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10 The pmnesents2esavention relates to the formati on of struptDusel/3ops3

m croel ectronic devices such as integrated circuit devices. Mre
particularly, the invention relates to the prevention of photoresist

poi soning during the formation of mcroelectronic devices. 15 DESCRI PTI ON
OF THE RELATED ART In the fabrication of mcroelectronic devices, it is
known in the art to deposit wvarious netal |layers and insulation |ayers
onto a substrate in selective sequence to forman integrated circuit (1C).
As used herein, the term "mcroelectronic device" includes integrated
circuits, internmetal dielectrics, 20 and the like. Typically, a first |evel

netal layer is deposiget FOR ELIMASATMNGREARGTONSBISERRER; €d from a second
level nmetal layer by one or nore insulation layers.” Subsequent mnetal

layers may, in turn, be sepZHAEORBSISAANDOSre further insulation
| ayers. 25 I nsul at i on | ayers, which typically include dielectric materials
such as  silicon dioxide, silicon oxynitride, fluorinated silicate glass
(FSG), spin-on glass (SOG5 and the |like, serve as electrical insulation
bet ween i nternetal dielectric Iayers These insul ation |ayers are
typically deposited by Bafik ¢ElONIch as chem cal vapor
deposition (CVvD) and the Ilke and serve as 1 WD 02/ 052642 PCT/ US01/ 50233
protective layers or gap fillers to achieve planarization of the substrate.
The netal FEyEY OFITHHE OFVEXNTEORPr i se conductive netals such as al um num
copper, titanium tanfalum tungsten and the |ike.

10 The present invention relates to the formation of structures in microelectronic

devices such as integrated circuit devices. More particularly, the invention
relates to the prevention of photoresist poisoning during the formation of

microelectronic devices.

15 DESCRIPTION OF THE RELATED ART

In the fabrication of microelectronic devices, it is known in the art to deposit
various metal layers and insulation layers onto a substrate in selective
sequence to form an integrated circuit (IC). As used herein, the term
“microelectronic device” includes integrated circuits, intermetal dielectrics,

20 and the like. Typically, a first level metal layer is deposited on a substrate, and
is separated from a second level metal layer by one or more insulation layers.
Subsequent metal layers may, in turn, be separated by one or more further

insulation layers.

25 Insulation layers, which typically include dielectric materials such as silicon
dioxide, silicon oxynitride, fluorinated silicate glass (FSG), spin-on glass
(SOG) and the like, serve as electrical insulation between intermetal dielectric

- layers. These insulation layers are typically deposited by conventional-

techniques such as chemical vapor deposition (CVD) and the like, and serve as



5 During the formati on of these mcroelectronic devices, it is necessary to
renmove portions of the dielectric using standard photolithography and

et chi ng weoho2eezes. Trenches, vias, and the |ike are forpedusedoess t he
dielectric and are filled with conductive netals to formelectrical
connections wth netal contacts in the integrated circuit. Upon such
processing, the dielectric can 10 cone in contact with other materials,
including but not limted to photoresist and antireflective coatings

(ARC s). One problemthat arises fromthis contact between materials is
that a reprotdctive layetswegap fiers phathinve Planeriggiipneod theagubstitel €8¢ ri cs may occur.

This is particularly 5 inportang f I o) i ic materials
referred ’E“BEa!\EaYSFSd&ﬁ%@%'I qogg{?lée &?%@gtg\ggm?tegég?l—?asvéwrgkn%%%ﬁfg’s trade nane
mat eri al stiGHfkih agnthidB Mg sBh askthilikepndTM and Coral TM  These materials can
be either porous or non-porous. These materials are extrenely attractive
in the industry as their dielectric constant is nuch | ower than that of

silicon dioxide. The reaction that occurs 20 between the OSG and the
phot oresi st/ ARC creates a reaction product in vias which is difficult to

removes by patigBidiorasdun ¢l thesd dioroelebigsriic dévisdsy it pmeagssariso a result, the
subsequent patterning of the interconnect structure is po |onger defined
by the phumesiostionsied thshdieleetais using sepdard phefplibestrby 8ng $iFkingt or

i npossi bl e.. This engmenon i s, kn N .esi st. poi.soning”, "resist 25
poi soni ng*ChIGUEs b Sﬁ‘i?ﬁij"v,’asa?‘urﬁj/%‘? M@wa%flf%nggrﬁgﬂlﬁ%ﬁ%ﬁﬁg%@%ﬂgprrent ,

phot or esi gfe AQIISHIR BchdadtikaBethReo B0 edrifa tbafebtiGisarish ktal he phot or esi st
| ayer - to have a photoresist profile or structure with non-uniform side

wal | s. Wheomgact® inbe (e @BRE 42cBCTY pSoNch ppagssing, fresdielettac sAdt or esi st i's
used, A phot or esi st poi soni often lLeads tp the.fornpat] - phot or esi st
f oot i Hg, §PMG IHFYUFH Wd&&tg%%atffﬁﬁ’&@@% g'fti ghfnlljtg??o g}goge/rgglts ﬁe substrate.
Were a ngg(?gliltyr@ﬂmgg%gﬁigﬂARQQSed, photoresi st pinching may result,

which is a formation of non-uniformside walls of the photoresist 5 profile
on the underlying substrate after photolithographic exposure and

One problem that arises from this contact between materials is that a reaction
between the photoresist and certain dielectrics may occur. This is particularly

15  important for a class of dielectric materials referred to as organosilicate glasses
(OSGs), which includes trade name materials such as HOSP™, Black
Diamond™ and Coral™. These materials can be either porous or non-porous.
These materials are extremely attractive in the industry as their dielectric
constant is much lower than that of silicon dioxide. The reaction that occurs

20  between the OSG and the photoresist/ARC creates a reaction product in vias
which is difficult to remove by etching, ashing, and/or chemical stripping. As
a result, the subsequent patterning of the interconnect structure is no longer
defined by the photoresist and photoresist rework may become difficult or
impossible. This phenomenon is known as “photoresist poisoning”, “resist

25  poisoning”, “nailheading”, and/or “mushrooming”. Upon development,

photoresist poisoning causes the exposed pattern areas of the photoresist layer

to have a photoresist profile or structure with non-uniform side walls. Where



devel opment. After etching, such photoresist footing or photoresist
pinching problemw ||l lead to an inperfect transfer of the photoresist
pattern twobfies2¢4ender|ying | ayer or |ayers. For sone prefper@domeeisods of

i nterconnect fabrication, in particular the dual Damascene process, this
OSE phot oresi st 10 reaction can nmake interconnection formation difficult or
i npossible. It would be desirable to devise a nethod of form ng integrated
circuits which avoids poisoning of the photoresist |ayer during resist
formati on. The subject of this invention js that the deposition or
creation @fPosiivemhetoresist Htused. aphotorgsistipeisqping oftee legfdeiodBe ri ¢ material and

t he phot oresi i phi bi t he r.eactiap: whi i st poi soni ng.
Accordi ng t?%hﬁ?g 039 Elg{r??esilsﬁgoeortf ?’o(%,aq?]ﬁémhggftehgﬁ kllgtg%ﬁg'? fe?lﬁél)j(;l s of the

i nsul at i ngibovahersebsiat. Winkes hagtil¢ piotdlesistib ateds plsitsiesismiiactizd t o prevent
chem cal reactions which |lead tq photagresist poisoning. This is done-by
formng a m®ydiesyleavineh is arfprration &) apn-ypiferpesids wpkbcefthe PhRiPES Sl by eit her
deposi tin iti | -t i tri;c material, or by
nmodi fy%ng%rﬁf@eggggé%@gg}nﬁ%@%e{lﬁép H@?@#@%{apﬁgg&ﬁ%{%&i%d to a plasma or
chem cal tdeeabpmeit. AftArBR0HREPRREEH sUEdhD 02 BiotorBsibARhikg= THE | NVENTI ON
The present invention provides a process for producing a mcroelectronic 5
devi ce whinseblemnpilli lsassto apamperdrotiraesier of ithesphopresigpaierd to figer on a
substrate; (;b) .form ng .an _optional etch a first dielectric
| ayer ; (c)ungig’gl}?fl%&ayﬁr %é%%eﬁ%p%?réf)%g r?ei crr?d;@gtgogsn%telhtg%{& PIP%? di el ectric |ayer
or the optfhpi@tionShPartRhRP tHeadi8l Darhfscbt) proedd9ThisiORIG/Bhdtapeeist of a

photoresi st on a top surface of the second dielectric |ayer and inmgew se
renovilfg aepsionicam nake iercphstidoredimatiaglificapendnpessibte. at | east one vi a
for the first dielectric layer; (e) renoving the portions of each |ayer

whi ch are under the renoved portions

It would be desirable to devise a method of forming integrated circuits which
avoids poisoning of the photoresist layer during resist formation. The subject
of this invention is that the deposition or creation of an intermediate layer

15  between the dielectric material and the photoresist inhibits the reaction which

causes photoresist poisoning.

According to the present invention, the dielectric materials of the insulating
layers are protected from the photoresist material to prevent chemical reactions
which lead to photoresist poisoning. This is done by forming a modified

20  surface layer on the dielectric material by eithéf depositing an additional layer
that covers the dielectric material, or by modifying the exposed surface of the

dielectric material to a plasma or chemical treatment.



of the photoresist thus formng at |east one via down through the first 15
dielectric layer, and renoving the bal ance of the photoresist |ayer; (f)
deposi ti moaz/qpet2ecti ve material on the top surface of thecrEs@rmsd233
dielectric layer and on inside walls and a floor of the via; (Qg)
depositing an additional |ayer of a photoresist on the protective materi al
and i nagewi se renoving a portion of the photoresist corresponding to at

| east 20 one trench for the second dielectric layer; (h) renoving the
portions of each |layer which are under the renoved portion of the
addi ti onal photoresist |layer thus formng at | east one trench down through

the second dielectric | a8léMMARY OIeTHYIINYENIEObal ance of the additi onal
phot oresi st | ayer and the bal ance of 25 the protective material; (j)
lining a barrier metal on inside walls and a floor of the trench, and on

i nsi de iflvdnti heprébds foduting’d tldiieduldgict rench and via
Wieh s ¢ 1t BrBt ifveiBR hrdtads Aeprbtals it ploduelng!d inlckdledud ng. 30 4 WD
02/ 052642 dPGTé WL/ DaRBises: The present invention al so provides a process for

produci ng a m croel ectronic gfvice ich conprises: (a) formng a first
di el ect ri éa)fagraing grirgt diglpetic layer o HJUERR ng an optional etch stop layer on

the first i ri . r 1 : : l.electric |ayer on the
first dieﬁgggbﬁhkﬁg§gbg%§eFR?“&%%*%ﬁgﬁwﬁg?gﬁéggggqﬁg§er; (d) depositing a

| ayer of qc)yfnh@gastsindatielacttiopysuot the Grafdiddtrichgand i eptposl i ¢ | ayer and
i magewi se renoving a portion of the photoresist corresponding to at |east.
one vi a f ¢tchtste 8¥8¥ond diel ectric layer; 10 (e) rempving the portions of

the s qﬁonQd)d&e%logﬁﬁé ia(fa)JefaXiee{ p}?oqgegiﬁ%n%i) AMRAce B second dielectric

layer and imagewise removing a portion of the photoresist corresponding to at
least one via for the first dielectric layer;
() removing the portions of each layer which are under the removed portions
of the photoresist thus forming at least one via down through the first
15  dielectric layer, and removing the balance of the photoresist layer;
(f) depositing a protective material on the top surface of the second dielectric
layer and on inside walls and a floor of the via;
(g) depositing an additional layer of a photoresist on the protective material
and imagewise removing a portion of the photoresist corresponding to at least
20  one trench for the second dielectric layer;
(h) removing the portions of each layer which are under the removed portion
of the additional photoresist layer thus forming at least one trench down
through the second dielectric layer;
(i) removing the balance of the additional photoresist layer and the balance of
25  the protective material;
(j) lining a barrier metal on inside walls and a floor of the trench, and on inside
walls and a floor of the via; and
(k) filling the trench and via with a fill metal in contact with the barrier metal
lining.

30



stop layer which are under the renoved portions of the photoresist thus
formng at | east one via down through the second dielectric |layer and the
opti onal veoohoxrtep | ayer, and renoving the bal ance of therPghusar®sisst

| ayer; (f) depositing a protective material on a top surface of the second
dielectric 15 layer and on inside walls and a floor of the via; (Qg)
depositing an additional |ayer of a photoresist on the protective materi al
and i nragewi se renoving a portion of the photoresist corresponding to at

| east one trench for the second dielectric |ayer; (h) renoving the
portions d@heptesengrimtention gleo petveles alpresaes fonprodecing 8 micwelestreRie 20 | ayer
whi ch are underht Be removed portion of the additional photoresist |ayer
thus for mIRY RFBEEMPENS t rench down through the second diel ectric |ayer,

and  r endyHsrmhing a IR diaSiOfayéhtsh 4 dubsttatéli el ectric | ayer which are under
the via which was in the second dielectric |layer thus formng a via down

t hr ough t K fofrming an @pedret tich stopdsyst on ¥ firstdigleetivilaygrt he bal ance of the

addi ti gnal ot.oresi st layer .and the, bal anc f 0 jve material ;
(i) 1ini néc)gg%‘é‘rngiaéiicoﬁgtdé e F‘H%riO&’gth?/\gﬁ?gl(aECI%glceala%}%é?r{eoép%t%hél trench, and
on insideepaldslagnd @ floor of the via; and 5 WO 02/052642 PCT/ US01/50233
(k) filling the trench and via with a fill nmetal in contact with the

barri er médalepbsitingiglayefifer ghotgesist onpvemsirfase plthetseeondrdieleells a process for
producing,a 5 microelectronic device ﬁ_flgi %E co&;gri ses: ﬁq'aétg otrm' ng a first
di el ect ri COPRIUT MEFCEISE [HRQ A & POTFGY Of Hie AIRIPTEHT SRTFRRAM B {LH stop | ayer on
the first léysﬁér%CJiff&tlkééégéﬁd&i@]lect?i@'lz{?eﬂg a second dielectric |layer on the
first dielectric layer or the optional etch stop layer; 10 (d) depositing

a | ay@d of(e)aemboingtiespstiomnfahd sposlditlaceicddyet el heophonalietshect ri ¢
stop layer which are under the removed portions of the photoresist thus
forming at least one via down through the second dielectric layer and the
optional etch stop layer, and removing the balance of the photoresist layer;

(f) depositing a protective material on a top surface of the second dielectric
15  layer and on inside walls and a floor of the via;
(g) depositing an additional layer of a photdresist on the protective material
and imagewise removing a portion of the photoresist corresponding to at least
one trench for the second dielectric layer;
(h) removing the portions of the protective material and the second dielectric
20  layer which are under the removed portion of the additional photoresist layer
thus forming at least one trench down through the second dielectric layer, and
removing the portions of the first dielectric layer which are under the via
which was in the second dielectric layer thus forming a via down through the
first dielectric layer;
25 (i) removing the balance of the additional photoresist layer and the balance of
the protective material;
(j) lining a barrier metal on inside walls and a floor of the trench, and on inside

walls and a floor of the via; and



| ayer and i nagewi se renoving a portion of the photoresist corresponding to
at |east one trench for the second dielectric |ayer; (e) renoving the
porti ons vob oz/r26eecond di el ectric |ayer which are under ther/Usenmpyssd
portions of the photoresist thus form ng at | east one trench down 15

t hrough the second dielectric |ayer, and renoving the bal ance of the

phot oresi st layer; (f) depositing a protective material on a top surface of
the second dielectric layer and on inside walls and a floor of the trench;
(g) depositing an additional |ayer of a photoresist on the protective
materi al  (ROflding therteapehiasé viaemtlva i) metgon eoriect ofithtthe bynier @ﬁgbi st
correspongjn to at least one via for the first dielectric layer; (h)
renovi ng 1t'i‘é'ggporti ons of each |layer which are under the renoved portion of
t he additional photoresist |layer thus form ng at | east one via down through
the protective material, the optional etch stop |ayer, and the first

di el ect ri @heprésaptanyention fusheyprovidesaerersssaios eradicinpeé addi ti onal phot or esi st

| ayer and t.he bal ance of h rotective material; (j) lining a barrier
net al gn iTHETOS C%?‘Fgegﬁﬁwbmﬁlc(%g}pnﬁs'the trench, and on inside walls and a

f1 oor of _t(gbefoyliﬂﬁll'glafmgt (ﬁell\,g\Q_riQZe{}Qi'égﬁégu]ﬁ@I{epSOl/ 50233 (k) filling the trench

and via with a fi metal in contact with the barrier netal lining. The
present i rfbeforinomg atdptiondlietehrstop loyenandbe figst gielseisdayesry producing a 5

m croel ectroni c. device which conprises:. (a) .formng a first djelectric
| ayer on éc)sfgb%‘f“lga?tsg,co% telegyi ?%r %%ﬁ’ﬁ&r%téi?ﬂ%{?gré%ﬁgrﬁr&%e ?éﬁ/oéllai on the first
di el ectri %t({hasx fayéc) formng a second dielectric layer on the first

dielectric layer or the optional etch stop |ayer; ' .
10 (d) depositing a layer of a photoresist on a top surface of the second dielectric

layer and imagewise removing a portion of the photoresist correspondihg to at
least one trench for the second dielectric layer;
(e) removing the portions of the second dielectric layer which are under the
removed portions of the photoresist thus forming at least one trench down
15 through the second dielectric layer, and removing the balance of the
- photoresist layer;
(f) depositing a protective material on a top surface of the second dielectric
layer and on inside walls and a floor of the trench;
(g) depositing an additional layer of a photoresist on the protective material
20 and imagewise removing a portion of the photoresist corresponding to-at least
one via for the first dielectric layer;
(h) removing the portions of each layer which are under the removed portion
of the additional photoresist layer thus forming at least one via down through
the protective material, the optional etch stop layer, and the first dielectric
25 layer;
(i) removing the balance of the additional photoresist layer and the balance of
the protective material;
(j) lining a barrier metal on inside walls and a floor of the trench, and on inside

walls and a floor of the via; and



10 (d) depositing a |layer of a photoresist on a top surface of the second
dielectric layer and i nagew se renpving a portion of the photoresist
correspowdd ngo2es2at | east one via for the first diel ect rpPCTAUaYE0233( €)
removi ng the portions of each |ayer which are under the renoved portions
of the photoresist thus formng at |east one via through the second
dielectric 15 layer, the optional etch stop layer, and first dielectric

| ayer, and renoving the balance of the photoresist layer; (f) nodifying
the top surface of the second dielectric layer, and a surface of inside
wal | s of tHdillimgthe trenctyind tie withaoltimgtab ineeantdct withyhe bargenmefaal et ch st op

| ayer, ang first dielectric layer thus formng a protective materi al

t hereon; 2B8™g) depositing an additional |ayer of a photoresist on the
protective material on the top surface of the second dielectric |layer and
on the protective material on the walls and a floor of the via through the
second di &heptesént il@ption stdpfurdemprovides i pecey foupreducizgd first diel ectric

| ayer, _and.i ew se rem)vL.n a portion of the photoresist correspondi ng
to at TeaBtCTRECHMUGARICGY ‘Fﬁg(’@g‘{ﬁ?ﬁd dielectric 25 layer; (h) renoving

the porti pfgoQfink AirRIEIESH:E M9 BH £ibdhaten the top surface of the second
dielectric’'layer, the second dielectric layer, and the walls of the via

wi t hi n t héb)denmingd adioptiew eich stogyayer ontheclirstdieleciigdsyet:he renmoved portion of
the additional, photoresjst layer thus_.formng.at |east one trench down

t hrough t K@ [9rUARE 657¢9: @ﬁe%%yﬁcﬂ‘/ 6§§§ dgele&%b%yﬁioélﬁ?c?&logall ayer, and
removi ng the sR;ngerH%e of the additional photoresist layer; (i) lining a
barrier metal” on 1nside walls and a floor of the trench, and on inside

wal | s1@and (&) delpositingi ldyheofid photaesist®n(q tpp futface g thetsecandghelhcteind via with a
fill metal in contact.with the barrier. netal rggsent i nvention

. Lining. T
still fur d3¥8F a5 GRASAWISC CTAP HERE BOFGP %F@&I@f%@slé{%fqg’spon&gg% t

least one via for the first dielectric layer;
(¢) removing the portions of each layer which are under the removed portions
of the photoresist thus forming at least one via through the second dielectric

15  layer, the optional etch stop layer, and first dielectric layer, and removing the
balance of the photoresist layer;

(f) modifying the top surface of the second dielectric layer, and a surface of
inside walls of the via through the second dielectric layer, optional etch stop
layer, and first dielectric layer thus forming a protective material thereon;

20 (g) depositing an additional layer of a photoresist on the protective material on
the top surface of the second dielectric layer and on the protective material on
the walls and a floor of the via through the second dielectric layer, optional
etch stop layer, and first dielectric layer, and imagewise removing a portion of
the photoresist corresponding to at least one trench for the second dielectric

25 layer;

