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LUCUEU U N TET LTI T T FOR DUAL DAMASCENE FABRI CATI ON
*166166* The present invention relateg to the fabrication of senigcppgug

devite i'nter connect lines and via plugs “which are fabricated using dual
damascene techni gues. BACKGROUND ART A seni conductor device such as an

{ransistors, o odes and A ISENICKOFERAR TRCEHAISS ona ﬁﬂﬂlﬂﬂllmm\mll\“l Wi

sem conductor material. HFOR DUAL®DKSMASCENE FABRIEAITION € connect ed t hedddgh
conductive connectors to forma conplete circuit which can contain mllions

of individual circuit elenents. Advances in sem conduct or mater M‘“M\\
processing techniques have resul+ E@E{N’{‘b}‘ﬁ g the overall si ZN \\\m
whi | e i ncreasing the nunber of circul erren Addi tional m niatugd.gahion

is highly desirable for inproved IC perfornance and cost reduction.
| nt er connects ovide the electrical connections between the vari ous

el ectroni c el efBRHPESER Inygniien TSHEFSGQ\'«Wf%ﬁmQWS@BWﬁE@WF%@Wﬁ@WF%eSe

el enents gfp as pins, for
connecti ng %héhﬁﬁgggﬁﬁgrhe%% {r%éﬁ@%te&&ﬁﬁﬁﬂ %?@gﬁ%ect lines formthe
hori zontal connections between the electronic CIrCUIt el enments while
conductive via plugs formthe v ections between the electronic
circuit elenments, resulting in M&b@&gﬁ&?‘ Tons. A vari ety of techniques
are enployed to create interconnect |ines and vies. One such techni que

involves a process generally referred to as dual damascene, which includes
form ng a trendhsemiconguctondevite/such ay am 16 ¢integratbd: circuit) ganarally hiseelectranicol e

are sirrultane sfllle nduc terial, for e le.a

hus st mFRCHaury R Y b AR o tanBeaien Mansr Ay P
plug. Exagpiasicaidue®n hitérialFile vaHBhs ClrtiR efeihtd AP Eohible throfg Einduaivear e
disclosed in Kaanta et al., "Dual Damascene: A ULSI Wring Technol ogy",

Jun. | | - connecyesi to faumca complate piseit Wiich, cappsatain auillicps ofindividue) erqustt . No.

Coonm oo sloeho Ry celo semtebMnctor Ratkriiy B ipdessing tdchnigifs HEVE Lkl a2 L
rely on f eeducing theeoveraiheize étﬁ'cthé HE while réasing’ the heuribea| ofdeirasiic eloments.

structure jn.the sang efching steP shogwn in FIGS. 1A - 1D. As depicted in
FIG aA ddditional mgiagirizagion FSagnsh y1 desivableqfos dmprexedolC pedammanss 3nd cost

substrate
deposi ted %d:]& ?lresrl{lé}l e g%:tg a er%ﬁaLb& secgﬁ%&g&g&eﬁ{eﬁa{gg aelgcr?ro X
deposi t ed etementscdf mlﬂaanlﬂiﬁcy ﬁutdx thel cainebtioms betvistn theserm@&néxﬁmﬂihodevxce s

dielectric |ayer 118. Etch k 120 i s patterned 121 ) fox_ _etching a via
hol e, havieﬁgr%@? ¢ clfmacnis Fuch e HiRS fronpecting,tiag f%eothgr QRBIE YRS aﬂg

first ani SeefoRRhdet ﬁh%'fo%%@ﬂéﬂﬁnia?c& s Behiech e gat@mac,}@m%w ng
to the via pattern I's etching procedure is stoppe t etch stop |ayer
116. Et ch whilekcondoctive Vlemlmofoandhanmlhdrcoanedmonabktvm tijes elegtramicGeirqudt i s
posi ti oned Qn q%;conﬂ i.electric Ia .er 118 such that it is patterned (126)
for fornirf e Péﬂ"’F"é“PﬂP %Y to include the previ ously forned
hol e |22 conform ng to the via pattern. However, when the trench pattern is
m saligned with hole 122 (see) FIG 1 B}, portlon 123 of hole 122 is
covered by mms kA Yatety nfteshniquesiare amnloyedio crealedntereannaet ingsieag vias Qnsisuch

pr ocedur e

vor 11, tednlt oSt ptboksd el 6 Rudl GhidtnG SR Inclh s R6iling

et chi ng tMmhaﬂdmhuﬁd@mdgamaholé. The arench dhdahevia holezre simuiltawsons ﬁllécaymh |
10. In this néu@pdanasce e technlque the first etch prqcedure has a, greater

sel ecti vi t4cQ Emaistigh qr&ygppfe@qtﬂéhuimug@w y &rapnganymisgeanacct i eshown

in FIG 1 ﬁﬁégﬂ ,a;@ Ez??dﬁ &%T}F’&ﬁl

via hol e 1&9%“?% exten s t'o ?néggéoglac or a’é‘l{hﬂiétgrééﬂf richf e noted
t hat port i am dis2bsed intKamntdet 3R 8"Dual Bamastene A PLSI Mﬁnngfl‘ed:thxeldgyé,riuh duB2,t 0
the m sali ween Vi g attern 21 and .t tte . ,However
the wi denewwbﬁgfﬁ“ﬁe EEER38e9 f}?%gt‘ntﬁé]rﬁ‘gf% ﬁéﬁi“ﬁﬁ%ﬁ&%)

t her eby reguqiogg via pattern width W1 (FIG 1 A) to via hole width W
(FIG 1 ©. In other words, the width of the via hole is snaller than the
width of the via pattern as a result of the misalignment. This prior art
techni que has ot her shortcom ngs as well, e.g. undevel oped resist (not
shown) remai ning on the bottom of hole 122, thereby inpeding the conplete
etching of hole 130, and attack on the etch stop during via etch. Also,
this procedure requires an etch chem stry which is very selective with
respect to photoresist materials, which is difficult to achieve vvith

d| eI ect r| cs such as those haV| ng a I ow d| eI ectric constant Mask 124 IS

Y T A NS o - o A NN o . v o o ~ -




stop layer upon which a second dielectric |layer is deposited. The first and
second dielectric layers have simlar etching characteristics, i.e._the
etching properties of these layers are such that the layers are ﬁiﬁgbﬁgﬁof
beiﬁg etched at simlar etching rates iR2a particular etch chemstry. A
hard mask | ayer is deposited on the second dielectric layer. This hard mask
has simlar etching characteristics as the etch stop | ayer. A photoresist

havi ng a trench Tpapfieratt technitfies Sidhad titide Bidclobelrifl tHEABKvé R¥@énced Pablica®Eh
pattern is transferred to the hard mask, after which this resist is

stripped. Aclyentformaiag dhe frenchiang the pisshale frrahe dwl damageeng skuctirriinghe same
attern is I W t 0{18S] . 1 derd_yi e . t.jern

PR e har § s oW i PRI AN SISASkesUES il 118y HACE i et B E AR

portions ofdepdsitedan d seraekndutiarisubstaty Lide Ainreteh stéyelayerl I5aschras sifioen hitride,

m sal i gnnment  between the via pattern and the trench pattern. The via
pattern is 13 $ROQSIEG @F%F@&ch}aﬂ d B seroBd dislactie laxerohld igdepastied pretehyy or

and t hroug hg e Af : | . S ent
i sot 1 op, By LAt af LRR B (20 EidRioRETBY Held Mk 118 B Bk OO PC
t hrough t heattened(l2d) éretdhing a viyisole,dmatiniga widihy W ErSecbrd dielecprixt Yagernl 18Hs ough
the first dieletric Layer, A f,urtﬂer ani sotropic etchin rocedure js used

to si mul t afbed PSingp SFst apisoToRif eich pracedirs to Farmapele 422 14y 6pniogyivg ting
to renove t : d e, fs l i i
novel ¢ echriya Peer il YR procliee iPKLRE & PPl cE T D BT ABIC0 RS ©
porti on whirethoves andahothemeteh miaslh12d@ed, FEGCIB s positiened en seobrd dielebtrichater

Lhe. tr ench 1BSRHC et Reheimelt 58] 4 formieia Reftd Whithar inignded 1p ipvdedhey by
si mul t aneoyséwodsly foliéd kd1€ 122 &n‘ﬁﬂ‘hﬂn?i&ihé Vi8 phti@n Fowbrieh, VlﬁhéhQHéjl‘r'&{ch Phitern

material such as 'a netal. This structure includes a m salignnent

conpensat i igmésahigmadiwitthhale132(ses FIG glRhportipn 123 pEhale 422 xmvered hy masinB4and

t he corresppndi ng.vi.a u such that the,w dth of. the vi ug is_ not
oduced whatt PRER i nfaey Laeioiithel LRoninttontuicel i e of ftufne ch ol

m sal i gnnenhroagiReoad dickatriciayds28 BimultageoRFRORBITED? iCexiaied tdabkiraacip, and
the line to be w dened at the m sal |gnmant cmensatl ng segnent. In an

al ternat e dtehingtrough atelestap daysr 46 and Bueughfitshdielpstrilayerghi0: in s dyalr d

