0 8 DEC 2303 WD 00/ 75988 PCTI USOQO' 15801 | NTEGRATED CI RCUI TS W TH MULTI PLE
LOW DI ELECTRI C- CONSTANT | NTER- METAL DI ELECTRI CS BACKGROUND OF THH § DEC 2003
| NVENTI ON 5 FI EL OE_‘VTHE | NVENTI ON The present invention relates to the
formation of strott tVe¥% n nicroel ectronic devices such as i ntREGYER0e/EH801
circuit devices. Mire particularly, the invention relates to the formation
of vi as, interconﬁ*&&G%‘f&ﬂmma’gﬂfﬁmﬁ?ﬁH MUY TIQ.E LOWD IS ECYRICICONH Tearpw 10
di el ectric constant internetal trics. SCRI PTLON OF THE RELATED ART
In the production of mcroelectro lﬁ—@%d&i\]r:ﬁs@&s %&Igfﬁed circuits utilize
multilevel wiring structures for interconnecting regions wthin devices
and for interconnecting onge or nor e 15 deV| ces within the integrated
circuits. In formng such &£ RPURD Qi THE INNEMI#HONonal to forma first

| ower level gvring lines, then an interl evel dielectric layer and then to
form second | evel vviring lines. One or nore netal filled vias are
typically fornﬂLﬂﬂWl di el ectri c to connect the first and

second | evel wi e c ention met hod for formng a two
l evel wiring st—frlﬂue ?JSFnet "?@W%”F&% Lﬁ%%’ﬁ?’%" S‘W"é‘éféff njIHEeleeirmdcdevises uct ur e

over a substratsach a’dmateglufeﬁaﬁemocﬁevaae§UIh%%erIﬁhf‘cum th@mtvgxﬁmn%lﬁtfeé‘&et of a
silicon device structure or the surface of subsfrate rmay be an |nsulat|ng
layer. An oxi d8paiipsef yias.ixigricenierymetallization and virng ltnheussmgmulnateeloby

chenm cal vappr {8098t LdrQAnt intkRfetdlidisid vel interconnect structures are
defined by a conventi orllla np Iototé %ogcrujiaghy 25 process which forns openings
t hrough the oxide | ayer where the first level interconnects wll be

f or ned. Generalé E; { ggﬁgggﬁgﬁg g tions of conductors in the
substrate to ES }Eﬁ%d}}? bR d. The openings are filled with
a netal intercdnsiegirodwtiod ﬁrmkio@l%clréﬂﬁﬂ@m&@ﬁ‘ﬁﬂegﬁﬁﬁc1r8ﬁ@uﬁh%@l'ﬂlo%l%n %hen
a layer of metal such as alumnumis deposited over the surface of th

" oxide |ayer andHFEES faNERSPIECtEIeTEieRs Withip Heviers g8d B inigrponopetingtone bomore
second | evels Wdelidgs Wilif the idiBS 238 tRbuids %M%rrﬂlﬁg L QmFEF\.[‘rLse fi segonlvgrit%n;[ﬂg in a

second level wring lines. The second | evel wring es are
conventional PR afirst FoNgF lepplyvipng beessthiry aminteyiewt] digleatricdyer amaf thahetfomesi st

over the netal

sk@hBevel wiring lines. One or more metal filled vias are typically formed in the

interleve] dielectric to connect the first and second level wiring lines.

20  One conventional méthod for forming a two level wiring structure is to first form a two
level interconnect structure over a substrate. The surface of a substrate may be the
surface of a silicon device structure or the surface of substrate may be an insulating layer.
An oxide layer is typically deposited over the substrate by chemical vapor deposition.
The first level interconnect structures are defined by a conventional photolithography

25  process which forms openings through the oxide layer where the first level interconnects
will be formed. Generally, the openings expose portions of conductors in the substrate to
which interconnects are formed. The openings are filled with a metal interconnect to
form the interconnect and form a metal plug. Then a layer of metal such as aluminum is
deposited over the surface of the oxide layer and over the metal plug to a thickness

30  appropnate for second level wiring lines. The metal layer is then patterned into the
second leve] wiring lines. The second level wiring lines are defined in a conventional
photolithography process by providing a layer of photoresist over the metat layer,

exposing the photoresist through a mask and removing portions of the exposed
1
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exposi ng the photoresist through a mask and renoving portions of the
exposed 1 0 8 DEC 2003 photoresist |layer to terma photoresist etch r@ﬁf.m}
The portions of the nmetal |ayer exposed by openings in the photoregi

mask are then renoved by etching and the pbotoresist nmusk is renoved by
aching. After the tiro level interconnect structure is fornmed. it is
necessary to provide an internetal 5 dielectric (I MA) |aver between the
second level wiring lines and covering the second level wirier, lines to
accommodat e further proccessing of the integrated circuit device. In the
past, the internmetal dielectric. layer m ght consist or one or not |ayers
of oxi de deposited by plasnma enhanced chem cal vapor deposition other
processes. 10 Prior an integrated eircci s produced by single or dual
damascene proCcessfigyorilifle( el ShGGHAAT G Pmal divk Qhidls 8 Bkt
constasnta:tt (k) ‘ermetal diel éctrics have used only one kind of |owk
dicicectric, eitherlaymemganhyopeaingsdmihe thyrnoresist sk piedhepremoNEs® two ki nds. This
convent i onal appro 1 ;‘ 1QMsdewdiigblect ric for
both netal -1 evel aﬂgh\l?%diﬂibﬁez’?n&?/%“%ﬁﬁeﬂ |t';.&rjnb>t‘§hl A¥ o\(/:b%ss into ,ration and
i mpl ement ati on opt intsFronneAgyETds fprmed. é&dﬁfﬁ%ﬁd‘l’l’%‘s)"o'ﬁég"ﬁ“ﬁﬁjj st eps and added
cost are required. d1121Ecuﬁc?[h@ﬁﬂh‘fe?@tﬁeewzgugnd\(@meﬂg, Bi5ibind coting @EUCE the

nunber of processing steatvpa required wforma devjce Igecause reduci ng
t he number of proc&@ﬂ#@clﬂl@r}ém B AR odaprduiepogaie 0 OF WS oduce 20 the
devi ce and becausemﬁ;huuvnatmmsp@m{eaa&inagd&ucemlwpﬁmmwahds and so

reduces costs. 25 The rese‘rgf”éﬁin%P u'-edotiyrprseasenﬁl her IO, égacy ssimlar |owk

dielectrics for th& D9mHEEf -‘based dual damascene
backends of i nter gdgqbséb ocithe yistsses.The use of both organic and inorganic
low-k dielectrijgs offers several advantages due to the significantly
different pl asma etch charactctistics of 0 B DEC 2003 t hese twe ki nds of
diel ectrics. One dPedran inisied sirupbsprodused bypingl kP plenao@e PRI

with Cu interconnects and low dielectrie constant (k) intermetal dieleotrics

have used only one kind of low-K dicicetde, cither inomanid organlc ora

hybrid of these two kinds, ‘This conventional approach of using the same kind
15  of low-k dieleculc for both metal-level and via-level IMD's has limited

pracoas intcgration and implementation opiions. As a result, additional
processing steps and added cost are required. Itis desirable whenever possible
1o reduce the number of processing steps required 10 form a device because
reducing the number of processing steps shortens the time required to produce
20 the deviee and because climinating processing steps improves yiclds and so

reduces costs.

The present invention uses two ot more dissimilar low-k diclectrics for the
intermetat diclectrics of Cu-based dual dumuscene backends of inleprated

virvuits. The use of both nrganic and inorganic low-k diclectrics offers several

[ ]
[

advantages due 1o (e significantiy differens plasma eich characleristics of
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the other dielectric, No additional oxide or nitride etchstop layer is
required. Hi gh performance is achieved due to the |ower parasitic

capaci tance resulting 5 fromthe use of |owk dielectrics. Relevapp DEC 200
background art includes Murarka, S.F., " Dielectric Constant Materials for
Interlayer Dielectric Applications', Solid State technology. L:.S.. Cuwau
Publ . Curp. Washington. vol. 39. uu. 3; 1 March 1996 (1996-03 )U UT), pages
83-134, 86, 99, 9U;, k:l1'-A-U 1349 796; and Jain, A, et al; "Proceedings
and Chareclerization of Silica Xerogel Films fur Lawk D electric
Applications"; Low Dielectric Constant Materials V. Proceeding (Materials
Reseach Soci ety Synposium Proccods Vol. 565), Low Dielectric Constant
Materials V. Synposium San Francisco, CA, USA 5-8 April 1999, 15 pages
29-40. SUMVARY OF THE | NVENTI ON The invention provides an integrated
circuit structure which conprises a substrate and (a) an inorganic |ayer
on the substrate wheehweciinsnf demas. pancrdiogric 2Ovepis Al op|in fgineon t he
e 2T *n fiPbaanefcl FRkibRL Akt BRisPUBBLE BhE iRhURED | ne TEL 2!

i nes; and (b) an Organi Fa I norgani c |ayer which conprises an
organic dielectri cIlfmhwﬁgnmrahcth@ d@f@@@@@@@%@\ﬁ“@ﬂ%%@“%ﬂ US00/ 15801
filled vias theget P&ﬂuﬁhse\ﬂmom& Qpget to the netal lines of the inorganic
layer. Preferably the integrated circuit structure conprises (c) an
additional inorganic |layer on the organic |ayer which conprises a pattern

of additional met akdwaﬁk%mgfauﬁmmwasmt&arkaas@r » Dedtria Comnstar ganic dielectric
on the organic layer between the addl tio gln 5 (d) an

neta
addi ti onal or gani cMPisgt fophteppver I Eﬁ"‘i“i‘%ﬂ*fgf"“?’ﬁor é{ﬁF%{gﬁ%’h@r °%hi ch conpri ses
an organic diel echs @uhaWdDgLﬁ@I‘Hk:hﬁlgﬂJd edl. mathlh\dudtlﬁﬁ@UQ?ﬁ ¥hi ch connect

to the additi or]g tal b wegF 2l ool B A dd) tdeon@lsh NOTpaNi ¢ layer. The

i nvention al so 'Br oY/dEE™*4 grated circuit strdcture which conprises a
substrate 10 and (%t%eahmemg’eﬁ#@b#%@ﬂ%hlmﬁ@f%ﬂﬁslwéfE”‘Vvl‘il ch conprises a

pagt ern of bmst al | b%%&ngag,fmﬁmwmwag&mnm 8gagt ¢. Mhebaqd ric on the
substrate between the net i nes an
(Materials Research Society Svmposm Pmcccds Yol 565), Low Dielcctrle
Constant Materials V. Symposium, San Francisco, CA, USA, 5-§ April 1999,

15 pages 29-40.

SUMMARY O : N

The invention provides an integrated circuit structure which compnseo u

substrare and () an inorganic laver on the substrate which comprises a patlem
20 of metal lines on the substrate and an inorganic diclectric on the substrate

hetween the motal lines; and (b) an organic layer on the inorganic layer which

cumprises an orpunic diclectric having meta)

i0 A



i norgani c layer on the organic layer which conprises an inorganic
dielectric having netal filled vias therethrough which connect to []tﬂt‘ﬁ[: 003

nmetal |ines of the or/gs;e?ml c layer. Preferably the integrated cif
Eé{%l%mﬁm

structure conpri SEQNEP¥an additional organic |ayer on the inor
| ayer which conprises a pattern of additional netal |ines on the inorganic
| ayer and an ofifadvies gicesthoeush vhighcanhest inide gﬁ?ﬁ' bnqsaﬁéxelmgmlmqrhe

additional et a'P:Jéﬂﬁl?ghe%\E\}ﬁFr(aﬁh el St QAR sésggaglaa'ah Yrganit lhbe on

addi tional organic I'a nprises an i norganic v
netal filled viahe drgmcetayﬂr@ugdh aanuhescaqnnantof bddiddnel raetdl ltne@lxalhermgaaic layer nes

of the additional anic |la 20, The i.nvention also ,provides
dielectric coat&nd g%.ﬁ@fsaalﬁgl%ﬁﬁf@wﬂéhﬁgﬁﬁlg‘é@’er b(eﬁ‘jee%“'felafig‘f‘oﬁ‘ilé?%? Ipgsg and

conposi tion &i | quym AR bfahie layahsh ﬁ]@)ad(ﬁnér?a@QB abfl 9h/BOH Ak compesid | on

filmon the first dielectric conposition fil erein the first
di el ectric conpesganicoheleawr havinggesidndled ivias é@tqthr@uabowpdsqmnmﬁtm@veddlwal

substantial ly di taeirh‘?lgstoﬁﬁe {ag{@g%ﬁ;ﬁg&% Iay{}e invention further provides a

process for pro ucm an in ircu structure which conprises (a)
provi ding a substrate whi ch conprises a pattern of netal |ines on the

substrate and a__30 di el e(ftl’IC n the substrate betwe B’z{‘] the netal |]ines;
(b) depositing aneIFGarI2 Wi P (AN ANtESLRE] CRETY L SHECIURG B AomPrises)2 SHE%@E% ting

an i norgani qodi ehged)ah Grdafiy Blyeidh th@@al:fs‘{rﬂ@%fch@ba%bﬁé%%E'thzem Gﬂﬁwtﬁi 163k BY iR
pattern of vias through the inorganic dielectric layer; 3 0 DEC 2063 WO

00/ 75988 PCT/ USGapstBrand gepreanie Hiclegtrng opake eibsiras bopyvees ﬂnfhm@iablme@ tad @Mgani c

dielectric | ayerly, (W?An(f{]la é?%ﬁﬁ?s‘%ﬁ?@ﬂmtl %mh%h%ﬂgég a9 no éaﬂﬁ éxﬂ #%&VEI‘E%P%&]

i norganic di el ect app |ng a photoresist®to t
i norgani c di el edilleil gias dyeathraugh Whith ccﬂngcdl Iethe neesl lines of e omgayaﬂaynrd?rd’cﬂblyrl o

| ayer and the inor dielectrjc 5 dpotorem St ; % lﬂ‘? W se
T evoving a port IBHIBRETEHE LS cPiicl MARRERURT R tep Bt
di el ectric ligyenayeanslicheomprisega patieor bf 4aitidASl thetd linBGonahPBiotdania 1@‘er idaem
photoresi st through_a_ thickness of the inorganic djielectric. |ayer
organic dielectnc on the inorganic layer between the additional metal lines; and (d) an
additional morganic layer on the additional organic layer which comprises an inorganic
dielectric having metal filled vias therethrough which connect to the additional metal
— lines of the additional organic layer.
20
The invention also provides 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 fiim;

wherein the first dielectric composition and the second dielectric composition have

25  substantially different etch resistance.