(h) removing the portions of the protective material on the top surface of the
second dielectric layer, the second dielectric layer, and the walls of the via
within the second dielectric layer, which are under the removed portion of the

additional photoresist layer thus forming at least one trench down through the



m croel ectronic device which conprises: 10 (a) formng a first dielectric
| ayer on a substrate; (b) formng an optional etch stop |ayer on the first
di el ectriwobzgsas42 (c) form ng a second dielectric |ayer onCTAsoisoesst
dielectric layer or the optional etch stop layer; (d) depositing a |ayer
of a photoresist on a top surface of the second dielectric 15 |layer and

i magewi se renoving a portion of the photoresist corresponding to at | east
one via for the second dielectric layer and the optional etch stop |ayer;
(e) renoving the portions of the second dielectric |ayer and the optional
etch st opedoageielemtiiclayer endismevingibe balprss of thsadditional otareistphot or esi st

t hus forrféirég at | east one via down through the second dielectric |ayer and
the 20 opt "Shial etch stop layer, and renoving the bal ance of the

phot or esi $i) lingyes barriéf et hyilagalls b fodrfoielie: wénchmdseciaside di el ectric
| ayer,; and a surface of inside walls of and a floor of the via through the
second di efadlerpd e floayefrthgmia; ansht i onal etch stop layer thus formng a

protective.ngater erean; . £.a) (L ltdonal ,Liayer of a

phot or%si &)qﬁlﬁng%gkrﬁéo %nglt‘il%‘égtgfng‘ttg?ﬁg ﬁ%)nn&g?gp\{vﬁgg‘leoﬂgggﬁrr?éce of the second
di el ectri ginipyer and on the protective material on the walls and floor of
the via through the second dielectric |ayer and the optional etch stop

| ayer, and i magew se renoving a portion of the photoresist corresponding

to at |east one trench for,the secon [ tgic layer: 8 WO 02/ 052642
PCT/ US01/ ﬁese?tH?V%%é{l%gurﬁﬁéprpO& N gé%?s ﬁ"ﬁé“’&rﬁéc/%ﬁ é%ti ve material on the
top surf aggcRfeldhi6nis acPbEwicalcBaiprikss: | ayer, the second dielectric |ayer,
and the protective material on the walls of the via within the second

di el edfri da) faymingwHirstdicleeriatryer on meubskraigpved portion of the additional
Cecond di aPeERiE FaFiPr SR TG BhE-bOPERaSBr the pr ot ective
material Qp fohRinklaQREorRf ditiBri¥ iAW gl Maiidieettib RyseseRdoptting] ectric ayer,
and portions of tghe first dielectric | ayer under tyhe via which
etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
15 layer and imagewise removing a portion of the photoresist corresponding to at
least one via for the second dielectric layer and the optional etch stop layer;
(e) removing the portions of the second dielectric layer and the optional etch
stop layer which are under the removed portions of the photoresist thus
forming at least one via down through the second dielectric layer and the
20 optional etch stop layer, and removing the balance of the photoresist layer;
(f) modifying a top surface of the second dielectric layer, and a surface of
inside walls of and a floor of the via through the second dielectric layer and
optional etch stop layer thus forming a protective material thereon;
(g) depositing an additional. layer of a photoresist on the protective material on
25  the top surface of the second dielectric layer and on the protective material on
the walls and floor of the via through the second dielectric layer and the
optional etch stop layer, and imagewise removing a portion of the photoresist

corresponding to at least one trench for the second dielectric layer;



was in the second dielectric layer thus formng at |east one via down
through the first dielectric layer; 10 (i) renoving the bal ance of the
addi t i onavophaet2esnesi st layer; (j) lining a barrier nmetal porisei/sseswal | s
and a floor of the trench, and on inside walls and a floor of the via; and
(k) filling the trench and via with a fill nmetal in contact with the
barrier nmetal Ilining. 15 The present invention still further provides a
process for producing a mcroelectronic device which conprises: (a)
forming a first dielectric |ayer on a substrate; (b) form ng an optional
et ch st op (hayeoving thdiporfibssdf thé ploeectivé matesigkon th2 ton ey fatoeithhig a second
dielectric layer on . the first dielectric |layer or the optional etch stop
| ayer: (dpe98paisleqtrglagen hyspeqyd dé‘ﬁiﬂ%‘f %V%rsglé‘{thSHrcﬁecttWB %?ri‘azce of the
second di g ghd thfls of Y G1a iflfin LEVIRHMASRIEGHD Yy B FichQfclirder E { he |
phot or esi st corresponding to at east one via for the first dielectric

| ayer; 25 rémdvedgrptiomel thtiedditeral phstoebiseaydr thayferminpiatleagiose under t he
renoved portions of the photor s,st.thus f(()irm' ng at, | east one via through
t he seéondreasief@wg fhreugh té?ﬁc,on@)g‘te e5Hig 1 aYsr - ARALEBRVIRA e RFLS el ectri ¢

Layer 2 SR POnEIGaPG| #09RoPbe it DS PIOK GaeR| hL sdker: 9 VO 021 052642

PCT/ US01/ epositing a barrier material on a top surface of the
second di eligedttic mybyed pordonk &f theififsadieleofrici lagir dedesdhd siaavhicta f | oor of the
via through the second  dielectric |layer, optional etch stop and first

di el ect ri cvasdy&e seprnsl diglesiindpyar thys faringe %’rg?aéw%ﬂ“fl‘ §%’P treheon; 5 (g)
depositing, a ditio layer of a photoresist on the barrier materi al

| ayer - on%%@rs?glﬁleglﬁlrcpa % of the second dielectric | ayer and on the walls
and a bl o) r&hoving the balance of the additional photoresist layer;

(j) lining a barrier metal on inside walls and a floor of the trench, and on inside
walls and a floor of the via; and
(k) filling the trench and via with a fill metal in contact with the barrier metal
lining.

5

* The present invention still further provides a process for producing a

microelectronic device which comprises:
(a) forming a first dielectric layer on a substrate;
(b) forming an optional etch stop layer on the first dielectric layer;

20  (c) forming a second dielectric layer on the first dielectric layer or the optional
etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
layer and imagewise removing a portion of the photoresist corresponding to at
least one via for the first dielectric layer;

25  (e) removing the portions of each layer which are under the removed portions
of the photoresist thus forming at least one via through the second dielectric
layer, optional etch stop and first dielectric layer, and removing the balance of

the photoresist layer;



the via through the second dielectric |ayer, optional etch stop |layer, and
first dielectric |layer, and i magew se renpbving a portion of the

phot or esivet 02/e2642espondi ng to at | east one trench for therpseETsNGI3e] ectric
| ayer; 10 (h) renoving the portions of the barrier material |ayer on the
top surface of the second dielectric |ayer, the second dielectric |ayer,
and the barrier material layers on the walls of the via within the second
dielectric layer which are under the renoved portion of the additional
photoresist |ayer thus formng at |east one trench down through the second
di el ect ri €0 dapasitingzmbhrrienmstera) ontedop sirfase of thessegrmdrdiglegdrig|ayEonal

phot or esi st oG ini rri t {.NSi wal I s and a fl oor
of the trglﬁ%%?&ggﬁzg Ogﬁasf%ewalﬁ%glg&g%molgkf@egﬁadtﬂhuggrt'ﬂ%%b%ﬁle via;, and (j)
filling tRaRléct@niaheradstionabetvh §tbp and fitst digkkclc layer GaRfaGiingiat h the barrier

metal lining. 20 The present invention still further provides a process
for produbhiigr matasiat layen thereewini ¢ devi ce which conprises: (a) formng a

fi i el iG] ; : ' [ I h
ayer on (GEPpREpEHFiaderp) BYRSahBitort oh RO A ORMARRF, 21 <0, 7 0P

| ayer on bhend fop Stirfaicedfeled Jekénd diylettrieayehgendi thewalis aéd elflost @p | ayer; (d)
depositing a | ayer of a photoresist on a top surface of the second

di el ect ri ¢he Viaghwpugnitic iserage dieestricelarsri onjicaakrieh stemlager, andfihot or esi st
corresponding to, at |least one via.for the secon ielectric layer and the
opti onal g‘le& UG gger W_,lag%lsﬁ\ff’ﬁ%vllﬁ%ﬁgﬂ’ﬁloﬁéﬁ\ﬁﬁffoéﬁf& (e) renoving the
portions ehrréendifis ansk 18isebRctiénch fbraueecand dichRuRihyenal etch stop |ayer

whi ch ‘are under the renoved portions of the photoresist thus forning at
| east 10ne (Wiramduing thdpatighs efithe bavondatgiial laysr on ¢hd tap enrfagecbfthee  opti onal

etch stop sé:c%%grd’lele?crt]gc [a?/gr[,) ﬁliensgcgnra%iggc!tgg a%‘fer?];nci tf}ll%‘ bgrrh%tr fna ésrila?t layer;

layers on the walls of the via within the second dielectric layer which are under
the removed portion of the additional photoresist layer thus forming at least
one trench down through the second dielectric layer, and removing the balance

15  of'the additional photoresist layer;
(i) lining a barrier metal on inside walls and a floor of the trench, and on the
inside walls and floor of the via; and
(j) filling the trench and via with a fill metal in contact with the barrier metal
lining.

20
The present invention still further provides a process for producing a
microelectronic device which comprises:
(a) forming a first dielectric layer on a substrate;
(b) forming an optional etch stop layer on the first dielectric layer;

25 (c) forming a second dielectric layer on the first dielectric layer or the optional
etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
layer and imagewise removing a portion of the photoresist corresponding to at

least one via for the second dielectric layer and the optional etch stop layer;

10



5 (f) depositing a barrier material on a top surface of the second
dielectric layer, and a surface of inside walls and a floor of the via

t hrough weorzeeesed dielectric |ayer and optional etch stppriayesn2ishus
formng a barrier material |ayer thereon; (g) depositing an additional

| ayer of a photoresist on the barrier material layer 10 on the top surface
of the second dielectric layer and on the walls and a floor of the via

t hrough the second dielectric |ayer and the optional etch stop |ayer, and

i magew se renoving a portion of the photoresist corresponding to at | east
one trend) rémeving thegmeidons of itk SééqqdifgelP‘é%l‘%ye’(ﬁ)dth@ﬁﬁwf}ﬁ‘beﬁche portions of

the barrier terial |aye nt f second dielectric
| ayer, t hétogg%gﬁghkﬁhealree%ﬂef @‘elrgl@g\r'%dorébﬁg&{shogq% rroit&errgsq?rtatfr%ri al layers on the
val |'s of Fhming & [wdst Bhdwib Bewa einongh testw@at dieteckiyleyerwinidahe are under the
removed portion of the additional photoresist |ayer thus formng at | east
one t r enchpdowhetchsopdaver.lrad seeyiag Hiedirlsats olcthe altpresishi@yéenovi ng t he
ortiops t he.barrijer materi,al | t |,0 : via which was
!On t he 20%5 SEBRI S ae?aéré?rrrp%terll%@gra,tgé%éff%égﬂhgggc%ntd CﬁﬂS&;lf' rrhgltgr’di el ectric
| ayer undgpd bRerfatedf inMticGlalwasd afldohef devttradpklecdetdrad | ayer thus forning
at |l east one via down through the first dielectric layer; (i) renoving the

bal ance oflidl¢nerialdnértand wationshetch sogilaxer thay dermipg 3 bpirigr Agteaiabarri er nmetal on
inside walls gnd a floor of the trench, and on the 25 inside walls and
floor of tH& AKONand (k) filling the trench and via with a fill netal in

cont act W-(ﬁ)me{pbﬁtiﬁﬁﬁﬁ h@fitidRY Rlyer dflaihdebresist oM & ZR4ARHRTdYS01/ 50233 The
present invention still further provides a process for producing a

ni cr oéDectonahé wpderaceiithi shombdiplertsigdayet ad ¢rothaiwedisand pilopr of el ectri c
g?gle;c? ::]i & qsg}gﬁrg)géhet;he gel:)c,)onzl %{erlgc?rgc l%?er%%& itk?en(%)ltiogetllcert]chssttgyp 1a'y%>,’ &hd O the Tirst
imagewise removing a portion of the photoresist corresponding to at least one
trench for the second dielectric layer; '
(h) removing the portions of the barrier material layer on the top surface of the
15  second dielectric layer, the second dielectric layer, and the barrier material
layers on the walls of the via within the second dielectric layer which are under
the removed portion of the additional photoresist layer thus forming at least
one trench down through the second dielectric layer, and removing the
portions of the barrier material layer from the floor of the via which was in the
20  second dielectric layer, and portions of the first dielectric layer under the via
which was in the second dielectric layer thus forming at least one via down
through the first dielectric layer;
(i) removing the balance of the additional photoresist layer;
(j) lining a barrier metal on inside walls and a floor of the trench, and on the
25  inside walls and floor of the via; and

(k) filling the trench and via with a fill metal in contact with the barrier metal

lining.

11



5 (c) formng a second dielectric layer on the first dielectric |layer or
the optional etch stop layer; (d) depositing a |layer of a photoresist on a
top surfaxe@opbs2bdze second dielectric |ayer and i magew SepPCEUSVI/IY3A
portion of the photoresist corresponding to at |east one trench for the
second dielectric layer; 10 (e) renoving the portions of the second
dielectric layer which are under the renoved portions of the photoresist
thus form ng at | east one trench through the second dielectric |ayer, and
removi ng the bal ance of the photoresist layer; (f) nodifying a top surface
of the sefhagrademtlieantibe stilhfiether prodidas & processdomgirodyaieg @le wal I's and a fl oor

of the trench thus ,fgrn‘i ng a protective material 15 thereon; (g) depositing
an addi t i BRgockegnic device Whish GPBEIYY on the protective material on the top

surface of %ﬁniﬁggq&ﬂd#élsétﬁeiaryiacoﬁammta;nd the protective material on the
wal I s and EPI oor the trench, and i nagew se renoving a portion of the

phot or esi ¢t) fooningspeptomyg etch stp lpyasn therfarsidiele¢toe laves first dielectric

| ayer; 20 (h) renoving tf artions of .each,| r which are ynder the

renoved p&dt PBan&fse‘EO?ﬁ@ J;eaﬁ‘ﬁ’il? Y Or‘ptﬁSleﬁ(}lééelleglr}/ﬁelgg/e P euos,ptl? 3élrri ng at | east

one via dgwﬂ Sg(ﬂ;l?y&h the first dielectric |ayer, and renoving the bal ance
Itiona

of the ad photoresist layer; (i) lining a barrier netal on inside
wal | s and (&) ddpositingh ldyaeof a phutdresistron agnp swrgicd of teSeqgaid|diclegitic a f 1 oor of the

he bar i dser s BB PRG0N 16 S WD 0D A G502 Rl CRTPEUDIS' e present
dovi ce. ani Rt Hs lch A P ARSI RIREES, TG el ectric Tayer on a
subst ngt e;e)remol Mignhagoréionopt the serbn@tielecsicdayer apeh apnundee thei r st di el ectric
ayer; removed portions of the photoresist thus forming at least one trench through
the second dielectric layer, and removing the balance of the photoresist layer;
(f) modifying a top surface of the second dielectric layer, and a surface of
inside walls and a floor of the trench thus forming a protective material
15 thereon;
() depositing an additional layer of a photoresist on the protective material on
the top surface of the second dielectric layer, and the protective material on the
walls and floor of the trench, and imagewise removing a portion of the
photoresist corresponding to at least one via for the first dielectric layer;
20 (h) removing the portions of each layer which are under the removed portion
of the additional photoresist layer thus forming at least one via down through
the first dielectric layer, and removing the balance of the additional photoresist
layer;
(i) lining a barrier metal on inside walls and a floor of the trench, and on inside
25  walls and a floor of the via; and

(j) filling the trench and via with a fill metal in contact with the barrier metal

lining.

12



5 (c) formng a second dielectric layer on the first dielectric |layer or
the optional etch stop layer; (d) depositing a |layer of a photoresist on a
top surfave@opbs2bdze second dielectric |ayer and i magew SePCENSWI/INY3A
portion of the photoresist corresponding to at |east one trench for the
second dielectric layer; 10 (e) renoving the portions of the second
dielectric layer and optionally renoving the etch stop layer, if present,
whi ch are under the renoved portions of the photoresist thus form ng at

| east one trench through the second dielectric |ayer and optionally

t hr ough t Ate ptasbntshegmtiba yeli furﬁ]edpmiﬁwimgbcﬁfksefmmodmgg af the photoresist

| ayer; 15 (f%}ﬁdetposml nge grrl er. mterial-on a top surface of the second
di el ect r i @iFQglepronig device Which SRRIPHFSS; nsi de wal ls and a floor of the trench

thus fOrmagfoﬁnﬁ@rarﬂrardleleah@[d &l ol A¥@ktrhtBer eon; (g) depositing an
addltlonal | ayer "of a p otore5|st on the barrier material layer on the top

surface of(blﬂoanmg(annmtldmﬁIeebtsmpdaj'qyberth%ﬁil@t diplsctrigdaygs wal | s and floor 20

A L TR T E g RN L A e

removi ng the pghiqns of each of the barrier material layer on the floor of
the trench, IrP1(3]rrerrxal ning portions of the etch stop |ayer, and portions of
the fi rst(d)jd@bsmhg h Gayengfer pheitdresistaomen tupdetrfaquétheesnmr@cﬂlp‘mtﬂPon of the

addi ti onal otoresist layer, thus formn east gne via down through
the barri éi‘yer ﬁ%{]’é‘i‘%éwlﬁeé%?“ %atpﬂ@m(nlog& t‘%ﬁséSttcPE?FcPﬂ PRE Eptional etch

stop | ayen HQ and renoving the bal ance of
the addi t.%aﬁa@getﬁ%%rf‘i"s‘f‘i%“gi’ﬁ%%r %5 02) 052642 PCT/ US01/ 50233 (i)

| i ni.ng0a lgayeiveringehaportongd dsfethd:)sacon@dlekeatmrlayadr ahdggionglly t he i nside wal |l s
o T o e L SE Ty 0% il S5yl 5, B0 2 oot o e via: and
barri er otf%ljle photoresist thus forming at least one trench through the second dielectric
layer and optionally through the etch stop layer, and removing the balance of
the photoresist layer; ‘ _

15 (f) depositing a barrier material on a top surface of the second dielectric layer,
and a surface of inside walls and a floor of the trench thus forming a barrier
material layer thereon;

(g) depositing an additional layer of a photoresist on the barrier material layer
on the top surface of the second dielectric layer and the inside walls and floor

20  of the trench, and imagewise removing a portion of the photoresist
corresponding to at least one via for the first dielectric layer;

(h) removing the portions of each of the barrier material layer on the floor of
the trench, any remaining portions of the etch stop layer, and portions of the
first dielectric layer which are under the removed portion of the additional

25  photoresist layer, thus forming at least one via down through the barrier
material layer on the floor of the trench, the optional etch stop layer, and the

first dielectric layer, and removing the balance of the additional photoresist

layer;

13



lining. 5 The present invention still further provides a process for
producing a mcroelectronic device which conprises: (a) formng a first

di el ectriwobzgsa6420n a substrate; (b) form ng an optional ep¢TASErOP33 ayer on
the first dielectric layer; 10 (c) formng a second dielectric |ayer on the
first dielectric layer or the optional etch stop layer; (d) formng a
first hardmask | ayer on the second dielectric layer; (e) formng a second
har dnmask | ayer on the first hardmask | ayer; (f) depositing a | ayer of a
photoresi st on a top surface of the second hardmask 15 |layer and inmagew se
removi ng &) fioingiacrarnadr ndial onrib¢ baresi mategalrlayes po i ingide wals and east one vi a

for the second. hardmask | ayer; re in e portions of the second
har dmask | gept PEﬁRhF@Jﬂ%ﬂ%@e&%ésa?%ﬁéQ@gﬂ%EﬁY@o of the photoresi st
thus for Mg e heasheroR Wi #ith AroUEBal ReoneCRd iR akBR etdlayer . and

renovi ng the bﬁﬁance of the photoresist |layer; 20 (h) depositing an

addi t i onalliningyer of a photoresist on the top surface of the second
hardnagk | ayer and on inside walls and floor of the via in the second
har dmask, and i nmagewi se renoving a portion of the photoresist corresponding

to at I ea%e??&eﬁtﬁ%ﬂoﬁ Qfill ?d?ﬁleiﬁﬁ%@ﬂfés RarcteRskr ﬂ)l@ﬁ@diﬁcljg §i) renoving the

portions of the first hardmask |ayer and the second dielectric 25 |ayer

whi ch ar e minaelectrévec dedcé whicheomensasd har dnask | ayer thus fornming at | east

one via down. throu t.q first hardnﬁﬁk | ayer and the second dielectric
layer; (j YAriemBweddisiielpart fR<CbE YOSk %Eecond har dmask | ayer which are

ncer e ol RSP Shu R e patetces o i Torng o
har dmask l(@yfermingndecmtali¢lagrit tagepar the ding doflectrelayer or the optional

etch stop layer;

(d) forming a first hardmask layer on the second dielectric layer;

(e) forming a second hardmask layer on the first hardmask layer;

(f) depositing a layer of a photoresist on a top surface of the second hardmask

15  layer and imagewise removing a portion of the photoresist corresponding to at
least one via for the second hardmask layer;

(g) removing the portions of the second hardmask layer which are under the
removed portions of the photoresist thus forming at least one via through the
second hardmask layer, and removing the balance of the photoresist layer;

20  (h) depositing an additional layer of a photoresist on the top surface of the
second hardmask layer and on inside walls and floor of the via in the second
hardmask, and imagewise removing a portion of the photoresist corresponding
to at least one trench for the second hardmask layer;

(i) removing the portions of the first hardmask layer and the second dielectric

25  layer which are under the via in the second hardmask layer thus forming at
least one via down through the first hardmask layer and the second dielectric
layer;

(j) removing the portions of the second hardmask layer which are under the

removed portions of the additional photoresist thus forming at least one trench

14



optional etch stop |layer which are under the via in the second dielectric

| ayer thus extending the via down through the optional etch stop | ayer;

(k) renmowagzofres2porti ons of the first hardmask | ayer andpCheseesnessd
dielectric 5 layer which are under the trench in the second hardmask | ayer
thus formng at |east one trench down through the first hardmask |ayer and
the second . dielectric layer; renoving the portions of the first
dielectric layer under the via which was in the second dielectric |ayer
thus form ng a via through the first djelectric-layer, and renoving the
bal ance ofowmhgrawgl the serand pardmasieiyer andgigaiovingghe portipnyef§e a barri er net al

on insi deo ln'a?et?gngtogil%y:ep Y ic:gf éé[ llti}ll%g{"l {:hgr\]/%qxg tﬁ@gechrf(% %i@geichl%ll?wl I's and a floor

of the via; and I Ng and via w metal in contact

with the {asekehdiBR via Hbwh Bgoughbthd BetidabsehttopMent i on still further
provides a process for producing a mcroelectronic device which conprises:
(a) form tkg remevipg theghostienstof ithe firglkardmaskdayanad thetsecondishelediien ng an

opt i onal : P the fi i j erq ormng a
seconggdi%&%ﬂ?géggeagﬁgg%ﬁgFﬂgl?ﬁ?é%£%ﬁ%ﬁ%§§%§%ﬁ$%$%ﬁiggﬁﬁggioptional 20

et ch st oplchayo@e trehéh) ddvor thrdigghahd fifss hartimbskRsk dndYiey seéénd he second
dielectric layer; (e) formng a second hardmask |ayer on the first

har dnask fliglesiric layer; gawaigttheporsionsgfche Bfst dicjeticdpyssusderdhe wat op surface of
t he second, har dnmas | ayer ;.-and .i magew se renovi Ng a ponti of the

phot or oo SPREGTRAR sty Eeae TBEFMS B BRE P EnBNBR b Pile "cecond

har dmask h@kefric 16%):, drRIeMb Mg g tHIRELAPACE bPIAS aaditibha pheeedtt haednask | ayer
whi ch "are under the renoved portions of the photoresist thus form ng at

| east 1bne() liningla batmicsmagtal onhesidewaltrandar irea ok thedyeach, aad@niesidsvi ng t he
bal ance of thgﬁgﬁtonﬁ§$st | ayer; 15 WD 02/052642 PCT/ USO01/ 50233 (h)
deposi ti n§*ah? PPTHare Y& of a photoresist on the top surface of the

(m) filling the trench and via with a fill metal in contact with the barrier metal

lining.

