmay rdnglfmm aboa.:ltl ayer; and

ooVt 1 AgBa?o Bk G AR: 2 1HENLeAe el RRLRIESI Shodyy cugh

t hi ckness o I'norgani c ectry renovi ng
part of5 t heersliteaposkdioadlectron bgganiadiat e |Edextron bedmy:qmsura gy by corgrolle@bypor t i ons

of the photore r eno fr top qof .the in ni.c di Ietrlclayer
2o Torm t reniEe B Hep B walion ERsYBR boRbre it ooy BRERErS 1 ik Shaoel 1)
renovi ng tHaeingahdasefod prokfiengnileton esansfadfahemddasstiaed@ pliced fherciEtiels | evel
inorganic dielectric |layer and fromthe vias; rempvi ng the portl on of

t he or ganiReefgied bakthe "cle"Z'S’“é’F?‘fﬂ SXRASIngtca s %ﬂ“@‘é‘iﬁe‘fm}bﬁﬁ’é‘kb prgsdetmelt r enches

until the d&i&Bn kKA RM th%ls—%?éareléétrb@b’&h dodrde € PG b1y, @h Rlechr&ER4kNG the
portion of the organic via l'evel dielectric layer underlying the vias in

t he t M0 idhemberis esed“elce@¢w1@68|ad§re¢ areQ plpctranispineg; $witableicidctrpmbeae via | evel
organi c d'c%lcu%ﬁérg bz claﬁﬁél%FcéafHé‘/‘lvln%l M'E e@@éﬂ@[&io% ghgl gﬁ&l’il%gﬁ Ex%l L@yer, and

trenches in the organic l'ectric etchstop layér an véel' i norganic
dielectri oarwldexwhqs tradetdarna ‘BetadnCupem™”. THE pbidtiples 8Bofetalion/8Dpet foddncg 6. The

process of cI m:LS%l\/n in steps (b .tg]r ( e ted at | east
once on t EREOBRel oGP Reeorai b Sirre Four B bERE g S
I nt egr at edwkichi sUhdorgordteChdidin bp redetemed Tae Raipdiange btht Bectyndeaas of claim | 5.
18. The i nt egr at ed Clb[ cuit structur % 8r oduceg q,gcor ding to the process of
cl ai m%¥p. cxposure preferably ranges from about 20°C to about 450°C, more preferably from about

50°C to about 400°C and most preferably from about 200°C to about 400°C. The electron

beam energy is preferably from about .5 KeV to about 30 KeV, and more preferably from

about 3 to about 10 KeV. The dose of electrons is preferably from about 1 to about

50,000 pC/cm?® and more preferably from about 50 to about 20,000 uC/cm?. The gas

30 ambient in the electron beam tool can be any of the following gases: nitrogen, oxygen,
hydrogen, argon, a blend of hydrogen and nitrogen, ammonia, xenon or any combination

of these gases. The electron beam current is preferably from about 1 to about 40 mA, and

more preferably from about 5 to about 20 mA. Preferably, the electron beam exposing
15



19. A process for producing an integrated circuit structure which conprises
(a) providing a substrate, which conprises a pattern of netal lines on the
substrate and a 10 dielectric on the substrate between the netal |ines; (b)
deposi ting WA0TY8Mic via |l evel dielectric layer on the sPEYPSAIESN (¢)
depositing an thin inorganic dielectric |ayer on the organic via |evel

di el ect ri Gtepdy comeiprad withng wade, hirge betg afielectthindeaatradistiontfeins s ogifomat eri al | ayer
on the thin inorganic dielectric Iayer; 15 éﬁ% deposi t_icgg%a t§I | evel

| nor gani ¢ HEGRESIEn PRTLSUES WHEh SOV Gai EoupruR Abok 4RSI ayer . (1)

I magew se sp@dré RicRdsng and renoving a portion of the nmetal |evel inorganic
dielectric layer down to the organic dielectric etchstop material |ayer to
formvias in the netal level inorganic dielectric layer; 20 (g) renoving

the porst | Qfladle i e AR Iordhfl G 60 el Rn8TPA Bhdinbeiifc. under 11 ng

the corresponding renoved portions of e’ nmet I nordanic dielectric
layer to fteshmquesasinigre photorosgeamppstiice] Egucidsheveths cogedrabemicaltedsteper ; ()
corr espond H hateb e iesh OF aldbeobd REARRE O sRE! diiep 3 BOntBRR, Tt eri o

| ayer to fdieerttetahitaforinrtatikies thivugh theselg@ni Sudh £¢ femed i alndgnaér,wefll ) r enovi ng
the portiqgn of the organic via level dielectric¢ |ayer under|ying. the

cor r espondiPAY™ F’EHB%H‘%EB? W WRUngpe Pl}?_éor?ﬁ'ﬁt'ﬁmFWﬁeﬁ’iP?,s“ﬁ ) Fcé’@tcrr?‘_ﬁ%oéy er to
form vigas shéh dsiigo@ihOanitsbldindsk, &4@lopidlh BlePRbtbieSist Y Biching hwvayR¥&ink BY the top
of the nmetal |evel inorganic dielectric |layer with a photoresi st and 30
filling t ke ipprgani¢ dickeefrc taform cavities) Thephptgrenistcominebitien may be pgsitive t he or gani c
di el ectri ; ] | r L. i j 4 i.c.|layer and
the. or gani s8] SRR ALK Bl sbER el b ibeo A B, ShELRSKGHSS o1 Soss
PCT/ US00/ M&8King phgtoriesisty exsived! knawn én the ay aadihay esroprisegn a-quorone dinzidé t he