The invention further provides 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 dielectric layer on the substrate;

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

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

3



(h) renoving part of the inorganic dielectric |ayer underlying the portions
of the photoresist removed fromthe top of the inorganic dielectrild Dyl
to formtrenches in the 10 inorganic dielectric layer; (i) renoving the
bal ance of theWoHB#B®si st fromthe top of the inorganic di elmoitwsosidsayer
and fromthe vias; (j} filling the vias in the organic dielectric and the

trenches in t(eectchirey gpiem 6flvédselrbhigiCthe Whaahic @idIRERA layé@h]_&eco.}rgéf)%ﬂa {4 St T
further provides aj_e%?g_gss for. producing an integrated circuit structure

whi ch conpri $8LTRR PUBNAlE noeams dielecEic lakeich conpri ses a pattern of
metal |ines ingWhbicadse: /N Lel: | C 4 he_substyrat e between the
netal |ines; qggb%naﬁdg%osj ] F\g g%ﬁjgroggﬁi1c&$;|5dégihg@g|§qgg‘7yéef zérgtf?l e bR ViR
substrate; (dhe depbsiliclcagicdayet fridthe moragainidieletired lagdriwith phayedsisen t he organi c
via level (dielectric.. (d) imagew se patterning_and renoving a portion of
the thin iSno(r? a‘ﬁ’.aéé"g.seefe%t"ﬂgca © é*r"frt)‘ferﬁj’«stod%sf%gﬁ‘PH’g‘h?/IOQsofﬁhﬁrlwgﬁn% he thin

i norgani ¢ di elidetid laydrapt@rembehg 88098H hhdBadnd DboHiB8h GAM b&b; '
etchstop materi al Igfxﬁ%_ on the thlﬁn [ norga?li I(1:é ZE dl' &E?P%b%g%g&‘rog%aa
t

, [ I el ect
filling the VhigEesy mPrgaRIciddclienipXerdi el ectric layer with the organic

dielectric ad i 131 : | evel .i norganic dielectric
| ayer on thgr11 %ﬁg?ﬁ%‘?gé’%‘%f’gg‘g ?fogéag{&c 15;}%%%& ﬁ&%ryugﬁg?rl'y(rb% t?lfﬂﬁla'gw %'éﬁfbat t er ni ng
and renovi ng photorssist wmoyéd frome tieebpbf the irelrganivodi gagiiic lagteatb @8 thGicheaGn HRY er
down to tjhe %oqga@{i&dia%&%l;g“ ric etchstop material layer to formtrenches in
the metal | evef inorgant ¢ el ectric layer; (h) removing the portion of

the organi ¢ di)etreeling the 8hlahetdfhePRbRFdsAL ﬁbﬁxﬁéto}a&r&ﬂﬁ{eliaﬂr@&ié Blectric layer
correspondin rgnnved portion of the netal |evel inorganic el eciric to
f or m t r enchedd ¥ 18 PEE: 2003 WO 00/ 75988 PCT/ US00/ 15801 therein, and

(r:I :a g|D\é l;'?% E: hF gg‘?ﬁ@ the Glab BhOBrgMRL Bfele@ric h& Mel B ches Aink ri‘no:)trgha(;"lictcl? Lo Lporgani ¢

with a2 metal.

15
The invention still further provides 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
dielectnic on the substrate between the metal lines;

20  (b) depositing an organic via leve] dielectric on the substrate;
(c) depositing an thin inorganic dielectric layer on the organic via level dielectric;
(d) imagewise patterning and removing a portion of the thin inorganic dielectric layer
thus defining vias through the thin inorganic dielectric layer;
(e) depositing a thin organic dielectric etchstop material layer on the thin morganic

25  dielectric layer and filling the vias in the thin inorganic dietectric layer with the organic
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

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



(i) renmoving the portion of the organic via |level dielectric |ayer
underlying the thin 1inorganic dielectric |layer thus formng viasUﬁHEBJ@H
the organic via level dielectric layer 5 down to the netal Iines;(ékg
filling the viasvop/she via | evel organic dielectric |ayer andP§HeSOPHETSH
inorganic dielectric layer, and trenches in the organic dielectric

et chst op | ayer yrfsh, AR aimdviigehe draatigatiiseop Mitedia dtomi the bay artheibihinargagital . 10
The invention al so provides a process for producing an integrated circuit
structure whi cHelSEBI#Ees (a) providing a substrate, which conprises a

pattern of metal 6 Rpdriien SURSbigatievianébefdie BBk LY irieYing the ushbst rat e
between the netal l|ines; (b) depositing an organic via |level dielectric

| ayer on the singsgangtdiclecte apgr tusdoiing vgs wroughithe argpmqan iy cldlidecdng lrye
| ayer on the organic, via | dielectric; (d) depositing a thin organic
dielectric gtcﬁ%?%g)wﬁ gy#gﬁgrayer on the thin inorganic dielectric |ayer;
(e) depositi ngafilieigahe Vigsialthd viplegeirirganiti ditientic lager ady efe thin idrgantr djelndtdc
dielectric etchstop layer; 20 (f). ipagew se patterning and renoving a
portion of the laygtand ranghes ip fsrgeanclielFene ehsiep 12yss gt MEGhEY E YD Or gani ¢
dielectric etcRaiRpidRehidla hapier to formvias in the metal |evel

I

inorganic dielectric layer; (g) renoving the portion of the organic,
dielectric etchstop material |ayer underlying the corresponding renoved

portions of the netal.level jn ' ' jc . : j 25 i n
t he organi c!odi rettr Ftéone%{%ﬁsf?‘Sggsgr’?%aécr%f%’f’ﬂ})r§§lﬁecﬁll;’gc?"h1§%§%terrtg\%frhg{ {Ih'\é{ug%?r}t“?}gn of
the thin inorgaamnprisksel ectric |ayer underlying the corresponding renoved

portions of the organic dielectrjc etchstop materjal |ayer to for vias in
Phe thin i nor gAMPCORPEE 8 HFIaE) Hhih Commrres i RASE e P9l PELoube pybatie g 4

| evel inorgani gigicahiest the subsadebetWetthamphofigdsesi st and 30 filling the vias
in the netal |level inorganic dielectric |layer, the organic dielectric

" etchstop mat er(Paleppalmg anaigpnitiaz ienrifliglerdiglarar ondheiubttdisic | ayer with
phot or esi sty 5 O B, 0620080\ 004 ARG PETEHARE 4388d via level dielectric;
(d) depositing a thin organic dielectric etchstop material layer on the thin inorgamc
dielectric layer;
() depositing a metal level inorganic dielectric layer on the organic dielectric etchstop
- layer;

20  (f) imagewise 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
morganic dielectric layer;

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

25  inthe 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;



(j) imagew se patterning and renoving a portion of the photoresist fromthe
top of the netal level inorganic dielectric |layer; and renoving a Eﬁ%tgmm
and |l eaving a portion of the photoresist through a thickness of th

| evel inorganiwodoedsectric |ayer; (k) renoving part of the net@ivdosyssb
inorganic dielectric layer underlying the portions of 5 the photoresist
renoved fromiRadediseqlattémitig aQ Gy SRLSELS he phANBLisiR &E@Bﬁéfqﬁ'&hes In
the metal |evel inorganic dielectric layer; (1) renoving the bdl ance of the
phot or esi st Merhlevsbinprganisiglesencipyes] andggmpving a poini and dinehee pertion bérer and
fromthe viasi : i - i f th rganic dielectric etchstop
materi al | ayzi"“ﬁ% ‘gfﬁﬂ.?’ gqt Jéﬂtﬁﬁsgﬁg éerggtﬁglte?"%l “'[? ’g“%h‘iﬂﬁlg?‘ﬁ%raé%’ni c dielectric

| ayer is 10 (kleamhedg pimpf the mevdl eyelt ihergpait diedtriaflayeh endetigmaitige pordodseyel

dielectrig¢ layer, underlying.the yias i the thin inorganic dielectric

| ayer; (n)% f?}IYﬁ H*}%"’f%’ﬁér%;’i‘%‘%diﬁ}?"t%%tqﬂ%rﬁ?waﬁgmaFd&PﬁCE‘CdPBé"-r Belom gepchgein and

t he thin inongankel W@ liRetdicdiele@delayer@and trenches in the organic
dielectric etchstop | ayer and net al Feyel i norganic 15 dielectric |ayer
with a netal .(DT¢neoving babplgncerafthenbotasssist foamihelop of thsrmagdevel morganioduci ng an
i ntegrated ciggult I i I a). proyidin .substrate,
uhi oh conpr | Satthe lapd a8 bl B I RIS e b B s Pt iR,

di el ectri c ortdhbtep snabesial Biyer uneéryireythé trencired witil kiien®ia indranicliéipleatit isyer i@n
organi c vioa Ievgl dielectric layer on the substrate; (c) depositing an thin
i nor gani ¢ °di éF%8%%i c 1 ayer on the organic via level dielectric (d)
depositing a (hréndVigiRt oo betk biganR e IRY QRidIR bR 1h@dr uh@eYI%ng_QﬁE $ifent hin
inorganic dielectric layer; 25 (e) depositing a netal |evél “inorganic

di el ectric | dyethiroRotsawc SicsHicda¥sel ectric etchstop layer; (f) imagew se
patterni ng angy fAPWHeGasan BRIV R Q»{'ga})ﬁﬁ%a&rtﬁé lﬁgg\éﬁ& t eQEEWéaﬁlicdc;iaE&ﬁE ric

| ayer down to the organic dielectric etchstop terira ayer“to tormvias
.in the netal lhysyeaind tienghesarthe orgeat dictecine etchytop Jay@tandgnetaldevelinnggatihe porti on
of the ory ?“iﬁelg&ﬁéﬁg&% aeltngtgftop material |ayer underlying the _
correspondi ng renoved portions of the metal |evel inorganic dielectric

| ayer to formvias in the organic dielectric etchstop material |ayer;

The invention furthermore provides a process for producing an integrated circuit
structure which comprises
(2) providing a substrate, which comprises a pattern of metal lines on the substrate and a
20  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;
25  (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
morganic dielectric layer;
30 (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;



6 0 8 DEC 2003 WD 00175988 PCT/ US00/ 15801 (h) renoving the portion of the
thin inorganic dielectric |ayer underlying the corresponding remm\/lf@ﬁE 0
portions of the organic dielectric etchstop naterial |ayer to for i @ }n
the thin inorganic dielectric layer; (i) renoving the portion of the
organic via level dielectric layer underlying the 5 correspondi ng renoved
portions of the thin inorganic dielectric layer to formvias in the

organi c via |l\wyebréhke! ectric layer; (j) covering the top of pbhgsiplkal, | evel
inorganic dielectric layer with a photoresist and filling the vias in the

metal | evel ll?l%ﬁ%@mg adpio%oglcéfrt}ilecthlnG}§c:?i'(r§?né C@@Legtgi?gagfiexp un%iﬁ:xg)ldﬁglgxrei ¢ etchstop

mat eri al | aye he“t'hi'n 1 norgani ¢ rvc er organic via
l'evel di el eabrrespohdigeremacl@d portibngifoesresmiicsdicledtky etchagemaRaalpatet &Y foirhg and

renmoving a portiaon of .the phatoresist fromthe top of the inorganic
dielectric Ivé§7é??1“ea{ﬁ'ﬂ “?Oé%& ﬁleﬁ“bkﬁy %on and leaving a portion of the

phot or esi st (j)irbhewalthd pbRica kRS Sr@hicielet@ dRlectRMSer iuﬁ'&rr%gitﬁe dielectric

| ayer; (1) renoving part of the netal |evel inorganic diélectric |ayer
under | yi Rg tqﬁgemﬂgmérﬁénqyﬁd pargonsf tenibinonreseinge dieleptog daef todonm hies tnape of t he
i norgani c di cL T . rmtrenches in the netal |evel inorganic
dielectric Iog @?%w%?%vgl?&{e%ﬁ'ﬁgﬁ%he bal ance of the photoresist fromthe top
of the net al(j)cevaingithowpafiihe methil ddveCihorgenit diglttriandef Wk bh@orksiasindand
removi ng thef or&i on of ht he L9 ni c di.el ect r.ifﬂ etchstop material |ayer
under | yi ng t'Hé"§ PEXENE5OE M I RNOBIHC fiflsrigafaver Hieoraats diglestay sichstep 20
reached; (n)métbdidlil4}@r, tHeC@himiimigdnit diBiBctME BybrAUE heQUrgRl Ga flvel RALLLCIV@yer and
the thin inorganic dielectric |layer, and trenches in the organic

di el ect ri% e"l"g'h%'t%eﬁlséyer and metal level inorganic dielectric layer with

?n'[rg;?!ﬁ e?c@ﬁ?ﬁ% ar gﬁeﬁ?& ur(:lt(a;E rgghlr% wg@%ﬁ%@rg%‘%‘nﬁ@@éﬁ’é“‘@ﬁr i cat ed
accor di ng t anergasc disleetmicilamar; agreRioyinge Rrimhens laviag @ @ndionnl dgrphb@eksst r cui t
architectur ethr%fug}mil h;[ltlik}l!?SeSVD theirlll’]etlzﬁrlqucw?lgl%griﬁg Hlselectric layer;
(1) removing part of the metal level inorganic dielectric layer underlying the portions of
15 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
20  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.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a first integrated circuit architecture of multi-level interconnections

fabricated according to this invention.