15 The present invention still further provides a process for producing a
~ microelectronic device which comprises:

(a) forming a first dielectric layer on a substrate;

(b) forming an optional etch stop layer on the first dielectric layer;

(c) forming a second dielectric layer on the first dielectric layer or the optional
20  etch stop layer;

(d) forming a first hardmask layer on the second dielectric layer;

(e) forming a second hardmask layer on the first hardmask layer;,

(f) depositing a layer of a photoresist on a top surface of the second hardmask

layer and imagewise removing a portion of the photoresist corresponding to at
25  least one trench for the second hardmask layer;

(g) removing the portions of the second hardmask layer which are under the

removed portions of the photoresist thus forming at least one trench through

the second hardmask layer, and removing the balance of the photoresist layer;

15



second hardmask | ayer and on inside walls and floor of the trench, and

i magewi se renoving a portion of the photoresist corresponding to at |east
one vi awonz2ioftesssecond dielectric | ayer and the optional petwhoigtoess | ayer;
5 (i) renoving the portions of the first hardmask | ayer, the second
dielectric |layer, and the optional ,etch stop |ayer which are under the
renoved portion of the additional photoresist |ayer thus formng at | east
one via down through the second dielectric layer and optional etch stop

| ayer, and renoving the balance of the additi onal otqgresi st layer; 10
() rermvi(li'?g?e?ﬂ%“%?‘% adshigong layereo @lﬂhgior?%‘ﬂﬂﬁ}éeléopé&’gﬁc éﬁ(ﬂhet he second

di el ectri g dpygg e WABs AEMR of thelthGcs em@nd hardmask | ayer
t hus formg?lcoh hat aggg}gﬁ%n%t#gﬂgﬁ dovvsn throug tehe gecond dielectric |ayer
and rem)vurn@dvsh& repvingansoridn dfke phatstesidi @irespanidingl tayeleastameespondi ng t o
the via in the second _dielectric |ayer or optional etch stop |ayer, thus
form ng atigfenthe SS?fé’d\AI%{eﬁBWYerl@dttﬁ%/%%‘a]tfﬁ& $iPp &yerdi electric layer; (k)

: Ing: gg alal% gér{éﬁ\; ngﬁ%"ﬂon%s lofl edfﬁ'st"}ﬁ}clrﬁasﬁrfgleﬁ tf‘lé %Bn@&etelaﬁlct rench, and on

I"oor e via, and (1) filling the trench and vi a
with a fi ldyermahdlhei optmnaiteamtstwp layuert\%eckba‘lemnécrr theeteaiovedi pmtwg of20 BRI EF
DESCRI PTI Ok, TH g}I?)A u fbé %1 h) shO\gp rst nbodl ment of
the preseffte 39ditiangl BporsH P33t PRG WA dpWRKRioYER Meoget her with a

deposited ond enbodi nent
oF The pr SEMRORLAR, .'52%%2%0%3 e g e e A

ow, VI a st techni que toget her
with a depﬁmetaeldummltlﬂmtdrmtmmegr| al, 16 WO 02/052642 PCT/ US01/50233
Figures 3(a)-(h). show a_ third enpbodi ment of the present invention, show ng

a treh@h {0 ranoviag Hisi Rpgeons of therfast W@fﬁa% 1%15@58%4 Ehéde‘iﬂnétdé‘il?‘?t(}% materi al .

layer which are under the trench in the second hardmask layer thus forming at

least one trench down through the second dielectric layer and removing the

portions of the first dielectric layer corresponding to the via in the second

dielectric layer or optional etch stop layer, thus forming at least one via down
15  through the first dielectric layer;

(k) lining a barrier metal on inside walls and a floor of the trench, and on

inside walls and a floor of the via; and

(1) filling the trench and via with a fill metal in contact with the barrier metal

lining.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1(a)-(h) show a first embodiment of the present invention, showing a
deep, via first technique together with a deposited protective material.
25

Figures 2(a)-(h) show a second embodiment of the present invention, showing

a shallow, via first technique together with a deposited protective material.

16



Figures 4(a)-(h) show a fourth enbodi nrent of the present invention, show ng
a 5 deep, via first technique together with the formation of a

sur f ace- wolbt/oze42 protective material. Figures 5(a)-(h) showusoiisobssh

enbodi ment of the present invention, showng a shallow via first

techni que together with the formation of a surface-nodified 10 protective
material. Figures 6(a)-(h) show a sixth enbodi ment of the present

i nvention, showing a deep, via first technique together with a barrier
material | ayer. igures 7(a)-(h) show a seventh enbodi nent of the

pr esent in@gH‘ieﬁéaﬁ?'(gh%\ﬁ’an@th“é egbafingsR! of/thy Proseryinyeatinmi HAWINEFyet her with a
barrier matgla t't@éﬁﬁ Fi B (Aenb .ghtth enbodi nent of the
present i nver?ti 5?1 S ({)uertlé “ge?t%vrl@nag%pégregﬁ)p@é\%ﬁ)%irﬁdﬁ%@bget her with the .
formation of a surface-nodified 20 protective material. Figures 9(a)-(h)
show a ninth e i pent of the present ipnvention, showng a trench first

t echni quenﬁlgg@énﬁgag'(gf%hﬁ%ﬁ fourth ieéxboalﬁteéF Pfgthe Py .m\@gtlplil,@g?wglgm( a)- (h) show
atenth e | %8 ot f & byith AYERE Walokg i, first technique
Foget her wieh Trrey tnh B RUEREE hi ke athn SRR B 612

PCT/ USO1/ 58ia&8tivé-mgeriels 11(a) - (h) show an el event h enbodi nent of the
present invention, showng a trench first technique together with first and
second hardmask |ayers. 5 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT

| ey . - i . i.n FlG 1(a),
1o FEEPATRELP TR SERS L G L Y et 2

forma firsiallow| whdestiéchniqay esgethivr it thddoshiineof aNurfapd-imediledet ch st op
material may then be 10 deposited onto the first dielectric layer to form
an optlilonaltrolcbye @aspal ayer. A second dielectric material is then
deposited onto the first dielectric |ayer or the optional etch stop |ayer
to thereby forma second dielectric layer. A layer of a

Figures 6(a)-(h) show a sixth embodiment of the present invention, showing a

deep, via first technique together with a barrier material layer.

15 Figures 7(a)-(h) show a seventh embodiment of the present invention, showing

a shallow, via first technique together with a barrier material layer.
Figures 8(a)-(h) show an eighth embodiment of the present invention, showing
a trench first technique together with the formation of a surface-modified

20  protective material.

Figures 9(a)-(h) show a ninth embodiment of the present invention, showing a

trench first technique together with a barrier material layer.

25  Figures 10(a)-(h) show a tenth embodiment of the present invention, showing

a via first technique together with first and second hardmask layers.
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photoresi st material is then deposited onto a top surface of the second
dielectric layer, and a portion of the photoresist is inmagew se renoved by
15 st andavaopbsasel i t hographi ¢ techni ques to outline a viap€DUSeis®233 r st
dielectric |layer. Portions of each |ayer under the renoved portions of the
photoresist are then renoved to format |east one via down through the
first dielectric layer, as shown in FIG 1(b). The bal ance of the
photoresist layer is then removed, as in Fig. | (c). A protective

mat eri al , nth e.a sacrifici is 20 deposited onto a top

He® ﬁ@ﬁ %‘IOE'I@CQ‘LI?WB& e&&@#l*&%ggwe.pﬁ%sménmﬂpg and a floor of

surface of He®se
the via, aého?v\hﬁ)g’\@trbﬁbﬂ:ﬂi& b Eichi ueﬁwgeaﬁéillwlthomd anl(m@dndq{arcﬁnaslkhotor%' st is

t hen deposited on the protectlve material, and then a portion of the

addi ti onal lap¢i6t or esi st i s i magew se reaned to outline at | east one trench
for the second dielectric |layer, as shown in FIG 1(e). Portions are renoved
25 fromthe protective material and the second dielectric material under
the resoved PRTAIDED PESCRP TRANIOH PHEIPREFMRRES EMBODMERIM at | east one
trench down through the second dielectric Tayer, as showmm in FIG 1(f).
The balance of the additional photoresist layer is then removed, and the

bal ance of th ctiv terial is.renoyed, .a n FIG 1(9).
| nsi de wal 1 ﬁ%é}gﬁ’?f%?t (ﬁ%.ég%e ?B%E%t@ %di?ggg%n lB'Fs‘tthe via and the
trench ar edxuwﬂlclma&@dam ddpositdiadnid £EurfRE 3k a s@Rbateheorihenitstench and via are
filled wth a fill netal in contact with the barrier netal |ining, as

shown in Fdl@ieclI(CHWer &n S uakftade. stiboptiaabstcusiop matdrod ntayeh¢relhni ques

descri bov itable to be ssed. into,an integrated
ci rcui %)(Oﬁﬁerd %%ﬁﬁjf ‘f?slS‘Hf‘ QA a%&ﬁéﬂﬁ?g‘i@é StﬁBllF Dgkcfusi vel y

i ncl ude Se§9c6ﬁ’cpﬁii'éﬁz€9fc rﬁ?ﬁ&ﬁiﬂh@!h%n @éﬁ‘d@lt@cﬁontgﬁlel iR AEGRR1ARr 6AES)

germani um silicon, silicon germanium lithium niobate and conpositions
cont ai ni ngomldnlab@ch stap Ilayastodhe;rsb)aﬂokmmesemridldrcdmtrldﬂtygxolA{d;a}der ¢fom, anor phous
silicon, itaxi.al sili co nd SI%I con di oxi de and m xtures

i
t her eof an Helysiptipigaa ! e%ﬁ? R0 3 PR EUI{RRF & tﬁéﬁ%‘“’t“?pl cally

dielectric layer, and a portion of the photoresist is imagewise removed by

15 standard photolithographic techniques to outline a via for the first dielectric
layer. Portions of each layer under the removed portions of the photoresist are
then removed to form at least one via down through the first dielectric layer, as
shown in FIG. 1(b). The balance of the photoresist layer is then removed, as
in Fig. 1 (c). A protective material, in this case a sacrificial film (SAC) is

20 deposited onto a top surface of the second dielectric layer and on inside walls
and a floor of the via, as shown in FIG.1(d). An additional layer of a
photoresist is then deposited on the protective material, and then a portion of
the additional photoresist is imagewise removed to outline at least one trench
for the second dielectric layer, as shown in FIG.1(e). Portions are removed

25  from the protective material and the second dielectric material under the
removed portions of the additional photoresist, to form at least one trench
down through the second dielectric layer, as shown in FIG. 1(f). The balance
of the additional photoresist layer is then removed, and the balance of the

protective material is removed, as shown in FIG. 1(g). Inside walls and a floor
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formed by well known |ithographic techniques. Suitable materials for the
metal contacts include alum num alum num all oys, copper, copper alloys,
titani umwoantab42m and tungsten. These lines formthe cordDus@r®23f an 15
integrated circuit. Such are typically closely separated from one anot her
at distances preferably of from about 20 mcroneters or |less, nore
preferably fromabout 1 microneter or |ess, and nost preferably of from
about 0.05 to about 1' mcronmeter. 20 The first dielectric |layer and the
second dielectric layer, may conprise any organic or inorganic dielectric
mat eri al ©6twond yndithe drehch drb ¢heprimdd viitharbaofier mdtaly avel then thedieackievi ces. It is

nost preferred to.yse dielectrics of low, A dielectri onstant, k, values in
the pract PBg VEBar ﬁﬁe%&béﬁﬁl ‘irlﬁt@g‘r?tcio%l?t W%g‘e%agfeé&e?qlg@l%a? nonexcl usi vel y
i ncl ude O8F,%n i;SFId.¢@) containing spin-on 25 glasses, i.e. silicon

cont ai ni ng polynmer such as an al koxysilane polyner, a silsesqui oxane.
pol yner, a sil oxane polyner; a poly(arylene ether), a fluorinated

pol y(aryl ene ether), oth ol ric dielectric material.s nanopor ous
silica’ oPWRRESH a{@ﬁgﬁ%ﬁkgr@%gg@g@pﬁq ger?S‘il PEe df EA9Fc material 19 WO
02/ 052642 (RCHI U0 R843%d iHR&hUhte ﬂ]fedtd%uit 6}’('%31[(1&1' ARrddlddelRs an nanopor ous

silica al koxysi |l ane polyner forne rom an al koxysi | ane mononmer whi ch has
t he f or nuldavice RSubstiReSnoReRelusihay @ichudatsemaasducRorghateriads fucragups ar e

i ndependent|y C 1 t al kox rou 10..and the bal ance, if any, are
i ndepender&allylné%WS@HE%@?‘AFsgrﬁef%@quﬁﬁc%W%‘F%ri geﬁﬁla{}’f‘“h;?‘ W8en, al kyl ,
phenyl . hali 4860, (SdsBHokfidhe Ay ilicB §ich2Rh¥ta8aRMiIRohS  met hoxy, et hoxy
or propoxy.l&%uc%n ar gﬁioolﬁmr%ng%?ﬁygavai | abl e f%m Honeywel | I nternational
Inc. a§ Naodgilassdvhorpheusrsiibn papitieinl @bicoal kioksiBednahiexidetHhiOmer i s
tetraet hoxysilane (TECS). Al sqo useful ?r e hcygr oge}rllsfll oxanes1

and mixtures thereof and may include metal contact lines"which are typically

formed by well known lithographic techniques. Suitable materials for the

metal contacts include aluminum, aluminum alloys, copper, copper alloys,

titanium, tantalum, and tungsten. These lines form the conductors of an

15 integrated circuit. Such are typically closely separated from one another at
distances preferably of from about 20 micrometers or less, more preferably

from about 1 micrometer or less, and most preferably of from about 0.05 to

about I'micrometer.

20  The first dielectric layer and the second dielectric layer, may comprise-any
organic or inorganic dielectric material commonly used in the production of
microelectronic devices. It is most preferred to use dielectrics of low
dielectric constant, k, values in the practice of the present invention. The
dielectrics may nonexclusively include OSG’s, silicon containing spin-on

25  glasses, i.e. silicon confaining polymer such as an alkoxysilane polymer, a
silsesquioxane polymer, a siloxane polymer; a poly(arylene ether), a
fluorinated poly(arylene ether), other polymeric dielectric materials,

nanoporous silica, or mixtures thereof. One useful polymeric dielectric material
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15 which have the formula [(HSI OL.5),,Oy]n , hydrogensil sesqui oxanes whi ch
have the formula (HSi OL.5)n, and hydroorganosil oxanes whi ch have the

f or mul ae wé (#B26055) xOy( RSi O155) z] n, [ (HSi OL. 5) x( RSi OL_S) p¢TvUseuds0233

[ (HSIi OL. 5)xOy(RSI OL.s)Z] n I n each of these polyner formulae, x= about 6 to
about 20, y=1 to about 3, z= about 6 to about 20, n=1 to about 4, 000, and
each 20 Ris independently H Cl to C8 alkyl or C6 to Cl2 aryl. The wei ght
average nol ecul ar weight may range from about 1,000 to about 220,000. In
the preferred enbodi nent n ranges from about 100 to about 800 yielding a
nol ecul ar ugefuigot thefinentien @abladds an, MaAcpdrousailaiatalldsy 0Ae pdyrrer pr ef erably, n
ranges from about 250 to about 650 yield'nq a_nol ecul ar wei ght of from
about 25 formwgdramyanpbkgxysynomonongarhich t’ﬁfl %@r@ulﬁ thin the context of this
i nventi on nonexclusively include hydrogensil oxane, hydrogensil sesqui oxane,
hydr ogennet hyl si | oxane, hydrogenet hyl si |l oxane, hydrogenpropyl sil oxane,.
hydr ogenbut yl si | oxane, hydrogentert|-butyl sil oxane, hydrogenphenyl sil oxane,
hydr ogennet hyl si | sesqui oxane, hyﬁ;q enet hyl si | sesqui oxane, 20 WO 02/ 052642
PCT/ USB1/ 50233 hydr ogenpr opyl si '%gﬁuioxane, hydr ogenbut yl si | sesqui oxane,
hydr ogentert- butyl sil sesqui oxane qnd hydr ogenphenyl si | sesqui oxane and

m xtures thereof. The hydroorganosi'l oxanes, poly(arylene ethers),
fluorinated poly(arylene ethers) &d m xtures thereof are preferred.

Sui tabl e poly(arylene ethers) or 5 fluarinated poly(arylene ethers) are
known in the art fromU. S. patents 5, 155,175; 5, 114,780 and 5, 115, 082.

Preferred vﬂ'loelr%}(x gl%%sZ?eof%e%%ﬁuggF% indd Qr?JehPQEﬁgo nggéﬁéé)g; %xjggf?si ethers) are

di scl osed I'n ent ap on serla r 57 filed

Decermber had tHORTanohj i€ bnyi, arel indepepdsndt eclediat Rom thy grouptenseniong. Preferred
siloxane materials suitable for use in this invention are 10 commercially

avai | abl e of hydroBrhejjubIphenyhihatagsn whetituted ehenyh dbiefarady eacadbitame
el oottt oy Bl i AL EBUEFTA PR o6 ST onane
Honeywell International Inc. as Nanoglass™. The most preferred alkoxysilane
monomer is tetraethoxysilane (TEOS). Also useful are hydrogensiloxanes
15  which have the formula [(HSi0, 5)«Oy]n, hydrogensilsesquioxanes which have
the formula (HSiO; s),, and hydroorganosiloxanes which have the formulae
[(HS10, 5)xOy(RSi0; 5).]n, [(HSiO; 5)x(RSiO 5)y] and
[(HSiO) 5)xOy(RSi0) 5).Jn. In each of these polymer formulae, x= about 6 to
about 20, y=1 to about 3, z= about 6 to about 20, n=1 to about 4,000, and each
20  Risindependently H, C, to Cg alkyl or Cg to Cy; aryl. The weight average
molecular weight may range from about 1,000 to about 220,000. In the
preferred embodiment n ranges from about 100 to about 800 yielding a
molecular weight of from about 5,000 to about 45,000. More preferably, n
ranges from about 250 to about 650 yielding a molecular weight of from about
25 14,000 to about 36,000. Useful polymers within the context of this invention
nonexclusively include hydrogensiloxane, hydrogensilsesquioxane,
hydrogenmethylsiloxane, hydrogenethylsiloxane, hydrogenpropylsiloxane,
hydrogenbutylsiloxane, hydrogentert-butylsiloxane, hydrogenphenylsiloxane,

hydrogenmethylsilsesquioxane, hydrogenethylsilsesquioxane,
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Pur espi nTM and Accuspin(r) T18, T23 and T24. Preferred silicon containing
dielectric polyners have a fornula selected fromthe group consisting of 15
[ (HSI O . syxX@ps2642HSI O . s)n, [(HSI OL.s) XOy(RSi OL. 5) Z] n, PCT/US01/50233

[ (HSIi OL.5) X(RSi O1.s)y]n and [(HSi OL.5) XOy(RSi O1.5) Z] n wherei n x= about 6-
to about 20, y=1 to about 3, z= about 6 to about 20, n=1 to about 4, 000,
and each Ris independently H Cl to C8 alkyl or C6 to Cl2 aryl which are
di sclosed in U S. patent application serial nunber 08/ 955,802 filed '
Oct ober 22, 1997 and which is incorporated 20 herein by reference. Al so

pr ef er r ed hgdre gt dBjildilséuionags hiydrogorbendilssiquioxane, hgdwgenpiing pol yners such
as those having the fornula |: [H-%i ggin R- Si ..)%Lm éiHO.f4-1.0Si 0L 5 -
1. 8] n[ RO. hutylsySesanypxane angd hypragenpfienylsilsgsqyo -nﬁ.aeﬁlw UESS HETE

[HSiOL. 5 - Dl L (R )\(j([ggq ' SR eOr the sumor x,
y and z i]g%%rﬁxmogégﬁ%y%%%’a%% ééﬂg%})hfelfbg,nd mng%grﬁ;g)g%gﬁgel ected such .t hat
car bon cowthets)and mextoses ithaieiftage preferreprBswhle poly(anyleasethets)of | ess t han about

40 Mol e percent. Pol yners havin he 21 02/ 052642 PCT/ US01/ 50233
structar eflluoﬁP@e‘t‘)POID’éWIS‘i‘egf‘é]i*ﬁr@ f’g% Wl%&ﬁ\g?%%toﬂb@a%faﬁt%om ai ni ng
substi t uent Q. PH ' ) 1BANetROQMn#*0 nol e percent.
These pol 9?11;521ﬁa?’é?ﬁzgﬂ(ﬂségfsﬁggr’%%}gﬁe%d #ﬁ@gﬂ% p%{t ent rlappl i cation serial

nunber 09/R¥An&3d polylarylest dvhers)ar2 QiscloSSi8n LRI peterit applivatiopewrad ed herei n by

reference. Also 5 preferred are certain hjigh.organic ntent silicon
cont ai ni n@UE@PSI%?’QO:éWcﬁleQPec?rﬁB"srel2h§?ﬁ7nﬁf“2£és ip QrH‘BﬂaE?%ﬁie.re"[’ E%i OlL.5]n

[RSIOL. 5] 'ﬁ4' i agﬁ'e N1 KabefolRe Gh 185 thvBdtiBn are
[ Ho- 1.0Si &L?Begiggo rr?ke[n%gisg”.{ %nna%r er gﬁiﬁ ?ﬁ@esum Sol%lwn and in is from about
8 to aboutcoh@fciamyavailablesneEHore wesluaterdtanaltlhe vadertbatredantiieni ng
substituent is present in an anmount of from )
Accuglass® T-11, T-12 and T-14. Also useful are methylated siloxane
polymers available from Honeywell International Inc. under the tradenames
PurespinTM and Accuspin® T18, T23 and T24. Preferred silicon containing
dielectric polymers have a formula selected from the group consisting of
15 [(HSiO} 5)xOyln,(HSiO1 5)n, [(HSiO1 5)xOy(RSi01 5)]n, [(HSi01.5)(RS10; 5)y]n
- and [(HSiO 5)xOy(RSiO; 5),]» Wherein x= about 6 to about 20, y=1 to about 3,
7= about 6 to about 20, n=1 to about 4,000, and each R is independently H, C,
to Cg alkyl or C to Cy; aryl which are disclosed in U.S. patent application
serial number 08/955,802 filed October 22, 1997 and which is incorporated