Tayer whon CHESRE bt 4Gyt asiiReh Y St BRUEVHARhOR dp e 187
second di elthai the Sedodil @fchg@odedurel Ng a material having a low (< 3.5)

dielectric constant. A photoresist having a trench pattern is provided on
the nitride mask. The mask pattern is transferred to the nitride nask after

which the resi Stﬁ&o%&nfihfpgé‘.’icf € sédofilfl elth b E418 iﬁ?@r?xﬁﬁ%?r@x?ﬂxefﬂ dnfi®

oxi de mask, and e nitride mask 1's renoved. The techni ques present
i nventi on aviehela@B0 whidhiextetida® semicondinetor subStrdt&EBl 2 {t-will bemosdalthat portiam1@3r t o

fabricate t dual . damas¢ene structures. This alternate enbodi nent |
particul ar I‘i’/‘lfet%?ﬁah{ﬁadééﬁﬂ . BﬂmPH_é’f 6@&&%5#9‘0?*&%#@%‘83%‘ meaﬁﬁn
resist affepfy Wu—éﬁ?ﬁ’éﬁte f?ﬁfﬁcﬂﬁw&ér%@ Widdried RO 1128 TO @t EBAtigudhs Wik
present invention a first dielectric layer I's deposited on a substrate,
such as a swidedyingviatwle £30; therehyapduaing Gapattdm width Wb GHE. t1A) to vif hale wididih

stop | ayer. ielectri,c . aver, i s, .de L,ted on, the ch.stop.l gyer.
The firer. ag GRECRS-  Ehacome Bl of ag IR Raiilct M dhe Width 8P O
charact eri spitRen as's fegiill of B fnisaignment Thipridriar techriqud hasdb thdrahoréshiingd asCs
as the etch stop layer is deposited on the second dielectric |ayer. A
phot or esi st WBH\&-Bigindevelopasresist (ot showm)\remaining,on the hottem afdiolq ﬁ%/?ertherqhﬁ s

via pattern;is $ 0. I V.Er LG

ohot or es: st g ECRIAGE ook 42ns181 S0, IR HEHE kol Wufifls WiBuoh. Ao,

|l ayer and athismoeddufrreqifdd antohehemisasdvhich isiviesy seleetioe adihatspeoto phowresist
underlying via pattern. The via pattern which is | ocated . in, the phq%oresist
trench pat t Brakerials, whichds difiuitde pchieecwidhdiclerBics Ruahas theschavingiadpw dfglectric

| ayer. An a@&k&hﬁnal ani sotropi c etching procedure is used to etch the
trench pattern through the hard nmask | ayer and to sinultaneously etch the
via pattern through the etch stop layer. The trench pattern and the via
pattern are then anj sqtropically similtaneo et ched .t ugh.t he second
and first diel ec!”fﬁskﬁﬁé%&w&%ﬁ@ﬁ ha! t"s}Te h‘i%mﬁ ES’r“g‘%‘l‘%Ff‘@ﬁ% Sty
are renoved, resulting in the formation of a trench and a via hole. The
trench wwdth of this enbodi ment conforns to the trench pattern even when
the via pattern and the mask pattern are m saligned. However, m salignnent
causes a reduction in the via width when the trench pattern width and the
via pattern width are simlar. A dual damascene structure is forned by

v o o o o o o




I n one enbodi nent of the invention, a novel dual danmascene process is

enpl oyed wherein a via is forned which is substantially equal to dgsrgglmB
rule, even if there is msalignnment between the via pattern and the trené%
pattern, as illustrated in the fabricates+ structures, such as IC structures
shown in FIGS. 2A - 21, wherein the expression "integrated circuit
structure" as defined herein, includes conpletely forned integrated
circuits arfillgdawiti bditableadntttive irrgil aB2 (be€, FIGU1 DY forfilifg méQiRailee 3 348ahd r st
dielectric l.ayer 210 which is deposited on a substrate, such

seni conducttit bE36 Wi conaets susisale,li? duxspsnetald 4 doveinved from b surfaceof as

defined hergjh.11knN . . 1S L

't egr at ed 1 RA1BTL FRETRIE by diiniane VAt G T £ 1R aairbohd B Tat has a,
materi al s. wilemddodectsdrol38 mywting frémi the depmisaligenean, hutithis vidnedTdettion B not

foll owed by the depqsition of a second dielectric |ayer 216, upon which is
deposi t ed aF°HHE‘EP%&' vigplie 136 ghusesyiting i 3 redpeqd plug Hadbas campangd pathdhemsk

| ayer 218. i e i.c, etch stop and nask | ayers can be deposited by
any of the \;r[r@tﬁﬁ(gfc}gégﬁﬁ)% Er?;ll're wel | known to those of ordinary skill in the
art. The present invention's first and second dielectric |ayers 210 and 216

respectively, have simlar etching, characteristics. The expression "simlar
et ching charact ﬂ%@ﬁé?@&uei&éf %Y‘é%ﬁtfféi‘ grac gswg\bfen@angmcenc
i ncl udes etﬁ@ﬁ&%ﬂ&&gﬁﬁh'a%dﬁﬁed}d?&aﬁdtﬁ%&w the Frefdtf Pattdtdland ke VR ftbfi\La?e are

capabl e of being etched at simlar etching rates ih a particular etc
chemni stry. rkselignedsas deagrihed xb8vaincconnedtiontwith FEy®:r1 & 14 pagicsianiyl wlienghe hi ng

h teristi ile, d dielectric | . 216 and,etch. stop | . 214
have di ssi TSGR peech i subsianially Ge pare as i viafafens widsh A isBuicapredueliot i ng
char act eri sihivgswidth nfakes #R{oeE difficuled fHPfheverhdle Wﬁxrbonhﬂ&i\ﬂé%&al?b&lﬁkﬂiﬂrl%er

properties of these materials such that one of the materials has a

etch rate twhenthedaboledas anglasivelyhighaspectyatioi Fillingeli iculties aarsresylt in filkjn

(o har 4ol BT Sl BRHEHNS SuesRinifhy hRE O e ok sy SAARAE .
FIG 2B, afARb, ¥fedadedrvidthufehd ¢k reddfis irca fedodddaedntabbareh betwteen tigdintefconhéet 2C,
phot oresi st 226 is positjoned on hard nask 218) E’Z{itl or conpl et el

! ! Y
filling harlneandithe yndeelying yia plug winigh cancaysea high aptagequs incpegse jrsthe
provi ded i ' 1,24 RAt ] r
Phe under | R} fRBhEE behfCnThie e i g R pble RS, € phiot &t RARAELAIRCerBEE
struct ures intvaaatotion witlFIGR:t1gy - tD redudt ini widpiihg dieline atsthis shizalignadeny peigual
to the wdth of the trench pattern. In alternate enbodi nments_(not, shown)
the width ofVigeninga ingeanr In ah clsatrigal shor B twoen sISe HeSPAPER HIRELHES: r ench
pattern. As shown in FIG 2D, via pattern 228 is msaligned with trench
pattern 224. As a consequence of this msalignnment, a portion 230 of hard
mask 218 pr ot r udAscdrdisglyetheinaedetiste for idpvedimethads for ¢uzl damasce@dfabgcationoved

b first selecti i sof. t chi d h,that the etchi
ot ocess T s BRBRERE Gf pirelEupet bovgon HE SR PameAnd s Pentn ik b o ofiefromel
respect to tﬂbﬁhﬁdﬁs%ﬁble%%%sﬁﬁhgf(ﬁdny%@bﬁd%ﬁ& of uiiEvieloped Zé€ist’ Riplding the a

transfer of via pattern 228 through hard nmask 218, as is shown in FIG 2E

Wiere two neompletgformation efkyiabelas asovell assheneced fosetch chemistry prhieltis yerysplective
etching pro I d i [ selective with respect to one of
the material's \%ﬁgﬁctﬁﬁ%&ﬁ&g@ﬁr@ﬁqhﬁﬁ%ﬁ%@g at a significantly slower rate

than the other material. It will be noted that hard nask | ayer 218 does not
protrude into via pattern 228 when the via pattern and the trench pattern
are in good alignnent with eaﬂm&ﬂ@e NI tropi c etching
procedure is utilized to selectively etch the via pattern through second
dielectric |ayer 216, as depicted in FIG 2F. This is followed by
transferring theThe presedttinventioh providesatovil methpdd anydkstnittures fomdpah damhascene

ani sotropic.etching. pr.ocedure) .thus extending the via pattern.t he top
surface of ﬁtF%rPteagB’?‘BE&r‘?@s °V2‘_’E@,m°s‘8%p'ﬂ$‘(§" gﬁm & §‘i’rébt°8?§%vq' s
removed, as shown in FIG 2G Alternately, photoresist 226 is renpved at a

| ater processing step, i.e. after conpleting the fourth etching procedure
in order to prot depnhembodiment of tig:; presentiimventtpntahfarst diabpmcéwﬂilﬁgemm e

Chem stry. - RO plclho 5Bt B B Ri e § o ioned B e dfBfifoPdliat o0

anisotropically etch trench pattern 232 (FIG 2G through second dielectric
| ayer 216, wherein hard nask 218 is the etch nmask. Etch stop |ayer 214
provi des the etch stop for etching trench pattern 232. As shown in FIG 2H,
the fourth etching procedure also etches the via pattern through first
dielectric layer 210, transferring the via pattern to surface 236 of

. N . ~A SN 21 - o NN A — . a o




The fabricated structures, such as the I C structures showmn in FIGS. 3A - 3G
I1lustrate another m salignnent tolerant enbodi nent of the prese@thgghB
damascene fabrication invention. FIG 3A shows a first dielectric |ayer 310
whi‘ch is deposited. on a substrate, suchd4as a sem conductor substrate, 312.
Etch stop layer 314 is deposited on first dielectric |layer 310. Second
dielectric layer 316 is deposited on the etch stop |ayer, followed by the
deposi t i orsts)f layeruforihichl akesnddiSleatid 1BfePIsepdifel. Prdfirst 41l sdbdtldafiélédtic etch
stop and nmask | ayers can be deposited by any of the nethods which are well
known to tiRYssehaye sigiliy atehipgshamaeteristiosnies. thetetchimgproparties ofiteese tayers gre such

dielectri ¢ ' ' i i 1,0n. | ted
Pl os.  SRCHETRR e Vol MR befoq b Gl BERng VG Pl bR
di el ect ri cchemyseny. Arhdrd meskelaydr isdeppsitedotrthérsecondidiskticllayer. thisiafdmask has
characteristjcs. The hard pask | ayer and the etch stop | ayer have simlar

et ching crimianeishing shazactenisticsasthe eteh stop jayer. A photagegist having a grepehepagtemas s

devel oped eS| I yer

316, phot CeBoRACHIEEhEt mk IR, i Pedch BBHRE Fib AR SRR ST
in FI G 3Bwhi¢h this nesist pasttipped. I2photoredizy Bl there depositethon tHectiird indskyaad add4 such
that the trench pattern.is pqQsitigned over the underlying via pattern. FIG