30  Figure 2 shows a second integrated circuit architecture of multi-level interconnections

fabricated according to this invention.



fabricated according to this invention. 7 08 DEC 2003 WD 00/ 75988

PCT/ US00/ 15801 Figure 3 shows the formation process for a first enb@ghm?qu
of the invention resulting after organic | owk dielectric deposition;
inorganic lowk dielectric deposition and resist spin and bake. 5 Figure 4
shows the formation process resulting after via mask and resist devel opnent
and netal trench inorganic lowk dielectric-etch. Figure 5 shows the

process res\wbtonﬁ%gg@r via organic lowk dielectric etch. ]P%Tﬁisgﬂfsﬁme shows
u

the process result after resist spin and bake. Figure 7 shows the result
after netagl. trench sk and resi st _devel og]rrent. Figure 8 shows the result

r | ; .
after inorfd@iF ¢ SO Re (prmpiien prpeesyfor g first embpdigispirfahesipyapiop fsuliagul t af t er

sel ecti ve aienBigatic Riw-k BRictiric deh@stidh; Hr&RRWSW Ifelb@3Ubdpotib R hnddsist
i nt erconnect processing. 20 Figure 11 shows the formation process for a

second entsewiamd®ekeof the invention resulting after organic |owk
dielectric deposition; inorganic lowk dielectric deposition and resi st
spin and bake. Figure 12 shows the fornmation process for a second

enmbodi rfentFigire d show stherfsnaderdproess skuluRbatke vel makand rardddvrbgen mdl ow k
dielectric etch. Figure 13 shows the process after resist renoval. Figure
14 shows tH alﬁfeaﬁlé‘é"grg&f"f: ?W%rdg%{?ﬁ‘%c 6% k di el ectric deposition, inorganic
|l ow-k 30 dielectric deposition, resist spin and bake and netal trench mask
and resist_devel opnent. Figure 15 shows the process after inorganic |owKk
di el ect ri digyre A sh@vythg poEess 2601 2l \0OPEEUE BWRTlysDB/e1d801 Fi gure 16 shows
the process after organic lowk dielectric etch. Figure 17 shows the
process after organic lowk dielectric etch 5 Figure 18 shows the second
enbodi entFigure 6 sbevsatht grocéls réesnit efteronsigcpinpndbsssi ng.

Figure 7 shows the result after metal trench mask and resist development.
Figure 8 shows the result after inorganic low-k dielectric etch.
15
Figure 9 shows the result after selective removal of resist.
Figure 10 shows the result after Cu interconnect processing.
20  Figure 11 shows the formation process for a second embodiment of the invention
resulting after organic low-k dielectric deposition; inorganic low-k dielectric deposition

and resist spin and bake.

Figure 12 shows the formation process for a second embodiment after via mask and resist

25  development and inorganic low-k dielectric etch.
Figure 13 shows the process after resist removal.

Figure 14 shows the process after organic low-k dielectric deposition, inorganic low-k

30  dielectric deposition, resist spin and bake and metal trench mask and resist development.

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



Figure 19 shows a third enbodi nent of the invention after organic | ow

K
dielectric deposition, inorganic lowk dielectric deposition, orgahg8EC 2003
| ow-k dielectric deposition, inorganic |lowk dielectric deposition and
resi st spin and bake. 10 Figure 20 shows the process after via nmask and
resi st devel opnent and inorganic lowk dielectric etch. Figure 21 shows
the process result after organic iowk dielectric etch and inorganic | owk
15 dielectric to&ﬁws&:i gure 22 shows the process result afterP %ﬁjsg(%fsisa/]e

resi st renoval. gure 23 shows the process result after resi’s n and
bake. 20 Fngre %4 shogs t he g&ocess,result after netal trench nask and
resi st develOBHBAP ShETSSIF Booss el neeepisdoyskgtidledri¢ @lslul t after i norganic
l-owk dielectric etch. 25 Figure 26 shows the process result after organic
low-k dielectric etch. Figure 27 shows the process result after via

i nor gani ¢ | duiewe & ersstthe proease hfterprggnicdowwd ditlosrc etci ourt h enbodi ment of the
invention after organic lowk dielectric etch. 30 Figure 29 shows the
process result after resist spin and bake. Figure 30 shows the process
resul t afst erFigmt a8 stavertbhsaraskenandinias potesd aite] OpimRRdonnedpRcdsigEC 2003 WO

00/ 75988 PCT/ US00/ 15801 Figure 31 shows the process result after inorganic
|l ow-k dielectric etch. Figure 32 shows the process result after organic

| ow- k di el ectipire 198bwsasthid efbsdimentdt Bl iAVehER: Q@Q@gﬂpi&\!k%l PREFERRED
EMBODI MENT The integrated circuit architecture produced by a first process

enbodi ment  GFEPRHHEOD, INeTEEAIS Iy ki diclegvanlappsitipy eraanit lowHi dielsttiaidepasiGonises t wo
di fferent kliQ %‘ﬂé lolvxgﬁ"d}rtﬁ.leglﬁldgﬁésftloﬁ akméﬁist ér%‘g?ﬁd];‘%i@-t he I MD, one dielectric

is organic an e ot he Ielectric 1s 1no 10 Shown in Figure 1,
architecklure I, is the part of the backend of an integrated circuit of

mul ti-level dnte nnections fabricated agccording to this invention. An
or . #Rgure 1’28 ghows tfme process :?ilt)er via masﬂ ang I'eSlrSt development and inorganic low-k
ganic | ow ‘
dielectric etch.

Figure 21 shows the process result after organic low-k dielectric etch and inorganic low-k

15 dielectric etch.
Figure 22 shows the process result after selective resist removal.
Figure 23 shows the process result after resist spin and bake.
20
Figure 24 shows the process result after metal trench mask and resist development.
Figure 25 shows the process result after inorganic low-k dielectric etch.
25  Figure 26 shows the process result after organic low-k dielectric etch.
Figure 27 shows the process result after via inorganic low-k dielectric etch.
Figure 28 shows a fourth embodiment of the invention after organic low-k dielectric etch.
30

Figure 29 shows the process result after resist spin and bake.

Figure 30 shows the process result after metal trench mask and resist development.
9



dielectric is used for via-level IMD and an inorganic |lowk dielectric is

used for netal- level IMD. The architecture 11, structure is producd DEC 2003
according to anot her enbodi nent of the invention. Architecture Il differs
fromarchitecture | in that two thin |ayers of lowk 15 dielectrics, the

top one organic and the bottominorganic, are added in between via-Ievel
and netal -level IMD s. The process steps used for the fabrication of via 1
and netal 2., n@ﬂ7 b repeated again for the upper levels of v asiA8, et als.
In the many e 5|nents of the invention, alternating diefeectrlc | ayers
have is a significant difference in etch rate. The invention takes
advantage of a significant difference in plasma etch rate between 20

or gani ¢ angidufo3 1036 b Bb&s! FebniBaftel foSeah® 160l AV &ih@hkie when the sane
dielectric is enployed for both via-level and netal-level IMDs. In
oxygen-based plasmas, organic dielectrics etch trenendously faster than

i norganic I | de bas | asnas,

i norgani c gllggkc:%{lﬁoggthgt cﬁ&%&%h aﬁe?e%%ﬁ g(%v lérgaeﬁlné: a(‘?dr 'y gtrgll?cs 25 A first .
process>enbodi nrent of the invention is exenpllfled by Figures 3 through 10.
These figures shq s fornatlo of the first-|evel

I nt erconnect or =ive ‘ Aw-l t hrough the
second- | evehe m‘tegrm@élﬁ,qmeaﬁtectme pk@iuaéd%aﬁi@m&%&s erﬁlktﬁmﬁé}ﬁ%fmeocesw ng
steps can be repeated again for upper levels of vias and interconnects.

Fi gure 3 sHu#BlaS shayt wrhigyrslr Joisstractutetuses typ diffetenikingh of lowek dieledteigosi ti on
of an orga | ti.on of an in
organic Ig&fEh§¥gkg§g§#%%%ég&égﬁ%§?légﬁ@gﬁgh%gw%WHagﬁgémlﬁﬁgg¥%5|st The
or gani ¢0l oﬁhdaovmiireﬁ”agmtm a:rchmesnaq:)blls thdpﬁmoﬁihesbbhtkéﬁda'ifen Iitavgmgi arquixtdfer n of
metal lines on . its surf ..cal. substrates. include those suitable to
be. pr ocess B IRE fHPRRGGPa M G RRIBE FofRdm et o SERGARK 10 0 8 DEC
2093 WO 004itR8 PGkl EH004-1H80IMI and &finordehit &R)-R dRREldiaLRa hiohethiDe present
i nventi on non- exclu5|vely i nclude sem conductor materials such as gallium
arseni de (¢XASMD glierpetitEered]. sinedtre isrpducshacoguhngdniapether embrfiamAthPbbat e

and conposigei lﬁmtls& nt«%mieeﬂrém hfffc%éﬂﬁn 3 Lﬁé Y &tad! t\b@ @mn P}/J:rk GPRw

pol ysilicon, anorphous silicon, epitaxi a I con, con g’l oxi de
(Si O2) land dislenirics.theiop ohe prasic al thelbiorien lmrmcyplwdﬁéd)ﬂnfommwbyeml | known

l'i t hogr aphi , ' ter e clu
al um num a du%gtﬁg%bgawﬁﬁ)yg', %}é%%)rggérs? &0 useé %r'ﬁT folglncap?n ?fl‘ﬂa Eﬁ?dqrflgﬁfgl um and
t ungst en. Thesaepdandsghiarion thbeppo lmlrals'roﬁms &id radials. In the many embodiments

of the invention, alternating dieleectric layers have is a significant difference in etch rate.
The invention takes advantage of a significant difference in plasma etch rate between

20  organic and inorganic dielectrics. This is not available when the same dielectric is
employed for both via-level and metal-level IMD’s. In oxygen-based plasmas, organic
dielectrics etch tremendously faster than inorganic dielectrics. Inversely, in carbon

fluoride based plasmas, inorganic dielectrics etch much faster than organic dielectrics.

25 A first process embodiment of the invention is exemplified by Figures 3 through 10.
These figures show the process flow after the formation of the first-level interconnect or
Metal 1, and the process flow 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. Figure 3 shows the interim structure afier step 1 whichisa

30  deposition of an organic low-k dielectric, step 2 which is a deposition of an in organic
low-k dielectric and deposition and baking of a photoresist. The organic low-k dielectric
is applied to a substrate having a pattern of metal lines on its surface. Typical substrates

include those suitable to be processed into an integrated circuit or other microelectronic
10



integrated circuit. Such are typically closely separated from one anot her
at distances preferably of fromabout 20 microneters or |ess, nor@$pEC 2003
preferably fromabout I 10 mcronmeter or |less, 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 dielectric formng
materials which are well known in the art for use in the fornmation of

m croel ectronjc ices. The dielectric |layers may nonexcl usji i.ncl ude
silicon 15 cthOa{}:aﬁggﬁg spin-on gl asses, i.e. silicon contai n?’ﬁéﬁ}%q“f?rﬁér such

e
as an al koxysi|ane _ polyner, a silsesqui oxane polyner, a sil oxane pol yner;
a pol y(aryl effdicat Ruifable substratesdprn thapeernp v suan yPesEclesivedy include her pol yneri c

di el . . L . ; ' ] |
ielectric {@@ﬁwn@&&m HABMOLAHS; it BrsOide (ﬁaé%}é‘%&ﬁiakmﬁ{ QI%qu,g.Esg%rg“ y

criteria fo IS Invention 1s that organic trics are

adj acent to genoemgami idthdirehiebdte arglscompesfiers contgmmgsildioe sedtas crystaline t hose

whi ch 20 fol l.ow whi,ch.are carbon contai.ni ng .and i nprgani cs.are.thosge which
Fol Low whi o R ROERR ERPRER e R A e uhie i B FCigamat. 11 ¢
materi al usehidurtOthelebf THRVMRBES ir Bypicaty BGeEH, WANRRNOMEogrSihid €&hniques.

al koxysi | ane_pol ynmer formed from an al koxysil ane nmononer whi ch has the 25
fornul a: R iSwEbR majgalsionthslinsaggludealypinpmealgmiugualloyacepiendeprendent | y C,
to C4 al koxy,;gtouRs dndatne | En hed ' y sel ected
fromthe gr&hpgdoﬁgfsfiﬁé o?’ﬁ@ﬁ?@%eﬂ} a?k@ﬁ? pEgEGﬁ@Bﬁgﬁﬁggﬁ, substituted
phenyl . Pr efiptegiited ogrmuith Sch srenyidalix glosely bapapted fropr @pamytheddt d3taBcdSEC 2003 WO

00/ 75988 PCT/ US00/ 15801 Suc re co rcially availapble fromAlliedSi gnal
as Nanogl ass em%ﬂ‘?’e‘iﬁ?ﬁ %%‘E%‘%‘b““&?%?&%fsr glﬁée pr’f%lﬁ@ﬁ@rt%’%atfoé‘f aet hoxysi | ane
(TECS) . H somitssthétbr cxNéds iynd hdgesisfetabNaTE&Sm Bt 0@ \eBoitthanik e a

[ (HSI OL. 5)xOy]" , hydrogensil sesqui oxanes whi ch have the formul a
(HSI OL.5),,, and hydroorganosil oxanes whi ch have the formul ae 5

% E Eg: 81 gg ' gléé;glg%c a;tgdf}'l@nganicf é:'éi%l:t%%é&ﬁ(&sﬁ%n%a?):&%ﬁhs%@gy of a wide variety of
dielectric forming matenials which are well known in the art for use in the formation of
microelectronic devices. The dielectric layers may nonexclusively include silicon

15  containing spin-on glasses, 1.e. silicon containing polymer such as an alkoxysilane
polymer, a silsesquioxane polymer, a siloxane polymer; a poly(arylene ether), a
fluorinated poly(arylene ether), other polymenc dielectric materials, nanoporous silica or
mixtures thereof. The only criteria for this invention is that organic dielectrics are
formed adjacent to inorganic dielectrics. Useful organic dielectrics are those which

20  follow which are carbon containing and inorganics are those which follow which are not

carbon containing,.