20  herein by reference. Also preferred are certain low organic content silicon

containing polymers such as those having the formula I.
[H-SiO; 5]n[R-S101 5]m :
[Ho.4-1.08101.5 - 1.8]a[R0.4-1.0-Si01 5 - 1.8]m ;
[Ho-1.0 8101 5-2.0]a[R-S101 5]m | ;
25 | [H-SiO s]«[R-SiO1 5}y[SiO2]. ,
| 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 less than about 40 Mole percent. Polymers having the
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about 40 Mol e percent or greater; and [HSIOL.5] X [RSIOL. 5]y [Si O2];
zwherein the sumof x, y and z is fromabout 8 to about 5000 and y is

sel ect ed wab2/e26d2 t hat the carbon containing substituent PeT/ps@s®Ri3 i N an
anount of about 40 Mdle % or greater; and wherein Ris selected from
substituted and wunsubstituted straight chain and branched al kyl groups,
cycl oal kyl groups, substituted and unsubstituted aryl groups, and m xtures
thereof . The specific nple percent of carbon containing substituents is a
function of the ratio of the 20 anmobunts of starting materials. Polyners
havi ng t hetrsdtaredtary & bt ondeinidicomtent eherelthgtarborgemitainingsubstituantser e t he car bon
contai ning substituents are present in an _anount of abqut 40 nol e percent
or nore. W@Seﬁ&%“&f’%ﬂﬁ%ﬁ?‘} thoyt ﬁ(g{;né)le PEFIY ﬁ'ﬁsed’ YMESt ent

appl i cati gp, d&ﬁéﬂi@e!d rﬂ(grgt?&ﬂ 39 Q48R Eppifdalit! sd¥id ftinBQ 09/04418838, whi ch s

i ncor porate erein by ref erence. The pol ymer may be present 25 in the

di el ect ri dilaovpadi0, 0908, whichps ireogorateshbliersindyecferente. Alsed wit h any

sol vents) or it may be sent.inaso.b.ution where jt i i xed with

sol ven?s. Prafgresd %YB?‘/”\’;%‘H‘E ‘rggroég%ll‘ce%oélfﬁn,t SHIRRN CRRIPEE PP nbérri?‘#? &y present in

an anount . thYoto about 50 % by wei ght of the polymer, nore
pr ef er abl }1%?8%‘9%%‘&%%2642 PCT/ US01/ 50233 about 3 % to about 20 %

The sol vent conponenfsic, 5P\r[ﬁgﬁ§1§?nl1y present in an anmount of from about 50 %
to about 99 % by weight 6f the dielectric conposition, nore preferably

from about 80 % to ghouts¥3, Jes).$Rb1.ABE@ salyents nonexclusively include
aprotic solvents such as cyclic ketones including 5 cycl opentanone,

cycl ohexanone, cycl gHgx@ong, AT®RSeYLJpoct anone; cyclic am des such as

N-al kyl pyrrolidi none wherein the alkyl group has from1l to about 4 carbon
at ons,1 0 andvHyraiy eecdnexy r gdrmad froinraboet, 8 @rathont 5000med nt Iseekeofed Deposi ti on of
dielectric materials onto the substrate nay be conduct efl ‘via 10

convent i orsa¢h thet the garben epntaigingsubstideant isRyeseat i WGMQWBGOL oM er coati ng,

er(raayi ng, a%Ql?trﬂocﬁllolevp%Pc%t &eé%é’astért, L, meniscus coating, and the |ike which

[HSiO) 5]x [RSi01 5]y [Si02]2;
wherein the sum of x, y and z is from about 8 to about 5000 and y is selected
15  such that the carbon containing substituent is present in an amount of about
40 Mole % or greater; and wherein R is selected from substituted and
unsubstituted straight chain and branched alkyl groups, cycloalkyl groups,
substituted and unsubstituted aryl groups, and mixtures thereof. The specific
mole percent of carbon containing substituents is a function of the ratio of the
20 amounts of starting materials. Polymers having the structure II which are of
high organic content where the carbon containing substituents are present in an
amount of about 40 mole percent or more. These polymers are described more
fully in U.S. patent application serial number 09/044,798, filed March 20,
1998, which is incorporated herein by reference. The polymer may be present
25  in the dielectric composition in a pure or neat state (not mixed with any
solvents) or it may be present in a solution where it is mixed with solvents.
When solvents are present, the polymer is preferably present in an amount of

from about 1 % to about 50 % by weight of the polymer, more preferably from
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wel | -known in the art. Spin coating is nost preferred. The thickness of the
dielectric layers may vary dependi ng on the deposition procedure and

par anet ew@et/oqeg42but typically the thickness nmay range frpar/abougo2i300 A to
15 about 50,000 A, and preferably from about 2000 A to about 12000 A 1In
the nost preferred enbodinent, a liquid dielectric conposition is spun
onto the appropriate surface according to known spin techni ques such as by
applying a liquid dielectric conposition to the surface and then spinning
on a rotating wheel at speeds ranging from about 500 to about 6000 rpm for
about 5 t aboR03&beutbo6R0s%c dhel solveriheordpaicatis preferatdy oreseritsn #y optional |y be

heat ed to expel .residual_ sol vent to i.ncrease,.i.ts .nolecular weight. The
heat i ng r’rﬁ‘}io‘b‘g Oééﬁm?gpwoé’%to gt?ﬂ‘l’\t/g%(t)/‘i Wn‘é{?lgwgﬂ'_ée diglesirics heating on a hot
plate in alf,QidnNmdf rlefablydrorR kBB BOOS 8.ab8iit 3717 TBYitbEsblvants @ furnace or
oven in alr, or 1h an inert” atnosphere, or it may occur in a vacuum .

f urnace ononexclusivelgwerudeldpaitic nolverss syshes eychibkgtonesrideladieg at a tenperature

of from abou.Iut 80C to a? ut 500C, 1aﬁld nor e Ergfe abI%{ frlom about 150C to
about ﬁZSCYPOPFHTago%&X‘i%XWn%r%?B SBRYE A FYBIRAIOPS S¥7 Kbout 1 minute to

about 360,401 , 1 : i8deP1/ 50233 f
Ut 360, (i s AIEN PR ROIRE R ikt 2 ) B3HORRGHAn PET r om

about 2 to a The dielectric materials may al so optionally
be exposed ctuboaatonsi and W-gitlohesylepyradididons, iaghmixturss theegoase t heir nol ecul ar
wei ght. The anount of exposure may range from about 100 mJ/cnR to about

300 mJ/cnR. The dielectric materials may optionally be cured by overall 5

exposed tq el ectron. heamradi.ati on., El ectron beam exposure my be
control | elePhyaLRFIG B SERRPaD e PR SR B R ERT Betm r 2

e OR” bdam radi ati on may

take phace,inntdiM nfeidiRelic R\ ROcALNE NS cdading ORIV atiflg €l ect ron beam

radiation to substrates placed therein. It is preferred that the el ectron
beam expospragingt @emitad vemmdepdsacbnwinehiseusmodeéng, land the likearhidh atgl ect r on
radiation froma |l arge-area 10 el ectron heam lértﬁi%knelzg g}&r‘eabl y, an

el ectron Bednknonanipahe s Spubepalipg tsnost preferred.

dielectric layers may vary depending on the deposition procedure and
parameter setup, but typically the thickness may range from about 500 Ato

'15 about 50,000 A, and preferably from about 2000 A to about 12000 A. In the
most preferred embodiment, a liquid dielectric composition is spun onto the
appropriate surface according to known spin techniques such as by applying a
liquid dielectric composition to the surface and then spinning on a rotating
wheel at speeds ranging from about 500 to about 6000 rpm for about 5 to

20  about 60 seconds.

The dielectric materials may optionally be heated to expel residual solvent or
to increase its molecular weight. The heating may be conducted by
conventional means such as heating on a hot plate in air or in an inert

25  atmosphere, or it may occur in a furnace or oven in air, or in an inert
atmosphere, or it may occur in a vacuum furnace or vacuum oven. Heating is
preferably conducted at a temperature of from about 80°C to about 500°C, and
more preferably from about 150°C to about 425 °C. This heating is preferably

performed from about 1 minute to about 360 minutes, and more preferably
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provides a |l arge area el ectron source. Suitable el ectron beam chanbers are
commercially avail able fromEl ectron Vision Corporation of San Di ego,

Cal i f or niveo uzreR2642t he trade nane "El ectronCureTM' . The pri PCT/pB@ss0083
operation and performance characteristics of such device are described in
U S. Patent 15 5,003,178, the disclosure of which is incorporated herein by
reference. The tenperature of the el ectron beam exposure preferably ranges
from about 20C to about 450C, nore preferably from about 50C to about 400C
and nost preferably from about 200C to about 400C. The el ectron beam

ener gy i s fropt sfoat 2k ybdur 60maaes Ths dikéeetricomatbivals nB9 ake\vptiandlyhor e

preferably from 20 about 3 to abo LLJJ% :ng KeV. The dose of 1eI ectrons is
pr ef er abl PeEXRATER BRI light, syefbii U¥diedhd° Berspe bl mMFe®r ef erabl y from

about 50 g, ahovt 200000 UETR 1 IenBaRoRTRLEN00 AR cElGi T on_beam tool

can be any gases: nftrogen, oxygen, hydrogen, argon, a
bl end of Bydngger. anke dmietuhogmterlaisrrnmpamnadb'r‘mmumd baro,vetadinm nation of these

gases. The el ectron 25 beam curre&ﬁ referabl fro ré)ltllé to about 40
m\, and mSKROSH &F SPHTPeARY BRARYD e%rofl e%‘B&iﬁPOSE &by, the

el ectron %2%%1‘3%@%%&@91 2L 8Bratisn. EQ?%&P‘B&% ﬁ%faﬂoﬁni%yQQqe pladedg beam of

el ectron beam r tion froma uni |'arge-are el ectron beam source

whi ch coven$ cidintsst @aviag afnicim ﬁb(pttiwdﬁngakebtembaammbmﬂbnzc% square inches. 24
WO 02/ 052642 PCT/ US01/50233. In the practice of the present invention, it
is prefer ﬁébﬁtltaff—‘éleCﬁ@tlTeFf‘rlgtItdfi pekesred that £ ?Ctlﬁg@grpggpcf%l%ﬁﬂ?y di fferent

tch t dth
opt onal ot G <ge 5 OBk, bR SR Rlgar B ROnP! BRGEUET, 27 ance

propenpi esldciBAbEdS s§@@@nplrewrﬁilyacahremtrbﬁywm cHdmebek iy wed dvhetlect ri c | ayer may
be the sanme or different fromthe second dielectric Iaé I f the optional
etch stop pravéfrsa'lgrm@treamlgg@ﬁtsow’@hes‘ﬁlﬁb&el@ﬁt@mé’@@mi‘?@am $8@&shoul d have

st b SRR P Y GO B, L0 o
di el ectri o] |Ay@ISuliRY fhe 54488 hané iBllebtyonCure™”. The principles of operation
and performance characteristics of such device are described in U.S. Patent
15 5,003,178, the disclosure of which is incorporated herein by reference. The
temperature of the electron beam 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 beam energy is
preferably from about .5 KeV to about 30 KeV, and more preferably from
20 about 3 to about 10 KeV. The dose of electrons is preferably from about 1 to
about 50,000 uC/cm2 and more preferably from about 50 to about 20,000
pC/cmz. The gas 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
25  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 step is
conducted with a wide, large beam of electron beam radiation from a uniform
large-are electron beam source which covers an area of from about 4 inches to

about 256 square inches.
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10 the sane etch resistance properties and no etch stop layer is present,
etching may be done by controlling the duration of tinme for the etching of
each | ayavo o2/iieef2ul etch stop | ayers non-excl usively incl pdeusel/doessn
nitride, silicon oxynitride, silicon dioxide, silicon carbide, silicon
oxycar bi de, spin on solutions such as spin on glass, organic polyners,
hydr ogen sil sesqui oxane and 15 net hyl sil sesqui oxane and conbi nati ons

t hereof . The photoresi st conmponent may be positive working or negative
working and is generally commercially available. Positive working
photoresists are nore preferred in the practice of the present invention.

Sui tabl e posjtive.workjng 20 photoresi.st terjals are well known in the
art and mat})’ tb?)ﬁﬁ’ﬁl%eeoéhe gr-e&‘iﬂt HB’ﬁEtlorHFtdipﬁgeaqegdc‘aéfl?eof?fsg@\égpﬁzer. The

o- qui none gy.&ai:4igRANSAAY dibinl Sk HIBHBEBpert onal

gui none- 4- o?- 5-asullgf onyl -};d%g%i ges di scfaose%I%P%mler. fr%r.n ttIIDGaCt)petlnotng Nos. 2,797, 213,
3, 106, 465; etgh 1448 |88 ;and t13Ptiodal etch, sSRPLaB2 Das SgMiB8barBlR Stifferack e3;1802, 885. When
0- qui ngne diazides are u referr

. used, ed binding.resins jnclyde a water 25
i nsol ubl e, CHGFBGUROBFKST B t%%?eﬁB’P dig C’é\ﬁgweébﬂée fts&fiSh%Ffﬁ@tng@ieﬁ, which is

pref er abl yna, BouRl ke oﬁaif%@ait%onpﬁws&c%ﬁd en@écﬁr?é 1@#&. t'hia%ﬁ%&%a;ns may be
[ 1 f e, e tra 0

obtained comercially, for exanp under t e na AZ- P4620 from
Cl ariant &oln pop dtyenis mof piSsemerthe fitse dieNewicleyes syouldheephbitartailivst mat eri al

may be deposited by canventjonal neans such as spin coating. The thickness
of 25 V\D'g‘ﬁlsﬁ‘ﬁ%ﬁg‘g@%??rﬂgﬁiiﬁgﬁﬁtﬁm SHSRRY PRI un theniggondar v dependi ng
on the dep@sj.ti t i s preferably
ranges’ f ro(%%tg %@? a@?.ggggﬁ{ht% 51? g%gg? é(%gg?%g%ﬁ%, I e;sr gﬁfgrsgﬁget%ggﬁi f rom about

2,000 18 t othakait et r&flande peopdrtiee ahd npeeh etopbhyer fsippsseab ot¢hing, 000 A to about
7,500 A. 5 Imagewi se renoval of the photoresist is conducted in a manner

g . : ! :
wel | knownMpay be done By ¢ongrgime dhe diratioregfdimestor Sepadiingpitaseh ien or esi st to
actinic radiatj I .Sl evel opi ng the
phot or esi ?E&%@&pﬁgﬁ E)‘alygtéing[ﬁ Q;r(rglyggee@ 1r§cl1'15cfeasmc%nm§156,%ﬂgog
oxynitride, silicon dioxide, silicon carbide, silicon oxycarbide, spin on
solutions such as spin on glass, organic polymers, hydrogen silsesquioxane and

15 methyl silsesquioxane and combinations thereof.

The photoresist component may be positive working or negative working and
is generally commercially available. Positive working photoresists are more
preferred in the practice of the present invention. Suitable positive working

20  photoresist materials are well known in the art and may comprise an o-quinone
diazide radiation sensitizer. The o-quinone diazide sensitizers include the o-
quinone-4-or-5-sulfonyl-diazides disclosed in U. S. Patents Nos. 2,797,213;
3,106,465; 3,148,983; 3,130,047, 3,201,329; 3,785,825, and 3,802,885. When
o-quinone diazides are used, preferred binding resins include a water

25  insoluble, aqueous alkaline soluble or swellable binding resin, which is
preferably a novolak. Suitable positive photodielectric resins may be obtained
commercially, for example, under the trade name of AZ-P4620 from Clariant
Corporation of Somerville, New Jersey. The photoresist material may be

deposited by conventional means such as spin coating. The thickness of
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i mgewi se exposed to actinic radiation such as light in the visible,
ultraviolet 10 or infrared regions of the spectrumthrough a nmask, or
scanned lwoamobkectron beam ion or neutron beam or X-rapCT/adoizgopssn.
Actinic radiation may be in the formof incoherent |ight or coherent
l'ight, for exanple, light froma |aser. The photoresist is then inmagew se
devel oped using a suitable solvent, such as an aqueous al kaline sol ution.
Optionally the photoresist is heated to cure the 15 inage portions thereof
and thereafter developed to renove the non-inmage portions and define a via
mask. Vi aphetoaestseram:ﬂsmmwnvdm defeadangtonihé d¢positioh paesdirelaad and apert ures.

Vias may be filled tals aor other nducti ve rials to form
el ectri calpa‘?ﬁ‘eé%ﬁﬂtBEH rlgﬂ“fsﬁ pﬁ?ﬂ@ﬁyﬁﬁgﬁ? g2 88&11(19.(2{?{& abo tacts.
Al t hough tz'@'o%)oA' %?95&%%61@%&%%& @bodmcsabdm@owom Add 1h§stpref erred that a

plurality o Vi as, formed in the practice of t he’ present invention.
These vi a$>r¢fembbrfabhyb@xr3¢)®dA1dcmhnWa7riﬂ0th underlying netal contacts. 25
Trench_ is a termknown in the art which includes tunnel-Iike connections

bet weeh vias. Like vias, trenches also may be filled with metals or other

conduct | vg ggé«ﬁéé éhﬁ)vil\l%tfﬁl%m%{rﬁfstt [sl HAIuCERANA § Hlanfd el iEddwatiRer nmetal's or

conducti ve tacts. IS invention refers to at | east one trench,
it is 26 mmmﬁaﬁwim}wug@mﬁﬁ%& plrmrtc&émtrtceabtmfcaadlatlcpﬂ ochh$ty of
trenches be forned in the prgctl ce o t he res i nvention. These trenches

pr ef er abl 9@8%%&“4’\%@3&‘% elppug t eﬂ?hé’“ﬁ e ‘?R}’Qt%’ﬁr‘??’éﬁ serves to
h h
e Co e et oo s, (O

preventing r materi a e deposited onto
a surflace opfinfearet Rptek bf thespéctruiradhrough adesk| oreshratl by an eterctrDm may be
formed on the surface of a dielectric materjal through surfac

nodi fi cat iBSAM. W8 Of BERFINREGMHA|XoRAY rﬂ@atﬂnde%’é@ictréﬁlab?rb{“éﬁ?’?%t terial my be

deposi t ed fb %11 &P @egﬁerelﬁ@%ht JEBAGerUS: taf?r ex%ﬁ%’le 'f’é’ﬁ% iR a2 P Aleng or the

| i ke. Suita 0S| rotectiv
photoresist is then imagewise developed using a suitable solvent, such as an

aqueous alkaline solution. Optionally the photoresist is heated to cure the
15 image portions thereof and thereafter developed to remove the non-image

portions and define a via mask.

Via is a term known in the art which includes holes and apertures. Vias may
be filled with metals or other conductive materials to form electrical

20  connections with other metals or conductive contacts. Although this
invention refers to at least one via, it is preferred that a plurality of vias be
formed in the practice of the present invention. These vias preferably extend

downward to underlying metal contacts.

25  Trench is a term known in the art which includes tunnel-like connections
between vias. Like vias, trenches also may be filled with metals or other
conductive materials to form electrical connections with other metals or

conductive contacts. Although this invention refers to at least one trench, it is
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nonexcl usi vely include CVD oxide, CVD nitride, CVD oxynitride, CVD SiC,
spin on solutions such as organic polyners, SOG chronophore | aden SOGs
such as twoszodeecri bed in U S. patent application serial ponuberso@s 330, 248
15 filed June 10, 1999 which is incorporated herein by reference, anti
reflective coating (ARC) materials such as those described in U S. Patent
6, 033,830 and bottomanti reflective coating nmaterials (BARC) such as
silicon oxynitrides and the materials described in U S. Patent 6,121,123,
hydr ogen sil sesqui oxane and net hyl silsesqui oxane and netals such as Ta
and TaN. Rrefesediiaya ptunditp 0f dephsd beldrpedinegbe praeticeadfahé piesarby conpri se SOG

and chromophore laden S T st preferred deposited protective
mat eri al . PHERIRQE- g‘?*a%?ttree%fpr%a ycioﬂjge@ﬁ{‘?’%ﬂr PeCMPonophore | aden SOG. The
barrier netal on the sidewalls and floor of the vias and trenches serves to

25 prevent diffusion of the subsequently deposited conductive nmetal into
the di el éBterprotektyeemateri@usetvab teeprbeant pesttagibetaiesn therpbotdressitaed y i ncl ude Ti,

Ta, or a itride.such as TaN or .Ti N Barrier tal s . be applied by
convent o_ntgi3 d‘e'heé?gf“ﬁsti %‘ﬂ%gre‘&f%‘rﬁlgé%s‘%}%ﬁ?m _%pgg? Pﬁ%‘g‘?‘fﬁvgﬁgﬁ{'@ﬁn%, evapor ati on
and the |ik&epdiifd dnld £51888 oPh dichRirRanstb 641, 4Rdcadriv¥BYbLY AL ¥r flependi ng on the
deposition procedure 27 WO 02/ 052642 PCT/ US01/50233 and paraneter setup

desired. Thay béfarknéss tpreffeccadl adielacitie snatermdrthabughtsupfBceA t o about 1000 A,
nore prefer a$.ly from g%oul;t&dﬁgﬂA to about 500 A, and nost preferably from
about 100 OYIECHIRGES 5Er06d B8l tapl e fill netals include al uni num

al um num al | oys, copper, copper alloys, tantalum tungsten, titanium or
ot her metal s or conbi nations thereof as typically enployed in the

f or matlilon Afdepositedplogectivomaterialendydesiep@ipd by coryentiyst mpangfsedirasd. The fil |

Cput tor i ngc 0By ByEE stnerngcatiellie SHRE Sad PSR ETR 10 and the
ke S B e ceomiamtenpind edtsosmiaemiptir L, In s
spin on solutions such as organic polymers, SOG, chromophore laden SOGs
such as those described in U.S. patent application serial number 09/330,248
15 filed June 10, 1999 which is incorporated herein by reference, anti reflective
coating (ARC) materials such as those described in U.S. Patent 6,033,830 and
bottom anti reflective coating materials (BARC) such as silicon oxynitrides
and the materials described in U.S. Patent 6,121,123, hydrogen silsesquioxane
and methyl silsesquioxane and metals such as Ta and TaN. Preferably, the
20  deposited protective material may comprise SOG and chromophore laden

SOG. The most preferred deposited protective material in the practice of this

invention is chromophore laden SOG.