3B i || ust rRAED 154 i1 thsiphotoresistaygethe upderhiirgirench Ragemdn thedmpd mask.
trench patgr ﬂfl&% el iﬁe&%ﬁgeléﬁgll% Q@he@%h@paﬁéaﬁ?{ong??%ﬁﬂ% ik

deposited part I NSI attern as a re m sal 1 gnnent .
Thi s causegwotrde miocthh vid patiemn duestopamniselignmhent between tiocevia patteyatané the tBath A

first anisotropit etching.pfocedure Ls. use selectively.etch via pattern
395t hr ougTHER Sievapar RS heT RusoricHy sbrd Sragbiieseimdagiinaindabls, op
the first t@icuh Rt REPGEH1HyEr. ATRE rdthéval 3fthe RERI SANBELquEnt AisdSREPI Procedure

ani sotropic etching procedure is used to transfer the trench pattern

t hr ough hais ysedge simuliapeouwshystranster sherténch patsers througtathe fseqond idieledtric layertand n

t hrough et S | ay.er _314,..sh in_Fl D, First .and second.diel.ectric

| oyer o 31 ciorRb R b g e el Und, B ofetentl, vt A GG RESORHIC HEMER i

As depi ct egrotdtiufd iSusefto s&nhlﬁdedus’lﬂ b&ﬁ%@@é@h%ﬁ&hﬁ&oﬁ{;@ %Qﬁ%ﬁsééﬁl\xﬁﬁlml@yed
ayer , Ile

to etch trench pattern 326 through second dielectric

si nul t anec@dryoxs thiihard mpsk layer; thus forming A viahgle and a trerphe Thismoyel techpique 310,

; : ; ' ; 3 i Y \ ,
530 Moo R it fofmadtieds a hikaRBiinbf cBithoblifle Bokibn i B cofitfilols vt 2"
sel ecti ve thetiencleadahé viathodd such that thdréjsaio réduttiafidn therwidthsiuhé vin helelvdienat e

312. Layers 314 and 312 thus provide the etch stops. Finally, resist 324
and hard ni§Niamaskand theteRrimaskane misaligned. A-dual damascenestakBim s fabricated 3k,

Via hol e : : ] ﬁﬂgﬁg : ch as
for exam@?ﬁﬁ%ﬁ%@gﬁ%ﬁgﬁ&n@?gﬂ%ﬁ @@dﬁﬁﬁg hgfm angé%gd%@ag%@l}cégre S
f abri cat edmietal. Sihisisthehere irclydes alrhisalignmenn compéatingisegnenhwhich 38@ntigudusa
suitabl e conductive.,material 33,, form ng via pl 33 nd i nterconnect

| i ne 340, MM‘@E@W"%&\@ W&’q\%ﬁ%‘ Pﬁ%ssq r‘ﬁﬁtﬁ]é”"&?&gﬁﬂ?r es
of this e ; \en i SR8 [SToanta el . &4l Ath
connect i omggﬂ&g?&wﬁﬂ%ﬁa%ﬁ i on%fraiecrl?bo }(msnt gﬂ{&;gé gﬁ%&n)ﬁgﬁetthe
present i noampénsatingfeaturenfthip ombodimenticausesshe renchaund thedingitabswidenedat the
trenches o] e | C structur.es showq in FIGS. 2H and 3F. The lined via hol es

f .1
and trench‘ggugg@nf’htecﬁwufﬁﬁ%ﬂ?}y filled with a conductive material to

f orm dual danmascene structures. Suitable liner materials include adhesi on
pronoters and diffusion barrier materials. For exanple suitable_ |iner

material s for Clpayalietnate qmpdiment of the abovedsscribsd invention, an additionakhardimask,

e
present in | ' . . ) &al L3 ; 1p3
BVD (physi LA 26 ab SuE < Qegobfail GRand hRbcHR IRt Wl 1eflr whien' e G 10

| i ner mat emask sofmprisedl an éxideiwhish isVdepasitddl on lacgecarmindialestrivglagieradontiisingcene
structures i nc]aﬁj‘e PVD Ti /TiN.. The novel technql ogies of,the prﬁsent

i nvent i on, maen xang adew (Fﬁ'ﬁl@Pc@A-COB%)‘msﬁ(ﬂb%Q{&i@trhWiW tpaﬁgf‘\i\%en_ a
via patter ﬁr@i'&d%r{tﬁ?meqa >T'le i is fhGEiraito ik ﬁiﬂ'ﬁle‘i‘ﬁﬂhﬁgﬂfwﬁia‘? via
hole and the via plug, simlar to the reduction Ich 1's cause y prior

art t echnoltieyiesist is stripped Thielttensh masle i then frarSferfiedAo e dXidd-4masky and thamitride
these prior_art techni,gues, and unli t he embodi nments of the npresent.

nvent | on. skt FEREA R 1<eRRiaR o fhe RrrsRLRGRaTATE S el of BFRbed
3G do not result in widening the interconnect Iine at the m salignnent
point. It is particularly inportant to prevent w deni ng of interconnect

| i nes when these lines are positioned in close proximty to each other, in
order to prevent an electrical short between adjacent |ines. The novel
techni ques of the present invention are operable wth conbi nati ons of photo

o o o o o PPNy -




6 F EB ?pp3 -1 S Unexposed PPMS is renoved by etching, resulting in via
pattern 522. Photoresist |ayer 524 is deposited on the structure and trench
pattern 52b (FIG 5B) is devel oped in the photoresist |ayer such 6hGEBtae
trench pattern is positioned over the un$lerlying via pattern, simlar to
photoresi st 324 shown in FIG 3B. FIG 5B illustrates an exanpl e of

m sal i gnnment between via pattern 522 and trench pattern 526. It is noted

that porti @hoveaa dlerRbTLBYictd frle duafdifasteROsthicRFes?amid Mténﬂhi%i t_@ﬁxbbéiiﬁlem ]

pattern as a result of the msalignment. This causes the w of the via

pattern toPpaickladyaduantegegts when ti processingdigelinigiesfor stnppingtresistaaffesh the
process is i . ] manner simlar to the inventive techni ques
descri bed F%%ggﬁ%g%&léolﬁy%th FIGS. 3C - 3Gresulting in the IC structures
illustrated in FIGS. SC and SD. FIG SC shows trench 530 and via hole 532
whi ch has a reduced width due to the msalignnent between the trench

pattern and t helRanothesembediment of fba prasentinyenionafirstdiglectric layerip denositedonpy
i mul t i) Ling. trenc ' ' i drah!
conduct i ve dubsuiate, sicihs'd ERRoriidoP Bbatinh, fflofied B d bishofill Srafiefen siop o

line 540. Tdyer.eArsesbndwriidlectrié 1dyeeiscdepositdd orthe retdhOstopl fayet: T first &nd@B8condA -
SD have the, advant age of a_ l arger .processi r]% wi ndow. t han prior art dual
S

damascene disdeeHiclavers have similycsiching charactansticsnaidird maskdayes havingmimiler

et ching de t ol . 5] St : . and
the via ho%{ecﬁg%edh orc %&ﬁéﬁsw%féa}ﬁ@%@g Il@;.w rs{&?g&%ﬁgﬁatpgg&?g& ta het(la&grl“} ﬁ‘?ﬁ‘% on
of pri 0][ aphotosdsist hating@ via g]»bitmr&'s Pfd%dbﬁwmﬂemasdf?marb;& layee. Thisdiid pattegnrizv e
resist fromthe via hole., The novel te i ques of .the present invention
t hus resul °‘ﬁ?‘£§9! ‘gﬁhﬂ@@“’?‘dﬁéﬁ’éﬁﬁ W&QR thephplresiE 1p FoRQEd. ARMRKIENRS and
st uct ur s thekiRpydiel HIhEhEAITRAKIMYRE EatkA BSnd doltbrtd dbveldghd IRTRS toresist

invention require selectively etching certain layers. For exanple ch
chemi st ry wyenthe underbhng yiatpattemaTtie nirgpattanmcwhich islocited irothel phptaresist édacht 0 be

chem st 1y WL RaPisBERHl o it Shd daiektic b b ATGRRR N R,
mask and etegdhiry procedir®iSusedts etohMBE Srefith biveerh MBS UR Hurd widskIBfer aAd e

etched by any of the nethods and etch chemi stries which are well known to
t hose of orsiyitangousky eteh the viapattemithroggh theietch stopdayer Idwitesneh pasterand gheda ng

i tri de andERart Bruasiobiea ey BBt alanife febot TR o e
material s, 13yeed répedtively IThet Siibtorasiftoand: €i¥pRard dfiaskpareYrefiovyd ereenltiag Harthand
napht hal ene based conpounds are effectively etched in O2/N2 etch chenjstry

whi ch is sdpmaatiopeofgitiench andhevia bole. The trenghwidih of; this embodiment carformns to the

herr stri . | O ' St
fh:{n ist r: gﬁﬁéggfébsary to é{hean o‘?agratg%grggd?'ﬁée)ﬁ?fﬁ?%@én\(%é {nh%ﬁgt r Ogﬁeg&gri or
t o t he depanisalignment causys 4 redactionrin dreyvis whidth onhen the teénch pattérarwidtheand thesviag