One useful polymeric dielectric material useful for the invention include an nanoporous
silica alkoxysilane polymer formed from an alkoxysilane monomer which has the

25  formula:

30 R
wherein at least 2 of the R groups are independently C; to C; alkoxy groups and the
balance, if any, are independently selected from the group consisting of hydrogen, alkyl,

phenyl, halogen, substituted phenyl. Preferably each R is methoxy, ethoxy or propoxy.
11



each of these polymer fornulae, x= about 6 to about 20, y=1to abtrﬁht@&, [jﬁ_
about 6 to about 20, n=L to about 4,000, and each R is independe I—I2 gl
to CB alkyl or C6 to Cl12 aryl. The wei ght average nol ecul ar wei ght may
range from about 1,000 to about 220,000. In the preferred enbodi ment n
ranges from about 100 to about 800 yielding a 10 nol ecul ar weight of from
about 5,000 to about 45,000. Mre preferably, n ranges from about 250 to
about 650 I, @EP a nol ecul ar wei ght of from about 14, 08@r/iQooAlkSu4t

36, 000. Use ull polyners within the context of this inventi on nonexcl usi vel y

nydr ogenStHy FELP DTSR Ay BB RIS AL RS P NE o sa o ERBPRTER o ane,

hydr ogentafdokysilhfe IlﬂUﬁdﬁ'léilli e¥aRx hbﬁq‘i‘ OO ERY |u§dfﬁl(%¥@-ﬁ&%rogen51loxanes
hydr ogennet hyl si | sesqw oxane, (Pgdr ggpnet hyl si | sesqui oxane,

hydr ogenpfesiiaxs the frmulad BRHE) )« SEpSHSPRaQ B GYhiekbaYe, the
hydrogentGihaPiisibph, SP ARV EREsiTR esWh%@?ﬁlg? Jo sesqui oxane and

m xtures there orgahi ¢ polyners inc ylmdes fl uori nated
and nénf [(REIDna1 @R N y)s_ﬂe,r &1SitDms ) &St@ gyl aand {(HNO]. ﬂmyem@ng)z]zom

nonf | uori nat 0 er S) der t adenarre FLARE TM from
AT eda shah Siinde pURE BRI 3L Bifted Rud ARl o o LB &
hydr oor 9&8&&'7b0%=61r‘t6%b0ut mﬂoa (a8 BhaVTe isahdepEsdentlf HUO[ ﬂor@gtaqa@l BeLYyfaryl ene
ethers) and nmixtures thereof are preferred. Suitab e%fto a% (aryl ene ethers)

2

or fl uorisRat &be wsqu'(%fﬁs%weleéwhre‘f@;htawrkﬁﬁﬁxﬁmm ghouh b0 Wm U.S. patents
5, 155, 175200%0&1&. uZé3 eﬁ%dém%%o?mgrﬁ%ra a%gtg%bx{ﬁ@ﬁ thlﬁgfs) and 25

fluorinated pol y(arylene et are | ¢ ose pplication
seri dl0 mmmjemlar%i@%f frd5iy alpquk é,@()@)eao@nbte% 02, M®Oprefdnabdin mrsngenﬁompor at ed

herei n bybret BHENGEe utéﬁ)r 1‘«iﬁirre(ljl_' %(%Pll%gtrﬁ erlagbc?g' Eﬁ@ﬁ‘ﬂm m1:tor use in this

i nventi o aré éontrercialt y avai under the

t r adenans6M00UgHeAs gol¥mids withinliRe eontbxToflifis ifdemibn ddﬁ@d‘clilkwalli,'endm&fehw at ed
i ynmers avail.able from Al liedSignal |Inc. under the 30 tradenanes

si | oxane I i
Pur espi nﬁ%ﬁ@ﬁﬁl%@@ag%ﬂmﬂmﬁq#%n&rwdfpggnmeﬂzv POBASEC 2003 WO 00/ 75988
PCT/ USOO/hquél%géneﬁfyﬁ@fd'n@d:lyﬂHgbﬁﬁ@pﬁﬁl‘akﬁlcnhﬁ%g@hﬁ]tﬁgwxhﬁe hedbsehdrnCl ude

polymers having a forrmula selected fromth &oup consi sting of

[(HS| 161 . HprtgyipraneHnidoresphenylsilonenahydpsenyetsisiaesg)ipxane, _
[ (HS OL. 8} {BSicMhtsAloth NoRRY, HybHSe by 1siUg RSk, 5) : » ] nwherein x= about 6 to

about 20,
hydrogenbutylsilsesquioxane, hydrogenrerz-butylsilsesquioxane and

hydrogenphenylsilsesquioxane and mixtures thereof. Useful organic polymers include
polyimides, fluorinated and nonfluorinated polymers, in particular fluorinated and

20  nonfluorinated poly(arylethers) available under the tradename FLARE™ from
AlliedSignal Inc., and copolymer mixtures thereof. The hydroorganosiloxanes, -
poly(arylene ethers), fluorinated poly(arylene ethers) and mixtures thereof are preferred.
Suitable poly(arylene ethers) or fluorinated poly{arylene ethers) are known in the art from
_U.S. patents 5,155,175; 5,114,780 and 5,115,082. Preferred poly(arylene ethers) and

25  fluorinated poly(arylene ethers) are disclosed in U.S. patent application serial number
08/990,157 filed December 12, 1997 which is incorporated herein by reference.
Preferred siloxane materials suitable for use in this invention are commercially available
from AlliedSignal Inc. under the tradename Accuglass® T-11, T-12 and T-14. Also
useful are methylated siloxane polymers available from AlliedSignal Inc. under the

30  tradenames Purespin™ and Accuspin®T18, T23 and T24.



y=1 to about 3, z= about 6 to about 20, n=l to about 4,000, and each Ris
i ndependently 5 H Cl to C8 alkyl or C6 to Cl12 aryl which are di scig{sd N
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 organi c content silicon containing polymers such as those having the
forrula I: [HSA.5]n[RSIA .5/m10 [H0.4-SiA.5 -

1.8]n["OA- 1. %‘@‘%ﬁ’gﬁ 1.8)m [HO-1.0-SiOL.5-2.0]n[R SiOL. 5] npcr/usoornssol
[HHSIiOL.5],[RSITOL S| y[ SiQ2] z wherein the sumof n and in, or the sumor X,
y and z is fromapbout 8 ta about 5000, an m and are selected such that
Y arbon_ cont &b e ErtaRec s B pina Rt gt bt pilife SPrRiSelEE L
about 40 MlgRaD@E gRb cold@hingB! HHRMGI ND, 1 AESEY LYUCIHED, k) O[RSHD, hpw or gani ¢
content where the carbon containing substituents are present in an anount

of |ess tharli(HSiQoﬂt(Rﬁ@lnb]né‘“?)ngcgécﬁlt-S?-‘OT%‘é!-%W%xﬁg@‘ﬁléé‘b?“?%ao’mre
fully in U S P@ib%ﬁis,z%%dé%ﬁ& Lkt 36 n=dlo MQDG@%@@:&h@@i}in&béﬁgmwr ch 20,

.
1998, which”is I ncorporate erein by reference. Also preferred are
certain B git,dhgafk elkglomtCame Caiaryl ederboondisdlered n Y&l patentappl@tigusdnahs t hose

havi ng the fornul l.: i Q1. LO . HO.4-1.05 OL.5-1.8]n
[ RO.4-1 oSi @f?@grl(.?gé%%m% ﬁ%@ﬁ@%ﬁ?ﬁ g?@?dﬁiﬁﬁé{sﬂ@gﬂoﬁt@?aflﬁyt he sum of n
and mis frqoprrRRetAIS prefeia@uie cBRLIN Ixncgmit orfi@l sitit@tcontiing pelymeRe 25
carbon containing substituent is present in an anmount of from about 40 Ml e
percent or syeteastthese havige thadermulak X [RSi O1. s]y [Si O2]; zwherein the sum of
X, yand z is from abEI{I'tS'(ﬁ H}R%bauﬁ 5000 and y is selected such that the
carbon contai ni ng substPtUEMt 8- plesent in an andunt of about 40 Mole % or
greater;;, 30 and wher gin Eﬁgl §-|1Eﬁqlﬁﬁ.ﬁﬁ§idl_§9r§]n§‘1b5ti tuted and unsubstituted

ed al ky

strai ght chain and br nch groups, cycl oal kyl groups, substituted

and unsubstituted arylHQ®IOSs., JR-SD)ILUres 13 6 8 DEC 2003 WO 00/ 75988
PCT/ US00/ 15801
[H-Si0y s][R-510, 5}, S10:]), ,

wherein the sum of n and m, or the sum or X, y and z is from about 8 to about 5000, and
m and y are selected such that carbon containing substituents are present in an amount of
15  less than about 40 Mole percent. Polymers having the structure I are of low organic
content where the carbon containing substituents are present in an amount of less than
about 40 mole percent. These polymers are described more fully in U.S. patent
application serial number 09/044,831, filed March 20, 1998, which is incorporated herein
by reference. Also preferred are certain high organic content silicon containing polymers
20  such as those having the formula IL
[HSi0) 5]a [RS1O 5]m
[Ho4.108101 51810 [R0.4-1.08101 5.1 8)m
[Ho.1 08101 5.2.0]a [RS5101.5]m
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
{HSi0, 5]x [RSiO1 5]y [S10:]:;
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



thereof. The specific nole percent of carbon containing substituents is a
function of the ratio of the amounts of starting materials. Polymet&DEC 2003
having the structure Il which are of high organic content where the carbon
cont ai ni ng substituents are present in an anount of about 40 nol e percent
or nore. These polyners are described nore fully in U S. 5 patent
application serial nunber 09/044,798, filed March 20, 1998, which is

i ncor porat e in by reference The polymer may be present_in the
dielectric g’@n@%ﬁ'i on in a pure or neat state (not MXeQP%”tjsr?“’éW'

solvents) or it _may be present in a solution where it is mxed with 10

sol vents. Hgreef Ib¢ srepifis mplepgspeas eharbonirenigmingrubstiteenprief 6matibryofthesent i n
an amount gf. fHOPARAUEF dardad Q) t 9 -wei ght of the.pol r, nore
preferably fromabout 3 % toé’ al%%ﬁfgl E'ZPOOFV&W{QI'E%’I%Wgﬁ‘f&ué%hpwg‘ﬁcgﬁrg|g§

pr ef er abl yhigr ergemt comerd iwvharegbn¢ariodn donaimindoibtiithbénts e pRsabtibn HHuie by wei ght

of the di ecgegt rti4§ COCIQEOSi tion rrgfle Brleferabl from about 80 % to about 97
% Suit abl € “83f'vedts FREL of MRSy &Pspe PRYMGEETaRsohed mast (iR Ustich as cyclic
15 ket onespaidnt hpifhic REbnCAAIGRAIBECTHOG, 798Y £l MEX AN €995 Wl A hexanaagand
cycl ooctanone; cyclic am des such as N-al kyl pyrrolidinone wherein the

al kyl gr ous™HakY f4'UEA°E- t 0 about 4 carbon atons, and
N-cycl ohexyl - pyrrol i di none, and m xtures thereof. Once fornmed, the
dielectric conposition is deposited onto a suitable substrate to thereby

20 form a elpipher iy paRelti® S URIEHH @mpPSRoS i d Al BBLEcanduct ed via

conventional spin-coating, dip coating, roller coating, spraying, chemn cal
vapor depo®ixef $ithi#aY FRIYINLS) §F It My bie PEasent cpastinipreheiodss mied ithr e wel | - known
i they@r teoSRisMWRERALI G e PRSI, tolsEnes s, Of pol ymer
| ayer on tsr?e sabstrate mgty t::/glrgy éépe@éﬁg?g&r{e%ﬁgly%&égﬁﬁﬁ%rhouﬁl%cgfgedure and
par anmet er e aput bl totappit S&I% Yy whight diitteknbasr,more pafeged]yf fomukmt abput 500 0

t o about 50, o d ef er abl rom.ahout 2000 0 to abgut 1200Q_0. The
amount of iae&ggﬁr/?'gﬂgé%ggic?wg%%g{)'ﬁPfcéedaqﬁ%prfﬁgt '§GB§‘PP‘3’(‘8?$&‘9 aé%H’ Ofrom
about | m % 4 sboabsit, tlGvaight ofthel dipteetrie cahpasition oMb ray FhmiaBodltoyl 8 nl .
In the prefe reg Deg@gdi merlt, the Iiquid dielectric conposition is spun
onto the u‘ﬁﬁé‘?m Or't atiabls solvatnonexeiusivalydprleersgrotie slraspugpiseyelisc hni ques.
Pref er gl yketanb@inemhmgeycwp%mﬁorie&ytamﬁéﬂaﬁaw?&cia}ie;&ﬁmeraﬂh LycigoPRhydeng the

liquid dielectric conposition to the substrate and then spinning the

subst r at e QRlicamidesurtng Nvalkutpymplidignae wheretmribd alky! fereembatiant 1 50outd about
6000 rpm caffofiythAbind b EQRRRA ARk Carft Rt QR EPM  FoOr about 5 to

about 60 seconds,

Once formed, the dielectric composition is deposited onto a suitable substrate to thereby

20 form a polymer layer on the substrate. Deposition may be conducted via conventional
spin-coating, dip coating, roller coating, spraying, chemical vapor deposition methods, or
meniscus coating methods which are well-known in the art. Spin coating is most
preferred. The thickness of the polymer layer on the substrate may vary depending on the
deposition procedure and parameter setup, but typically the thickness may range from