The barrier metal on the sidewalls and floor of the vias and trenches serves to
25  prevent diffusion of the subsequently deposited conductive metal into the
dielectric layers. Suitable barrier metals nonexclusively include Ti, Ta, or a
nitride such as TaN or TiN. Barrier metals may be applied by conventional
techniques such as vapor deposition, sputtering, evaporation and the like. The

thickness of the barrier metal may vary depending on the deposition procedure
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dielectric material, optional etch stop material, and second dielectric
material are deposited onto a substrate as they were in the first

enbodi newoef/oi2kizs 15 i nvention. As shown in FIG 2(b), arCwyse1/5b33a
photoresist material is then deposited on the second dielectric |ayer, and
a portion of the photoresist is inagew se renoved to outline a via for the
second dielectric layer. FIG 2(b) also shows that portions are renoved
fromthe second dielectric |ayer and the optional etch stop | ayer which
are under the renoved portions of the 20 photoresist to format |east one
via down hi pargheteheetaedsivdd dTied taotkness prefyrably rampds filoer dpuf dnhal et ch st op

| ayer. The bal ance pof the photoresist |ayer is t . reppved, as shown in
FIG 2(c), toa?'h?“é_l?)q()()zt\é&?rle\?éefﬁ‘&?]é(rffoé’:l‘ ahaut géﬁ‘dg iaﬁ%qgﬁp‘aa’?(go OStsur f ace of the
second di {%&551'3/353“?{@6“530%99a""’"ﬁB@@A“’a' |s and a floor of the via, as

shown in ditional layer of a photoresist is deposited. on
the 25 protective material, and then a portion of the additional
photoresist. is | ewi.se renoved to outline a trench for Hhe second

i magewi,
di el ectri Sujtallefill mealsg alymippe, %1(1%‘)‘1?““_796 PEoTEPEr 809135%’\/%'5’ from each of
the prot eg%ﬁ%ﬁmn&hggtgﬁlt%t%@ﬂg of B@xe?ﬁgﬁlﬁ%rQbﬁbﬁﬁﬁéﬂscthér%é’ied’s whi ch are under

t he renov ortio addi t1onal photoresist layer, to format |east

one trenchypiety ehiplopegtin theefoRgat\dd od i G664 BNRCIFVIS0.1CE0R33s second
dielectric layer, as shown in FIGZ(f%. Al.sg sho in.FIG 2(f), portions
of the fi mast predresd; r The lhprsrals M HSQPEARRNGE bY Bifd GRLIGHSE 8h was in the

second di tricC.:l: r Vi ugh the first
di el ectri ?5%%#’35*@ gh‘g%ﬁﬁh&%%%%’% Sﬁew%ﬂ}‘é@‘l?ﬁ%ﬁg@@%fﬂﬁ% addi ti onal 5
phot onesi shd tiaylide. i/ isbé herenticactm ‘anetalt’ el ik amakpaois of hetads. ot ect i ve

material is renoved. Inside walls and a floor of the via and the trench
are lined with a barrier netal, and then the trench and via are filled

with a fill _netal . ' - ri j (N as shown in
Fla 20 . 108 T et Ehns e s R o o G A2 hown i n
FI G 3(a), deelédifis matediaBlopaérial etciglopmiadrial opdiservall dledrismaerinht eri al , and

second dielectric materi al i .
are deposited onto a substrate as they were in the first embodiment of this
15 invention. As shown in FIG. 2(b), a layer of a photoresist material is then
deposited on the second dielectric layer, and a portion of the photoresist is
imagewise removed to outline a via for the second dielectric layer. FIG. 2(b)
also shows that portions are removed from the second dielectric layer and the
optional etch stop layer which are under the removed portions of the
20  photoresist to form at least one via down through the second dielectric layer
and the optional etch stop layer. The balance of the photoresist layer is then
removed, as shown in FIG.2(c), and a protective material is deposited on a top
surface of the second dielectric layer and on inside walls and a floor of the via,
as shown in FIG. 2(d). An additional layer of a photoresist is deposited on the
25  protective material, and then a portion of the additional photoresist is
imagewise removed to outline a trench for the second dielectric layer, as
| shown in FIG.2(e). Portions are removed from each of the protective material
and the second dielectric layer which are under the removed portion of the

additional photoresist layer, to form at least one trench down through the
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are deposited onto a substrate as they were in the first enbodi nent of this
invention. A layer of a photoresist material is then deposited on a top
surface wdborbmeeecond dielectric |ayer, and a portion of PCh&S@isoR3sr esi st
is imgew se 15 renoved to outline a trench for the second dielectric

| ayer, as shown in FIG 3(b). As also shown in FIG 3(b), portions of the
second dielectric. layer which are under the renoved portions of the
photoresi st are renoved to form at |east one trench down through the
second dielectric layer. The bal ance of the photoresist layer is then

removed, g&oshdleckdt laldp & hhwnamBI@2(f). oABoshoven ROFIGRDE),i al is deposited on
a top surface of the second dielectrijc Iag and aon . insj E wal I s and a
floor of powmions efitis firgslielersuimlayer whieh aeanderdhe waarhishwas 10 Payer of a

Pﬂgt g(rjgs't §%:rc]>g§ dﬂ%ot?r?# fagg'sa?élrem%e@fo%ﬁﬁta'v\@dm gﬁ'&l%h th@ﬂfgtt hen a portion of

I'S | nagew se renove outline a via for the
first di Giewlrlid laydrayeyshoaa usﬁlfyx/ri(g)nt}iélbélaaéa)f thPaddiiiaras are renoved from

each | ayer 25 under the renoved p ions of the addi.tional. photoresist, to
form at | ehetoresisblayen latftfa\xﬁnwﬁdoafg#&l?gé‘ab@&fé%% profectivg @Pﬁealﬁfolst he opti onal

Steh Stob Ry 1806 SRR anld f?&orgfﬁfe%?atzfddcthéﬁé(r?crh’ réfin&\QMAal N FI G 3(f). The

bal ance o I ona Shotor esi st tayer Is t en renoved, and the

bal ance Obaﬁﬁenﬁfﬂtﬁﬁtthetﬁhaﬂkﬁdﬁaﬂlﬁdiaare mmuetﬁamsmtwmqmtacﬂ G 3(9).

Inside walls and a floor of the via and t he 29 WD 02/ 052642 PCT/ US01/ 50233
trench ar avith the gargiet megl Baing; asshawp it FIGH®)t hen the trench and via are
filled wth a fill nmetal in contact vmth the barrier nmetal lining, as shown
in FIG3(h). In a fourth enbodi nent of the present invention, as shown in
FI G 44@) , IRafhifEémb&lises el presemaineeitin, angbivanaFl@Ba), sfisp material, and
second dielectric material are deposited onto a substrate as they were in
the first dialerdee materiaboptionad etch sippmmaterinl, andjsegpad digleciniomgtegirbsi st nat eri al

;ogrglhgg doRS e'é}oglge oglrt@%}sgrguat%rafsﬁ%gwe% it e R eandaitient bl ¢ Iayer, and a
first dieligghnlibs Aa¥RK of aphoBRWRL mateFhiGs deh)depditted On alispswatuown in FI G 4(b),

portions are renoved from each | ayer under the

of the second dielectric layer, and a portion of the photoresist is imagewise

15  removed to outline a trench for the second dielectric layer, as shown in
FIG.3(b). As élso shown in FIG.3(b), portions of the second dielectric layer
which are under the removed portions of the photoresist are removed to form
at least one trench down through the second dielectric layer. The balance of
the photoresist layer is then removed, as shown in FIG.3(c), and a protective

20  material is deposited on a top surface of the second dielectric layer and on
inside walls and a floor of the trench, as shown in FIG.3(d). An additional
layer of a photoresist is deposited on the protective material, and then a portion
of the additional photoresist is imagewise removed to outline a via for the first
dielectric layer, as shown in FIG.3(e). Portions are removed from each layer

25  under the removed portions of the additional photoresist, to form at least one
via down through the protective material, the optional etch stop layer, and the
first dielectric layer, as shown in FIG.3(f). The balance of the additional

photoresist layer is then removed, and the balance of the protective material is

removed, as shown in FIG.3(g). Inside walls and a floor of the via and the
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removed portions of the photoresist, to format |east one via down through
the second dielectric |ayer, the optional etch stop |ayer, and first

di el ectriwobzgse642 The bal ance of the photoresist |ayer iBCcTAsol/5esoved, as
shown in FIG 4(c). As shown in FIG 4(d), a top surface of the second
dielectric layer and a surface 15 of inside walls and a floor of the via
are nodified, thus formng a protective material thereon. The depth of the
nodi fied region may vary fromabout 5 Ato about 1000 A. An additi onal

| ayer of a photoresist is deposited on the protective material of these
nmodi fi ed suiidleretinedwith a baaier intml ofdtthen the tdetdhomdlvia pledilledegthst i s

i magewi se renoved to outline a trench for the secon(}gi lectric 20 | ayer,
as shown PHlPRetakipepntapovith iedagics Mehlinme. 25 HR Fir et i ve material  on
the top surface of the second dielectric |ayer, the second dielectric

| ayer, and the walls of the via within the second dielectric |ayer, which
are under It zlnﬁ)urtrhmmboeldnmrotf ﬂmrprenﬁanttiheembdi asi shoreth irpEIﬁ b= Bist | ayer, to form
at | east on trench dovvnt t he

| hown |
B et esitananeel sao pes Can e Bhand SHopg e palER | Thenc
removed, &?Qéyéd'oﬂhd: A Qﬁb%(rgt}: as tHe?%»‘eg@m"iﬁé hist adfodindehosythf the via and the

trench are | arrier netal, and then the trench and via are
filled w tdveatién.l A layet af a pknotomsn‘sanatemltmthehelepdsacd oeatcmauafactl ni ng, as
shown in FIL.G 4(h). The protectiye materi fornmed. by surface

modi 11 cat PhestotHaliclqiic layge ard 88pTign of ﬁ@ Rbpégwss IEAREYISEnd 30 WO
02/ 052642 rf@é 1430 Mléqg%?{/la £ fl Sk dlgleéztﬁlxﬁergér, %y%ﬁthG@(BPSA@ e to COD

pl asmas, fem cal exposure, annea I'n controlled anmbients, W
exposuge akd sonb@&ﬂFI@(@(@Lﬁo@ﬂorSmrdmbioeechﬁomaaada lapeti fridedth€VD pl asmas i ncl ude
N2/ H2, H2, NH3 ,N20, N2, 02, Ar, Xe. 51In a fifth enbodi nent of the
present i rvBetadgertions of lsmhotorestitgodpry at Igast pacsyia dgwathropgh thenpt er j al |

o 1oL SR 0) e RS e SR gl e oo

The balance of the photoresist layer is then removed, as shown in FIG.4(c).
As shown in FIG.4(d), a top surface of the second dielectric layer and a surface

15  of inside walls and a floor of the via are modified, thus forming a protective
material thereon. The depth of the modified region may vary from about 5 A to
about 1000 A.  An additional layer of a photoresist is deposited on the
protective material of these modified surfaces, and a portion of the additional
photoresist is imagewise removed to outline a trench for the second dielectric

20  layer, as shown in FIG.4(e). Portions are removed from the protective material
on the top surface of the second dielectric layer, the second dielectric layer,
and the walls of the via within the second dielectric layer, which are under the
removed portion of the additional photoresist layer, to form at least one trench
down through the second dielectric layer, as shown in FIG.4(f). The balance

25  of the additional photoresist layer is then removed, as shown in FIG.4(g).
Inside walls and a floor of the via and the trench are lined with a barrie_r metal,
and then the trench and via are filled with a fill metal in contact with the
barrier metal lining, as shown in FIG.4(h). The protective material may be

formed by surface modification of the walls and floor of the vias, trenches and
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invention. A layer of a photoresist material is then deposited on a top
surface 10 of the second dielectric |layer, and a portion of the photoresist
i s i mgewage2/onesmwved to outline a via for the second di eberaBicsokzmyer and
the optional etch stop layer, as shown in FIG 5(b). As also shown in

FI G 5(b), portions are renoved fromthe second dielectric |ayer and the
optional etch stop |ayer which are under the renoved portions of the
photoresist, to format |east one 15 via down through the second dielectric
| ayer and the optional etch stop |ayer. The bal ance of the photoresist

| ayer is diblsptricdansvesich asby expesuterio SME Blagmas, Avet ehggnisaroXRe8I®f t he second

dielectric | ayer. and ur f.ac i.nsl I | oor of the trench
are nodi f?‘rglg",‘% fl%%&&%%&?ﬁ%ﬁalbéefg?’ﬁ‘éé }i)o\/seleen%@ eér'ﬁ%a?{]? Zors lé%’h, as shown in

FI G 5(d) . siitabRofifabOalifleayev D lastap Ml @easiHs, H,sNegpasd,iegd Gan the 20
protective material of the nodified surfaces, and a portion of the ,

addi ti onaf\r, J¥hot oresi st is i magewi se renoved to outline a trench for the
second. dielectric |layer, as shown in FIG5(e). Portions are renoved of the
protective material on the top surface of the second dielectric layer, the

second di Bl £6#K b@bbdent of the Prebdif ireati® tas YRowrineF1Ga3 (apa firkle wal I's of the
via within the second dielectric 25 | ayer which are under the renoved
portions diflechis materiali entionalstich Yer Biatarial, mad sgcopdrdiglectricamatesale t rench down

through the d%gc%?t?g 8ﬁ{.§>ealoe%%t£]ai£g %slr%%}g%v’ere%g tl"f‘eh %\P erin 0dir|1:1|e cg(tfl%sl' OAS al so shown

in FI G5, ctive nateérrar on or of the via

whi ch wasinvanddie A 85enst AiRkRedistitatérad & the@ebdaRéd d0aSopdurfabe  first
dielectric layer under the via which was in the second dielectric |ayer are

31 WO 02/ obthesxopd sty lBpa3dnd & pertordf the photorasist (s imageisct hr ough t he

first dielectric layer. T al ance of the, addi t.i.onal . ph esist layer is
t hen rem(fé‘b",veggo %‘ﬁﬁ%a i"’r?r}féf %egfc Sdﬁ%cl&rd%lay%aqnfistﬁ% c}wglaf%tglér of the via
and the t 8RR AR sShdWER BGISTbR Aeslsé HowrEhHIG. sRB) portivaSatche trench and via
are filled wth a fill netal in contact with the barrier 5 netal lining, as

shown i n FN@VE( litom the seconi didhectnd baierand thoéptidrel gelestepdayenvent i on, as shown
In FIG6( sl\)nichaanl,c {Jrgcfetr the removed portions of the photoresist, to form at least one
15  via down through the second dielectric layer and the optional etch stop layer.
The balance of the photoresist layer is then removed, as shown in FIG.5(c). A
top surface of the second dielectric layer and a surface of inside walls and a
floor of the trench are modified, thus forming a protective material thereon, as
shown in FIG.5(d). An additional layer of a photoresist is deposited on the
20  protective material of the modified surfaces, and a portion of the additional
photoresist is imagewise removed to outline a trench for the second dielectric
layer, as shown in FIG.5(e). Portions are removed of the protective material
on the top surface of the second dielectric layer, the second dielectric layer,
and the protective material on the walls of the via within the second dielectric
25  layer which are under the removed portions of the additional photoresist, to
form at least one trench down through the second dielectric layer, as shown in
FIG.5(f). As also shown in FIG.5(f), portions of the protective material on the

floor of the via which was in the second dielectric layer, and portions of the

first dielectric layer under the via which was in the second dielectric layer are
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dielectric material, optional etch stop material, and second dielectric
material are deposited onto a substrate as they were in the first

enbodi newoeof/oi2kizs 10 i nvention. A |layer of a photoresistPapUsel/sak33i s then
deposited on a top surface of the second dielectric |layer, and a portion
of the photoresist is inmagewise renoved to outline a via for the first
dielectric layer, as showmn in FIG 6(b). As also shown in FIG 6(b),
portions are renoved fromeach of the | ayers which are under the renoved
portions of the photoresist, to forma via down through 15 the second

di el ectri gerha@y@io fdrinea Qaﬁb@ﬁaﬂuo&g}cheﬂrmdidlm layan®hé beladdercft di el ectric

| ayer. The bal ance of the hotoreS| st %g is then renoved, as shown in

FIG 6(c), th&ﬁ’édﬁloﬁélrﬂhoéqfe%ﬂ%}’lef 1l thensreponess j2g shpvghing1Eo1ek dPPdee of the
second di8)ielil obAGhe A29n® thetreith AR e WithhtatlferiRlhS add @ f 1 oor of

the via to L orm a arrier (?erla l:llFayer on these surfades, as shown.in
FI G 6(d) . thdn thedgiérdch@ndlviaZe ﬁaydewitbfa fdl mbtat mrceatastwmstmbdm:sm ed on the

barrier material |ayer on the t surface of the second dielectric |ayer
and or® t heiilinggapishewn 1 §{G gfh the via through the second dielectric

| ayer, optional etch stop layer, and first dielectric |ayer, and a portion
of the additional photoresist is inmagewi se renoved to outline a trench for
t he seconth diietieghiiddimestyofithe meseahmmention, & Boéhen FIRO()j ofist 25 are renoved

of the barrier material |ayer on the to S rfacg of the secopd dielectric
| ayer, théieksEinaatgrial, eEtfcrfiaketPla9t8P majgiig ’taﬁ seenf diebactiG@alial wit hin the

second di glee&pﬁ&%{) lifed RNPL s qﬁgﬁg@ a§lifey WPHh hOfrof ERBYGHCROGA AN OF Lhe

addi ti ona otoresis rmat |east one trench down through the
secong) di @lveatién.CA lé)&yef a pl&ﬁoﬁbh@lv\iﬂaﬂeﬂalﬁt fheb (BDositdhen badanctacel t he

addi ti onal photoresi st is. 32 WD Q2/052642 PCT/US01/50233 then
renoved, &§thgisecondidiel FIFtGP é@’gl)u ang p gpigenRAMePhaipgesist 1Y 1BECHWISCt he via and t he

]E Ir lelngg \?Mr ter'\cﬁtlul) n%qo W‘Jttlfﬁe% N AT 1€1|ectr1@@t %Q?@lotwr}feintﬁl@rﬁ‘(t}? and via are

netal 1'n"con arrier metal lining, as

shown in Els@sﬁé\bﬁ in BIGH®), lb@i’tlidr@rard @yRiedBib@rdash oShe W8srstwhitlor m a barri er
bet ween the photoresist and the dielectrics, thus preventing resist
poi soni ngareSuidenteeembayad ;@,m(pr;gy'g the photoresist, to form a via down throug

15 the second dielectric layer, the optional etch stop layer, and the first dielectric
layer. The balance of the photoresist layer is then removed, as shown in
FIG.6(c), and a barrier material is deposited on a top surface of the second
dielectric layer and on a surface of inside walls and a floor of the via to form a
barrier material layer on these surfaces, as shown in FIG.6(d). An additional

20 layer of a photoresist is deposited on the barrier material layer on the top
surface of the second dielectric layer and on the walls and a floor of the via
through the second dielectric layer, optional etch stop layer, and first dielectric
layer, and a portion of the additional photoresist is imagewise removed to
outline a trench for the second dielectric layer, as shown in FIG.6(e). Portions

25  are removed of the barrier material layer on the top surface of the second
dielectric layer, the second dielectric layer, and the walls of the via within the
second dielectric léyer which are under the removed portion of the additional
photoresist layer to form at least one trench down through the second dielectric

* layer, as shown in FIG.6(f). The balance of the additional photoresist layer is
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mat eri al s nonexcl usively include CVD oxide, CVD nitride, CVD oxynitride,
CVvD Si C, spin on solutions such as organic polyners, SOG chronophore

| aden SO0 axostewcribed in U. S. patent application serial panuwbewso0®/ 330, 248
10 filed June 10, 1999, hydrogen sil sesqui oxane, nethyl silsesqui oxane and
metal s such as Ta and TaN. Preferably, the barrier |layer material is CVD
Sio2, SiN, or SIC The nost preferred barrier |ayer material in the
practice of this invention is Si02. 15 The barrier layer nmaterial may be
deposited by conventional neans such as CVD, evaporation, spin coating,
sputterlngwnaadoakbasth&MﬁmﬂstQaMWMeﬁhﬁsah&hﬂb&&ﬁahebmpmntmxt|ve materi a
may vary depending on the deposition  procedure. 20 |Ina _seventh enbodi nent

of the pr&seare Hpehvitha bameer setaland then the rengh and vig augrfilledivathect ri ¢
material, ,pt,00al, cgﬁqfa@t @ﬁt?ﬁler@h?errh?eltal hﬁﬂ% ﬁfﬁl%% 'F‘f&}%ﬁ fic mterial are
i rst e

deposited onto a su rate as they were di ment of this
i nvention. As shown in FIG 7(b), a |layer of a photoresist material is then

dep05|ted on a top surface of the secgnd di el ectric |ayer, and a portion of
t he 25° phdbdPEieEIAYPEMMRHYSHIVER IO OB I OIS beween the photaresisigad he second

dielectrig, dlaxahc?%stﬂ?g\/eﬂﬂ%%@ﬁ{‘ p(ﬁ%](ﬁllﬂlsgzgo tglﬂg frleré’a} efil SO shown in

FIG 7(b), portions-are” renp ectric layer and the
opt i onal ﬁta@dha&;st inekeygvelprichile GV owitd o€ VDhetriderOV&opmittidens of t he
phot or esi s to forma via dowm through the secaond. dielectric |ayer and

the opti yatis St Pyt Ppsalusipes suchras ORI RALYBFS: 4G, SBOMEPIF 052642
PCT/ USOl/ ?a%%%? %O S %tcf%Fc?ﬁ)'eé E:Pe ﬁ%te%?aghﬁ@ﬂp%%@i‘?&i mb@tSO?/@?q}'gQ n FIG7(c),

and a-barrier surface o second

di el e¢©r|«ﬁlddame1anw%nh@r@gﬂhfsas*@qmbxanenﬁlbdgl viskiquicaxade and | oor of the via
t hrough the second dielectric layer and optional etch stop layer to forma
barrier naesals wchwa;;f@ranéﬁa{\lhé@@fe@hm gedarriggdaysr iatwal ISEVHPG 7(d). An

addi ti Onalsh(éa)éel(l Qr Sl 'P}I;]Ol%lggtt %efgttred arﬂgrggi r a,?er?é~I r“ﬂ%é)ré%"ﬁrcé bEr mat eri al

| ayer on t p sur ace 0 sécon and on
this invention is Si0,.

15 The barrier layer material may be deposited by conventional means such as
CVD, evaporation , spin coating , sputtering, and atomic layer epitaxy. The
thickness of protective material may vary depending on the deposition

procedure.