surface preparati, net.hods .and terials which. are .| known hose of
olrJdi narypslé) "h%’r\"ée%{wl?r'ﬁfg’ah 0%}1?%“8&#&%@&%‘1%% %P?%ﬁfyhﬁ?ﬁ{ﬁ ues

of the pr ew%ﬁww&ﬂe%dcgw 9 SuiABRUGMERCtVe BACASLS ShEl) ad aSRstal, Fafekein
processi ng step can be perforned at a fabrication station. All or sone of

t he fabri camisaligranent icauses arx¢dudtionrinr the pridth ofotherde plug bepauseethe awidth is

i ntegrated nea of. a .navel . appar.at us, i,ncludin controlle 0
illustrat eoabq\(ﬂmﬁ%sbyez_he&gaﬁ}%l¢ggrpe%%qa§(.ﬁgﬁ¢%$\5%og%mtrcwq R‘ﬁqggﬁar%er
of fabricatwidéenéd ahisOeRmiMatial e eprabiei 2fUeledtriédl sHobts Bétivedn Qilodefy spaced
structures described in connection with FIGS. 2A - 2I. As illustrated in
FIG 6, a natesconsgetdmgst uri ng system 610 for fabricating | C structures

i ncludes controller 600 and a plurality of fabrication stations: 620, 622,
624, 626) 628, 630 and 632. Additionally, system 610 has operative |inks
621, 623, 625) OW/yet@anBthepehbodicheftof el prisent inwienltors; Ginple layen stch ahaskeare
controller 600 and fabrigcation stations,k620) 622, 624, 656, 28, 630 and
632 respectVW"a Wheggin 3 silicpaibased;phetasensitive materalforms har %@wpae exposure
conput er pr I @h: t t: 0. i

tops at poshraitl, Sl anERs dOHeR! ok fhtehal bl PReBCEATRAIS |
sequence i nmethyldilah@whichds canvestedita plasmapaelymeszed metbyldidanet axideowhen ¢xposedy el

| C structures nples.of .suifall e controllers include.conventional

conput er s afﬂjumﬁt ps g%?%’ﬂ%%*“i"ﬁéﬂ‘?f i%‘%ﬁ‘é“s ag 1ixz %Hbﬁ?‘gﬁga‘d&ﬂ‘gﬁhg}%
operably connected to other conputers or to a network of conputers or data
processi ng devices. Suitable conputers include, but are not limted to,
conput ers conmonly known as personal conputers. The data structure which is
used by controller 600 can be stored on a renovabl e el ectroni c data storage
medi um 640 (FIG 6), such as conputer floppy disks) renovabl e conputer hard

v o o Y x - Y " o o -




FIG 7 depicts another enbodi nent of the present invention. A novel
apparatus including inventive controller 700 is adapted for controlling
fabrication stations which are -18 GFEg ~ utilized in the forﬁﬁﬁff%rﬂmf
fabricated structures, such as |C struci#udres described in connection wth
FIGS. 3A - 3G Fabrication stations 720) 722, 724, 726, 728) 730 and 732
are connected to controller 700 through operative |inks 721, 723, 725, 727,
729) 73 | abue dsstribed pmbbdinehty of tHednvenvieh. appar at us includes a data
structure which causes the controller to control the processing steps at
each of the fabrication stations. A novel manufacturing system 710 for

manuf acturing | s r : - k ude 22;:5‘@'& d,
the data structlﬁjr g%dl?ﬁieaﬁjaeglg\glémfﬁggﬁ?fa@@&rf%gt is a{“;ljoglhzn%h t edggg eereg% %g
| i nks. Thepmsidad farformting fabricatedstrupnmey, sieH apthedCsguiimebbthe preséntdmietiod. or age

medi um 740, _or on a ,no&-rermvabl e data storage nedium The controller, the
data st r ucThse sysiemes inpludes capgroflen,such amacomputer, whichds anspted forinteracting with t o

t hose descyj i i O: Wi t I . i ication
Stati ons. fop ey BLERRRRR @itk kch oFincsy HbHORY aetne BUBAR EpioPRSiEE]
B. Tabl e Bst& sthichnisRitihized & fabriéitte the/MDsteienaes. iOpegative flinks tproliidé eainettionsayer
on a substrate 7%2 detgﬁggte%ﬂ‘g an efch _stOf) Jayer on the first dielectric

| ayer 724 PRIPSH deggn ¢ glappiscturing statigns: Aflata STICRES fuch 252 JOmRYer 726
formng a i 1 : g;p’ge i I C

| ayer 728 glg othiJri\sgeg ?iﬁog?gygs}igs?ta n%%ﬁpﬁgfﬁgésgh%?g%ég%@gr 7 dﬁd oregn%{ngllea
trench pat fabrigation stitionghPreferabdy,she 48 stmctand isqurovided pn et reiviovgbletelectronic
pattern thrtou%hgtgge second dielectric layer Suitable sem conductor

mat eri al s TOPEEEEUM M seni conduct or substrates of the present invention

i nclude silicon, germanium silicon/germanium alloys, gallium arsenide, and

i ndi uni gal I'i un? ar seni del phosphi de. Typically, dual damascene structures of
t he present i nvEht emhodimentsof the present invensivnireswlt inreduced etchingsiegradation of

substrate. i | e .C Jd Vv terials for_fillingsthe.dyal damascene
trenches aﬁtgH v%@p hag‘fiegﬂog#r%%lﬁte?%%s Emauf% htFBR IHE?e vhaetl!xgies a&%@?ﬁ‘& Cu,.
Ag, A, W sinidtaheoablyoys and m xtures of these netals with or w thout

all oys. Suitable conductive materials also include nmetallic and nonnetallic

superconductors, i.e. materials having zero direct current resistance at or
bel ow t heir superconductin Ehf:lﬁ k bl@?l‘ @?’Qﬁ; %I ch as netallic

ni ckel / ger mani um and - 19g EEESpp y I ﬂﬁlg.(l’l u g’opper oxi des.

Sui tabl e techni ques for simultaneously filling dual damascene trenches and

via holes inclu D,, PYD, electroplating and el ectrol ess,plating. The
i nvention has bggﬁ%\é@tléf" thsqinventiop, Wil be dessabed i eonngefion Wish aceompanying
skilled inghg él:t w Il recognize that it would be possible to construct
the el enents o? the present invention froma variety of nmeans and to nodify
t he pl acenment oFI@SripontD are schematicarosstsgctidnal\perspective Views hldustratinglpriermarts of

t he inventiqQn have been described in detail and shown in the acconpanying
dr awi ngs) kesmwé”é’ﬂ}‘ SRECSt various further nodifications are -

possi bl e wi t hougiGgP2A! L31ark! Rkhitfe TARESeionkln Feﬂsﬁeeﬁ% | \ABwaSillaftatihgrddh 10
the follow ng clains. -20 s FEB ~~ CLAIMS | claim 1. A nethod of "form ng
a structur emgnd@m%m strusturesad thapriesaat inyeptionsatisgquentialstagssi ting a first
dielectric | bstrate. b) d it . et : th
f : (ra S? ¢ dir Ief e C????I@gy%&? 38128 idnBhftic Soss sRA3hA 'pggpgcrt]wg v?e%%h%?h%ﬁ%%o&@r €
embodiment of IC structures of the present invention at sequential stages.
FIGS. 4A - 4E are schematic cross-sectional perspective views illustrating another
embodiment of IC structures of the present invention at sequential stages.
FIGS. 5A - 5D are schematic cross-sectional perspective views illustrating another
embodiment of IC structures of the present invention at sequential stages.
FIG. 6 is a block diagram illustrating a manufacturing system for fabricating the IC
structures of FIGS. 2A - 2L

FIG. 7 is a block diagram illustrating a manufacturing system for fabricating the IC



c) depositing a second dielectric |ayer on the etch stop |layer, such that
the first and second dielectric |ayers conprise materials have simlar
etching characteristics; d) formng a hard mask | ayer having a tr&fEB 2003
pattern on the second dielectric layer; -8 depositing a first photoresist
on the hard mask layer; f) formng a via pattern over the underlying trench
pattern in the first photoresist; and g) anisotropically etching the via
pattern t hrstructiareslod Fi@S BA®36. | ayer in a first etching procedure. 2. The
met hod of claim 1 additionally conprising: a) anisotropically etching the
via pattern through the second dielectric layer in a second etching

procedure; b) ani SOtrBEBT%bDE?mm?NGiW?TH@WVE t gh the etch stop
C y etc

| ayer in a third etching procedure; ani sotropi ca I ng the trench
pattern through the second dielectric |ayer and simultaneously

T 2t ourt h- et SThES pPeebimg e RuRfian i i CRREOHIERS, cotih sriadraliey wilbe)
ani sot r opi Gafliz¥d frQhé eﬂcetmléﬁqg n@hs nﬁléﬁ&arthwuew WimlifloS) fliudle @Bt bﬁy%e and

si mul t aneously etching the hard mask |layer to renpve the hard nask Tlayer
from the sdedted embodinents butiall\eguivalents avifichi pérfarncsubsignipaltytbel same funktiomliy a

trench and a, via. hole are forne ich.,are adapted for fabricating a dual
damascene SSPPT}%‘?B&\&&?Wﬁ@& f'e&eaﬁamcfe’%iterei n formng a hard mask
| ayer conprises: a) depositing a hard mask material on the second

dielectric |ayer; 6 FEg 2003 -21 b) depositing a second photoresi st
havi ng the trendR Opatetr@pgmt ofibe inveatiomanavel dual damasaene prosessiin gmployed

trench patt 40 e. X ) Vi t S .
phot or eai sthegein e i Ridhefon & BlbsRE bab 8T b8 e, SRRIE hers ds
conpri ses: misaligmesit beta@emtheayepattei @idlthe aenddgatigmp Boillaseaed in the fabticsted al
on the second dielectri¢c_|ayer; . . L
structures, such as IC structures shown in FIGS. 2A - 2I, wherein the expression "integrated
circuit structure" as defined herein, includes completely formed integrated circuits and
partially formed integrated circuits. FIG. 2A depicts a first dielectric layer 210 which is
deposited on a substrate, such as semiconductor substrate, 212. The expression
"semiconductor substrate" as defined herein, includes structures and devices comprising
typical integrated circuit elements, components, interconnects and semiconductor materials.
An etch stop layer 214 is deposited on layer 210. This is followed by the deposition of a
second dielectric layer 216, upon which is deposited a hard mask layer 218. Photoresist 220
is deposited on hard mask layer 218. These dielectric, etch stop and mask layers can be

deposited by any of the methods which are well known to those of ordinary skill in the art.