25  about 500 @ to about 50,000 @, and preferably from about 2000 © to about 12000 @.
The amount of dielectric composition applied to the substrate may vary from about 1 m!
to about 10 mi, and preferably from about 2 ml to about 8 ml. In the preferred
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 by 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,
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0 8 DEC 203 WO 00/ 75988 PCT/ US00/ 15801 preferably from about 10 to about 30
seconds, in order to spread the solution evenly across the substrquE[} 1003
surface. The polynmer | ayer preferably has a density of from about g/ cnB
to about 3 g/cnB. 5 The dielectric layer nmay optionally be heated to expel
residual solvent or to increase its nolecular weight. The heating may be
conducted by conventional neans such as heating on a hot plate in air or
in an inert atnosphere, or it may occur in a furnace or oven in air or
an inert at mo¥h9F&%8or it nmay occur in a vacuum furnace or RACIMBYVen.
Heating is preferably conducted at a tenperature of from about 80C to
about 500C, pmfgraiy ieom @bgnt & o abloh30fseenndaboatded B0Eraa0 thrlsolmtiod 2&nly.  Thi s
heating is p r £ Lhute to.abaut 360 m nutes,
and nore pr e%cg‘%gﬁ]ﬁt} h Sru(%%rsglg(%%?ﬁég 1%03%%2%%9%16%&%%5 Se""s&ﬁIl S‘%hog%ﬁ& a&ﬁ%{q | ayer
may al so opt i/omatd apolne gxpbsed to actinic |ight, such as W light, to

I ncrease its nol ecul ar wei ght. The anpbunt of exposure nmay range from about
100 mJ/cn2 to about 300 mJ/cnR. The dielectric layers may optionally be
cured by 45 @N@diaakémehp@fsrﬁ@ dpRioRAIB Tk hele PRATHEIFN i@l YlvenEbaE iR QM sDREAM
exposure may be controlled by setting the beam acceleration. Electron beam
radi ati on mapoteailar wighteTherheains masrrrendudtediymgn ventienal snchoy suph esticdiing

el ectron bea | af i 10. - | aced therein, Lt is ref.erred that
the el ect ron%égﬁp@%g&l}nﬁ "i e%%%t"g%%%ﬁ%toég TS P FEDAGE QF SR AN of

el ect ron r adbghianinetraomosphtrayqét-aneacal ie atvaaunbfidincs otvetum Braf Beadlgy, an

el ectron beam 20. chanber i s used whjich ovi des | arge area el ectron
source. Suit SPrEeaPKEPY teaébﬁemeﬁé%?fg{% %b"é‘bﬁ&gr%ia 79t y0hGatBPE from

El ect ronjyi spRRratdy férhlab@fi 14090 e dSh@nak °ENGhis heidas plehatly AFRME Bom
"El ectronCureTM' . The principles of operation and perfornance

char act eri st pRogit bz e aayti 308 mipwes arkmpiseepiably fom euehio sbo@dd, 178, the
di scl osure of.; ] | 3. ' CE. e ature
of the el ect &6nnu\£\%égﬁr% %%“tgg%ﬁ@ég%gﬂ?ﬂg@gﬁ'w%ﬁé%%‘? ?%%ﬁa{b%;g S H%O%R‘F% about
450C, nore plighitepairgasé tompkbdent wei0CThoarabow b f $@oSirancy nangt frpmedbeutabl y

from about 2 apout C... The &l ect.ron , beam ener I,s preferably from
- about .5 Kev%)(f):myﬁjrgu © %Bu%eb\g},mjécr%' nf;}'ree(ﬁ%?cg?ceira Tt ¥ ?pglr?ﬁg/’g%ﬁﬁreggi(o about 10
KeV. The 1sloseverill elpesddnopiectian teae ratiaihyEfttesn wamildpdsutomabsidonr A0S

pC/cn2 and nore preferably fromabout 50 to, apout 20,000 C/cn2. The gas 30
Db ent in t F té&@?&hﬁ%éaﬁ%% SHER DR ZHYAP maydale %csmﬁgc@m@

ni trogen, OXY&&Hs a means for providing electron beam radiation to substrates placed therein. It is

in

preferred that the electron beam exposing step is conducted with a wide, large beam of
electron radiation from a large-area electron beam source. Preferably, an electron beam

20 chamber is used which provides a large area electron source. Suitable electron beam
chambers are commercially available from Electron Vision, a unit of AlliedSignal Inc.,
under the trade name “ElectronCure™”, The prinéiples of operation and performance
characteristics of such device are described in U.S. Patent 5,001,178, the disclosure of
which is incorporated herein by reference. The temperature of the electron beam

25  exposure 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
beamn 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 uC/cm’ and more preferably from about 50 to about 20,000 pC/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



hydr ogen, argon, a blend of hydrogen and nitrogen, ammoni a, xenon or any
conbi nation of these gases. The electron beamcurrent is preferably from
about | to about 40 mA, and nore preferably fromabout 5 to about gm0}
Preferably, the el ectron beam exposing 15 0 B DEC 2003 step is conducted
with a wide, |arge beam O electron beamrttthalton froma uniform
| ar ge-are el ectron beam source which covers an area of from about 25.8
ceps (4 square inches) to about 1,645 cn2(256 square inches). .i N bs art:
funned in the inorganic dielectric |ayer by well known photo technique--,
rising a photoresist conposition. Figure 4 shows the coated substrate after
step 4, i.e. imagew se pattern ing and renoval of portions of the resist
and step 5, an inorganic dielectric etch to formcavities through these
| ayers. Such are formed in a manner well known in t%‘an such afs]by
coating di e phot or &8F §EOGPHRIET S Y BORFRE B PO AR HTERY TR WY P8h such as
t hough a suitabl e ke devel @ph ryret heicpheromagiaof ranthouidddlithg anay
portionstiutu of tReslbengae ¢adinelsesdt (o b@ukainescavi ti es. The photoresi st
conposition nmay be positive working or negative working and arc generally
commercially available. Suitable positive. workin t LSts, are well
known in the art am f‘f’fﬁ&’/"‘(ﬁ‘ﬁ)%‘t“’i"é”g%mﬁhﬁ'ﬁfﬁﬁilﬁvtkjrlr(#é ‘g"ng!z?'?“ E'}r?'mcq;ﬁ‘gﬂp gﬁ i
sensitizer. tic o- dEbHOWRNSIE aghoirestcosamdipg.j ae? § ’i’]‘f:‘l"ﬂfd’&"@h‘éh‘g‘!‘&%h"hone- 4
or - 5-sul f onyl - di azisées i.diisggkeisgdtdminglghd rGnoval PipaainEoTIRg SEsistANY b 2 413
3, 106, 465; 3, 148, 4&31'rgalac did B fh rodard Qavicd2Bnugh (88 282 S3uchird mnB8ed802, 885. When
o-qu none di azi des AL8, LUaRllowPh & el £tk Bl BctaBthe bRAA: infded i Exdoking vl ef
insol ubl e, aquegus al kaline. sol uble or swellabl e bl nading,L6siMagnhich is
acurge dkdjon u'..ffldsllu Ohaauj cutask, dev Ji'l U.rJ.LQJl 1
prcferably a noWol AkHUE PRSP R RPN E SN ect.ri cyresins. my be
obt ai ned 20 comer 61“’&1‘5%&“*?‘6?”‘%%&’1’?{5‘f“&“{“ﬂﬁ V‘ﬁf"‘r{g'"tfr‘“é{d’é name of AZ- P4620
from O anant  Cor poemsiosigon vy @GH%WWP*@MW“%‘N@% RIS SRS esi st i s
then i magew se exposadecibity asitablinisoitha ghsitive enking phntassitsisghrcllikppwhie vi si bl e,
ul traviol et or infparuadsd B8 @MErs in d-fEnonsheile Fadiitisrwesiigér. thewamiaonor  scanned
by an el ectron Be?';ﬂugh@ QRN GRRLEOR: RIS - or- Ks8I AigfldeR Bisdied HAL BNI C

radi ation may be in 0 i r .l . 1RNeiLayedhsldght, for
example, light f ro&“‘éﬂtm‘é’é%’% '%‘3%9%% 32‘2?3% ’?hs]iqt(gg% e

i i 31802 d Piod AR Sfuad gV el oped
using a suitabl e sABRRS; VR AauRmEH BHirse- Pﬁ? i e “SolUtion,  Optionally
the photoresist | svameiasobible muenilkaiptsotubip fFaVpiaP ibB‘H"Eg PERBOEP Sng |
t hereafter devel opeetfarably a novelak, Suitable positive pholodielectric resing may be obrained

20 comnerciaily, for exemple, under the trade name of AZ-P4620 from Clanant
Corporation of Somerville, New Jersey. The photorcsist is thea imagewise exposed
to actinic radiation such as ight m the vistble, uitraviolet or infrared regious of the
spectrum through a mask, of scanned by an eleclran beam, ion or neulron beam or
X-ray radiation. Actinic radiation may be in the form of incoherent light or coheren

25  light, for example, light from a laser. The photoresist is then imagewise developed
using a sultable solvent, such as an aguenus alkaline sniusion. QOprionally the
photoresist is heated 10 cure the Image portions thereof and thereafier developed
cemuve the nonimage portions and define a via mask, Vias are then () by
etching techniques which are well known in the art. Next the pholaresist is

30 completely remaved from the ingrganic diclectric surtace by plasma elching. Plastisa
generators which are capanie of snch eching are described in L].8. patents 5.174.356

and 5,700,073 |

Nexy, in a sIXth step, the organic low-k diclecuic iv cteled Ly vo dtch chemisuy

25 which docs not remove the inorganic low k dielectric. The resulling structure with

vigs is



renove the noni mage portions and define a via nmask Vies are then

et ching techniques which are well known in the an. Next the. photBﬂéEEﬁﬂml S
30 conpletely renoved fromthe inorganic dielectric surface by platelet
etching. Plasma Venerators which are capable of such etching are descri bed
in US. patents 5.174.856 and 5,2UU,tJ:i | 35 Next, in a sixth step, the
organic low k dielectric is etched by an etch chem stry which does not
renmove the ingiPRRkdks! ow k dielectric. The resulting struct wegnsbd3servi as
is 16 0 8 DEC 2003 WO 00175988 PCT/ US00/ 15801 shown in Figure 5. Next, a
resi st application Stenr 8 i red for al_trench terni ng. Anot her
phot or esi st %gwg F'guré r%sgsltla qlcf‘thon Ster?orIaéﬁugcgfoélnéc@ﬁ&m&ml ayer and
fills the le&&eﬂnﬁhgt hﬁotﬁé(qﬁlbtcﬁesdi 8lappliddite tHeayes e thotdagicididécgarlagerdh@l ectric
| ayer with hotoreslst Figure 6 shows the structure after application and
baki ng of th‘ﬁsltﬁ?é‘tas grth ‘50‘1‘3’@%‘? dielefigicdpyengnd ‘F‘h‘“ﬁfga@'icgqﬁ'?‘?“sctlé}f?r“ e i magewi se
exposes the t PSR a
portion of t%@%ﬁﬁ%ﬁtﬁ%ﬁéﬁkh}@ﬁ%ﬁ}k? %étgggﬁ%apﬁ%%ﬁﬁgrganl cg%qél{eel \étgfl c layer;
and renoVes msigonatennh [nad clsblstep, @rlepmagﬂvosr: faioosehedﬂqghmmduresglsat metaltomgh a

t hi ckness of the |anor gpeirrclzovglsael ectr IoPthe er tﬂg ﬁ' :11 chtJt seen in Figure
7. 10 A ni ntResy BRSFERETFEY S ERAVORS R O%fFSIf P NG YaHi & EPE Rt ric | ayer
under | yi ng tdiglectiotdyerasd @mobize q@hmroern63¢as£s d’[ﬁimmedtﬁé phibtdrBgst tiapugifa t he
inorganic dielectric layer to form_ trenches in the inorganic dielectric

| ayer. Due t® ‘%‘ﬂ@ﬁi"g@fs Iprgang drlesbac BrsrwBheTetds ssent Gi8Hiec and or gani ¢
dielectrics, the plasma etch rate of lowk organic dielectric can be nade
to be significantly less than the plasma etch rate of the inorganic

di el ectri. Agimh $8p reqgui¢sremeting partef the wosavindislectres lryrongdaniymediel ectric on

;ggr g;c:]heTﬁIge m Cc1fgﬂc ph%&)g'ésis?rek‘n%lx_aecﬁr&%rt%qbpi_ﬁpthgRr?orgatn?cpdlel%cé&g YL \}g go In this

bal ance of tﬂmﬁmpénoh tired8organid d:eletthb&yéoﬁ)ueio ctH&ﬁudamufﬁg&lnces beéredlitel ect r| c

| ayer andfromthevas an he. res ult is shown igure 9. Step i fills
o i ao i n PRI P EaEF HielsErien STt e b i KoPEAp e it GaRioE

‘ di el ectric Wnhde @ taBigalficafly less than the plasma etch rate of the inorganic dielectric. Asa

15 result, the etch stops once the inorganic dielectric on top of the organic dielectric is

cleared. No etchstop is required in this approach.

The result is seen in Figure 8.