20  In-aseventh embodiment of the present invention, as shown in FIG.7(a), a first
dielectric material, optional etch stop material, and second dielectric material
are deposited onto a substrate as they were in the first embodiment of this
invention. As shown in FIG.7(b), a layer of a photoresist material is then
deposited on a top surface of the second dielectric layer, and a portion of the

25  photoresist is imagewise removed to outline a via for the second dielectric
layer and the optional etch stop layer. As also shown in FIG.7(b), portions are
removed of the second dielectric layer and the optional etch stop layer which
are under the removed portions of the photoresist, to form a via down through

the second dielectric layer and the optional etch stop layer. The balance of the
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the walls and a floor of the via through the second dielectric | ayer and
the optional etch stop |layer, and a portion of the additional photoresist
is imgewwsEoNesoved to outline a trench for the second BCEUUSelsRss | ayer,
as 10 shown in FIG 7(e). Portions are renoved of the barrier material |ayer
on the top surface of the second dielectric layer, the second dielectric

| ayer, and the walls of the via within the second dielectric |ayer which
are under the renoved portion of the additional photoresist layer to form
at | east one trench down through the second dielectric |ayer, as shown in

FI G 7(f) . pgokisolagdidiviheh RerdSvek] eﬁsYl()f’vh in BI(E Ui darterriematedalof the barrier
material |ayer on the floar of the ich was jn the_second dielectric
| ayer, antf dsptitcd s atpp S‘#r@?ﬁ\?é&‘eoslecqr}ﬁléhelf:?tflg1!a3’8¥ e 3 SS9k under t he

Vha 11 S inkfR vidhs g o REOBF T Gikhh fhd BY6H4 it Byl BV e B down i ough

the first Iec ric layer nce o |t|onal phot or esi st .| ayer
is then rWﬁdetcHStoph@mtd ﬁOrrEIa(BaVr(dg)natérm ﬂeryer or2fhem§.drﬁacw1ds a floor of the
via and the trench are |i th a barrier en the trench and

via ard fshaveyinglon(d). f/?dl1 Pddfﬁé?%l lqygr ‘éfc?rﬂ}%ﬁ’é‘irewttlﬁd?ﬂ?élt%?lﬂ netal |ining,
as shown %@gﬁggeﬁlgata?%rl%snﬁﬂe ggsg}fg EIMPALITBRY a2 ecerQaﬁrr%ﬁg% i nvention, as

shown in ectric materia optional etch stop

mat eri al , ttrndalsendnad]od of tetvid tirougheld stcondadielediejodayer end et 0 a substrate as
they were in the first enbodinment of this. .invention. As shown in FIG 8(b),
a | ayer oPptaOY}?héﬂcbls@ﬁl@terarﬁﬁtiémo&!oni of theraelelitionahBRILPEESH a top surface of

the secongmé:l Ieells?ecfteﬁqog reng{]hr% E{xﬁh@&r tht 9 g& df%trl@l@?%ﬁg% i s imagew se

renoved to I neé a e secon ectric 02/ 052642

PCT/ URp1/ Wm FIGYRE). P‘kﬁn@ﬂMe sdngomad iofthielbarid materpd idyiepms thef t he second
dielectric layer which are under the renoved port| ons of@é he phot or esi st
are renové&p qugfaf:@pfﬁhgtserQésiteleqtmélaWreWéﬁemdﬁﬁilq et peh Aed B6cond diel ectric

Lerer TSP Sl BTSRRI =S S 1
surface ohoitidsl di@hé"@idﬁt&r@ﬂﬂxo@ox%thﬁye@fo ot at least one trench down
through the second dielectric layer, as shown in FIG.7(f). As also shown in
15 FIG.7(f), portions are removed of the barrier material layer on the floor of the
via which was in the second dielectric layer, and portions are removed of the
first dielectric layer under the via which was in the second dielectric layer, to
form a via down through the first dielectric layer. The balance of the
additional photoresist layer is then removed, as shown in FIG.7(g). Inside
20  walls and a floor of the via and the trench are lined with a barrier metal, and

then the trench and via are filled with a fill metal in contact with the barrier

metal lining, as shown in FIG.7(h).

In an eighth embodiment of the present invention, as shown in FIG.8(a), a first
25  dielectric material, optional etch stop material, and second dielectric material
are deposited onto a substrate as they were in the first embodiment of this
invention. As shown in FIG.8(b), a layer of a photoresist material is then
deposited on a top surface of the second dielectric layer, and a portion of the

photoresist is imagewise removed to outline a trench for the second dielectric
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trench are nodified to forma protective material thereon, as shown in

FIG 8(d). An additional |ayer of a photoresist is deposited on the

prot ecti weoozre2es2i al on the top surface ofthe second di el pctse/d0a3ser and
on the walls and a floor of the trench, and a portion of the additional
photoresist is inmagew se 10 renoved to outline a via for the first
dielectric layer, as showmn in FIG8(e). Portions are renoved each |ayer

whi ch are under the renoved portion of the additional photoresist |ayer to
format |east one via down through the first dielectric |ayer, as shown in

FI G 8(f). lalbe Rahissskowaf intie. &gy ipbitonabf thekedond eisdladirit Ryyer whisht hen renpved,
as showmn in FIG 8(g). Inside walls and a 15 floor of the via and the trench

are |inedaiyndenthssemead nesticirs, of fiePhoruesistiaee remoypd e o8 abisStare fill ed
with a fil [ 41 t i : Rrj.er | jetyi Ng, as shown in

FI G 8(h). © %Hgﬁc?ﬁ dr?tw[%l t@?@&ﬁ?%e%%“&% &fbﬁgpigrlé’s?gn?ﬁ?%%%}\cteidgﬁlm,éqas shown in .

FI G 9(a), photbrdsit lay@Os thedl reabvdd; asetoam ialFIG®¢)| amithe edcdurfcopf materi al, and

second dielectric material are deposited onto a_substrate as they were in
the fi? st themseendwiplecsic laysr and 3 fpkase pomsidagvalls aghaitieorpidhg(b) , a 1ayer of a

phot or €51 SndPAETI Aol pARRORE HERAD URIAPSHELATH of the second

I
dielectri ayer, an otoresist is I'magew se renoved to
outline aFIG8(®h Amidditunabreartd agihetoeestist ixdepbsitedyorrthe potadtive shown i n
FI G 9(b), portions of the second dielectric |ayer, and optionally portions

of the et atptertadpnthetep sprfagsof sherecqit dipleglyig 14}’%@?‘{ ehide wallt®0e@ portions of
th hot | f . g th h th
e POt O 588 ERLE A A R | v 11

bal an¢g oferhbrednbotininesiea for ayefirsi diclebeio 14yeRmY ehowi@ i Blths@).i n 35 WO
02/ 052642 PCT/US01/50233 FIG 9(c), and a barrier material is deposited on
a top sur fPartionsfarg igmoyed earhl lees Mhechrare undey dhe ram@veshrrtisnef B€e of i nsi de

wal I's and a.f.loqgr.of the,tre t r . b i } | ayer thereon,
as shown i‘aﬁdllt—‘f)ﬂi1 é’_&‘&ﬁ?fﬂs Elﬁlaﬁ]{%ﬁ? on gf legﬁé))g%e?lao@%l tg{mc’élgg?@iiﬁ%k i s deposited on
the barri Qielé@ii@layey, ad S iAFIGIBEN! TRe balance of the additional
photoresist layer is then removed, as shown in FIG.8(g). Inside walls and a
15  floor of the via and the trench are lined with a barrier metal, and then the

trench and via are filled with a fill metal in contact with the barrier metal

lining, as shown in F1G.8(h).

In a ninth embodiment of the present invention, as shown in FIG.9(a), a first
20  dielectric material, optional etch stop material, and second dielectric material
are deposited onto a substrate as they were in the first embodiment of this
invention. As shown in FIG.9(b), a layer of a photoresist material is then
deposited on a top surface of the second dielectric layer, and a portion of the
photoresist is imagewise removed to outline a trench for the second dielectric
25  layer. As also shown in FIG.9(b), portions of the second dielectric layer, and
optionally portions of the etch stop layer if present which are under the
removed portions of the photoresist are removed to form at least one trench
down through the second dielectric layer and optionally through the etch stop

layer. The balance of the photoresist layer is then removed, as shown in
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5 surface of the second dielectric |layer and on the walls and a floor of
the trench, and a portion of the additional photoresist is inmagew se
renoved twooubdzss2ze a via for the first dielectric |ayer, Pa@apUsSéigsomss n

FIG 9(e). Portions are renoved of the barrier material |ayer on the fl oor
of the trench, any remaining portions of the etch stop |ayer, and portions
of the first dlelectrlc | ayer which are under 10 the renoved portion of the
addi ti onal photoresist layer to format |east one via down through the
barrier material |layer on the floor of the trench, the optional etch stop

| ayer, an@IGHec)f ardsd batriel matkerihlds tlégoeited @sa sipeurfadeofithése@6fd . The bal ance
of the addjtional photoresist |ayer tlhen renoved, as I§lhown in FIG 9(9).
| nsi de waldiedeciiigilagerangdem aofurfapieo P%id%lwal%%r@% AR thetEenchfed with a barrier

met al 1§oﬁrﬂ]gbglj}'ﬁgnﬁ@1£ faﬁe gefrgt?}fj a¥ Sibvil 1 Fibld( V@d A S&Hlﬁor{a'l Il metal in

contact with the 'barrier ning, as sho FIG 9(h). In a tenth
enbodi mentlayef of fphqroesienis delmsaad owothe kasrleslmmnmail tayEﬂ@tthm) a first

dielectric nmaterj al otlo tchs rla and cond dielectric
material spuacsed ”&"ei?@%’i%‘é‘ﬁ 6‘]’5{0 aygr §‘Ef£)%rf léén adg oh%fftge e fir st
enbodi men ngfa b mdltﬁ)(fhahéﬁ)tﬁjgsﬁ?t 1§HR widd rgﬂlgvedltg(ﬁﬁ}lmeaa layer of a

first har materla posite onthe seco dielectric |ayer,
and a Iayezﬁafbfrtl& fhrecdinidcthialgeg sk shdvay arFlGs(de (Restidrsdrorenidved b r st har dnmask
| ayer. A layer of a photoresist_material js then deposited an the top
surface ofth¢ W‘%re@étﬁﬂa IHayey o dhe flogyof thedrrgeh, a%r%?lfq“gr?o&fontslﬁ’ phot or esi st

IS i mgewﬁﬁﬁeic&gg(%{ﬁgﬁ%? '('#olrﬁ&g ot t}Ye' ﬁ’rsﬂc (ﬁél}p&tﬁ@l Q'Hg:h ap@ﬁﬂﬁFSk layer, as

shown ‘i n ns are renove rom t'’he second ardmask | ayer
under 10he thermwsdd pOﬂith)IﬁShdﬁddtthﬁalmtcﬁes%ﬁllayter tot forth at leaatonleewst one via
down t hrough the second hardmask |ayer, as also shown in FIG QA b). The

bal ance ofdommehiswieh drechsrer majeral 14Y§r @Iht%ﬁ ﬂogﬁﬁf/@a tregeh, hermpiional FI G 10(c).
oo 2 a2 Ficce Bl 4 @Rk ih FYGO! 18- PRI ST S 1S

deposi t ed eeohd on 1 nsi and a floor of
the via i rbf&lﬁkﬁacﬁl@t‘:&ﬂdpﬁtﬂdiﬁﬁﬁtslkydr aythen reaa)vee hewhown ifFIG.9@f.d) . As al so shown
in FIG 10(d), Porti on of the additional ) ) .

Inside walls and a floor of the via and the trench are lined with a barrier metal,

15 and then the trench and via are filled with a fill metal in contact with the

barrier metal lining, as shown in FIG. 9(h).

In a tenth embodiment of the present invention, as shown in FIG.10(a), a first
dielectric material, optional etch stop material, and second dielectric material

20  are deposited onto a substrate as they were in the first embodiment of this
invention. As also shown in FIG.10(a), a layer of a first hardmask material is
then deposited on the second dielectric layer, and a layer of a second hardmask
layer is deposited on the first hardmask layer. A layer of a photoresist material
is then deposited on the top surface of the second hardmask layer, and a

25  portion of the photoresist is imagewise removed to outline a via for the second
hardmask layer, as shown in FIG.10(b). Portions are removed from the second
hardmask layer under the removed portions of the photoresist, to form at least
one via down through the second hardmask layer, as also shown in FIG.10(b).

The balance of the photoresist layer is then removed, as shown in FIG.10(c).



photoresist is inmagew se renoved to outline at |east one trench for the
second 5 hardnmask | ayer. Portions are renoved fromthe first hardnmask | ayer
and the weopnodesti el ectric | ayer which are under the via porwke/sessond
hardnmask | ayer, to forma via down through the first hardmask | ayer and

t he second dielectric Ilayer, as shown in FIG 10(e). Portions are then
renmoved from second hardnask | ayer which are under the renpved portions of
the additional 10 photoresist, to forma trench down through the second
hardmask | ayer, as shown in FIG 10(f). As also shown in FIG 10(f),

portions aeaddeidhaERy&f oftalfototddist B Rbogied BnhORchRYIRidmhikclayal e under the
via in the second dielectric layer,- to extend the via down through the

optional @ndiendnsife wallseand apfloor P Virria thhierond kaidmesk layertase first har dmask
| ayer and shﬁgnﬁr?fﬁﬂ?o(%fésegl% 'sh%wlnaﬁ(l%rlG\éY‘gmp% ﬁcﬁ@ar;rﬁf%ﬁgggaifﬁb% trench in the

second har S ayer, ormtrench I'rst hardmask

| ayer and phb&r&ee ichadb@ise tdnidved k@y@tine &desshondtréndh fbrGhe 3ddogd. This figure
al so shows that, portions are then renoved of the first dielectric |ayer

under 6 he bardmaskilaster.wBertiprs arpeeraeved fgmiihe sy thardmask jayer anddhe or m a vi a
through t @gg%fd:cﬁéelecggglla?grt vrvllli?h %r%)éxt%aer e v%l iﬁ heSAONMY 4aﬁdrﬁe;sﬁlar%a9( g). the

bal ance of "ona oresrs ayer is en renoved. This figure

al so showso fférat a dia déwa thiduphier framarindskdgind te sédons tiethcaiect ri c | ayer
under the via which. was reviously formed through the second dielectric

| ayer. Porleyesras sbewe heFIG. 1 e). Nestiensasktheajapovad drogesesprfl di el ectric | ayer
whi ch are . under the trench in t nd I th d
e o= R SR bReL I8 PSSR BE AR gl 2ot Do e

e secon ectric Tayer, as also shown in

FI G 1Q00) -phbtvrési, 16dbing a 88thalonoarough tHehRcotidehar@igdkifier tasench are |ined
with a barrier netal, and then the trench and via are filled with a fil

metal in cbawade FIG .4 6(f) s dsor shoemn il @il (), poritpns aes removet ¢ithe FI G 10(h). 37
0O O O T R0 i s oS 1 P RO Rl b, P Soe,
etch stop \RkRAH #le viRBEWS BEOIMR tHE BhRMal 4t6h stop layer. Portions are then
removed of the first hardmask layer and the second dielectric layer which are
15  under the trench in the second hardmask layer, to form trench down through
the first hardmask layer and the second dielectric layer, as shown in FIG.10(g).
This figure also shows that, portions are then removed of the first dielectric
layer under the via which was in the second dielectric layer, to form a via
through the first dielectric layer. As also shown in FIG.10(g), the balance of
20  the additional photoresist layer is then removed. This figure also shows that a
via is then formed through the first dielectric layer under the via which was
previously formed through the second dielectric layer. Portions of the first
hardmask layer and second dielectric layer which are under the trench in the
second hardmask layer are then removed to form a trench through the second
25  dielectric layer, as also shown in FIG.10(g). Inside walls and a floor of the via
and the trench are lined with a barrier metal, and then the trench and via are
filled with a fill metal in contact with the barrier metal lining, as shown in

FIG.10(h).
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5 material are deposited onto a substrate as they were in the first

enbodi nent of this invention. As also shown in FIG 11(a), a |layer of a
first hawloasbs:esraterial is then deposited on the second BCEUeewIRss | ayer,
and a layer of a second hardmask |ayer is deposited on the first hardnmask
| ayer. A layer of a photoresist material is then deposited on the top
surface of the second 10 hardmask | ayer, and a portion of the photoresist
is imagew se renoved to outline a trench for the second hardmask | ayer, as
shown in FIG 11(b). As also shown in FIG 11(b), portions are renoved
fromthe second hardmask |ayer under the renoved portions of the
photoresist, to format |east one trench down through the second hardnask
| ayer. The bal ance of the photoresist layer 15 is then renoved, as shown in
FIG 11(c)._ An . additional | esi | S \ted on the
second ha%rﬂan%gﬁvﬁng})l/érrn,go lﬁnﬁn{g)\%ﬁlﬁ%gﬁfeé% t%{a}lg {‘tg&na%%%é’“%“l 18(%:?@8113 %%)hg trench in

t he secondirfiaicléoaskmatyial, op@snas BoWStopndtdrial, ahlisedondAseledt8® shown in  FI G
11(d), a portion of the additional photoresist is imgew se renoved to
outlin® amatesiad aregleposited opisra substrae apihgy dices iBdhg fust erahedimsatt he opti onal

h 20. ) i i df h
i rot har ARGy ASSaMMAd B GG Bl ARHIRGRLR [ OT0 e o et o

stop | ayemmadtiat s the@ deposider or the sécdnd detecpiy lay@narfa e ofddi ti onal
photoresist layer, to forma via down_through the second dielectric |ayer
and opt i osegondtatdnask fayerigaleposited on B fisicardinaskayead dileYS AR phot or esi st

layer is t Egt?)g:r ?sg‘ﬁl\éfegi’al 1as§hesnh e\é\)ﬁsileﬁ o%ﬁhé: io%‘&lutéf%(ée];(%f'théa &{c&ﬁ@ ns are renmoved of

the first?P ayer ‘an e second ric Tayer which are under

the tienchaidhdskeayseaaad pbaiod s pray@esistidimdpewiie dethswdab down t hrough the
second dielectric layer, as shown in FIG 11(g). As also shown in FIG

11(g), powouilises teeneh fardhe sespmd/bardopsk lngerf asrsbowaiinFKed Hibe Apayer
021 052642 e Pose 17 B LEOL Botiaiare ok CedR BEGeM EWRELSS, g at 1 oast
one via dowar hideR W rehdQed porfibnFbahephdtb@sis@yelorm lafkhsteonddlchéh and a fl oor
of the via and the trench are |ined
down through the second hardmask layer. The balance of the photoresist layer
15 is then removed, as shown in FIG.11(c). An additional layer of a photoresist is
deposited on the second hardmask layer, and on inside walls and a floor of the
trench in the second hardmask layer, as shown in FIG.11(d). As also shown in
FIG.11(d), a portion of the additional photoresist is imagewise removed to
outline at least one via for the second dielectric layer and the optional etch stop
20 layer. Asshown in FIG.11(e), portions are removed from the first hardmask
layer, the second dielectric layer, and the optional etch stop layer which are
under the removed portion of the additional photoresist layer, to form a via
down through the second dielectric layer and optional etch stop layer. The
balance of the additional photoresist layer is then removed, as shown in
25  FIG.11(f). Portions are removed of the first hardmask layer and the second
dielectric layer which are under the trench in the second hardmask layer, to
form a trench down through the second dielectric layer, as shown in FIG.11(g).

As also shown in FIG.11(g), portions are then removed of the first dielectric

layer corresponding to the via which was in the second dielectric layer or
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with a barrier metal, and then the trench and via are filled with a fill
nmetal in contact with the barrier netal lining, as shown in FIG 11(h). 5
The firstwandoreond hardmask | ayers serve to form a maskpehiuséu/joesvent s
the photoresist fromreacting with the dielectrics, thus preventing resist
poi soni ng. Suitable hardmask | ayer materials nonexciusively include CVD
films such as 10 Si02, SIN, SION, SIOC, SiC, spin on polymers such as spin
on gl ass, chronophore | aden SOG organic spin on polymers , hydrogen

si | sesqui oxane, nethyl silsesquioxane and netals such as Ta, TaN.

Pr ef er abl yptivies etvhrsthpasyer, thayformirgtae tdastl onesiaSi2) th8h@N,th&fiNt or Si C. Most

preferably, the first hardmask . | ayer .conprises Si 02, and the second
har dmask digjentric s ilad e‘gg@q\ﬂ‘%d al@lo,&lof ﬁﬁ%ﬁ?ﬁ%@% UgBR #ESPFdn refers only to
first and ﬁﬁflé)ﬂéhi%ﬁﬂaﬁ%hd {RY BeStrenh aRd Ui%aalré_l_ %béecﬁ%itgaffﬂlrk%léﬂal iiayers be used

in the practice of the present invention. rdmask | ayers nmay be.
deposi t ed chytactomitle theibarredr mwea hisinguetshawn@VB]G. 1§)n- on, evaporati on,

sputtegi ng, atom c |ayer epitaxy. The thickness of the hardmask |ayers nmay
be the’sane or different, and may vary depending on the 20 deposition

procedur e 182¢;-f3haTRIRH hiRhikBK 1alB8 stk CKRRSSERadk Whisk BR¥nEkange  from about
100 A to about 5000 A nore preferably fromabout 200 A to about 3000 A,

and nost phefoessad lfipnf reactingbaitit thd Aikleatria, tibeptevdiBOQ résistHoesohingur es of t he
present invention show a process for the formati on of one 25 interconnect
| evel , however, the sanme processing steps can be repeated again for upper

| evel s of I ! [ articul arl
Séﬁ't‘é@l'é I%%feﬂgr?a&mf( tﬁﬁemlaﬂeﬁalrs tﬁ@n&rcﬁx%%g'f hAUENEVPNARAS RAGR P y

shown -and scr reference to preferred enbodinents, it will be
readi 119 apoO2csiat SIDNySIHH$EC.abin @BpdnO2/s082:64ifPCH/glUSAL/ 50233 ordi nary
skill in the art that various changes apd rmglivficatiqns may be made w t hout
depar t i ng HFURRIRE laden $PCaprgamie SHIB O8POHRETS ndRge8 §11s93aU0%2R% t ended t hat

:E;llh'?e? LZE[ i”&réés:lﬁylisﬂge%ﬁfﬁro%rf‘edanﬁ?neqﬁy SlchtRea 026! 95ed SR AL HEMhasKt hose

layer material is SiO,, SiON, SiN, or SiC. Most preferably, the first hardmask
layer comprises SiO,, and the second hardmask layer comprises Si3Na.

15 Although this application refers only to first and second hardmask layers, a
plurality of hardmask layers be used in the practice of the present invention.
The hardmask layers may be deposited by conventional means such as CVD,
spin-on, evaporation, sputtering, atomic layer epitaxy. The thickness of the
hardmask layers may be the same or different, and may vary depending on the

20  deposition procedure and parameter setup. The thicknesses preferably range

from about 100 A to about 5000 A, more preferably from about 200 A to about
3000 A, and most preferably from about 400 A to about 1500 A.

The figures of the present invention show a process for the formation of one
25  interconnect level, however, the same processing steps can be repeated again

for upper levels of interconnects.