The present invention’s first and second dielectric layers 210 and 216 respectively,
have similar etching characteristics. The expression "similar etching characteristics” of two
or more materials as defined herein, includes etching properties of these materials such that
the materials are capable of being etched at similar etching rates in a particular etch
chemistry. Hard mask layer 218 and etch stop layer 214 have similar etching characteristics
while second dielectric layer 216 and etch stop layer 214 have dissimilar etching
characteristics. The expression "dissimilar etching characteristics” of two materials as defined
herein, includes etching properties of these materials such that one of the materials has a

higher etch rate than the other material in a specific etch chemistry.



b) pattenning the |ayer of silicon-based photosensitive material to define
the trench pattern; and c) devel oping the silicon-based nateri al Qt/\/?? %Oéﬂﬁia
hard mask including the trench pattern. S. The nethod of claim4 5 e

the silicon-based photosensitive materiad- i s plasnma pol yneri zed

met hyl sil ane which is patterned by exposure to radiation such that exposure
causes the plasma polynerized nethylsilane to forma hard mask conpri sing

pl asma pol ymer i prsloresishyd ik pafénéifod § trefich 2220whiBh hashneferned & Kird mikieagin t he
first etching procedure conprises a first etch chem stry which is selective

wi t h r espeél8, therehydfomaing hardinask &rench pattemmy234, seg FIGHB, eftehwhich photpresist 220

wherein th ' ' 4 e .c r.i .a second e chegistry. which
ool et et R OllebheRiPER AT oo 2R r iR pF hird T} bl

cl ai m 7 wher eoniplétbly filling hirdeh R treAchpatefRade AGaaPaticre 328 (RIG. 2D) Ripedvided

chem stry which is selective with respect to the etch stop layer. 9. The
met hod of 1 RhotAresist?2h sheh thatthe viapattemdnpositioned ouer the ug ngleench patéams h

etch chem [ 4 ' ' : . |Lr gt secon

di el ectri cﬁ%%%/'eirﬁs] .'Ci}ol .hﬁﬁagé i}@}tch%‘ge %&Jc@réf%%?&é%g%eélgﬁe;% O?i tpthr ﬁaﬁaﬁgbgsond

di el ectri csitsiaatisllcequal toXhe widthlof te lefeh pattern)Bi slidnrdts emboditiénisi(nétsRowm) 11.
The nmethod of ¢laim 10 wherein the etch sto'?l and_hard mask | ayers conpri se

one or mor Beiyidih ofdae viapattam canhe difterent fiompthg,widthyod thg trenchpatternss shown

second di e [ ' . rsal he

group CO%I&:@%%E&@%@&@@& o éh?rrsgpgﬁ?da sth Egé@r#é&gﬁcﬁéféétﬁ?ﬁ&égﬂlg% gﬁ?ﬁs\t/\hl ch

: s < 3.5. fijsalighmentea bgﬂionﬂ30loﬁlﬁard1ﬁ’asﬁ/a§8 p%-otn.tdbel insidev\h}i]spmnam. lhhrd:lmad;]sﬁ
ayers conprise . oxide. 14. The method of clajm1 rein the treng as

a msali g%meg%éﬂgaﬁdrhy afgstselgrH\RAnISAtrPRIC £lS F‘G@B?ﬁ?g%sl‘?h tpﬂéhecer% and

the via ho ' b4 I XM Ta :

Si'mul t aneohRy S ToRRy TR AR spRfroll Bl iy RO AR photoresis

mat eri al , RRGrSetectize dtchinglofipostiem23 Gtesultst inractransfer of viadpatteén 228 thronghthadi of

claim15 \Mr}learsl?h&,tag T %%rln ig HEHE rth:sx';[: two En%c%afsoaqg @)icﬁsoessed @ particular etching
process, the etching process is defined herein as being selective with respect to one of the
materials when this material is etched at a significantly slower rate than the other material.
It will be noted that hard mask layer 218 does not protrude into via pattern 228 when the via

pattern and the trench pattern are in good alignment with each other. A second anisotropic
etching procedure is utilized to selectively etch the via pattern through second dielectric layer
216, as depicted in FIG. 2F. This is followed by transferring the via pattern through etch stop
layer 214 using a third anisotropic etching procedure, thus extending the via pattemn to the
top surface of first dielectric layer 210, see FIG. 2F. Photoresist 226 is removed, as shown
in FIG. 2G. Altemnately, photoresist 226 is removed at a later processing step, i.e. after
completing the fourth etching procedure in order to protect hard mask 218, or during the
fourth etching procedure particularly where the resist and second dielectric layer use the same
etch chemistry.

A fourth anisotropic etching procedure is employed to anisotropically etch trench
pattern 232 (FIG. 2G) through second dielectric layer 216, wherein hard mask 218 is the etch
mask, Etch stop layer 214 provides the etch stop for etching trench pattern 232. As shown
in FIG. 2H, the fourth etching procedure also etches the via pattern through first dielectric
layer 210, transferring the via pattern to surface 236 of semiconductor substrate 212 thereby

forming hole 234. Trench pattern 232 and the via pattern are etched simultaneously, by



I nterconnect line and a via plug, wherein the line has a m salignnent
conpensati ng segnent which is contiguous with the line and the via plug.

17. The method of claim 15 wherein the conductive material conpri B FRE@ Y3 0"
nore materials selected fromthe group opnsisting of nmetals) alloys,

metal | i ¢ superconductors and nonnetal | i c superconductors. 18. The net hod of
claim 15 wherein the conductive material conprises one or nore materials
sel ected f (@IRidg e AfsPatY s@@dﬁﬂ'lﬁ}dﬁ"ﬁnﬁfar@ehnéﬂxarﬁtensv}és nl?lid?%’ﬁ'}) pifetchihg 0Y'S,
Al al loys, Walloys, nickel/germaniumand yttriunm bariu er oxides. 19.
The met hodpwrediraismsadtogeose hardimask 338 anrthtqtdnbh tramch patternthrougloeteh stop

deposi 11 ont iRy TPk Eenar TR 28 SRR RS 270 I8t AlertrlPabRimfR e
pl ating. sho&&)zpﬁﬁaﬁ@@&c%ﬁlay?ﬁemf&bm_db&fwe% Semitdrilus@dibiseae 1 Vand first
conprising depositing a |iner material inside the via hole and the trench,

prior to fAicleckis layrra10a Thevia patigm iscranserved thyough &Dﬁd%ﬁtiab’%dmém fifth 21

A met hod o t at e ne, n

deposi ¢ 1 ng e oBl Aofind chokelilic” sBluapRdlaR eBiofing B ish AR & 21 o
stop Layer tr&ibhtﬁiﬁex‘hlthmhgﬁ e&hewpnaﬁr Ry s illGstraf A FIGI 21gvia hawodnditraicﬁct ric
| ayer corrprl sing a materjal_ having a dielectric constant < 3.5 on the etch

stop | ayer: 238 e peultapgusty; flled it %@Wema&r%tswltaﬂw@a@@oﬂepmsedual
material s Pﬁi(yé&gnes {tfi‘é c&'hﬁcl '(; 2 g{i@{lé‘?&? F%@He&?hzeq)h ?SH(] eggco%guaﬁ)g

hard mask er on e seco e dsen™ e OXI

n'asﬁ | ayeL nmatetial 242 nemhomddporhmfawwmm zra{j for ﬁﬁdmpd lbamngo,*m (ohemical-
etching characterstics; .e Siti nitride, har yer .o

oxi de har dmr%t“q %}Sﬁ“\g? ‘%ﬂ E%PI 4 tq%,haglg, todefingling2 g? ﬁ!ﬁ\ﬂ‘ﬁ’@s%’r{]ﬂg‘;\ch
pattern ongihigscend §uhgﬁu5‘%‘aeﬂﬁ&i%érél¥,%cluaés dn'i ﬁf&?&oﬁﬁédt Bﬁﬁ&ﬁ@a& ﬁn‘a&‘mn?@fat ern
to the nitride hard nask |ayer; renovi ng t first photoresi st

t ransf er ri ppgtwhich uemmmekmwmly,hﬂxmndm mm@mﬂmbwbnneqmmmm ng

the nitride hard nmask |ayer, k) depositing a second photoresist on the
oxi de hard mask layer; 1) formng a via pattern over the underlying trench

pattern in the geFflbEnoted that the present invention as described in connection with FIGS. 2A -
21, compensates for misalignment between a via pattern and a trench pattemn by widening the
trench to accommodate the complete via pattern: As shown in FIG. 2H, trench 238 has a
widened portion 239 which is contiguous with the underlying via hole 240. Prior art
techniques however, do not have a widened portion which is contiguous with the underlying
via hole, as described in connection with FIG.1C. The present invention thus compensates
for misalignment offset by using techniques wherein the trench is widened by a misalignment
compensating portion which equals the misalignment offset, and continuing the
compensating portion into the underlying via hole, such that the widened portion is
contiguous with the trench and the via hole. The expression "misalignment offset" as defined
herein includes the extent to which a trench pattern and corresponding dual damascene via
pattern are misaligned. Line 246 includes a misalignment compensating segment 248
(FIG.1I) which is continued in underlying via plug 244 such that the segment is contiguous
with the line and the via plug. This overcomes the prior art shortcoming of reducing the via
width when the via and trench are misaligned.