The next step 10 removes the balance of the photoresist from the top of the inorganic

20  dielectric layer and from the vias and the result is shown in Figure 9. Step 11 fills the
vias in the organic dielectric and the trenches in the inorganic dielectric with a metal as
seen in Figure 10. Suitable metals include aluminum, aluminum alloys, copper, copper
alloys, tantalum, tungsten, titanium or other metals or mixtures thereof as typically
employed in the formation of microelectronic devices. The metal may be applied by such

25  techniques as vapor deposition, sputtering, evaporation and the like. Copper 1s most
preferred. The thickness of the metal layers is preferably from about 3,000 to 15,000
Angstroms. Typically the metal is applied by first forming a barrier metal seeding layer
on the walls of the vias and the top dielectric. Then the balance of the metal is applied.
As used herein, the term “a metal” includes amalgams of metals. A barrier metal serves

30  to prevent diffusion of the conductive metal into the dielectric layers. The barrier metal
may be, for example, Ti or a mitride such TaN or TiN. Copper interconnect processing is
used to form a self-aligned metal barrier on the top of the copper interconnect. With a

metal barrier on top, the commonly used silicon nitride barrier is not necessary. Itisto
17



seen in Figure 10. Suitable netals include alum num alum num all oys,
copper, copper alloys, tantalum tungsten, titanium or other neta¢€ F¢ 03
m xtures thereof as typically enployed in the formation of mcroe g 3%‘
devices. The netal may be applied by such 25 techni ques as vapor

deposition, sputtering, evaporation and the |like. Copper is nost

preferred. The thickness of the netal layers is preferably from about 3,000

to 15, 000 gns Typically the nmetal is applied by fipeﬁhs{)@{s%ng a
see ng

barrier | ayer on the walls of the vias and
di el ectr ) Thenm{{tﬁ | ance of the metal is. applied. As used here| n, the
term"a é.‘P derjt gf8ess TP HAS %WEP??éetdéP§r°VKlet?aﬁeFF5e?fSHt§%bé¢ lagess 9o 30 to

prevent dichfidttips 6@?0&%96’[‘H&tdnvtﬁe IRkRdte lJBerlIcQ ediratt E\S#e'l\?q rs. The

barrier metal may be, for exanple, Ti or a n|tr| suc |N Copper
i nter connée'tfhﬁp?fe}@@s%lrmﬁlow in Higo 1t1t§1515®4€m1 dlssedttfeaalrcsg;]néesbptmtxah ish@atri er on

thetop of t arri.er ntop t he
comonl y USé 8 g%%dn%rlﬁgg@ggrwgfn P am“{)nﬁaé?:rés’%earﬁ)mefit]olws to 17 0 B DEC
2003 WO owa&a%ﬂimweeweawmlhmpmderaaexomdhtshatentdtemcﬁhem&srtﬁw be
repeated to e of. sujtable Ia ers and conductive paths over
one anot h(gtssg‘HPafLPé"Eaﬁi"t“ fﬁ,mﬁé‘“ P@ba&%gtrﬁé AP &sepeationad apgrogmhgGV® 1. The
ar chi t ect WxRieSASMBod ﬂtrﬁe%‘éo@nrﬂorh@ﬁseﬁ%ygpﬁilaugﬁ Bl Houf t%@gegfrﬁ“)? mo‘%aﬁﬁpar ation

is not needed between two adj acent . \When separati S are
required, didseticsSagi BE ewtaridisadiantage cﬁn\fime adsﬁoﬂlv\lmthc tdfmstaappraoad’h taken in
th|s|nve | ow- K |eIect Lc filnms for

| MD' s (Fi f}ggip 885’) v ﬁ)pSMEHo&n%/(gn nldghlaan nl%n ac(WCEWBthe @F‘HE’“&P @F1icon nitride

i's cormnnlsypauaed &8ss Bpabfvkd Dhigh age&rctnclﬁahshaﬂt AsRiaPsuch bs sillesraaitge, is
di el ectrics have the %)%r di sadvant age  of having a high dielectric

const ant, PECVAYRE 2 an etcheipinopgring megfrenches: dp Archiigeige hirreisinocsad i t ri de.

Concer ni nqtawﬁtcﬁumsztchms;me thd @ gdflc RAPRERILRR usQYBF Pin- 1081 RtBflHRs @ hi gh
dielectric constant material such as silicon nitride, Is provi ed as an

et chst op iMpECh R Harihednorgadhionels dicleptrig anh thue stiyiareetthstapHerisseifs no need to
have such an etchstop since the organic lowk dielectric used for via-I|evel
| MD etches much slower than the inorganic lowk dielectric and thus it is
an et dhst@gpwidrtlsﬂrstareilso Segas at ctostéray epeniag kordérkes viaedhasthariaet chstop in

opening, bol et R MR pRL TRl ATet AR P uncer T Ving
of deep arpdewaamewmfoemhe@ anWhedw &efchds, WRjid ary h Blafbr 3120 4l Yty t Y
' 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 ts 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 conventtonal approach, an etchstop layer, such as silicon

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



concern. However, a separation layer is not required for this invention for
the reason that two dissimlar dielectrics are used and they are
significantly different in their plasm etch 20 characteristics. THiBC 2003
enbodi nent has distinct advantages. Vias are not enlarged when a netal
trench mask is msaligned in the direction away fromthe underlying via as
shown in Figures 7 - 10. There is an issue of partially |anded vias when a
via is over-sized and/or msaligned to the underlying netal |ine as shown
in Figure 1. MWPWHEonventional approach, via over-sizing RaRUP15801
prevented by the addition of a separation |ayer between 25 the adjacent

| MD's. Such actsejpds adtinecesaay @rthis embodimesindeelibrd R atshinsficanipostzmpRimsue to
the fact that th?re is, an extrenel g.hi 9h. |.asma etch sel ectivity between

i nor gani ¢ and°? STGHHBCOGT EPEEIAC AR InPrBicHiclEFIBF AR ORFERE HgS:  Anot her
advantage of this enbodinent is its conpatibility with borderless vias.
There are two vias shown in Figure 1. The bottom of these vias is not
fully | andedWoen ttielmpadfacalye rgpoge rasishesdectiTy & the prgbanse bf ogartihéelgsteicoR 30
borderl ess vij: . ] i [ di recti.,on away, from netal
li nes. Prslsor&]?fgrfe or %hslge g)\%éa{%@éérg\]u?regg’égp %eqp?gstéoﬁﬁ“?%e‘%?ogﬁ??"gsnar { deep and
narr ow t r encivestnat afchigechot asshooh ip Figuread.| Yrehasted Iviflers Fomtdaehicaangnt i onal
approach, an. etc Stfoﬁ-nl %er, such as silicon nitride, is often added to
prevent the PIRRLRS IBGMagsrawasionlayes bytwrroneetal-lpvrhandyia-layst MDG. 8 DEC 2043
WO 00/ 75988 PCT/ US00/ 15801 etchstop is not necessary in this enbodi nent
since there is a significantly high plasma etch selectivity between

organi ¢ and fretogasmbodimsntedlie ipeentipn isyenreegted bathe p¥ess t¢psiskovwmmar act i cal

tor enmove, ! e?i!ﬁﬁlles ﬂe-ll ?.Glt}fleéyr%c&si fﬂ)wt J])%‘ITR%{'I%;?S%H&? th%ffcdr%aglag Iof :(1) ﬁlli'sﬂege trics, a 5

different architecture; chitecture I'S used. e oW hg enbodi nent s
are to constmntectonagat hi Mett Ureshovasn Bigowr2. | Thelpr@essefldv cAestdne Rialr Rvdil
differs fromarchitecture | = in that the fo has separation | ayers

bet ween et g0 e “EAFTIele! ob i Piest 8 Mebd B bt Stare SR Ao b

i nvention i ssiRRaebEtbedednsainier Wppeciesds s18RSna ¥dondects 1Ondiaiyr es 11-18.
The process flow commences after the formation of a first |evel

- i nt er connect S4ptrak Caganic diglectirand peisamigiplectdc mptraialsmerydbsaised asvn cover s from
Via | |eyel ehbyapHea 1t RgusqsoRslvd Y Rlm@fiod bELCRPDSEIon@ brmbl: ibntof ufdOVNeVer ,

the same processing stéps can be repeated again upper levels of vias
and i nt er conmEgttion. Phe begiprevittsubibstraie, evhidy gpanyinsesti relttent afineta tides anahgani ¢

dielectric n?ntbglut?irﬁi ar@é{legleic 5 ﬁﬁg s&%triat@ 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. Thena
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



15 enbodi nent 1. Figure 11 shows the formation process for a second

enbodi nent of the invention. One begins with a substrate, which conpriﬁﬁf
a pattern of nmetal lines on the substrate and a dielectric on t hel § DEC 2003
substrate between the netal lines as with enbodinent 1. An organic |owk
dielectric is then deposited onto the substrate foll owed by deposition of
a thin inorganic lowk dielectric and spin-on and baking of a photoresist.
The resi st %&H%ggkgagemﬁse patterned and renoved by devel Rooadke @
portion of the thin inorganic dielectric layer is renoved by etching thus

defining vias thr&%gh the thini norg%glc .dielectric |ayer. Figure 12 shows
t he for mat™Ftt dgyg! PSRt e HBSREANE lqvgk; ecﬂ?a?\/lé}’eﬁb%f@hfmmhﬁﬂeliw- ic |lowk

di el ect ri Gopidilbf thd Mbfenid it Iajedd Anddh QeSS oRldiHal of GRipRbiof B3P dhen Sone Of
the exposed part of the organic lowk dielectric will usually be renoved to

a 25 | i m tesched dpwnto thrguapedicleqiemetihstoparateral {ayenip feimicanchdsan fwert  of
organi c di rj ' ] : : | \n. | f . hLnarganic
dielectri Crﬁ%&?lﬁ%vétl)gno}[é\%ﬂtngq1%/1@?%5&%%38??{%@%1?%\]\2%E%ie@%rﬁ?sﬁﬁésr%ghélhgtgai electric
et chst dp nawiceri atheb ageificars]lyddywas tHae dhanorgindc tdw-k diehetrgaRigaredisahews r i C

| ayer. Th“g alig fills the éiﬁg.in the thin inorganic dielectric |ayer with
t he or gani'Be M§RLFERSDFS Rroflyed At Gis steprdar inongapig low-B dilectig i darting PAT P ect ri ¢
layer is dgngsblgilc 8RlcthR e&{as@? afinGl @i LR i 8L it RRdn@Y&hoveline net al

| evel inorganic dielectric is then imagew se” patterned. This nay be done
by deposi tpasgen ¢fake mgtal lexeldrorgrpiadiglegtag &l thesi regosded phasehiredeiferm Figure 14
shows t he f.tar . ar e | ' ' |t l.nor gani c
ow k_dli ol SEpehegBin A pGAR e Bkt B e e HERE Rl Aomn WC) TT0sK andl
19 o BIOEGiad inVi2 1B0Y 1i&28Hc PETRCHS0/el. TO6IE rests iisiemdesdedt dpsraeg. . Fifimed6i nor gani ¢
|l ow-k dielectric |ayer is.for netal-I|evel I Th ortion of the
| nor gani o HOEF AR SN e P PERBUBEChAFE DR oherBReRbbe st i s
then et chagtigloymhé orghfie vivrigwntigledire18et iiderigng Rt thp imkERid dkledtayer to form
trenches in the netal ]|evel inorganic dielectric |ayer. The organic | ow k
di el ect ri clasapsdonringyieh lrgehshasraenic vip levebdiglectsr fyPrdorane (i m¢tehwer t han
the inorgajpes TAMHSrAhRISS I difectfid S0 ot e ROMR: 10bDEqiBBLAL sdrfBnehes
produced at this step after inorganic |owk dielectric etch. The portion
of theldbr gmaske Reisist 16 elsp iremested asthisstapatStaps 42 andijeean hedembiped tpeether into
correspond] r % [ . t I QT | Lel ectric is
t hen remv%agg%}flggﬁ'cﬁﬁ%gg?gﬁ g(!r;l”nrl9 {ntlf]g]%?: E@'sﬁﬁ{%ar%\eéﬂ?fe v%tg a%ﬁfgiegggngleit I me the
organi ¢ et mbat impherat davicbdrgarsc diekroivie dayer owh thdrthin 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 Metat 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 berween 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



10 vias in the thin inorganic dielectric layer. Some resist is renoved at
this step. Figure 16 shows the process after the organic lowk dielectric
etch step. Then one renmpves the portion of the organic via level [§pEr 7003
dielectric layer underlying the thin inorganic dielectric |ayer thus
formng vias through the organic via level dielectric |ayer down to the
nmetal lines. The inorganic lowk dielectric on top of the organic |owk
dielectric segyes ags 15 mask. Resist is also renoved at thi scsigesvisieps 12
and 13 can be conbined together into a single step. The result is shown in

Figure 17. Thereafter t vias.are filled wth nme In the.via | evel
organi c di eIdéeg?c‘r?rilCCEt%’aS§/°é’pg)§ﬁ'dﬁtpﬁgtoﬁ%1S{nlsidﬁ%orsﬁ%alrﬁnctﬁ%{ngfag%f“ fliorgalier - and

trenches i n didietod Boetite paiidedeatd stheted ef P 19.ayies phatdesiseisamaganal | nor gani ¢
dielectric |ayer | t tal as shown in Figure 18. Repetition of the
process pro&ﬁ%%diq\%%e‘gﬁmﬂ?@dﬁ befors. aarg?ﬁf?‘é’é’f%rae“owo%t@ééﬁalilﬁveh gure 2.