Port i on antipdshRebifech 38 Blaulidf bERRORRHAC RlEL IeRbRe 4t ness of th
met al 15evehlforyddpaidecdistilesed ot Ui $ Pakys Nos(21J97cH6DY,1 06)445a8 148)98%; he net al

| evel inor ic djelectr] er rdoyi t he portions of the photoresist
r enoved fr%&%t%g’cgt’@b’%’ %’ﬁg’%of“b‘ggg@’gtﬁ%el:g‘ﬁ‘ﬁ aps diazydgs ‘PrSP?ﬁ%t renches in
the nmetal drenv@dd BindBAGREINE indiu@k @ Mater sblae/ dquédis alkanmydoNidid Jrewbiabance of the
photoresist fromthe top of the netal |evel inorganic dielectric |ayer and
from t he \Hinding rafie whishoy Pregrrablien pryplak otitable prtivy Rietadéclasinia reensmey et chst op
material | QRyehiddAdehmbicifly! B edanPie ks Hldalie hitfe SAUPLPUERY RRNCHAdhE! ectric
| ayer is 10 reached; (n) filling the vias in the via level organic

di el e i Cdrpgrationpd Sompevilieh Newilaseyy Ah¢ phatgredisd ds theminaggwise exposeditpenches i n

t he organi g di LI t. I . et Jnorgani ¢ dielectric
[ ayer it Hogik Bufioh yfon S TR Rt AR AR Pl B AT D D)

t hrough ( rspecimen theypelad exiskaor saaarstd bymno electrort frampioa\or aeistoy bban neX-rant egr at ed

circuit structure, .21. The integrafed circuit structure proquced according
S0 the. pr RUELSH, Prefirdaon By TR R dfieoheBuiedl PLsnfed et Tonr e
produced axa@pld) it fromtallsseR The phctorebistds their?dewdd deviloped Lsifig @#widblei r cui t

structure ich conprises a substrate and (a) an organjc, |l ayer on the
subst r&t e %FE%S‘EB%W agyeouy aﬁ‘éﬁ?“eﬁ@“&f" Qﬁil%f}a]lb’f‘l}?égm sishig hedigkiocltee and an

organi ¢ ditgd Riedgk h6rtiBh théleormA Merahier ROLIVERANO tdiovERtAontrhd}e Portidhhndd (D) an

inorganic |ayer on the organic |ayer which conprises an inorganic

di el ect ri cdefiag/s vig mask.aVia pre|tean formed byistchinghechnigheshiethare sisH&pewn in t he net al

e Of  0ewPraafie phBitRlis R Somflf) AbBAARGS o e BLEHRL Mo ©f 21 M

by plasma etching. Plasma generators which are capable of such etching are described in
30 U.S. patents 5,174,856 and 5,200,031.

Next, in a sixth step, the organic low-k dielectric is etched by an etch chemistry which

does not remove the inorganic low-k dielectric. The resulting structure with vias is
16
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30 (c) an additional organic layer on the inorganic |ayer which conprises a
pattern of additional nmetal’ lines on the inorganic |ayer and an organic
dielectric i norgani c | ayer between the additional kdags: and
56" Vo 068 alSECT L2001 560t (d) an additional inor gan?%f’pg‘i‘/’}e‘§ﬁon t he

addi tional_ organic |ayer which con&r&ii ses an i no_rq%ani c dielectric having
metal fil| FRRPUMAIEEHEr E‘f’ﬁtr piFgH: apRl OEétﬁﬁééi regyirqdrfgr lasta\_ ¥shal netal |ines
of the addidrARg! AiERPhdiole@Mtas appRed R thd hﬁ dr eGRErBARE diclet ik i dyeSddquct ur e of
claim 24 which conprises one or nore further alternating organic layers (c)
and i nor g4ilis el vaasan the(agganrfliglentriaianeriand Mgl ineregamdiclettry dayver with and i nor gani ¢

| ayer (d), . i Lrcul Jr e i her

conpri si nghétgmts);r%?ﬁédgé 5?‘2‘1%%% er%:uc@gé %%%?/Tgéﬁ%%ty{nhagﬁgbﬁlglbgg%éfﬁygﬁ(gtr bet ween
the vi s assibt matbeinl. Ichan aghdh steg oaé imagealse lekprass thé restsethaaigh tintetd krepghgani ¢