Additionally, the present method minimizes etch stop layer degradation because the
trench and via hole are etched simultaneously. The simuitaneous etching preserves the

configuration of the via pattern in etch stop layer 214 thus allowing the use of a thinner etch



photoresist; and m anisotropically etching the via pattern through the
hard mask | ayer. 22. The nethod of claim?2l1 additionally conprising: a)

ani sotropically etching the via pattern through the second diel ectrg ggg 2009
| ayer; b) anisotropically etching the vig_pattern through the etch stop

| ayer; c) renoving the second photoresist; d) anisotropically etching the
trench pattern through the second dielectric |layer and sinmultaneously

ani sot ropi cgl | t chi h k at tern- thr h, t fi Lelectric,.l ayer;
and e) ani ssg‘{pr éﬁ%&%@gsé{uc%r%&agt ﬁew e{llr %ﬂiéﬁgﬂgéjgglrehqﬁﬁr%{}g%d g h@@ sc%h‘gf?lgb

| ayer and ad@artie 23Q@pmhpared wit ﬁmdrfaﬁrteamﬁdu)ts #hefinde viehalx istforhed befomke

| ayer to renove, the mask | ayer fromthe second dielectric |ayer,

har d
wher eby a ttFesARk crrAtedelt hasbaes feand teat fhosepara teqhnies aiakp itdifficult toremove

fabricatin . . | ein
the tr ench Bt CORTRS RN BENEANNT e s HOR tHEL Ath Bhod FAITmEpRE T 1
t he trench iavhtiveechniquérfonas thi4rendiigimittineodsio fwithithe via hgleiids prevring prior
conprising: sinultaneogusly filling the trench and the via hole with a
conduct i ve 3eRTeblens whighaarg ggsogiated Jyithihadifiewlty ofiremevingdens! fFom thegia baje. A
met hod of formng a structure on a substrate, the nmethod conprising: a)
depositing a first dielectric layer on the substrate; b) depositing an etch
stop | ayer on t lEhehbowtembodimeits ofithe prysent inegntida ptikizetaisajesof amisounshicktedingt r i c
| ayer on the etch stop.layer). wherein the first and second dielectric

| ayer s conPEQis FEA NG SRV PR B CoRERT SheHoh GBEBISIS: o dhe froond

formng a %@8&: ' Wt ethi ; : ' t fri

| ayer; e) B’g%g’é i ngd ug%?‘?:l?ttsi{é \égﬂggthgtrﬂe/gﬁlsl %%ﬁ%ﬂlg@ mgrh(?% snpw?gﬁ@%iggrﬁﬁ %‘5"4 'Tﬂ(;?m ng
a trench pahirdewhingerocethereweqiares yn etgh chemigtry which is highhyeseldctive withaespeaso st ;
o7 b PRl RSB ol BBl ke, AR5 Pt o5
addi ti onal |navi@Hagh elch delesdvi WiiPtespart Erthk hadl ik iad theetch gllb?hafb%tEt@lﬁﬂg

t hrough the hard nask | ayer and_ sinul taneously ani sotropic etching the

vi a pat t er rreeadyteg having highatchsselpstivity with respect $e thediastand seqogd shedecstar dagers
are needed in the fifth etching procedure. The etch selectivity requirements can be met by

choosing the various materials for the stack as follows. One example of a suitable stack
comprises oxide first and second dielectric layers, such as PECVD (plasma-enhanced
chemical vapor deposition) Si0O, and using nitride, such as CVD (chemical vapor deposition)
silicon nitride, hard mask, etch stop layers and possibly cap layers. Another suitable stack
comprises materials having a low dielectric constant in the first and second dielectric layers
such as polymers (such as, amorphous fluorinated carbon based materials, fluorinated poly
(arylene) ether, poly (arylene) ethers), spin coat and aero-gel, while using oxide such as SiO,
in the hard mask and in the etch stop. Materials having a low dielectric constant as defined

herein include materials having a dielectric constant < 3.5.

It will be noted that the thickness of the first dielectric layer (the inter-metal layer)
is similar to the height of the via plug, typically 1 2m or less. The combined thickness of the
etch stop layer and the second dielectric layer (the intra-metal layer) is similar to the
thickness of metal line, ranging from 0.2 to 4 um, wherein 0.5 um is a typical thickness.

As described in connection with FIGS. 2D and 2E, the portion of the hard mask
which protrudes into the via pattern due to mask misalignment is removed through selective

etching, resulting in widening the trench pattern in this region. A very extensive



b) anisotropically etching the trench pattern through the second dielectric
| ayer and sinultaneously anisotropically etching the via pattern through
the first dielectric layer in a third etching procedure; c) renoving the
first photoresist;. and d) renoving the_jjard mask |ayer, whereby abt @3
and a via hole are forned -25- 6 FEB 2009 which are adapted for
fabricating a dual damascene structure. 27. The method of claim25 wherein

formng a n the
second i A SafrtRA At caREPE by Schiiy GBI B hAuliT e BBl kbAHRE", 1
pattern orcahiesuliam dn mstlnclshmebetwe&n thea»ndéxmdrlmagnd héine Ml@ﬁl&fadfaaerttm ithe har d
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mask comprises a nitride, while mask layer 218 comprises an oxide which is deposited on

a second dielectric layer comprising a material having a dielectric constant < 3.5. The trench
pattern which is developed in the photoresist is transferred to the nitride mask. The resist is
then stripped after which the trench pattern is transferred to the oxide mask after which the
nitride hard mask is removed. The technique for fabricating dual damascene structures of the
present invention is then continued as described in connection with FIGS. 2C - 21. A nitride
mask is advantageously used in this embodiment to protect the second dielectric layer from

the photoresist stripping process.

The fabricated structures, such as the IC euucnues shown in FIGS. 3A - 3G illustrate
another misalignment tolerant embodiment of the present dual damascene fabrication
invention. FIG. 3A shows a first dielectric layer 310 which is deposited on a substrate, such
as a semiconductor substrate, 312. Etch stop layer 314 is deposited on first dielectric layer
310. Second dielectric layer 316 is deposited on the etch stop layer, followed by the
deposition of hard mask layer 318 and photoresist 320. The dielectric, etch stop and mask
layers can be deposited by any of the methods which are well known to those of ordinary
skill in the art. The first and second dielectric layers of this embodiment of the present
invention iliustrated in FIGS. 3A - 3G have similar etching characteristics, while the second
dielectric layer and the etch stop layer have dissimilar etching characteristics. The hard mask
layer and the etch stop layer have similar etching characteristics. A via pattern 322 (FIG. 3A)
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forming via plug 338 and interconnect line 340, as depicted in FIG.3G. Suitable materials

for the IC structures of this embodiment are similar to those for the embodiment described
in connection with FIGS. 2A - 21.

Additional embodiments (not shown) of the present invention include depositing a
liner inside the via holes and trenches of the IC structures shown in FIGS. 2H and 3F. The
lined via holes and trenches are then simultaneously filled with a conductive material to form
dual damascene structures. Suitable liner materials include adhesion promoters and diffusion
barrier materials. For example suitable liner materials for Cu or Cu alloy containing dual

damascene structures of the present invention include CVD (chemical vapor deposition) or
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The novel technologies of the present invention, as illustrated in FIGS. 3A- 3G, show
that misalignment between a via pattern and a trench pattern causes a reduction in the width
of the via hole and the via plug, similar to the reduction which is caused by prior art
technologies, such as illustrated in FIGS. 1A - 1D. However, unlike these prior art techniques
and unlike the embodiments of the present invention illustrated in FIGS. 2A- 2I, the
embodiments shown in FIGS. 3A - 3G do not result in widening the interconnect line at the
misalignment point. It is particularly important to prevent widening of interconnect lines

when these lines are positioned in close proximity to each other, in order to prevent an
electrical short between adjacent lines.

The novel techniques of the present invention are operable with combinations of
photo and hard masks. Hard masks, such as SiQ, or silicon nitride, are particularly preferred
for O,-based etch chemistry used in the selective etching of materials having a low dielectric
constant, because photoresist has poor resistance to O,-based etching. Conventional hard
mask technology entails the use of a photoresist on a hard mask layer, thus using two mask
layers. The photoresist is developed and the pattern is transferred to the hard mask layer.
Advantageously, the present invention is well suited to hard mask preparation techniques
using a single layer of silicon-based photosensitive material which is resistant to O,-based
etch chemistry, as is disclosed in commonly assigned U.S. Pat. Application Serial No.:
09/017,350, filed: Feb. 2, 1998. An embodiment of the present invention utilizing the single
layer hard mask technology is illustrated in the IC structures shown in FIGS. 4A - 4E. FIG.
4A depicts an IC structure having a first dielectric layer 410 which is deposited on a
substrate, such as a semiconductor substrate, 412. An etch stop layer 414 is deposited on
layer 410. This is followed by the deposition of a second dielectric layer 416. Layers 410,
412,414 and 416 shown in FIG. 4A are similar to layers 210, 212, 214 and 216 respectively,
depicted in FIG. 2A.