A third emboghpRIM diefectiagayen¥ent bk (Br?&rﬁ@ﬂél@@tﬁ@%l@ﬁlstaymﬁtleﬁalM)@P@§§ar§t eps
shown in Figures 19-27 he process flow after the formation of the

first-|evel fmesriadirmeeal level iergahic ticletes ipyeo sesowhlinhisomer sifferom Vi a |

| evel through th C - | | Of .1 G ect or . Metal . 2. However, the
sane procesg?mnawg% @%é’gggﬁl ?\éh%roer%aggztdgég%aglaﬁm&&mﬂgb%r?ayFrel{PgF%yl%ﬁ thevi as and

i nt er connectcdrredpandihg sentovied foriend ofolemgxaidevedl indggani ctidIsktalb @r vidgach
conprises a . pattern of r.reé@%al,i nes on the substrate and a dielectric on

the substr at@THEAAEPEIRE HEEHN e?biﬁ%m%fgnw?%f-t TRPROMIRAES BRBRIPrent s, An

organi ¢ Vi a thewmid inBig@hie @leldcricl 1d)e indefly e RRIoHreoRding RgnostPdrigts&r u t hin

i norgani c dielectric |ayer is deposited on the organic via 30 |evel

di el ect rli0c #ngpric diplegine pghsiorcmateeldaier vias ¢ EnBedm thathir ingreaniggigleciry

deposited o e L3y 4 ' el o ' QEQ'

dielectric g%%Es:tr%{)Q%rlg% Iér@ig%ll ad y'g(rjilér}?ilg%ﬁgplsttﬂ%ﬁﬁrgflﬂg%g%h{bg%gﬂw !c:itlﬁléﬁ ectric

| ayer toget héFignepdd. ddre thérecorem-thetep bf tin chembleaktihagaiic dielBis layhenh a net al

| evel inorganic diele i c layer.is deposited on,the.organic 20 OR DEC 2003

VD 00/ 75988 PBEFTOSDBLaRTTe HELIant Pri B8 erem T e RBhBE gReur et i s

~ deposi ted onlidlégritvatiatop @sedialildayer gaAnhcthirdinelgaiit dielzcinayser &h phcstega t he

structure of Figure 19. The photoresist is.i migeylvi se . exposed, baked and
thPhetRess

devel opdd adsBRfG B Figpe &;- TR3EGVEe eI Bh isethipueh airench i nor gani ¢
diel ectric | R8I reHiRWAgaPohdd o @MMbrddisel S id 6p 81 BB SiaPINBLfsrbalic | ayer

vias are 5 formed in the metal level inorganic dielectric |ayer as shown in
Fi gure 20. Al ¢legtric 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 dielectnic layer trenches are
formed in the metal level inorganic dielectric layer as shown in Figure 25. After
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 1s
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 wvias 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 I of Figure 2. The third embodiment differs from the second
21



removing the portion of the organic dielectric etchstop material |ayer
underlying the corresponding renoved portions of the netal |evel inorge%hc
dielectric layer vias are formed in the organic dielectric etchst

material |layer. After renoving the portion of the thin inorganic
dielectric layer underlying the correspondi ng renoved portions of the 10
organic dielectric etchstop material layer vias are formed in the thin

i norgani c divehegissdsc | ayer. The result is seen in Figure pdruddsassegsSi st i s
then renoved to provide the structure of Fi gure 22 01e t hen covers the

top of the trrcla toresi st and
fills the Sﬁgé&#ﬁhﬁ ﬁg&%ﬂ‘g&?ﬁvgf& ST g%rﬁld(?"etﬁe qa‘HVB?S%%Wé‘aor gani c

di el ectri c pesmhstbp doat betmad:n dhaly:emc dagbsitlaas. tahi rﬂastkmgr@a@tcﬁedlhreh&ﬁét ric layer
W th photoresr st 15 TES own in Fi gyre 23. After inmagew se patterning the
phot or esi st XRPEYYh t“?aér‘i‘émeseﬂ‘aas‘?{ eF&ﬁ’rB’i?F"r?@ figw e FeThiniRTat eI st or esi st
fromthe t@predtidntiacin®isal | evel inorganic dielectric |layer, and renoving a
portion_and | eaving a portion of the photoresist through a thickness of
the metal |evel inorganic dielectric |ayer, the structure of Figure 24 is
obt ai ned O, eve ic dielectric

| ayer unde%T y@&tg%h&ﬁ olrﬁto?gjﬁgﬁv&' 185115 rgb%ﬁsgﬁtg?é | stpr? é’ga?%frﬁ“t he top of

t he i nor gafiguredi2843@cTha mrorteag/ﬂmwt:omnmh&s aﬁd.‘rehe ﬂ‘oﬁﬁﬂ&ﬁh dftthe fiver-lgedial | evel

i norganic dielectric s _sho in Fi 5 After renoving the

bal ance of "F'HEBRHG 06#‘)&@3 @?B'r'ﬂct’wgmtwoﬁ?" ‘FrétlSYe' fhaough the,sseepthi ¢ 25

di el ectri c|dvayemnianandeeosnMAg ’>vlra@yevaﬂ@hersmewo@éhstnh%ma%éd Regateihe organi c
dielectric etchstop material |ayer underl the trenches until the thin

i nor gaﬁpc asatr 8?5'[“?5"?5 lgvalpef viag and ‘é!‘:ﬁ‘fcf?@ﬁe“‘-‘t t3'P§t r Bderuhis forthmmghodaneang i s
obt ai ned. GRand DA & SRAPYES | 9%'?%9%& kr‘ﬂ@oﬁeﬁﬂ?sho@%ﬂﬂ@"téﬁré’s R.4gyel dielectric

| ayer underlying the vias in the thin inorganic ric Tayer as shown
in Figure ggscrifiy abogg. e@necfbﬁpteetoeeﬁ ttlheormpenf thg orghnivivia lhedl éislecfctlayerfi | | i ng

the 30 vias, .} iele c layer.

i nor gani ¢ g?%ﬁ'ﬁé’t rqtltecér?re ﬁ\(xﬁmg g;mq ofs oilc tEte {hhn ng ﬁjﬁlﬁl éeqefﬁréclelé%elrm c

et chst op | &yrerviand thredrgdnid ey &vel mﬂe@amlagermseh@atlhlmcdray&rOnH\Ahtexlﬂc@/ei’ﬁEt al the
structyre qf Fi e 1 s obt ai ne The ocess may be re eated to obtain
ar chi tgét uﬁgtiﬂg’{gf’e Ee eée'én‘“ﬁt%" ?ﬁteF eﬁﬁfo‘ﬁtt%ﬁlﬂotéﬁet'f’t@r@ ¥ e 95eén second
21 0 O DECti2Gfidal\N <D hbvdafit @i R ISR/ thdSfddnic diclectric etchstop material layer,

the thin inorganic dielectric layer and the organic via level dielectric layer with

photoresist as shown in Figure 29.

20 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 leve! inorganic dielectric layer underlying
the portions of the photoresist removed from the top of the inorganic dielectric layer

25  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

30  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

22




enbodi nent in that all dielectric depositions are done sequentially and no
maski ng and plasma etch is done between dielectric depositions.

maski ng and etches are done sequentially. This nay represent a pr gfhﬁﬂm
process flowin certain integrated circuit fabrication facilities. E
fourth enbodi nent of the invention is represented by the process steps
shown in Figures 28-32. The process flow comences after the formation of
the first-level interconnect or Metal 1. The process flow covers fromVia
| level through the second- |evel of interconnect or Metal 2. However, the
same processing steps can be repeated 10 again for upper levels of vias and
i nterconnects. Steps 1- 9 for this fourth enbodinent are the sane as steps
| - 9 of the third enbodi ment as shown in Figures 19-21 as descri bed
above. One then r enove 510 SIS nROLE b AR o b & QLQ—@VH.M g,nae,l,,@,ﬁglen@egl ectric

| ayer underlying THE ¢ort espondl ng Temved portions’ of the thin inorganic
dielectric | ayer hmkpﬁﬂamthasnmmhphEmmggan|c via level dielectric |ayer as
shown in Figure 28. One then covers 15 the top of the netal |evel inorganic
dielectric layer with a photoresist and fills the vias in the netal |evel
inorganic dielectric layer, the organic dielectric etchstop material |ayer,
the thin inorganic dielectric layer and the organic via level dielectric

| ayer with photoresist as shown in Figure 29. 20 After inagew se
patterning and renoving a portion of the photoresist fromthe top of the
inorganic dielectric layer; 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 metal |evel inorganic dielectric |layer underlying the portions
of the photoresist renoved fromthe top of the inorganic dielectric |ayer
25 trenches are forned in the netal level inorganic dielectric |ayer as
shown in Figure 31. Thereafter one renoves the bal ance of the photoresist

fromthe top of the netal level 1inorganic dielectric |ayer and fromthe
vias; and renoves the portion of the organic dielectric etchstop materi al
| ayer underlying the trenches until the thin inorganic . dielectric |ayer
is reached as shown in Figure 32. After filling the vias in the via |evel

30 organic dielectric layer and the thin inorganic dielectric |ayer, and
trenches in the organic dielectric etchstop |ayer and netal |evel
inorganic dielectric layer wwth a netal the structure of Figure 18 is
obt ai ned. Upon repetition of these steps, the architecture of

I
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L 2

rna patterning is entirely indeperideut of rectal trench ~)atterni
0 8 DEC 2003 WO 00/ 75988 PCTI U500115801 What is clainmed is: 1. An

integrated circuit structure which conprises a substrate and (a) an
i norganic |layer on the substrate which conprises a pattern of netal |ines
on the substrate and an inorganic dielectric on the substrate between the

metal |inesyoahdssgg (P) an organic layer on the inorganic IpayRfsedMsken
conprises an organic dielectric having netal filled vias therethrough

whi ch conr\gﬁt .to] the.metal lines of the inorganic layer. 2. The integrated
circuit stYOXUF'E™F %1 ai m 1 which conprises (c) an additional inorganic

| ayer on thenQh@gmicd clrédedtrubfiichhied BRhpriesa subp@dit &5 of 10 additional netal
| ines on the organic |ayer and an inorganic dielectric on the organic |ayer

bet ween t He) HdaPEAHH RyerAsttAs subiFie whighgomalisea a paitiai of wetal lings gatiec | ayer on

the additi Wale]s i J %E‘Qar an. or ic dielectric

havi ng netsgﬁﬁl%ﬁ #gégﬁyé %"ﬂaé@é‘?ﬁ%ﬁ[gi‘ﬁ% I é’ﬁsoggvﬁﬁré& ST%ﬁgﬁgs‘a i tional

met al |15 ndb) of orglec agitionitiomiabrgemo tayanwhich agregrised in Gganfh@ieictiie gaahgd circuit
structure of claim2 which gonprises one or re further alternating

i nor gani ¢ rf‘%[@‘egf@d("&s “5%“8?%&%?‘8#' FORRsride iy myiel dines ofdhs mPEARE 1Y6r gani ¢

| ayer (c) and organic layer (d). 20 4. The integrated circuit structure of
claim2 further conprising an inorganic dielectric |ayer on the organic

| ayer bet wedHhe ineerateharcai girygiere of ¢laan Aadichicomatisaset al 1ines of the

dditi |, 4 iG- ;- i i . he | -
addi {1 onal f HOIAAR & ihdt fihe Jﬁgaggg:ﬁ %%g{]laﬁ%%q%qec%%r{g?%fg]?anqa}%tg% ¥

dielectric 1ayer et ween ta
i nor gati ¢ dddienal nBal BinesTdnethe ptgegr ddtyedarcli andubrgansd disletttit on te deaidmagerf urt her

(3" bet wodr 1ot it R0 aFH MFIRE RES aca 11 onal - motal 1ines of the
al t er nat i n@) idsddgaRkIGrgaRyEbyer 3A thealdd RiogANh ¢t g ClhfG twtich QbhptiB& annor gani ¢
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 (¢) 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 iayer.

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 altemating 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



dielectric |ayer between the additional netal |ines of the additional
inorganic layer. 30 6. The integrated circuit structure of claim1l WHEE B
the netal lines and vias have a barrier netal on one or nore edges
thereof. 7. A process for producing an integrated circuit structure which
conprises 24 08 DEC 2003 WD 00/ 75988 PCT/ USC0115801 (a) providing a
substrate which conprises a pattern of netal lines on the substrate and a
dielectric o strate between the netal |ines; (b) depgdtkdoRssorn
organi c di el ggbgﬁéé}]%yer on the substrate; (c) depositing aﬁ i norganic
dielectric layer on the organic dielectric, 5 (d) etching a pattern of
vias thr ougrﬁa)tna@"iilﬁaP@%fet%d%héqhec@mwe*%|aé%?rp of Wﬂib&ﬁﬁwﬁgh%fub%ﬁaf% 4Of vi al
through the QIQaR & #L alReE bewkaYBE U GRescOr respond to the pattern of
vias through the inorganic dielectric layer; (f) applying a photoresist to
the top of thedeppotingan aeanicdielestrt tayprgnahe sbetidte;l | i'ng the vial in the
organi c dieleciricg. . i | el i.c.layer with

phot or esi st ;(Ce)l%ptl()sgg'lgla%'ggoer%ﬂgcealggﬁ%\gi(M glaés]{1 %%?ll Jgg(a%?écﬁﬁé phot oresi st from
Ithe top of t(fhe=tthing gpaiem ofdiisltigotgh the imdygnic disiettiiclapyj ng a portion and
eaving a portiaon of the photoresist through a .thi ckness of the inorganic
dielectric |(Wé?hm@(matﬁeawﬁwaﬁ&%%t‘lsﬂge%%%wal?mw IR TP P afifer
under|yi ng theeRQfia9MFodh tdiBorgPOtRILSIcH4yer,eMOVeEd fromthe top of the
inorganic dielectric layer to formtrenches in the 15 inorganic dielectric
|l ayer; (i) r@mppivmg atphetopsishiedke b of He iptigansy dslegrc fayenand Bidingdhe ves mhe
i‘norgani c di.gl ectr.l G. ¢ b as; k1 he vias in the
or gani ¢ di eltg%gr %"E:“L' g‘ﬁ%%e‘%f%ﬂ%ﬁ%@%é&?kclﬁe(elﬁ%ﬁ"ocrlgéeﬁpéthgl&@?ree%’ ric with a
netal . 20 8.(gllinagpwiee eatvole agloation of thdytoairesiss frepshd top of the dneggand) ar e
repeated at | east once on the previous|ly fornmed.integrated circuit

Pt ure shclaite R cyrtiebhiog R BEeD 85 Fetth bPERBUOEBHPIECERt G ¢ he

process of GhRk#BsS of th@morganic 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;
(1) 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