| ayer; and an.i norvgani c dielectri el t he or gani c dielectric lLayer between
the addi t PERSIMABT AT PRALE aPTHRST RERNPIoTFSF TemJhsoR of §‘5‘7é‘?°.rgaé“i°. The

i nt egr at ediddctriUbferSdnfl WerhdveSa Pimiﬁh ghdNedes b Ppoithalof GRPRbIFHsROhfgRhgani ¢
dielectric 15 layer on each alternating inorganic | ayer (d) between the
vias and deknessdfdheinengenipdiglectmsdayer. (Thasasulbis seereindiigde hat i ng or gani ¢ | ayer;
and an inorganic dielectric on the organic dielectric |ayer between the
additional metal lines of the additional organic |ayer. 28. The integrated
ci rcuil® stA nigthustep requirch emmvi @ paniof tienmarpaigeditlgétrit iayersunderdying ths have a 20
barrier netal on.one or re edges thereof.. 29. A.di.electric coated
substrateP ogﬁogtgﬁﬁ%)o?%rg%g ’f‘%?veg%ﬁ"l‘“r ‘2‘? B oeflt}éeclp?rig(a,m%Sﬁkgﬁct]?yc%&’ff? on a
subst r at e trea¢ids (xthe Mosgaiariikldttrt lewd D t6 ohgnisaltdifisterfced voroeentthe fir st
dielectric¢ conposition. fjlm .25 wherein the first dielegtyic conposition
and the. s GGHIGRSIOBER dclERRSoLF PIAgHR Rish s oHE RIS elarie GPE et ch
resi st ancepaddt beldighiftAhE khd then Ge plaSkla S1eh $di6 af Be orgahRidRiLFidey £ n the
first dielectric conposition film.is organic and the second dielectric
conpodPt i aesulti therftch stopenss Hiednorgmicdicleqtie opten of theqraganiodielsefris itost r at e of
claim 29 whergi Note%st%{é'iﬁeqﬂlieﬁlir?ﬁﬁs@p rca@position filmis inorganic and the
second dielectric conposition filmi1sS organic. 30 . A[.A[. Al ?. AH

. A5% A53. Aihe resuldisxsesd indfigurdB., | AH. A5. A5. Al . AH, . A. A5. A . AH. A5. A5, . An. An. AH. Al
. A. AH. AUm©9;

M [} xsni d_Y] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cTa] ca] ca] ca] ca] ca]
ca] ca] ca] ’hahesd]sep]l0rerthevEa}iedhaadd afahd pimtoresist from the top of the inorganic

#2COr ' I X9qAM * 1] 11" g"1 kf a\
oot cala] ey pd e Br S S e SR Csg o Sb ey ) o o
WHBEZE ' "vias8) I oFgah R dtetébtrie and ThGh R KRR aR3Adrakd @biieiahedlGadiaak ca) cal] cal

cal] cal ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] cal! 4k44565686wrrey Suitable mefals include aliminum, aluminum alloys, copper, copper

<k<==>e>>3ngls? tiatafumn, HRirchidihbf hehaabbeathee] dakedsiglical,cal ¢’ al cal cal
ca] ca] ca] caJca] caj ca] ca caé! cal ca] ca] ca] ca] ca] ca] ca] ca] ca] cal @@AaAAA- BOBnB
BBWCq CCC/ BBib&Es¢ FEBEERirmpa) lectronic devices. The metal may be applied by such

H H wyzhc” c a ca] ca] ca] ca
] Ea} ca ca]tgc%'f%gfs?és] C %%f%gﬁgg%gg@gj @gﬁ%ﬁﬁ.@@}tﬁﬁ%} %0 ?f‘ g%{ﬁ%?%%} LLLNN]QJPLPX
QUSSHTTTT Pr¢ferntd. aNhéjthiclmlessadf cleelthetal] layel<ia preddratay Gamnmbbwt] 608)te 23,08() ca] ca] ca] ca
ca] ca] c™a] cal calU|calc al cal.cal c al cal] caj cal . .
oo zot VAR D) DRy ekt SR RERLER HRbR e boter mapbsepting Itca) caj ca o
a] ca] ca] cahard wallsCFllcadsenl el teplicREER] TaSCHE 6akiR ot BleGadialad siplied] ca] ca] ca]
cal O Uf af pf hi 4i Si qi i #] zj kkl =I'\'1 1 nm )
nmmHnnnnnEoled berenghe | s metal ciasludgsamalaams of matalsab dalrieametd] s&aYSa] cal cal ca
cajc C : ; ' : V& (V7V: VW
JI\KX!(X)?[Xd]yI‘ 3%’/5%%%%%@90 \%lﬁegha%AYilgﬂt}]%ﬂ fl?]ctgfhé%ﬁ%%]g %%é??g?%%%g%la] cg] cal ca
;J] c%g] Z 2{{0@4@] foa pxaminia U] ond nitridesudhc Bl eulid\a loppdrantersainsa] pragessing i
>< : . . . .
c{ztoje'| \?jsf%tg]f?:a o l%%l]‘]g(':l%ﬂ rggteﬂ %%Tﬁr(?g]t%eatjoggft@gf?:pﬂe ngeé%ﬁng%l‘]t'cg\ilglaaj calca]ca]c
a] ca] cal] andtldatrizapr toprtht cahmanly alalsilah hithidShaader4d- A iegeicdany. VI Is]tea] ca] ca] ca
] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] calga] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca! L*| &zf " du0] } xsngb] X] ] %lfca] ca] cal] cal] ca]l calca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
36L\ 7P#EV" J| wnmhc”Y] ]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! J4' {6_Zb: FU DK| wnmhc”Y]]]]
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] cal] ca] ca] ca! y| X[ Wer7EU0" ~j y| w mhb\ W ] ] caU] caU] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
] ca! =0<p39ET4/ gnt5e{vql gb] X] ]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