A layer of silicon-based photosensitive mask material 418 is deposited on second
dielectric layer 416, using for example a CVD process. Suitable materials for mask layer418
inciude CVD PPMS (plasma polymerized methylsilane), such as shown in U.S. Pat. No.
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methylsilane oxide). The etch pattern in layer 418 is developed by removing the unexposed
PPMS portion of the layer, resulting in a hard mask having trench pattern 424 (FIG. 4B)
which conforms to the trench configuration of the dual damascene process. Unexposed
PPMS is removed using for example a Cl, or Cl,-HBrbased plasma etch. This etch chemistry
is particularly suitable for dual damascene technology involving materials having a low

dielectric constant since these materials generally have an excellent resistance to this etch
chemistry.

After the formation of trench pattern 424 in PPMSO layer 418, photoresist 426 is
positioned on trench mask 424, partly or completely filling mask trench pattern 424, similar
to photoresist 226 of FIG. 2C. The dual damascene fabrication process is then continued in
a manner similar to the inventive processing steps described in connection with FIGS. 2D -
21, resulting in the IC structures depicted in FIGS. 4D and 4E. FIG. 4D shows trench 438 and
via hole 440. Trench 438 includes a widened portion 439 which is contiguous with the
underlying via hole 440 (similar to portion 239 shown in FIG. 2H). As depicted in FIG. 4E,
via hole 440 and trench 438 are simultaneously filled with a conductive material, such as a
metal 442, forming a dual damascene structure comprising via plug 444 and metallized line
446. The dual damascene structure shown in FIGS. 4D and 4E compensates for misalignment
between a trench and a via in the same manner as the dual damascene structure of FIGS. 2H
and 21. However, the present embodiment advantageously uses a single layer of silicon-based
photosensitive material, for forming a hard mask.

An additional embodiment of the present invention is illustrated in the IC structures
shown in FIGS. 5A - 5D, wherein a single layer of silicon-based photoresist is used instead
of a combination of photoresist and hard mask. FIG. 5A shows a first dielectric layer 510
which is deposited on a semiconductor substrate 512. Etch stop layer 514 is deposited on first
dielectric layer 510. Second dielectric layer 516 is deposited on the etch stop layer. Layers
510, 512, 514 and 516 are similar to layers 310, 312, 314 and 316 respectively, depicted in
FIG. 3A. A layer of silicon-based, photosensitive mask material 518 (FIG. 5A) is deposited
on second dielectric layer 516, using for example CVD PPMS. The PPMS layer is patterned
for a via by selective exposure to UV light forming PPMSO in the exposed portion.
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is deposited on the structure and trench pattern 526 (FIG. 5B) is developed in the photoresist
layer such that the trench pattern is positioned over the underlying via pattern, similar to
photoresist 324 shown in FIG. 3B. FIG. 5B illustrates an example of misalignment between
via pattern 522 and trench pattern 526. It is noted that portion 523 of photoresist 524 is
deposited partly inside the via pattern as a result of the misalignment. This causes the width
of the via pattern to be reduced to pattern 525. The dual damascene fabrication process is
continued in a manner similar to the inventive techniques described in connection with FIGS.
3C - 3G resulting in the IC structures illustrated in FIGS. 5C and 5D. FIG. 5C shows trench
530 and via hole 532 which has a reduced width due to the misalignment between the trench
pattern and the via pattern. A dual damascene structure is fabricated by simultaneously filling
trench 530 and via hole §32 with a suitable conductive material 536 (FIG. 5D), forming a via
plug 538 and interconnect line 540.

The embodiments of the current invention depicted in FIGS. 2A - 5D have the
advantage of a larger processing window than prior art dual damascene techniques. The
larger processing window is due to a reduced etching degradation of the etch stop and the
resist because the trench and the via hole are formed simultaneously. It is due also to the
elimination of prior art fabricating problems which are caused by the need to remove resist
from the via hole. The novel techniques of the present invention thus result in misalignment

tolerant dual damascene process techniques and structures.

The various etching procedures utilized in the present invention require selectively
etching certain layers. For example, the etch chemistry used in etching the hard mask and the
etch stop layer needs to be selective to the dielectric layers, Similarly, it is necessary that the
chemistry used for etching the dielectric layers is selective to the hard mask and etch stop
layers. The layers of the inventive structures can be etched by any of the methods and etch
chemistries which are well known to those of ordinary skill in the art. Suitable etch
chemistries for etching oxides, such as §i0,, include C F, which is selective with respect to
nitride and low dielectric constant materials. Low dielectric constant materials, such as
fluorinated carbon compounds, poly (arylene) ether and naphthalene based compounds are
effectively etched in O,/N, etch chemistry which is selective with respect to SiO, and nitride.
Nitride etch chemistries include CH,F,/CO/0O,.
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prior to the deposition of any layer in any subscquent fabrication step, using surface

preparation methods and materials which are well known to those of ordinary skill in the art.

The novel dual damascene fabrication techniques of the present invention require a
sequence of processing steps. Each processing step can be performed at a fabrication station.
All or some of the fabrication stations and their respective processing steps can be integrated
by means of a novel apparatus including a controller 600 illustrated in FIG. 6. Controller 600
is adapted for controlling a number of fabrication stations which are utilized in the formation
of IC structures described in connection with FIGS. 2A - 21. As illustrated in FIG. 6, a novel
manufacturing system 610 for fabricating IC structures includes controller 600 and a pluraljty
of fabrication stations: 620, 622, 624, 626, 628, 630 and 632. Additionally, system 610 has
operative links 621, 623, 625, 627, 629, 631 and 633 which provide connections between
controller 600 and fabrication stations 620, 622, 624, 626, 628, 630 and 632 respectively.
The apparatus includes a data structure such as a computer program which causes controller
600 to control the processing steps at each of the fabrication stations and to, optionally,

regulate the sequence in which fabrication stations are used in order to form the novel IC
structures.

Examples of suitable controllers include conventional computers and computer
systems including one or more computers which are operably connected to other computers
or to a network of computers or data processing devices. Suitable computers include, but are
not limited to, computers commonly known as personal computers. The data structure which
is used by controller 600 can be stored on a removable electronic data storage medium 640
(FIG. 6), such as computer floppy disks, removable computer hard disks, magnetic tapes and
optical disks, to facilitate the use of the same data structure at different manufacturing
locations. Alternatively, the data structure can be stored on a non-removable electronic data
storage medium, including a medium positioned at a location which is remote (not shown)
from controller 600, using such data storage devices as are well known to those of ordinary
skill in the art. The data structure can be communicated from a remote location to controller
600 using communicating techniques which are well known to those of ordinary skill in the
art including hard wire connections, wireless connections and data communication methods

utilizing one or more modems or techniques using one or more computers commonly known
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as servers. The data storage medium can be operably connected to the controller using
methods and device components which are well known to those of ordinary skill in the art.

Examples of suitable fabrication stations for manufacturing system 610 include the stations

shown in Table A.
Table A
Station Processing Step
620 depositing a first dielectric layer on a substrate
622 depositing an etch stop layer on the first dielectric layer
624 depositing a second dielectric layer on the etch stop layer
626 forming a hard mask layer having a trench pattern on the second dielectric
layer
628 depositing a photoresist on the hard mask layer
630 forming a via pattern in the photoresist ‘
632 anisotropically etching the via pattern through the hard mask layer

Additional fabrication stations can be added to manufacturing system 610. It is also
contemplated that one or more fabrication stations can be positioned at a location which is
remote (not shown) from the other fabrication stations in which case an additional controller

or a network of controllers can be employed to control the remotely located manufacturing
station.

As illustrated in FIG. 6, controller 600 is adapted to be connected to each of the
manufacturing stations through operative links. Each of these links provides a bidirectional
connection enabling controller 600 to transfer commands from its data structure, such as
specific operating parameters, and to receive information, such as test data, from the

fabrication station. The operative links can be in the form of hard wire connections or
wireless connections.

FIG. 7 depicts another embodiment of the present invention. A novel apparatus

including inventive controller 700 is adapted for controlling fabrication stations which are
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utilized in the formation of fabricated structures, such as IC structures described in
connection with FIGS. 3A - 3G. Fabrication stations 720, 722, 724, 726, 728, 730 and 732
are connected to controller 700 through operative links 721, 723, 725, 727, 729, 731 and 733
respectively. The novel apparatus includes a data structure which causes the controller to
control the processing steps at each of the fabrication stations. A novel manufacturing system
710 for manufacturing IC structure of FIGS. 3A - 3G includes controller 700 and, the data
structure, the above manufacturing stations and the operative links. The data structure can
be provided on a removable electronic storage medium 740, or on a non-removable data
storage medium. The controller, the data structure, the operative links and the storage
medium are similar to those described in connection with FIG. 6. Examples of suitable

fabrication stations for manufacturing system 710 include the stations shown in Table B.

Table B
Station Processing Step
720 depositing a first dielectric layer on a substrate
722 depositing an etch stop layer on the first dielectric layer
724 depositing a second dielectric layer on the etch stop layer
726 forming a hard mask layer having a via pattern on the second dielectric layer
728 depositing a photoresist on the hard mask layer
730 forming a trench pattern in the photoresist
732 anisotropically etching the via pattern through the second dielectric layer

Suitable semiconductor materials for use in semiconductor substrates of the present
invention include silicon, germanium, silicon/germanium alloys, gallium arsenide, and
indium/gallium/arsenide/phosphide. Typically, dual damascene structures of the present
invention contact a metallized line of the semiconductor substrate. Suitable conductive
materials for filling the dual damascene trenches and via holes of the present invention
include metals such as Cu, Ag, Al, W, their alloys and mixtures of these metals with or
without alloys. Suitable conductive materials also include metallic and nonmetallic
superconductors, i.e. materials having zero direct current resistance at or below their

superconducting transition temperature, such as metallic nickel/germanium and
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yttrium/barium/copper oxides. Suitable techniques for simuitaneously filling dual damascene

trenches and via holes include CVD, PVD, electroplating and electroless plating.