While the present invention has been particularly shown and described with

reference to preferred embodiments, it will be readily appreciated by those of



whi ch have been di scussed above and all equivalents thereto. 5 40 WO

02/ 052642 PCT/US01/50233 What is clained is: 1. A process for producing a
m cr oel esvo onox264devi ce which conprises: (a) formng a fiPet/udeiedoesstric

| ayer on a substrate; 5 (b) form ng an optional etch stop |ayer on the
first dielectric layer; (c) formng a second dielectric layer on the first
dielectric layer or the optional etch stop layer; (d) depositing a |ayer
of a photoresist on a top surface of the second dielectric I|ayer and

i magewi se renoving a portion of the photoresist corresponding to at 10

| east one owdimarf ekilltihéhefdrt thit \diriehectanges dndyeadifiatipns mapbe mpdehe porti ons of
each | ayer are ynder, the renoved rtions of .the h oresi st thus

f or i ng at“”% ‘?epﬁlﬁ’é‘g Oén HSwRITE ﬁ?goﬁf‘ﬂ?e Pﬁglef”i“feé’{lon d{tési ‘é‘Eet“BF‘gq ahyer, and
renovi ng &Keeclaais%@q&egafretw% d%bemé aatpbed é‘}f{&fdaméﬁt) thQE‘eOQ&kﬁduQGs a protective
material on the top surface of the second dielectric 15 layer and on.

i nsi de wamhichalmdte hedl disqussefd abhee aridegll dogjvatbatsaberetong an addi tional | ayer of
a photgresist on the protective material and imagew se renoving a portion
of the photoresist corresponding to at |least one trench for the second
dielectric layer; (h) renoving the portions of each |ayer which are under
the renoved portion 20 of the additional photoresist |layer thus form ng at
| east one trench down through the second dielectric layer; (i) renoving

t he bal ance of the additional photoresist |layer and the bal ance of the
protective material; (j) lining a barrier netal on inside walls and a fl oor
of the trench, and on inside 25 walls and a floor of the via; and (k)
filling the trench and via with a fill netal in contact with the barrier
met al :
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lining. 41 WD 02/ 052642 PCT/ US01/50233 2. The process of claim1l wherein
the first dielectric |layer conprises an organic dielectric material and the
second diveberbombe2 | ayer conprises an inorganic dielectriecwaserioads. 5 3.
The process of claim1 wherein the first dielectric |ayer conprises an
inorganic dielectric material and the second dielectric |ayer conprises an
organic dielectric material. 10 4. The process of claiml1l wherein the first
dielectric layer conprises an inorganic dielectric material and the second
dielectric layer conprises an inorganic dielectric material. 5. The
process oWl &idlaifnedherein the first dielectric |ayer conprises an 15
organic dielectric material and the second dielectric |ayer conprises an
organic dielectric material. 6. The process of claim1l wherein the etch

stop Iayeﬁ.Aﬁxweﬁfs_%&lbrod%@i_nga_rm%ewcﬁ&ﬁéae\q&e &hrhoRpybar ei n the etch stop
| ayer conprises silicon nitride, silicon oxynitride, silicon dioxide,

silicon céa)fomeng sifirstcloeiecniy maetnindesubstdtes on gl ass, organi ¢ pol yners,
hydr ogen si.lsesqui oxane, .nmethyl silse i O e ar . conbinations thereof. 25
8 “Thes pr DRJIEGR 2B PaNHeL SRAGPRIE RE TIPS AEcEE dREt op | ayer is not
present  af)doigE 8istednBAidIddisd ladlérdnaRé fitst dicfectic laRd of e srband diel ectric

| ayer have  significantly different etch resistance properties. 42 WO

02/0526426@%3&b3@%ﬁ50233 9. The process of claim1 wherein the optiona
SR ETC RN W L T RS SUE  F  CG
proper U1 $ayer and imagewise removing a portion of the photoresist corresponding to at
10 least one via for the first dielectric layer;
(e) removing the portions of each layer which are under the removed portions
of the photoresist thus forming at least one via down through the first
dielectric layer, and removing the balance of the photoresist layer;
(f) depositing a protective material on the top surface of the second dielectric
15  layer and on inside walls and a floor of the via;
(g) depositing an additional layer of a photoresist on the protective material
and imagewise removing a portion of the photoresist corresponding to at least
one trench for the second dielectric layer;
(h) removing the portions of each layer which are under the removed portion
20  of the additional photoresist layer thus forming at least one trench down
through the second dielectric layer; _
(i) removing the balance of the additional photoresist layer and the balance of
the protective material, .
(§) lining a barrier metal on inside walls and a floor of the trench, and on inside
25  walls and a floor of the via; and
(k) filling the trench and via with a fill metal in contact with the barrier metal

lining.
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5 10. The process of claim1l wherein the protective material conprises CVD
oxide, CVD nitride, CVD oxynitride, CVD Si C, spin on glass, organic

pol yner s,wahz/eszegzhor e | aden spin on glass, anti refl ecti vECT/O8t1/30933
materials, bottomanti reflective coating materials, silicon oxynitride,
hydrogen sil sesqui oxane, nethyl silsesqui oxane, netals and conbi nations
thereof. 10 11. The process of claim 1l wherein the barrier netal conprises
Ti, Ta, or a nitride. 12. The process of claim1 wherein the fill netal
conprises alum num 15 alum num al | oys, copper, copper alloys, tantalum
tungsten, titanium nitrides thereof or conbinations thereof. 13. A

process for produci ng a mcroel ectroni ¢ device which, corrgri ses: (a)
form ng a2fFheqaroersapbelpim & wheyesn the first diglettic Javer compiisss @ or i ng an opti onal

tch st el . I i ' , QLJY d
i ol oot r1 2 EYS LiAB0 ool P ERERA BRICyer SPRE R, Ol “et ch st o

| ayer; (dpnoflepasditicagicandtaytr of a photoresist on a top surface of the
second dielectric |ayer and i magewi se renoving a portion of the
phot or¥esi st corresponding to at 25 |least one via for the second dielectric

| ayer (ez.ﬁgerg}g%%g ofgggg?meg%%th%fﬁrgthgeléaﬁgmefié&hv,g%feg Lg |ayer and the

optional etc are under the’renp portions of the

phot or esi Blorddhusdieleotiidintgeridl ah@ drtsecond diclectdovayet dumoprides bhhe second
dielectric layer and the  optional etch stop |layer, and renpving the

bal ance ofreepé ditledte exfesial.| ayer; 43 WD 02/ 052642 PCT/ USO1/ 50233 (f)
depositing a protective material on a top surface of the second dielectric
| ayer -and on inside walls and a floor of the via; (g) depositing an

addi t i@nak. Tygoc&k oficlail GriRsdis theditst dielepriol®et tormprimsani al  and i magew se
removing a portion of the photoresist corresponding to at |east
inorganic dielectric material and the second dielectric layer comprises an

inorganic dielectric material.

5. The process of claim 1 wherein the first dielectric layer comprises an
15  organic dielectric material and the second dielectric layer comprises an organic

dielectric material.
6. The process of claim 1 wherein the etch stop layer is present.

20 7. The process of claim 6 wherein the etch stop layer comprises silicon nitride,
silicon oxynitride, silicon dioxide, silicon carbide, silicon oxycarbide, spin on
glass, organic polymers, hydrogen silsesquioxane, methyl silsesquioxane or

combinations thereof.
25 8. The process of claim 1 wherein the optional etch stop layer is not present

and wherein the first dielectric layer and the second dielectric layer have

significantly different etch resistance properties.
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5 one trench for the second dielectric layer; (h) renoving the portions of
the protective material and the second dielectric |ayer which are under

t he renowed opaembizon of the additional photoresist |ayer PpoD®Séiesors3ng at

| east one trench down through the second dielectric |ayer, and renoving
the portions of the first dielectric |ayer which are under the via 10 which
was in the second dielectric layer thus formng a via down through the
first dielectric layer; (i) renoving the bal ance of the additional
photoresi st |ayer and the balance of the protective material; (j) lining a
barri er mét&he moceésasi daimalvisranthesoptibndretadf staphleydrrienctyresent on i nside ' 15

wal |l s and a, floor the. via; and filli the trench and via with a
fill metafqy Erﬁm'%&ﬁr%dtaxece%%ﬁ%%fﬂ% e %‘Fﬁ?r&f e eFtﬁ‘Fh@'.er Eﬁ‘.’e A process for
pr oduci ngsﬁas’iﬂn‘ﬁﬁ@?ﬁﬁ%ﬁ&@@{cﬁrgs‘?é{é&%p\“@eﬁtlfbsco”pr' ses: 20 (a) forming a first
dielectric layer on substrate; (b) formng an optional etch stop | ayer on

the first dielectric Iayer (c) formng a second dlelectric | ayer on the

first dielectric |aye tional etch st depositing a
ayer of 0o pedY ol i b Wish e iee e e S eeRiSH QY Bhe 1 e 25 | ayer
and i mage\{ykﬁg CVW&HE @VE)(S)E}Jnﬁﬂd@fC\Vﬂ?‘Sl@f@ﬁrpér?@h%t Oﬁg%{cespondl ng to at

| east one trench for the second dielectric |ayer; (e) removing the portions
of the se@ohdmﬂsem@mumhmeﬂaymmpwhnn@aar@numﬂanwbmemHQEMBmedbport|ons of the
phot or esi

% t hus 1%ﬁ | east ?ne trench dﬁ 44 \WD 02/ 052642
DCT/ USo 1/ BOBE anf i MG HHE G SRS s PR PR a0 G 1 enovi ng. t he
bal ance of; {Rey; fb@feo&%?stﬂé é%;lﬁﬁfxane( fxﬁetﬂ?@%é&ﬁkﬂﬂa‘cﬁm@'ﬂ%@&“ ve material on a
top surface of the seco ielectric layer and on Iinside walls and a floor
of thé&Otrench;

11. The process of claim 1 wherein the barrier metal comprises Ti, Ta, or a

nitride.

12. The process of claim 1 wherein the fill metal comprises aluminum,
15 aluminum alloys, copper, copper alloys, tantalum, tungsten, titanium, nitrides

thereof or combinations thereof.

13. A process for producing a microelectronic device which comprises:
(a) forming a first dielectric layer on a substrate;
20  (b) forming an optional etch stop layer on the first dielectric layer;
(c) forming an second dielectric layer on the first dielectric layer or the
optional etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
layer and imagewise removing a portion of the photoresist corresponding to at
25  least one via for the second dielectric layer;
(e) removing the portions of the second dielectric layer and the optional etch
stop layer which are under the removed portions of the photoresist thué
forming at least one via down through the second dielectric layer and the

optional etch stop layer, and removing the balance of the photoresist layer;
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5 (g) depositing an additional |ayer of a photoresist on the protective
material and i nagewi se renoving a portion of the photoresist correspondi ng
to at | eawdo2ames2via for the first dielectric layer; (h) pembsomy2ishe
portions of each |layer which are under the renoved portion of the
addi ti onal photoresist |layer thus formng at | east one via down through 10
the protective material, the optional etch stop |ayer, and the first
dielectric |layer; (i) renoving the bal ance of the additional photoresist

| ayer and the bal ance of the protective material; (j) lining a barrier
metal on (%Pmmmla@rowﬁuveamﬁqe@@lron&tOPﬁ@rque@rﬂ&w,seewf deleptisi de 15 wal | s

and a fl oo, ﬁfindt&em%’iiﬁlgmgggnéghoéxjéflt%egﬁa't he trench and via with a fill

metal in C act w arrier mne >lining. 15. A process for

produci ng(® depesitred &ciddinal Aestiofa phbiogdsist ONEel fF6BctivelBateddl formng a first
dielectric | ayer on a substrate; (q%iforning an optional etch stop |layer on
the firstaed Enagewisedemayiag a porionsedthe phyteresig comespandingde A leastayer on t he

first 9iehﬁ&%&%ﬁi%?%@%e&ﬁm&@qu%%;h al etch stop layer; (d) depositing a
| ayer of a photoresist on a ?op surface of the second dielectric 25 |ayer

and i mageyi)yemb @R heygbriomasfithoproattitd@apholt-aeelsd stosddierepndi ng to at
| east one via for the first dielectric |ayer; (e? renovi ng the portions of

each | ayelyghiveishareungsete remevedanpsianrigs addsienal pioterssisplaseror esi st t hus
form ng a%g@%ipggtglreﬂt t%Hé Hgﬁ)ctlﬁ%\&;nﬂﬁrot%g%&%dse pdrﬁ%lgdjée‘lt?crtlrigrl]agggiap ¢ 027052642

PCT/ US01/ e optional e to dielectric

| ayer, angeni®@imyihdgottimsbatirias déledthelpBokBick steSinde@eria (f) nodi fying the
top surface of the second dielectric layer, and a surface of inside walls

of th# vi ahidirsasgh thesecardt dinkgciic dayse thup cormages viagomindheugbtlech st op
first dielectric layer;
(1) removing the balance of the additional photoresist layer and the balance of
the protective material;
(j) lining a barrier metal on inside walls and a floor of the trench, and on inside
15 walls and a floor of the via; and
(k) filling the trench and via with a fill metal in contact with the barrier metal

lining.

14. A process for producing a microelectronic device which comprises:
20 (a) forming a first dielectric layer on a substrate;
(b) forming an optional etch stop layer on the first dielectric layer;
(c) forming a second dielectric layer on the first dielectric layer or the 6ptiona1
etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
25  layer and imagewise removing a portion of the photoresist corresponding to at
leést one trench for the second dielectric layer;
(e) removing the portions of the second dielectric layer which are under the

removed portions of the photoresist thus forming at least one trench down
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5 layer, and first dielectric layer thus formng a protective materi al
thereon; (g) depositing an additional |ayer of a photoresist on the

prot ecti weonmbsé2al on the top surface of the second di eberaBicsokzmyer and
on the protective material on the walls and a floor of the via through the
second dielectric layer, optional etch stop |layer, and first dielectric

| ayer, and inmagew se renoving a portion of 10 the photoresist corresponding
to at | east one trench for the second dielectric |layer; (h) renoving the
portions of the protective material on the top surface of the second

di el ect ri ¢hibagtethe stdoad sidenmde Bivel et rehovingythe balamd of ke wal | s of the via
within the second dielectric |layer, which are under the renoved portion of
the 15 ad®PPio8mLE 13¥Mot oresi st | ayer thus forming at |east one trench down

through thg ge56600d, ﬁjo?écﬁ% ﬁliaferihl_aé/xﬁli to ARadetdIRNe Rofd GcRB-RNCE Of the

addi ti onal "phot or €si st ayer; (1) ing a barrier netal on inside walls
and a f| odayenéind treinsidervallls andhal floor ofitbe ttenchywal | s and a fl oor .of the via; and

20 (j) . filly t.he trench a via wi.th a.fill nmetal .in contact with the
bar 1) &5 moBAeBorag HySi ol frut Ao orEis o RO GCIERRAL he {op surf ace
of the 5e%ﬁ&‘ﬂn%e@i&%’efrﬂo@ing'a%ﬁﬁoxﬁ&ﬂh% Bl?otéﬂééi@@éb‘?reﬁﬁnﬁﬂ%'t?%t Wadil s of the via

are nodified by exposure to 25 CVD plasmas, wet chem cal exposure,
anneal i ngontViaghpths ing,didéaat fager; beam exposure and conbi nati ons thereof.

17. A process for pyoducing i croel ectroni ¢ device ich conprises: (a)
formng a(®k YFE“PVH‘igéf‘f‘eE‘%rPP‘&S ‘I’@Fﬁgﬁ} Faéf?f whig 6’&‘%“3?@?%6“ Bori82642

PCT/ USO1/ %@ﬁ%%dd(t%a];ﬁo%rggst%ep%is@n iréfﬁtqgas%ﬁ’eovilf) a¥&h tl%u%}ﬂe first

dielectric layer; (c ormng "a seco el ectric layer on e first
di el edori chd mpertior muteeialy diei opniahal esthcdorsliapgy, dralytbe first deledaosi ti ng a | ayer
of a phot cl)r esist on a top surface of the second dielectric

ayer; '

(1) removing the balance of the additional photoresist layer and the balance of

the protective material;

(j) lining a barrier metal on inside walls and a floor of the trench, and on inside

15  walls and a floor of the via; and
(k) filling the trench and via with a fill metal in contact with the barrier metal

lining.

15. A process for producing a microelectronic device which comprises:
20  (a) forming a first dielectric layer on a substrate;
(b) forming an optional etch stop layer on the first dielectric layer;
(c) forming a second dielectric layer on the first dielectric layer or the dptional
etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
25  layer and imagewise removing a portion of the photoresist corresponding to at
least one via for the first dielectric layer;
(e) removing the portions of each layer which are under the removed portions

of the photoresist thus forming at least one via through the second dielectric
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5 layer and i nmagew se renoving a portion of the photoresist correspondi ng
to at least one via for the second dielectric |ayer and the optional etch
stop | ayavo 02/¢p42r enovi ng the portions of the second di el pct/us@/40238er and
the optional etch stop |layer which are under the renoved portions of the
photoresist thus formng at |east one via down through the second
dielectric layer and the 10 optional etch stop |ayer, and renoving the

bal ance of the photoresist layer; (f) nodifying a top surface of the
second dielectric layer, and a surface of inside walls of and a floor of

the via thayenghe sfivnaeacnsogligteaid fict diaeerricandr, aptrérmodhg @iech stop | ayer
thus formng a protective material thereon; (g) depositing an additional
| ayer of &a H%%@FB%P@ﬂOWWS%Hﬁ“protectlve material on 15 the top surface of

t he Seconﬁﬂﬁq@%\ﬁ’ t‘hé?t %Ffa%eazgtﬁhé)&cb&?%@f %Q%?le}’%nﬁ%tsﬁﬁ'a@é ofon the walls

and fl oor roug e secon tric l'ayer and the optiona
etch stop 1th<aewallmfdhe via giesigethe sevoud dglatrpdaydr ooptidhaltdieh ghpt or esi st
correspondi ng t ast one L&ﬁgch for the second dielectric layer; (h)

r enovi Ag W_@raaegtfar%ﬁ%e eitriq lgerghey loeping @ milediveanatenipl thgeebp surface of the
20 Second(%ln&k)ﬁghé\%ﬁs O?(gr;[a}]fapgrcﬁ% Bﬁﬁ i L& Bl 1rGteb A% cf%ﬁteﬁgldothe protective

mat eri al e’via n the second ectric layer which
are under tlidep sudaewddhep@condadieloftrit Ir@/eaﬂdi dn the alotqaliot ataeaiadbn| ayer thus

form ng at least one trench down through the econd dlelectrlc | ayer, and
r enovi ng tﬂpfeW@lé%fmdcm%oqspf theryda Broteachs %0%@1@1‘:?% ¥iLtwECRoor of the via

whi ch was ¢ s‘i ela &Cé}ﬂidﬁ diblGHE Fdyk .1h%n ms%’?@ln&%%%ga%gy_‘&{ oft he first

dlelectrlc nﬁer the via whi n the sec ectric |ayer
t hus fior mthiHJplﬁitofeﬁ@t&hr@S}ﬁ)n\iing t6l aviBast bm@mghh forhe fdcosd diblekctri c | ayer; (i)
removi ng the bal ance of the additional photoresist |ayer; 47 WO 02/052642
PCT/ US01/ %9253 (j) lining a barrler netal on inside walls and a fl oor of

the ”enczh) I%HI%V hth@ﬁérﬂﬁl Ha‘én@e Inta %18}‘ @%'E'cfi%s\{fr%ce 8ffle(k) filling the

trench an I'n con arrier netal
second dlelectrlc layer, the second dielectric layer, and the walls of the via

within the second dielectric layer, which are under the removed portion of the
15 additional photoresist layer thus forming at least one trench down through the
second dielectric layer, and removing the balance of the additional photoresist
layer; |
(i) lining a barrier metal on inside walls and a floor of the trench, and on inside
walls and a floor of the via; and
20 (j) filling the trench and via with a fill metal in contact with the barrier metal

lining.

16. The process of claim 15 wherein the top surface of the second dielectric
layer and the surface of inside walls of the via are modified by exposure to
25  CVD plasmas, wet chemical exposure, annealing, UV exposure, electron beam

exposure and combinations thereof.

17. A process for producing a microelectronic device which comprises:

(a) forming a first dielectric layer on a substrate;
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lining. 5 18. A process for producing a mcroelectronic device which
conprises: (a) formng a first dielectric |ayer on a substrate; (b)

form ng amoopoizesral etch stop layer on the first diel ectrPCTAUaYEI0233( C)
formng a second dielectric layer on the first dielectric |layer or the
optional 10 etch stop layer; (d) depositing a | ayer of a photoresist on a
top surface of the second dielectric |ayer and i nragewi se renoving a
portion of the photoresist corresponding to at |east one via for the first
dielectric layer; (e) renoving the portions of each |ayer which are under

t he renovet) foomingoamsoptibbal@fcht dugp lphotoartksfist diekasicflayeri ng . at | east one via

t hrough the second dielectric _|ayer, tional .efch stop and first
di el ectri d€) H1E %irH° FiHE l%yﬁ‘éOIb@Fg.ﬁ%éllg?Ctrl‘f %%erdﬁdbfg?%%q“é[ | ayer; (f)
deposi ti ng& Qs raifyg,-,r material on a top surface of the second dielectric

| ayer, and a surfade of inside walls and a floor of the via through the
second 20 (d) édpesitinga layay ef a plapéresistain atop hufsepf drecsetondsdieldtcteicect ri c | ayer

thus fQormng a  barrier material |ayer. thereon; depgsi ting an

i 1 Snal PYesgad TaEeTisHERY BE P OGN QA RPN CRRESOPAREager - on the top
surface ofjcfhEnSGEMARLLQRLAEIelcttrlcaUfR: aADheQPibRE MBlskeh 18, @ floor of  the
via through the second dielectric |dyer, optional etch stop |ayer, and
first 25 depteemivirigethé pgreions afitte sevanddicketrrcdayey andjthe gpaipbal@tchof t he

photoresi st corresponding to at | east .one ench for the second dielectric
layer; (h)SLORB/iWYCh #e ugag?rtthmgm&e DA hEpTolateaIS| S ayer on the top

surface Offoﬁﬁglg a§%ﬁﬁ%ﬁf@iaedo%{[tmofxﬁiéﬂyvﬁef%&do el?ﬁﬁ@'ﬂae/efjglrﬁf tﬁlgt ric layer, and

the barrier eria ayers on e vila wthin the second
di el edOr i optiaydretchhstghlaggreandndsovidg tMbDa(co b2 thé HhBOTEisSle0233 t he
removed po(?)trincc))cli]iﬁfcigg 21 ?o% s%gfggset éch}qg lsecgrrllc? Eliglregtsf{csigyelr,ae%gra stupflélcse;f)for mng at |east
inside walls of and a floor of the via through the second dielectric layer and
optional etch stop layer thus forming aprotective material thereon;
(g) depositing an additional layer of a photoresist on the protective material on
15 the top surface of the second dielectric layer and on the protective material on
the walls and floor of the via through the second dielectric layer and the
optional etch stop layer, and imagewise removing a portion of the phoforesist
corresponding to at least one trench for the second dielectric layer;
(h) removing the portions of the protective material on the top surface of the
20  second dielectric layer, the second dielectric layer, and the protective material
on the walls of the via within the second dielectric layer which are under the
removed portion of the additional photoresist layer thus forming at least one
trench down through the second dielectric layer, and removing the portions of
the protective material on the floor of the via which was in the second
25  dielectric layer, and portions of the first dielectric layer under the via which
was in the second dielectric layer thus forming at least one via down through

the first dielectric layer;