-
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10S#10% &1 (Thefardtd¥thire(shown in Figure 1 has several distinct features. A separation is not
10% & ()-FL10% & ()-!10% & (} F&10% & () - LX9dESE7S

10YF1610%1$(1€ bepwggn,gv& adjpcept IMD’s. When separation layers are required, low-k

1098, Qo0 b B R SRR 10 1

%11 1 dEd V7 SEsiB@OReMIdielkettit Gdisfof IMP FRH 2. [1) a cor8 & idhhigippioach, @W/a&' ()-m!

{1091 & (ol B S A VSR 36 02 b1 € O

%96 EdV7 SFaiefefitt Bavic)the/maioPdibalvintage:of hiXidd &high dietéectR%aAstart,) 4 H7] 0%t | & () - F%
109%1& () -9%9B&Z&' ''''aSE7S 10 w,_w 10w w 10 .
respectively, for silicon oxide and silicon nitride. Concerning the functions of the
10  separation layers, heretofore a high dielectric constant material such as silicon nitride, is
provided as an etchstop in opening metal trenches. In architecture I, there is no need to
have such an etchstop since the organic low-k dielectric used for via-level IMD etches

much slower than the inorganic low-k dielectric and thus it is an etchstop by itself.

15  Separation layers are also used as an etchstop in opening borderless vias when the vias
are misaligned to the underlying metal line. The presence of the separation layers can
prevent the creation of deep and narrow trenches, which are a major yield and reliability
concern. However, a separation layer is not required for this invention for the reason that
two dissimilar dielectrics are used and they are significantly different in their plasma etch

20  characteristics. This embodiment has distinct advantages. Vias are not enlarged when a
metal trench mask is misaligned in the direction away from the underlying via as shown
in Figures 7 - 10. There is an issue of partially landed vias when a via is over-sized
and/or misaligned to the underlying metal line as shown in Figure 1. In the conventional
approach, via over-sizing can be prevented by the addition of a separation layer between

25 the adjacent IMD’s. Such a separation layer is not required in this embodiment due to
the fact that there is an extremely high plasma etch selectivity between inorganic and
organic dielectrics in metal trench etching. Another advantage of this embodiment is its
compatibility with borderless vias. There are two vias shown in Figure 1. The bottom of
these vias is not fully landed on the underlying Cu lines. This results from the use of

30 borderless vias when they are misaligned in the direction away from metal lines. Prior
efforts have been made to prevent the creation of deep and narrow trenches at the bottom
of partially landed via. In the conventional approach, an etchstop layer, such as silicon

nitride, is often added to prevent the formation of undesirable trenches. However, an
18



w w! "6 10%w w& ()- 6 10%l| & ()-4

10%4| & ()-931"10%| & ()-110%4| & .()-'"'+ 'a(8))dESE7S 10 w w !10% h& ()-10%

h& ()-10% h& ()-10% a& ()-!f10% h& ()-Z10% h& ()-)/*v**' +9++dESE7S 10 w w
y 10% h& ()Wo' ()-f 10% h&' ()-310% h&' ()-10% 9&' () - S1PEE/US00/15801

h& ()-S++o, #-Y-...dESE7S 10 w w , 10% k& ()-, 10% h& ()-Y+310% h& ()- 9%40%

& ()- YA0YchsSdr bt ﬂda%shr&ir( ﬂn's enﬁy’oﬂinﬁah?éiﬁld%aiﬁ RCSsighfisiintlvhigh PR&MBE () - Z

| 3f 10% h& FZlO%B % h 1Q {34 0% h& ) -.&3" 10%

he () - To6 SR FIFSN ’b°r&f‘mwalB%7¥ﬂ&° QPEYING ¥i95-Se' () - @ 10% h&' () - L
10% x& ()-Z L 10% h& ()-Z 334k4445dEbCS

When it is impractical to remove resist selectively in the presence of organic diclectrics, a
5  different architecture, architecture II, is used. The following embodiments are to
construct architecture II as shown in Figure 2. Architecture I1 differs from architecture 1

in that the former has separation layers between metal-level and via-level IMD’s.