10. The integrated circuit structure produced according to the process of
claim8. 11. A process for producing an integrated circuit structu;iﬂgﬂtﬁmm
conprises (a) providing a substrate, which conprises a pattern of t

lines on the substrate and a 30 dielectric on the substrate between the
nmetal lines; (b) depositing an organic via level dielectric on the
substrate; (c) depositing an thin inorganic dielectric |ayer on the organic

via | evel q&&bﬁﬁﬁégc; 25 0 8 DEC 1003 WD 00175988 PCTI USOQLLp&idhséed)
rni

i magew se p ng and renoving a portion of the thin inorganic
dielectric layer  thus defini%E vi as thrqggh the thin inorganic dielectric
| ayer; (efPdBAY It RFeRINSING IGHYHIE TP Ylks it 1aprgpue Bi5lsrBICdMeEl | ayer on

the thin WRUBRNLE viadiBbRld hinaigimieaEclit ldyng the vias in the thin
inorganic dielectric [ayer with the organic dielectric material; (f)
deposi t i ne)alepasitale 2l thinerganisohgjeaticetehsidpanateniat layeryar the thin erepigani c

dielectrig.et er s (). -] i (P I j a portion
of the meieerbuel p MUEE ines i IRARMATL AT SALAC R B RERLAR

di el ectri Qiepdcateshapnaiaterial layer to formtrenches in the netal 10 | evel
inorganic dielectric Iﬂier',gh),re vinq t he Portion of the onﬁanic

di el ect ri &) &eratdng s makldsvebinoreayic AelrotcIpXer ARy e RESANEEHF I eLROSHEIRP r emoved
portion oﬁﬁkpe nmetal |evel inorganic dielectric to formtrenches therein,
and renovi g 'the organic etchstop material fromthe vias in the thin

i nor gani c (gdimegeota pattemangeand rerfoving a pahoveithe mhia! lsveltnaganes digkeingr gani ¢ vi a
| evel dielectric e vl hj J I i I ayer thus
formi ng VIS EhibGgNS ol elekind dohitf bilele (AP OB frefibh ARG e PYET
met al 1bi nasiel {np)gafik ldidigegictier,vi as in the via |l evel organic dielectric |ayer

and the thin inorganic dielectric. |gyer, and trenches in tge or.gani c
di el ectri éh)e'f’E'ﬁé‘ng'elpé’%’tn 05% P4 A‘?‘é‘if’é? el?bqupdgﬂpraﬂ %@’%F‘E‘Ie GOEE | ayer
W th a metghespbrding RE10MELSAES S th€ mdlaMetdl iNIgne dleisbRD® b vehdeygh {j) are
repeated at | east once on the previously fornmed integrated circuit
st r uct ur e therein, and removing the organic etchstop matenal from the vias in the thin inorganic

dielecinic 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 compnses

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



25 13. The integrated circuit structure produced according to the process
of claim1l. 14. The integrated circuit structure produced accordingﬂqmtqmﬁ
process of claim12. 15. A process for producing an integrated circuit
structure which conprises 30 (a) providing a substrate, which conprises a
pattern of metal lines on the substrate and a dielectric on the substrate
between the netal lines; (b) depositing an organic via level dielectric

| ayer on the woﬁ’ég(ﬁé\e/;el (c) depositing an thin inorganic di %:Sé%ﬁ&/fss(hayer

on the organi dielectric; 26 08 DEC 2003 WO 00/
PCTf USOQ' 15801 (d). depositing a thin organic dielectric etchstop materi al

| ayer on t heldi fAgnesiting f Jumprganig diglesicic cicgStpp praterial layer ga fsshipiiprysdiisret al | evel
i norgani ¢ di glLigghE |45l ayer on the organic dielectric etchstop layer; 5 (f)
i magew se patterning and renoving a portion of the netal |evel inorganic
dielectric (ehgepositiogm netr! lemel imrgand deldétat bytr incthebrghgt dislenmicetdhalopl ayer to
formvias i nlﬂt he netal |evel inorganic dielectric layer; (g) renoving the
portion of t %erbrgani c dielectric etchstop material |ayer underlying the

cor r espondli ng) fpaFpViRE pReitih iR rofiotilga PBrtiah of @Y eletdl ROEYAGHEMiliRleeeicr i C

| ayer to formvias 10 in the organic dielectric etchstop material |ayer;
(h) renovi nglayHdola e thepraspicidirdectn sichsionmpistiat laysrde &y vigs ip frgpetablge! | vi ng
the correspopdi.RQ dfeaRyEsyeportions of the organic dielectric etchstop
material layer to form vias in the thin inorganic dielectric layer; (i)
coveri ng t he(gh ogmafng the persomdf theorghnit dotegasictchdiop raterial leydr apdariywigthe a

phot oresi st and 15 filling.the. vi Ln tal level i.norgani.c di.electric
Paver . the orBaaTReipeeraeie paiste s felehr Bt drn SR i g ol v

i nor gani ¢o di gl tRe bighfic HRYeticwichhtophatetitilayest ; (j) i nmagewi se patterning and
renoving a portion of the photoresist fromthe top of the netal |evel

i norgani ¢ di &Y EFReYiRg thg parion gifge FeARic Sislsns 1gyer 4Py esieg a portion of

the phot or egdrfdspddiRUSRodlpBitk D65 He Bizahib QiclRErR! etdnS¥E matdMal BFEHS form
dielectric layer; 20 (k) renoving part of the netal |evel inorganic
di el ectric | apem thathes inpreagc distecpgriayesns of the photoresist removed from

‘ the top of t nfcd»@ffﬁ@@l@ it(ﬁ) S GGhINEF lrf%ygeclﬁictd?elgc?ﬁ(fr}]agfgr%&}Lﬂﬁmio’?csist and

15 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 pattermning 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;

20 (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

25  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

30 layer, and trenches in the organic dielectric etchstop layer and metal level morganic

dielectnic layer with a metal.
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the metal |evel inorganic dielectric layer; (1) renoving the bal ance of the
photoresist fromthe top of the netal level inorganic dielectric '@K%E 3&&
fromthe vias; and renoving the portion of the organic dielectric 2 )
etchstop material |ayer underlying the trenches until the thin inorganic
dielectric layer is reached; (m renoving the portion of the organic via

| evel dielectric |layer underlying the vias in the thin inorganic
dielectric .(N) filling the vias in the via |level or ' k! ectric
| ayer and t*é‘}fﬁs?%s i norganic dielectric 30 |layer, and trgﬁ?ﬁx‘g@mﬁ%ﬁt he
organic dielectric etchst%? | ayer and nmetal |evel inorganic dielectric

| ayer wit AS-alhgeragess of plagn g prheresmyepsi) Hugs o8 srepensasd@biersi®ode 6. The

process oy Gh&itlsiyXoMhaifleBraftt @RSuif Suchipg ough (n) are repeated at | east
once on the previously fornmed integrated circuit structure. 17. The

Integrated circuit structure produced according to the process of claim15.
5 18. The,Lnteqgrated.circuit structur roduced, accor di to, the process of
ol aim 16, oA gl S RIS el oS O bERETA ructure i oh
conprises (a) providing a substrate, which conprises a pattern of netal
lines on the substrate and a 10 dielectric on the substrate between the
met al | i nd8:; Thegntegraise Sirguiyrugiyregrgdnsee assoaimedo dhe prressg et ¢ 16ayer on t he
substrate; (c) depositing an thin inorganic dielectric |layer on the organic
via level dielectric (d) depositing a thin organic dielectric etchstop

mat eri al 18y& pragesstibreprodricmgianontggrated cireliiedtmeturs whichigempriseé® (e) depositing a

netal |evel, inok. i I ' t anic dielectric.etchstop
ayer: (17PRIENE safsslt E M oL Bl AP0 o BBl 4 T ove)

I nor gani c ditteetrcdn’ the€subkipar@berdtosinthe metdhEingt gani ¢ di el ectric etchstop
material |layer to formvias [n the netal level _inorganic dielectric |ayer,
20 (g) refDNACRESIEIRANPEENS aL?f’EIt‘{;uéecé‘f‘bléﬁ?r@“d]i‘eeﬁuéﬁcfar‘?'c etchstop materi al

llayer unde#)ldéhstidel® 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 wvias 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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correspondi ng renoved portions of the nmetal |evel inorganic dielectric
layer to formvias in the organic dielectric etchstop material |ay880EqA03
renoving the portion of the thin inorganic dielectric |layer underlying the
correspondi ng renoved portions of the organic dielectric etchstop materi al

| ayer to form 25 vias in the thin inorganic dielectric |ayer; (i) renoving
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; (j) covering the top
of the metal level inorganic dielectric |ayer with a photoresist and 30
filling the vial in the netal |evel inorganic dielectric |layer, the organic
dielectric etchstop material layer, the thin inorganic dielectric |ayer
and the organic vig,leve {(thEhmﬂﬂBkﬂhQSMEhhc@Boﬂ 8 DEC
10U3 (k) |nagemnsea$ mmwpa““ﬁﬁﬁ&égﬁ%§¥§ pa partiop of the, phqtoresist
fromthe top of th@ummgmumgamhﬂewdwéhehmﬂmP§WP§V@?cméﬁdiPEWB§?W§ a portion
and | eaving a portion of £ G hmamuhmam s of the netal
| evel inorganic di B]rmor%mﬁ‘m% qmb%%@ﬁ?éeﬁ%ﬁeﬁ EL ul 11?%]3| rid di | evel
it rtttiltl: diel edimrinosing nyeﬂhwm@thvy'uw«"% H’élc“\%""‘p}b’?’f 'i“tgﬁ‘é’“!ff 't he

phot or esi st rerfevegorﬁéﬁm d toFcﬁlEl r@fovbd1Ront MOfE althandpmicaictecing liyayer  to
formtrenches in T evel inorganic dj Icu dc luyer (m removing the
bal ance of the photaofeasiaehcs inginaerblc ‘gbw@i‘““‘t‘wé"“f‘?é’ A" level inor~;Anir.

rtielerrric. | ayct r ,ta,g,qu,,; qgggame\é{taé plmafhdiutrﬁe;ﬁmhatqg:fnﬂe@epablewlnn O the

organic dielectric ctchstop nateri er under H@,gchc t until
tho thin 10 i norgé.’?‘i’ﬂ-’t?"‘ﬂf"é‘l“é‘&“t‘i“@r'l gy'@?'a]x S amgffmwlw}%r{g"n n ) . the vi ast

v in the. via level Qf;gﬁﬂuxe!cdﬂnoeitcﬁﬂdsﬂmmriab!yﬁrm‘dﬁh’lﬂﬁh‘@ reprhed ‘Y‘Wd?‘gﬁfﬁ c

dielectric | ayer, and tre €S Pis @e@r gani ¢ dielectric ctchstop layer and
metal |evel |n&rgdRreeaigls lI‘C”ectlf‘l e ayer with u netal ., 15 20. The prucxss

LIE clmcc 15 sl | ekaifitinggtepsinds)viatewchuremicdisicotss by apddigiig e ast  once

oot Pty ur s LBl BB AR e e T 10 20 25, The
i ntcputcd circuit é‘t“ﬁ’li&‘tf%ﬁ“ﬁd'ﬁ}ef)rﬁﬁlé‘éeg“ﬁﬁﬁﬁe%l ng to the process of claim 20.

15 20.The process ol claimn 15 wheiein steps (b} through (n) are repeated at least

once on the previously formed integrated circuit structure.

"21. The intcgrated circuit structure produced sccording W the process of claim 19.
20 22.'The intograled circuit structure produced according lo the process of claim 20.

23. An integrated circuit structure which comprisca 8 substrate hoving a pattem vl

metal lines on a surface of the substrate apd
(1) an ungauic laye on the substrate between the metal lincs; and
25  (b) sn inorganic layer on the orgamc laycr which comprises an inorgunic disfectric
having metal filled vias Mergtirvuph which comect to the mctal lincs of the

organic layer wherein the metal lines and viag have a barrier metal on one or more

edges thereof.

10 24 The integrated cimisit sirucinre af claim 23 which comprises




»

23. An intcgratrd circuit structure wvclx conprises a substrate having a
pattern of netal lines on a surface of the substrate and (a) all vrbasti[fu
| ayer on the substrate between the netal lines; and 25 (b) an inorg&ﬁ\iDE:C2 ]
]ayer on the organic |ayer which conprises an iaob,ufti,7 ctivtv:rrrir.
having netal filled vial t1 erulhrutlt,'Il which weulect to the netal |ines
of the organic |ayer wherein the rnetsl fines alad vias have a barrier
metal on one or nore edges therrof. ~0 2d. ThP inurgratrd rirricil
s]riuolttrc of claim23 which conprises 29 0 8 DEC 2003 (c) an additional
organic layer on the inorganic |ayer which conlpri;:es a pattern of
additional netal line on the inorganic |ayer and an nrEanic, dielectric on
The inorganic |ayer botwcen the additional netal |ines; and (d)an
Ariciitinnal in:.)rganir. layer on | he additional organic |ayer which
conprises 5 an i nELE s onlicgheChfdr 6n harbig@idmicakhith doinghexd maerhber et hr ough
whi ch connect to the ztdUtiunull tucl:jil 1ilacs of .lﬁ_jcll_zgng ‘I diliuttal urg;
Mc |ayer. 25. Theddifignelpes Gerser {be ingiepiceyel @R ar 8T E 5T R" 28 whi ch
conprises one or nNRk&nicldleldefieén tid dd@iisat mag khésrgéiiic | ayers (c) and
iiioigaidc |aycts vu tine udditivwdl . 1o organ , and

| norgani c | ayer (dé’-‘.“”2@‘1""Tﬁ’é"‘1’%?'§8‘?’39\é\4 "'é‘fdf“é‘mltm’g'}@ﬂ%{_%@é?%fl ‘(Pg%"éi m 24
further conpri sy ngnarngarietnc Mk measirilled timteretooeh which soorgitaihe | ayer

bet ween the vies angﬁggﬂﬁéﬂ;ﬂ%S?@Q%@QQQﬁL””HH&%’ | ines of the additiona

organi c | ayer; and ctri¢ on‘the 15 organic dielectric

| aver between the additional nmetal lines of the additional organic |ayer.
.27, 0 Cic 11dtci ' o hpeliSthded debuitslrhdurs Y U RINE hiGlcahpiibesdhe Sdodrt 7C1 -
L: 01110131119 "0 Growi1l:°di el

X dielectric toyer on .each %i t%rgahéﬂ?‘q' nor gani c
layer (d) between ffler olfcgstingapesip puss (opd prraaitayrt @yd PeReta™ i nes of the
al torntating ofg@ani-ganicayes () AdGlogimd im@r @aui ¢ dielectric on the organic
dielectric |layer between the additional nmetal lines of the additional

urganic |layer. 3 ] N _
26. The integrated circuit structure of claim 24 further comprising an organic

diclectric layer on the inorganic layer between the vias and under the additional
metal lines of the additional organic fayer; and an inorganic dielectric on the
15  organic diclectric layer berween the additlonal metal {ines of the additional

organic layer.

27. The Tntegeated chicuit suucture of claim 253 lrther cqpnising an ofgusiv
diclectrie layer on each alternating wnorpanic layer (d} between the vias and under
20 the additional mctal lincs of the alternating orgonic layer; and an inorganic

dicleetric on the organic diclectric [ayer between the additional metal lines of the

additivnal orgamc layer.
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