(i) removing the balance of the additional photoresist layer;
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one trench down through the second dielectric |ayer, and renoving the

bal ance of the additional photoresist layer; (i) lining a barrier netal on
i nsi de wavOez/es2é42a fl oor of the trench, and on the 5 inspdeusaldos3zand
floor of the via; and (j) filling the trench and via with a fill nmetal in
contact with the barrier netal I|ining. 19. The process of claim 18 wherein
the barrier layer material conprises CVD 10 oxide, CVD nitride, CVD
oxynitride, CVD SiC, spin on glass, organic polyners, chronophore | aden
spin on glass, hydrogen silsesquioxane, nethyl silsesqui oxane, netals and
conbi nat i @¢nsininger lewfier Réal o ipsioe ealls drara fiscrddeliengenahancraeihside r oni ¢ devi ce
whi ch conprises: 15 (a?l formng a first dielectric |layer on a substrate;
(b) fornm Agllaandpilosnelithevishand op 1 ayer on the first dielectric layer; (c)

formng a i | G| ' j i.c layer or the

opti onal (@?@ﬁﬂg%}%a nayé[ﬁd; 91@ 333} %?(;%I(opg}eﬁﬂ%édarﬁ %EVE“P %h{ﬁ%&%ﬁr&e fZ)%[esi st on_a top
surface ofininge second dielectric 20 |ayer and i nagew se renoving a portion
of the_photoresist corresponding to at |east one via for the second

dielectric | ayer and the optional etch stop l|ayer; (e) renoving the

portions ' ! : - | .etch stop |ayer
whi ch ar qu'n%?r?oct%ﬁsgﬁ?gwg&/}ghg %tgﬁltb Lﬁgiﬁgtyﬁlc ta ﬂgc%ﬂgltcg?é@?[;l?é %hus form ng at
| east one (a)ifarmiogmn firktrditledirit geisecondsaate] ectric | ayer and the 25 opti onal

etch stop I;yer, and renovi ng the bal ance. of. the photoresist |ayer; (f)
deposi t i ngP)donBingiagorhenad eichistopaxsr pp fhestinst dilectyie 1366 second diel ectric

| ayer, a f fi 11081 |5 r..Qof e Vi hr ough t he
second d?‘glfgréﬁ &%gasﬁ%ﬁgrdlg%?lggay ‘}“(%Jrll]atﬁe gpsgﬁ?eé{cggcol%%eorr tﬂ{&no \s[flo Sfr mng a
barri @0 maicArsiay laydrayer thereon; 49 WO 02/ 052642 PCT/ US01/50233 (9)

depositing an additional |ayer of a photoresist on the barrier material
| ayer %d) depositing a layer of a photoresist on a top surface of the second dielectric

layer and imagewise removing a portion of the photoresist corresponding to at
least one via for the first dielectric layer;
(e) removing the portions of each layer which are under the removed portions
15  of the photoresist thus forming at least one via through the second dielectric
layer, optional etch stop and first dielectric layer, and removing the balance of
the photoresist layer;
(f) depositing a barrier material on a top surface of the second dielectric laver,
and a surface of inside walls and a floor of the via through the second
20  dielectric layer, optional etch stop and first dielectric layer thus forming a
barrier material layer thereon;
(g) depositing an additional layer of a photoresist on the barrier material laver
on the top surface of the second dielectric layer and on the walls and a floor of
the via through the second dielectric layer, optional etch stop layer, and first
25  dielectric layer, and imagewise removing a portion of the photoresist
corresponding to at least one trench for the second dielectric layer;
(h) removing the portions of the barrier material layer on the top surface of the
second dielectric layer, the second dielectric layer, and the barrier material

layers on the walls of the via within the second dielectric layer which are under
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on the top surface of the second dielectric layer and on the walls and a
floor of the via through the second dielectric |layer and the optional etch
stop | ayavQ ozoste42 magewi se renovi ng a portion of the phot PCERUISEIN50233
corresponding to at least one 5 trench for the second dielectric |ayer;

(h) renoving the portions of the barrier material |ayer on the top surface
of the second dielectric |layer, the second dielectric |ayer, and the
barrier material layers on the walls of the via within the second
dielectric layer which are under the renoved portion of the additional

phot or esi sfie leayetd phrtisn botHziagitiahall phadtesisd layaethts fGmgaweast hr ough t he
second dlelectrlc | ayer, and renoving the portions of the barrier materi al
| ayer frofn€ Hengh ¢y t@foqghéhq/seaomlélﬁct\vsﬁéawﬁ apghgemadpp g aladcect ric | ayer,

and portig f tric layer under the via which was in the
second di e Egﬁpdhnﬁ'ﬁhma% gﬁ?%o$n1ng at | east one via down through the

first diel(@dinhirigta lbamefrmetiﬁor(mldé ey ata flbe daheapgiehofndtdrethaddi ti onal
photore5|st | ayer; (j ni.-ng. a barrier netal on inside walls and a fl oor
of theStr &Hide Walkcpng qornefthiewsq @dwall's and floor of the via; and (k)

filling tzﬁ‘ ﬁtllrr?ggt%@ %H&L aY{dan‘MtH adil Jn% al @Eéo?i acl Qnﬁ%t@a%lﬁ hidy the barrier

met al ocess for ronlc devi ce
whi ch conmmhggs (a) fornlng a flrst dlelectrlc | ayer on a substrate; (b)
form ng an optional etch stop |ayer on the first dielectric layer; (c)
formng a second dielectric layer on the first dielectric |layer or the

opti onal  185TR! GReS PG il AERARIL LG, AaAXRlonala, pYRS oresi st on

top surfac he“Secon rrc Se renoving a

porti oo ofoxideeCpAGHdRS CID 6)anﬁtﬁ8@,@1‘dlD®Ct@nﬁén glbgsasfgame trench for the
second dielectric |ayer; 50 WO 02/052642 PCT/ US01/50233
polymers, chromophore laden spin on glass, hydrogen silsesquioxane, methyl

silsesquioxane, metals and combinations thereof.

20. A process for producing a microelectronic device which comprises:
15  (a) forming a first dielectric layer on a substrate;
(b) forming an optional etch stop layer on the first dielectric layer;
(c) forming a second dielectric layer on the first dielectric layer or the optional
etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
20  layer and imagewise removing a portion of the photoresist corresponding to at
least one via for the second dielectric layer and the optional etch stop layer;
(e) removing the portions of the second dielectric layer and the optional etch
stop layer which are under the removed portions of the photoresist thus
forming at least one via down through the second dielectric layer and the
25  optional etch stop layer, and removing the balance.of the photoresist layer;
(f) depositing a barrier material on a top surface of the second dielectric layer,
and a surface of inside walls and a floor of the via through the second
dielectric layer and optional etch stop layer thus forming a barrier material

layer thereon;
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(e) renoving the portions of the second dielectric |ayer which are under
the renoved portions of the photoresist thus formng at | east one trench

t hrough whexereend dielectric | ayer, and renovi ng the babPenueoiefo2ishe
photoresist layer; (f) nodifying a top surface of the second dielectric

| ayer, and a surface of 5 inside walls and a floor of the trench thus
formng a protective material thereon; (g) depositing an additional |ayer
of a photoresist on the protective material on the top surface of the
second dielectric layer, and the protective material on the walls and

floor of t(Beddpositiaf an addtibhBgeel a plenaresingdnahdBdriieOfaefialtliger 10 phot or esi st
correspondi ng to at least one via for the first dielectric |layer; (h)
P

renovi ng (WP TusaGe offthe ssnnd dipkictrigees apd en tedreallsend aflorbokd portion of
the addi ti, Q atH@B%Pﬁﬁ%%&nﬂkﬁ%%ﬁ?%Eﬁ%ﬁ%@&@%@ﬂgﬁ%hﬁﬁ?ﬁ& Eggégh@ down through

the first ayer ance addi ti onal

phot or esi Smagé\&mﬁerem(ﬂ@ngai)oﬂtlbﬂbﬂ@e@hb@fd’sis@torﬁp@immola@%a@t&)d&m | s and a
floor of the trench, and on inside walls and a floor of the via; and (j)
filli né tH@nﬁlﬂgﬁéhe sesanddliglogiicHayers i | | metal in contact with the barrier

met al %mo%%%&?lﬁp tBhOGERE b%].‘?irer ftla %ﬂ‘df a6 off ﬁ%t%r QlE&! e ¢ device

whi ch corrpr ses orm ng irs on a Substrate; (b)

form ng anecapid diclattrielsbr, SEdmcérﬁMﬁéleﬁﬂcﬂd}er fahd g bdtr%r@faftérlaﬂl | ayer; (c)
formng a second dielectric layer on the first dielectric |layer or the

optional lateEhorthspvaligpéthe ‘Q%W(fh)n aeproend istpetaicilaxee whisth e prearor esi st on a
top surfac[ﬁ% %fm&\}gﬁ SRERANG oft LhGRhh fo&gtér@{%ay% ﬁlnu'f gg%?r‘{‘f%gtgeats ovi ng a

portion of hot'oresi st corres ench for the

secondodi ealnechtehucddnaymrough&he E&Bﬁ&ﬂiégactrﬁﬁlaﬁ@rahtl(?&ﬁoﬂﬁ% tike second dielectric
| ayer and optionally renoving the etch stop |ayer present, which are
under t he Rosinsed thydhvagiiggrigaterial layer from the floor of the via which was in the

second dielectric layer, and portions of the first dielectric layer under the via
which was in the second dielectric layer thus forming at least one via down
through the first dielectric layer;
15 (i) removing the balance of the additional photoresist layer;
(§) lining a barrier metal on inside walls and a floor of the trench, and on the
inside walls and floor of the via; and
(k) filling the trench and via with a fill metal in contact with the barrier metal
lining.
20
21. A process for producing a microelectronic device which comprises:
(a) forming a first dielectric layer on a substrate;
(b) forming an optional etch stop layer on the first dielectric layer;
(c) forming a second dielectric layer on the first dielectric layer or the optional
25  etch stop layer;
(d) depositing a layer of a photoresist on a top surface of the second dielectric
layer and imagewise removing a portion of the photoresist corresponding to at

least one trench for the second dielectric layer;
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WO 02/ 052642 PCT/ US01/50233 of the photoresist thus formng at |east one
trench through the second dielectric |layer and optionally through the etch
stop | ayavQ ozestes2enovi ng t he bal ance of the photoresist pap®so1/5833
depositing a barrier material on a top surface of the second dielectric

| ayer, 5 and a surface of inside walls and a floor of the trench thus
formng a barrier material |ayer thereon; (g) depositing an additional

| ayer of a photoresist on the barrier material layer on the top surface of
the second dielectric layer and the inside walls and floor of the trench,
and i magefs) sensven®iticp@rtiong Of tHedcdild didlectfibddyer @bichtard hdeotireespondi ng to at
| east one via for the first dielectric Layer;ﬁ#h) renmpvj ng f he portions of
each of tIsEOys¢ ppRionkat Weiphptoresishhug forprHag pY lgast og trenghdhioughch,  any

r emai ni ”&hQQéédnafh?m%?Jéﬁé %?er? Eﬁ@reﬁ{cﬁrﬁrg tRY %EIan%in& tHQPﬁAtQ@?is@%yérbe first

dielectric layer e’ under renmoved portton o e additional

phot or esi @ mbdifgihg attbpisurface of tig satonkdelidectnotayet, andlewnrfiderodugh t he barrier
15 material, |l ayer on the floor of the trench, the optional etch stop |ayer,
and tRe 1pidsvalls epdadlopol thy Benchihps fosming hprofastive malEsde of t he additi onal
phot oresigt..ohayer; (i) lining a barrier nmetal on the barrier materia

| ayer on the Ihside walls and floor of the trench, and on inside walls and
a floor ofg)tbsoswtirgg anaadditidBal fayerfof bipho@rdsise oh tienmbteatice ma@risidrh a fill metal
in contact wwth the barrier netal . lining, 23. A process for producing a

ni cr oel eche &R urkpss p_&@%@@ﬁ ddrrie bwer and He prefeel Yegmaterialagithei el ectric
| ayer on g?%’&%ﬁfﬂ@;ogpfeﬁfé&% Jnafi%g&iwre%é&g;%?@gg Reafop |ayer on the

first-dielectric formng a secon ric layer on the first
di el el@t r i phdteugsist @irebpundaipt to@nkhst ot @in B diz firsydielecttid)ayear m ng a first

har dmask | ayer on the second dielectric |layer; (e) formng a second

har dmask (hayemnowng theeortienstof gaghdayes whielyare;under the removed portion

of the additional photoresist layer thus forming at least one via down through
the first dielectric layer, and removing the balance of the additional photoresist
layer;

15 (i) lining a barrier metal on inside walls and a floor of the trench, and on inside
walls and a floor of the via; and
(3) filling the trench and via with a fill metal in contact with the barrier metal

lining.

20 22. A process for producing a microelectronic device which comprises:
(a) forming a first dielectric layer on a substrate;
(b) forming an optional etch stop layer on the first dielectric layer;
(c) forming a second dielectric layer on the first dielectric layer or the optional
etch stop layer;

25  (d) depositing a layer of a photoresist on a top surface of the second dielectric
layer and imagewise removing a portion of the photoresist corresponding to at
least one trench for the second dielectric layer;

(e) removing the portions of the second dielectric layer and optionally

removing the etch stop layer, if present, which are under the removed portions
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52 WD 02/ 052642 PCT/ US01/50233 (f) depositing a | ayer of a photoresist on
a top surface of the second hardnask | ayer and i magewi se renoving a portion
of the plvwoorerset corresponding to at |east one via forprtheseesnessd

har dmask | ayer; (g) renoving the portions of the second hardmask | ayer

whi ch are under the 5 renoved portions of the photoresist thus form ng at

| east one via through the second hardmask |ayer, and renoving the bal ance
of the photoresist layer; (h) depositing an additional |ayer of a
photoresi st on the top surface of the second hardmask | ayer and on inside

wal | s andof the@hotiesisn ehugifarniifg kileass esomehch hiabdgragk sceord dielegeisi se renovi ng
a portion_of the photoresist corresponding 10 to at | east one trench for

the seconyRbiHRRSInally droughithe stehgop yen ped fsaavingnibe brlapereof i r st har dmask

| ayer and i.electric |layer which are under the via in the
second hapggggﬁﬁggggpgbhus formng at |east one via down through the first

har dmask [(fRyepositity 4 herisaaaeadal dnel tog turface of digaecontiTilpdtric ¢ayey,i Ng t he
portions of the secaond hardnmask |ayer which are under the  renoved portions
of t he> ad@nd p swriace ohatsisiestalisiand g floor of the frgndly thpetesmingwbariehch  down

t hrough t msk | ayer, and renoving the portions of the
opt i onal gggﬁﬁggggﬂﬁg%ggpmhich are under the via in the second dielectric

| ayer thyg deybsigh agaddigondal Biyetwsa phbopasisn ok e laptidranatbrigltieyerst op | ayer; 20
(k) renmoving the portiaons of the first hardmask | ayer and the second

di el ect ri en theipnsurfptech the scomsdlieletie layerandihe insidsevalsenddlaear dmask | ayer
thus form s . . E hr irst hardmask | ayer and
t he secon899§?§Pg%?§§%“%%9é%?%?§R%@%ﬁ%“%ﬁ%ﬂgg$9$%ﬁ§gé the first dielectric
| ayer 10indesrréspendih@ to mhehovesa fdt thd@rsséierbdicdayt.ectric |ayer thus form ng

a via through the first 25 dielectric layer, and renoving the bal ance of
t he addi t (lbamopinetisy pastiens ofppel of the byrrip mptsgaldayssonitbe flaerefl on i nsi de
YIV?L! Saﬁgdth% tfrén%R,ran())/frerElz%%ir;[grp%rr]t(i:ohrfs o?%% &h ist%}SJ ileg/eer, a\rllvglpglgcio%rs]%f ﬁlef loor of the

first dielectric layer which are under the removed portion of the additional

photoresist layer, thus forming at least one via down through the barrier

15 material layer on the floor of the trench, the optional etch stop layer, and the

first dielectric layer, and removing the balance of the additional photoresist

layer;

(1) lining a barrier metal on the barrier material layer on the inside walls and

floor of the trench, and on inside walls and a floor of the via; and

20 (j) filling the trench and via with a fill metal in contact with the barrier metal

lining.

23. A process for producing a microelectronic device which comprises:
(a) forming a first dielectric layer on a substrate;
25  (b) forming an optional etch stop layer on the first dielectric layer;
(c) forming a second dielectric layer on the first dielectric layer or the optional
etch stop layer;
(d) forming a first hardmask layer on the second dielectric layer;

(e) forming a second hardmask layer on the first hardmask layer;
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(m filling the trench and via with a fill nmetal in contact with the
barrier nmetal Ilining. 53 WD 02/ 052642 PCT/US01/ 50233 24. The process of
cl aim 23 whereizes2zt he first hardmask | ayer and the second haraswigiozizayer
conprise dissimlar materials selected fromthe group consisting of Si02,
Si3N4, SICC, SIiC, SIN, SiON, spin on glass, chronophore 5 |aden spin on
gl ass, organic spin on polyners, hydrogen silsesquioxane, nethyl

si | sesqui oxane, netals and conbi nations thereof. 25. A process for

produci ng a m croel ectroni c device which conprises: (a) formng a first

di el ectri qf)ldeypesitinna Gyl phat@esistOn @hop §iaradt othaRe@ptiharihaskt ch stop | ayer
on the first dielectric layer; (c) formng an second dielectric |ayer on
the first lgeEpa¢impagewigyemoving epartiogedit otqEeiH carrespondipaite al d) forming a

first hardprek,d %X?‘?{eﬂ?f%cgﬁd Eég@ﬁ%&gﬁql ectric layer; (e) formng a second

har dmask | ayer on 't ayer; 15 (f) depositing a |ayer of a
phot or esi gg) emoxiigope pottibasef ¢ sdéchad Bardmask hagrdvskare vag@rthand i magew se
renoving a portjion of the photoresist corresponding to at |east one trench

for the sdeBA¥edRarHARsH thephotoresighthysdapning gt ket ope Viai thipsghthe he second

har dmask | ' r ' - e phot oresi st

t hus for ms%&lgtﬁ%rg%%( %c?%é%ggZ%\%é}n?%trhgﬁ)g%}{gg%ﬂ%éﬁogg%(s)lg@a)hﬁfdmask | ayer, and
removi ng t(hpddpakising an adiditibeal pyet ef estiosdredigyarthe tobksudapasgithd ng an addi ti onal
| ayer of a photoresist on the top surface of the second hardmask |ayer and
on’ i nsi de speANdhaggipask|lessE apd on weide aHe And Beer ofithrayja it e seeomdvi ng a portion

f th h [ ' . ta f th d
i ol oct 11 AfugEke d RRESAORRAd Soflon BER pEresth Bridbordlfe s gt e

porti aos ab at Restlone Htndhalod tRSkcdndhardmdsk@aysgcond di el ectric layer, and the
optional etchstop |ayer which are under the renoved portion of the
addi t i onal(Dpp@pvine shesportiensef thenfirst fasdmpskdayar andthstseennd diglectdown t hr ough t he

layer which are under the via'in the second hardmask layer thus forming at
least one via down through the first hardmask layer and the second dieiectric
layer;

15 (j) removing the portions of the second hardmask layer which are under the
removed portions of the additional photoresist thus forming at least one trench
down through the second hardmask layer, and removing the portions of the
optional etch stop layer which are under the via in the second dielectric layer
thus extending the via down through the optional etch stop layer;

20 (k) removing the portions of the first hardmask layer and the second dielectric
layer which are under the trench in the second hardmask layer thus forming at
leést one trench down through the first hardmask layer and the second
dielectric layer; removing the portions of the first dielectric layer under the via
which was in the second dielectric layer thus forming a via through the first

25  dielectric layer, and removing the balance of the additional photoresist layer;
(1) lining a barrier metal on inside walls and a floor of the trench, and on inside
walls and a floor of the via; and
(m) filling the trench and via with a fill metal in contact with the barrier metal

lining.



second di
bal ance
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el ectric layer and optional etch stop layer, and renoving the

of the additional photoresist |layer; 54 WO 02/ 052642

the second dielectric layer which are under the trench in the second
| ayer thus formng at |east one trench down through the second
c layer and renoving the portions of the first dielectric |ayer
corresponding to the via in the second 5 dielectric |layer or optional

har dmask
di el ectri

stop | aye
dielectri
the trenc
the trenc
lining. 2
t he secon

chrono ho

r, thus formng at | east one via down through the fi

rst

renmovi ng the portions of the first hapdmask/do2zser and

etch

c layer; (k) lining a barrier nmetal on inside walls and a fl oor of

E, agg on inside walls and a floor of the via, and (1) filling
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sesgiof flamn 23 whetein the firgt hagmask faygr and theseq0afr i er et al
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methyl silsesquioxane, metals and combinations thereof.

25. A process for producing a microelectronic device which compriseé:

(a) forming a first dielectric layer on a substrate;

(b) forming an optional etch stop layer on the first dielectric layer;

(c) forming an second dielectric layer on the first dielectric layer or the
oﬁtional etch stop layer;

(d) forming a first hardmask layer on the second dielectric layer;

(e) forming a second hardmask layer on the first hardmask layer;

(f) depositing a layer of a photoresist on a top surface of the second hardmask
layer and imagewise removing a portion of the photoresist corresponding to at
least one trench for the second hardmask layer;

(g) removing the portions of the second hardmask layer which are under the
removed portions of the photoresist thus forming at least one trench through
the second hardmask layer, and removing the balance of the photoresist layer;
(h) depositing an additional layer of a photoresist on the top surface of the
second hardmask layer and on inside walls and floor of the trench, and
imagewise removing a portion of the photoresist corresponding to at least one
via for the second dielectric layer and the optional etch stop layer;

(i) removing the portions of the first hardmask layer, the second dielectric
layer, and the optional etchstop layer which are under the removed portion of
the additional photoresist layer thus forming at least one via down through the
second dielectric layer and optional etch stop layer, and removing the balance

of the additional photoresist layer;
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(J) removing the portions of the first hardmask layer and the second dielectric
layer which are under the trench in the second hardmask layer thus forming at
least one trench down through the second dielectric layer and removing the
portions of the first dielectric layer corresponding to the via in the second
dielectric layer or optional etch stop layer, thus forming at least one via down
through the first dielectric layer;

(k) lining a barrier metal on inside walls and a floor of the trench, and on
inside walls and a floor of the via; and |

(1) filling the trench and via with a fill metal in contact with the barrier metal

lining.

26. The process of claim 25 wherein the first hardmask layer and the second
hardmask layer comprise dissimilar materials selected from the group
consisting of Si0,, Si3N4, SiOC, SiC, SiN, SiON, spin on glass, chromophore
laden spin on glass, organic spin on polymers, hydrogen silsesquioxane,

methyl silsesquioxane, metals and combinations thereof.
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