A second embodiment of the invention is represented by the process steps shown in

10  Figures 11-18. The process flow commences after the formation of a first level
interconnect or Metal | as shown in Figure 2. The process flow covers from Via 1 level
through the second-level of interconnect or Metal 2. However, the same processing
steps can be repeated again for upper levels of vias and interconnects. The same
substrate, organic dielectric and inorganic dielectric materials may be used as in

15 embodiment 1. Figure 11 shows the formation process for a second embodiment of the
invention. One begins with a substrate, which comprises a pattern of metal lines on the
substrate and a dielectric on the substrate between the metal lines as with embodiment 1.
An organic low-k dielectric is then deposited onto the substrate followed by deposition of
a thin inorganic low-k dielectric and spin-on and baking of a photoresist. The resist is

20  imagewise patterned and removed by development and a portion of the thin inorganic
dielectric layer is removed by etching thus defining vias through the thin inorganic
dielectric layer. Figure 12 shows the formation after via mask and resist development
and inorganic low-k dielectric etch. Figure 13 shows the process after resist removal.
Some of the exposed part of the organic low-k dielectric will usually be removed to a

25  limited extent. However, such is not critical since the part of organic dielectric which is
not covered by a thin layer of inorganic dielectric will be totally removed later. Then a
thin organic dielectric etchstop material layer is deposited on the thin inorganic dielectric
layer. This also fills the vias in the thin inorganic dielectric layer with the organic
dielectric material. Then a metal level inorganic dielectric layer is deposited on the

30  organic dielectric etchstop layer. The metal level inorganic dielectric is then imagewise
patterned. This may be done by depositing, baking, exposing and developing a
photoresist. Figure 14 shows the process after organic low-k dielectric deposition,

inorganic low-k dielectric deposition, resist spin and bake and metal trench mask and
19
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portion of the metal level inorganic dielectric is then removed by etching to form
trenches therein. At the same time the organic etchstop material is removed from the

10 vias in the thin inorganic dielectric layer. Some resist is removed at this step. Figure 16
shows the process after the organic low-k dielectric etch step. Then one removes the
portion of the organic via level dielectric layer underlying the thin inorganic dielectric
layer thus forming vias through the organic via level dielectric layer down to the metal
lines. The inorganic low-k dielectric on top of the organic low-k dielectric serves as

15 mask. Resist is also removed at this step. Steps 12 and 13 can be combined together into
a single step. The result is shown in Figure 17. Thereafter the vias are filled with a
metal in the via level organic dielectric layer and the thin inorganic dielectric layer, and
trenches in the organic dielectric etchstop layer and metal level inorganic dielectric layer
with a metal as shown in Figure 18. Repetition of the process produces the structure of

20  architecture II as seen in Figure 2.

A third embodiment of the invention is represented by the process steps shown in Figures
19-27. The process flow after the formation of the first-level interconnect or Metal 1.
The process flow covers from Via 1 level through the second-level of interconnect or
25 Metal 2. However, the same processing steps can be repeated again for upper levels of
vias and interconnects. In this embodiment one providing a substrate, which comprises a
pattern of metal lines on the substrate and a dielectric on the substrate between the metal
lines as with the previous embodiments. An organic via level dielectric layer is
deposited on the substrate; a thin inorganic dielectric layer is deposited on the organic via
30 level dielectric and a thin organic dielectric etchstop material layer is deposited on the
thin inorganic dielectric layer. The thin organic dielectric etchstop material layer and the
thin inorganic low-k dielectric layer together separate the via-level and metal-level

IMD’s. Then a metal level inorganic dielectric layer is deposited on the organic
20



10G s10% h& () -10% h& () - @10% h& ()-m0% h& ()-10% hé& ()-10% hé& () -
10GFGG GnGGGIE: / 10G sY10% h& ()- 10% h& ()- , 10% h& ()-LZ10% h& ()-10%
h& ()-& 10% h& ()-G H HoHHHII dE:/ 10G *10% h& ()- ' 10% h& () - 0

h& ()- @10% AP 110% h& ()- 10% h& ()-JI 111 4JJJJJaSE78rlé@§L0§&%‘{% 10 h h
10 h h!'<31 710% h h& ()- Y410% hé& ()-210% hé& (é_ 31 10% h& ()- .10%

h& () - JJJ Bicleciiclegnhsien layens A phatorpEstosdapesited op thegmstaldeye] inor@m®os h&' () - F ml0%

0% () OOl A SRR OB LG O 200% |
h! D3! 10%d yxho8éd, baked and B&ccivfied 3s I3:fore.]l A%eh@moying a pdlivm lofihe med 18 h&' () - 3$310%
n& () - ST LI D Ml Eeed O &td dic Brgafit WL i donfthd i layerTas hed! 10 11 11 10
5  formed in the metal level inorganic dielectric layer as shown in Figure 20. After
removing the portion of the organic dielectric etchstop material layer underlying the
corresponding removed portions of the metal level inorganic dielectric layer vias are
formed in the organic dielectric etchstop material layer. After removing the portion of
the thin inorganic dielectric layer underlying the corresponding removed portions of the
10  organic dielectric etchstop material layer vias are formed in the thin inorganic dielectric
layer. The result is seen in Figure 21. The resist is then removed to provide the structure
of Figure 22. One then covers the top of the metal level inorganic dielectric layer with a
photoresist and fills the vias in the metal level inorganic dielectric layer, the organic
dielectric etchstop material layer and the thin inorganic dielectric layer with photoresist
15  as shown in Figure 23. After imagewise patterning the photoresist through a trench
mask, removing a portion of the photoresist from the top of the metal level inorganic
dielectric layer, and removing a portion and leaving a portion of the photoresist through a
thickness of the metal level inorganic dielectric layer, the structure of Figure 24 is
obtained.
20
After removing part of the metal level inorganic dielectric layer underlying the portions
of the photoresist removed from the top of the inorganic dielectric layer trenches are
formed in the metal level inorganic dielectric layer as shown in Figure 25. Afier
removing the balance of the photoresist from the top of the metal level inorganic
25  dielectric layer and from the vias; and removing the portion of the organic dielectric
etchstop material layer underlying the trenches until the thin inorganic dielectric layer is
reached, the structure of Figure 26 is obtained. One then removes the portion of the
organic via level dielectric layer underlying the vias in the thin inorganic dielectric layer
as shown in Figure 27. This step completes the opening of via holes. After filling the
30 vias in the via level organic dielectric layer and the thin inorganic dielectric layer, and
trenches in the organic dielectric etchstop layer and metal level inorganic dielectric layer
with a metal the structure of Figure 18 is obtained. The process may be repeated to

obtain architecture II of Figure 2. The third embodiment differs from the second
21
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A fourth embodiment of the invention is represented by the process steps shown in
Figures 28-32. The process flow commences after the formation of the first-level
interconnect or Metal 1. The process flow covers from Via 1 level through the second-
level of interconnect or Metal 2. However, the same processing steps can be repeated
again for upper levels of vias and interconnects. Steps 1- 9 for this fourth embodiment
are the same as steps 1 — 9 of the third embodiment as shown in Figures 19-21 as
described above. One then removes the portion of the organic via level dielectric layer
underlying the corresponding removed portions of the thin inorganic dielectric layer to
form vias in the organic via level dielectric layer as shown in Figure 28. One then covers
the top of the metal level inorganic dielectric layer with a photoresist and fills the vias in
the metal level inorganic dielectric layer, the organic dielectric etchstop material layer,
the thin inorganic dielectric layer and the organic via level dielectric layer with

photoresist as shown in Figure 29.

After imagewise patterning and removing a portion of the photoresist from the top of the
inorganic dielectric layer; and removing a portion and leaving a portion of the photoresist
through a thickness of the metal level inorganic dielectric layer the structure of Figure 30
is obtained. After removing part of the metal level inorganic dielectric layer underlying
the portions of the photoresist removed from the top of the inorganic dielectric layer
trenches are formed in the metal level inorganic dielectric layer as shown in Figure 31.
Thereafter one removes the balance of the photoresist from the top of the metal level
inorganic dielectric layer and from the vias; and removes the portion of the organic
dielectric etchstop material layer underlying the trenches until the thin inorganic
dielectric layer is reached as shown in Figure 32. After filling the vias in the via level
organic dielectric layer and the thin inorganic dielectric layer, and trenches in the organic
dielectric etchstop layer and metal level inorganic dielectric layer with a metal the

structure of Figure 18 is obtained. Upon repetition of these steps, the architecture of
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and scope of the invention. It is intended that the claims be to interpreted to cover the
disclosed embodiment, those alternatives which have been discussed above and all

equivalents thereto.
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0~ substrate and an inorganic dielectric on the substrate between the metal lines; and

5  (b) an organic layer on the inorganic layer which comprises an organic dielectric having

metal filled vias therethrough which connect to the metal lines of the inorganic layer.

2. The integrated circuit structure of claim 1 which comprises
(c) an additional inorganic layer on the organic layer which comprises a pattern of

10  additional metal lines on the organic layer and an inorganic dielectric on the organic layer
between the additional metal lines; and
(d) an additional organic layer on the additional inorganic layer which comprises an
organic dielectric having metal filled vias therethrough which connect to the additional
metal lines of the additional inorganic layer.

15
3. The integrated circuit structure of claim 2 which comprises one or more further
alternating inorganic layers (c) and organic layers(d) on the additional inorganic layer (c)

and organic layer (d).

20 4. The integrated circuit structure of claim 2 further comprising an inorganic dielectric
layer on the organic layer between the vias and under the additional metal lines of the
additional inorganic layer; and an organic dielectric on the inorganic dielectric layer

between the additional metal lines of the additional inorganic layer.

25 5. The integrated circuit structure of claim 3 further comprising an inorganic dielectric
layer on each alternating organic layer (d) between the vias and under the additional
metal lines of the alternating inorganic layer; and an organic dielectric on the inorganic

dielectric layer between the additional metal lines of the additional inorganic layer.

30 6. The integrated circuit structure of claim 1 wherein the metal lines and vias have a

barrier metal on one or more edges thereof.

7. A process for producing an integrated circuit structure which comprises
24
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(c) depositing an inorganic dielectric layer on the organic dielectric;
5  (d) etching a pattern of vias through the inorganic dielectric layer;

(e) etching a pattern of vias through the organic dielectric layer which correspond to the
pattern of vias through the inorganic diclectric layer;
(f) applying a photoresist to the top of the inorganic dielectric layer and filling the vias in
the organic dielectric layer and the inorganic dielectric layer with photoresist;

10 (g) imagewise removing a portion of the photoresist from the top of the inorganic
dielectric layer; and removing a portion and leaving a portion of the photoresist through a
thickness of the inorganic dielectric layer;
(h) removing part of the inorganic dielectric layer underlying the portions of the
photoresist removed from the top of the inorganic dielectric layer to form trenches in the

15  inorganic dielectric layer;
(i) removing the balance of the photoresist from the top of the inorganic dielectric layer
and from the vias;
(j) filling the vias in the organic dielectric and the trenches in the inorganic dielectric
with a metal.

20
8. The process of claim 7 wherein steps (b) through (j) are repeated at least once on the

previously formed integrated circuit structure.

9. The integrated circuit structure produced according to the process of claim 7.
25

10. The integrated circuit structure produced according to the process of claim 8.

11, A process for producing an integrated circuit structure which comprises

(a) providing a substrate, which comprises a pattern of metal lines on the substrate and a
30 dielectric on the substrate between the metal lines;

(b) depositing an organic via level dielectric on the substrate;

(c) depositing an thin inorganic dielectric layer on the organic via level dielectric;

25
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5 dielectric material;
(f) depositing a metal level inorganic dielectric layer on the organic dielectric etchstop
layer;
(g) imagewise patterning and removing a portion of the metal level inorganic dielectric
layer down to the organic dielectric etchstop material layer to form trenches in the metal

10  level inorganic dielectric layer;

(h) removing the portion of the organic dielectric etchstop material layer underlying the
corresponding removed portion of the metal level inorganic dielectric to form trenches
therein, and removing the organic etchstop material from the vias in the thin inorganic
dielectric layer;

15 (i) removing the portion of the organic via level dielectric layer underlying the thin
inorganic dielectric layer thus forming vias through the organic via level dielectric layer
down to the metal lines;

(j) filling the vias in the via level organic dielectric layer and the thin inorganic dielectric
layer, and trenches in the organic dielectric etchstop layer and metal level inorganic

20  dielectric layer with a metal.

12. The process of claim 11 wherein steps (b) through (j) are repeated at least once on the

previously formed integrated circuit structure.
25  13. The integrated circuit structure produced according to the process of claim 11.
14. The integrated circuit structure produced according to the process of claim 12.

15. A process for producing an integrated circuit structure which comprises

30 (a) providing a substrate, which comprises a pattern of metal lines on the substrate and a
dielectric on the substrate between the metal lines;
(b) depositing an organic via level dielectric layer on the substrate;

(c) depositing an thin inorganic dielectric layer on the organic via level dielectric;
26
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(5 18%aehdse(pattemning and removing a portion of the metal level inorganic dielectric
layer down to the organic dielectric etchstop material layer to form vias in the metal level
inorganic dielectric layer;

(g) removing the portion of the organic dielectric etchstop material layer underlying the
corresponding removed portions of the metal level inorganic dielectric layer to form vias
in the organic dielectric etchstop material layer;

(h) removing the portion of the thin inorganic dielectric layer underlying the
corresponding removed portions of the organic dielectric etchstop material layer to form
vias in the thin inorganic dielectric layer;

(i) covering the top of the metal level inorganic dielectric layer with a photoresist and
filling the vias in the metal level inorganic dielectric layer, the organic dielectric etchstop
material layer and the thin inorganic dielectric layer with photoresist;

(j) imagewise patterning and removing a portion of the photoresist from the top of the
metal level inorganic dielectric layer; and removing a portion and leaving a portion of the
photoresist through a thickness of the metal level inorganic dielectric layer;

(k) removing part of the metal level inorganic dielectric layer underlying the portions of
the photoresist removed from the top of the inorganic dielectric layer to form trenches in
the metal level inorganic dielectric layer;

(1) removing the balance of the photoresist from the top of the metal level inorganic
dielectric layer and from the vias; and removing the portion of the organic dielectric
etchstop material layer underlying the trenches until the thin inorganic dielectric layer is
reached;

(m) removing the portion of the organic via level dielectric layer underlying the vias in
the thin inorganic dielectric layer;

(n) filling the vias in the via level organic dielectric layer and the thin inorganic dielectric
layer, and trenches in the organic dielectric etchstop layer and metal level inorganic

dielectric layer with a metal.
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the préviously formed ifitegrated circuit structure.

17. The integrated circuit structure produced according to the process of claim 15.
18. The integrated circuit structure produced according to the process of claim 16.

19. A process for producing an integrated circuit structure which comprises

(a) providing a substrate, which comprises a pattern of metal lines on the substrate and a
10  dielectric on the substrate between the metal lines;

(b) depositing an organic via level dielectric layer on the substrate;

(c) depositing an thin inorganic dielectric layer on the organic via level dielectric

(d) depositing a thin organic dielectric etchstop material layer on the thin inorganic

dielectric layer;

15  (e) depositing a metal level inorganic dielectric layer on the organic dielectric etchstop
layer;

(f) imagewise patterning and removing a portion of the metal level inorganic dielectric
layer down to the organic dielectric etchstop material layer to form vias in the metal level
inorganic dielectric layer;

20 (g) removing the portion of the organic dielectric etchstop material layer underlying the
corresponding removed portions of the metal level inorganic dielectric layer to form vias
in the organic dielectric etchstop material layer;

(h) removing the portion of the thin inorganic dielectric layer underlying the
corresponding removed portions of the organic dielectric etchstop material layer to form

25  vias in the thin inorganic dielectric layer;

(i) removing the portion of the organic via level dielectric layer underlying the
corresponding removed portions of the thin inorganic dielectric layer to form vias in the
organic via level dielectric layer;

(j) covering the top of the metal level inorganic dielectric layer with a photoresist and

30 filling the vias in the metal level inorganic dielectric layer, the organic dielectric etchstop
material layer, the thin inorganic dielectric layer and the organic via level dielectric layer

with photoresist;
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5  the photoresist removed from the top of the inorganic dielectric layer to form trenches in
the metal level inorganic dielectric layer;
(m) removing the balance of the photoresist from the top of the metal level inorganic
dielectric layer and from the vias; and removing the portion of the organic dielectric
etchstop material layer underlying the trenches until the thin inorganic dielectric layer is
10  reached;
(n) filling the vias in the via level organic dielectric layer and the thin inorganic dielectric
layer, and trenches in the organic dielectric etchstop layer and metal level inorganic

dielectric layer with a metal.

15 20. The process of claim 15 wherein steps (b) through (n) are repeated at least once on

the previously formed integrated circuit structure.
21. The integrated circuit structure produced according to the process of claim 19.
20  22. The integrated circuit structure produced according to the process of claim 20.

23. An integrated circuit structure which comprises a substrate and
(a) an organic layer on the substrate which comprises a pattern of metal lines on the
substrate and an organic dielectric on the substrate between the metal lines; and

25  (b) an inorganic layer on the organic layer which comprises an inorganic dielectric
having metal filled vias therethrough which connect to the metal lines of the organic

layer.

24, The integrated circuit structure of claim 23 which comprises
30 (c) an additional organic layer on the inorganic layer which comprises a pattern of
additional metal lines on the inorganic layer and an organic dielectric on the inorganic

layer between the additional metal lines; and

29
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26. The integrated circuit structure of claim 24 further comprising an organic dielectric
10 layer on the inorganic layer between the vias and under the additional metal lincs of the
additional organic layer; and an inorganic dielectric on the organic dielectric layer

between the additional metal lines of the additional organic layer.

27. The integrated circuit structure of claim 25 further comprising an organic dielectric
15  layer on each alternating inorganic layer (d) between the vias and under the additional
metal lines of the alternating organic layer; and an inorganic dielectric on the organic

dielectric layer between the additional metal lines of the additional organic layer.

28. The integrated circuit structure of claim 23 wherein the metal lines and vias have a

20  barrier metal on one or more edges thereof.

29. A dielectric coated substrate which comprises:
(a) a first dielectric composition film on a substrate; and
(b) a second dielectric composition film on the first dielectric composition film;
25  wherein the first dielectric composition and the second dielectric composition have

substantially different etch resistance.

30. The dielectric coated substrate of claim 29 wherein the first dielectric composition
film is organic and the second dielectric composition film is inorganic.

30
31. The dielectric coated substrate of claim 29 wherein the first dielectric composition

film is inorganic and the second dielectric composition film is organic.
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