The invention has been described in terms of the preferred embodiment. One skilled
in the art will recognize that it would be possible to construct the elements of the present
invention from a variety of means and to modify the placement of components in a variety
of ways. While the embodiments of the invention have been described in detail and shown
in the accompanying drawings, it will be evident that various further modifications are

possible without departing from the scope of the invention as set forth in the following

claims.
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CLAIMS

I claim:

L A method of forming a structure on a substrate, the method comprising:

a) depositing a first dielectric layer on the substrate;

b) depositing an etch stop layer on the first dielectric layer;

c) depositing a second dielectric layer on the etch stop layer, such that the first
and second dielectric layers comprise materials have similar etching characteristics;

d) forming a hard mask layer having a trench pattern on the second dielectric
layer;

e) depositing a first photoresist on the hard mask layer;

f) forming a via pattern over the 'underlying trench pattern in the first

photoresist; and

g) anisotropically etching the via pattern through the hard mask layer in a first
etching procedure.

2. The method of claim 1 additionally comprising:
a) anisotropically etching the via pattern through the second dielectric layer

in a second etching procedure;

b) anisotropically etching the via pattern through the etch stop layer in a third
etching procedure;

¢) anisotropically etching the trench pattern through the second dielectric
layer and simultaneously anisotropically etching the via pattern through the first
dielectric layer in a fourth etching procedure;

d) removing the first photoresist; and

e) anisotropically etching the trench pattem through the etch stop layer and
simultaneously etching the hard mask layer to remove the hard mask layer from the
second dielectric layer, in a fifth etching procedure, whereby a trench and a via hole

are formed which are adapted for fabricating a dual damascene structure.

3. The method of claim 1 wherein forming a hard mask layer comprises:

a) depositing a hard mask material on the second dielectric layer;
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b) depositing a second photoresist having the trench pattern on the hard mask
layer;

c) transferring the trench pattern to the hard mask layer; and
d) removing the second photoresist.

4, The method of claim 1 wherein forming a hard mask layer comprises:
a) depositing a layer of silicon-based photosensitive material on the second
dielectric layer;

b) patterning the layer of silicon-based photosensitive material to define the
trench pattern; and

c) developing the silicon-based material to form a hard mask including the
trench pattern.

5. The method of claim 4 wherein the silicon-based photosensitive material is
plasma polymerized methylsilane which is patterned by exposure to radiation such that

exposure causes the plasma polymerized methylsilane to form a hard mask comprising
plasma polymerized methylsilane oxide.

6. The method of claim 1 wherein the first etching procedure comprises a first
etch chemistry which is selective with respect to the second dielectric layer.

7. The method of claim 6 wherein the third etching procedure comprises a
second etch chemistry which is selective with respect to the first dielectric layer.

8. The method of claim 7 wherein the fourth etching procedure comprises a third
etch chemistry which is selective with respect to the etch stop layer.

9. The method of claim 8 wherein the fifth etching procedure comprises a fourth
etch chemistry which is selective with respect to the first and second dielectric layers.

10.  Themethod of claim 1 wherein the first and second dielectric layers comprise
oxide dielectric materials.
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11, Themethod of claim 10 wherein the etch stop and hard mask layers comprise
one or more nitrides.

12.  Themethod of claim 1 wherein the first and second dielectric layers comprise

one or more materials selected from the group consisting of dielectric materials having a
dielectric constant which is < 3.5.

13, Themethod of claim 12 wherein the etch stop and hard mask layers comprise
an oxide.

14, Themethod of claim 1 wherein the trench has a misalignment compensating
portion which is contiguous with the trench and the via hole.

15.  The method of claim 2 additionally comprising: simultaneously filling the

trench and the via hole with a conductive material, whereby a dual damascene structure is
formed.

16.  The method of claim 15 wherein the dual damascene structure comprises an

interconnect line and a via plug, wherein the line has a misalignment compensating segment
which is contiguous with the line and the via plug.

17. The method of claim 15 wherein the conductive material comprises one or

more materials selected from the group consisting of metals, alloys, metallic superconductors
and nonmetallic superconductors.

18.  The method of claim 15 wherein the conductive material comprises one or
more materials selected from the group consisting of Cu, Ag, Al, W, Cu alloys, Ag alloys,
Al alloys, W alloys, nickel/genmanium and yttrium/barium/copper oxides.

19.  Themethod of claim 15 wherein filling the trench and the via hole comprises

methods selected from the group consisting of chemical vapor deposition, physical vapor
deposition, electroplating and electroless plating.
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20.  The method of claim 15 additionally comprising depositing a liner material

inside the via hole and the trench, prior to filling the via hole and the trench with conductive
material.

21. A method of forming a structure on a substrate, the method comprising:

a) depositing a first dielectric layer on the substrate;

b) depositing an etch stop layer on the first dielectric layer;

¢) depositing a second dielectric layer comprising a material having a
dielectric constant < 3.5 on the etch stop layer, wherein the first and second dielectric
layers comprise materials having similar etching characteristics;

d) depositing an oxide hard mask layer on the second dielectric layer; such
that the oxide hard mask layer and the etch stop layer comprise materials having
similar etching characteristics; '

¢) depositing a nitride hard mask layer on the oxide hard mask layer;

f) depositing a first photoresist having a trench pattemn on the nitride hard
mask layer;

g) transferring the trench pattern to the nitride hard mask layer;

h) removing the first photoresist;

i) transferring the trench pattemn to the oxide hard mask layer;

j) removing the nitride hard mask layer;

k) depositing a second photoresist on the oxide hard mask layer;

1) forming a via pattern over the underlying trench pattern in the second
photoresist; and '

m) anisotropically etching the via pattern through the hard mask layer.

22.  The method of claim 21 additionally comprising:
a) anisotropically etching the via pattern through the second dielectric layer;
b) anisotropically etching the via pattern through the etch stop layer;
¢) removing the second photoresist; '
d) anisotropically etching the trench pattern through the second dielectric
layer and simultaneously anisotropically etching the via pattern through the first

dielectric layer; and

e) anisotropically etching the trench pattern through the etch stop layer and
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simultaneously etching the oxide hard mask layer to remove the hard mask layer from

the second dielectric layer, whereby a trench and a via hole are formed which are
adapted for fabricating a dual damascene structure,

23.  Themethod of claim 22 wherein the trench has a misalignment compensating
portion which is contiguous with the trench and the via hole.

24,  The method of claim 22 additionally comprising: simultaneously filling the

trench and the via hole with a conductive material, whereby a dual damascene structure is -
formed.

25. A method of forming a structure on a substrate, the method comprising:

a) depositing a first dielectric layer oﬁ the substrate;

b) depositing an etch stop layer on the first dielectric layer;

c) depositing a second dielectric layer on the etch stop layer, wherein the first
and second dielectric layers comprise materials having similar etching characteristics;

d) forming a hard mask layer having a via pattern on the second dielectric
layer;

¢) depositing a first photoresist on the hard mask layer;

f) forming a trench pattern over the underlying via pattern in the first
photoresist; and

g) anisotropically etching the via pattern through the second dielectric layer
in a first etching procedure.

26.  The method of claim 25 additionally comprising:

a) anisotropically etching the trench pattern through the hard mask layer and
simultaneously anisotropically etching the via pattern through the etch stop layer in
a second etching procedure;

b) anisotropically etching the trench pattern through the second dielectric
layer and simultaneously anisotropically etching the via pattern through the first
dielectric layer in a third etching procedure;

¢) removing the first photoresist; and

d) removing the hard mask layer, whereby a trench and a via hole are formed
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which are adapted for fabricating a dual damascene structure.

27.  The method of claim 25 wherein forming a hard mask layer comprises:

a) depositing a hard mask layer on the second dielectric layer;

b) depositing a second photoresist having the via pattern on the hard mask
layer;

c) transferring the via pattern to the hard mask layer; and

d) removing the second photoresist.

28.  The method of claim 25 wherein forming a hard mask layer comprises:

a) depositing a layer of silicon-based photosensitive material on the second
dielectric layer;

b) patteming the layer of silicon-based photosensitive material to define the

via pattern; and

c) developing the silicon-based material to form a hard mask including the via
pattern.

29.  Themethod of claim 28 wherein the silicon-based photosensitive material is
plasma polymerized methylsilane which is patterned by exposure to radiation such that

exposure causes the plasma polymerized methylsilane to form a hard mask comprising
plasma polymerized methylsilane oxide.

30. Themethod of claim 25 wherein the first etching procedure comprises a first
etch chemistry which is selective with respect to the hard mask layer.

31.  The method of claim 30 wherein the second etching procedure comprises a

second etch chemistry which is selective with respect to the second dielectric layer.

32.  Themethod of claim 31 wherein the third etching procedure comprises a third
etch chemistry which is selective with respect to the etch stop layer.

33.  The method of claim 25 wherein the first and second dielectric layers
comprise oxide dielectric materials.
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comprise one or more materials selected from the group consisting of dielectric materials
having a dielectric constant which is < 3.5,

36.  Themethod of claim 35 wherein the etch stop and hard mask layers comprise
an oxide.

" 37.  The method of claim 25 additionally comprising: simultaneously filling the

trench and the via hole with a conductive material, whereby a dual damascene structure is
formed.

38.  The method of claim 37 wherein the conductive material comprises one or

more materials selected from the group consisting of metals, alloys, metallic superconductors
and nonmetallic superconductors. )

39.  The method of claim 37 wherein the conductive material comprises one or
more materials selected from the group consisting of Cu, Ag, Al, W, Cu alloys, Ag alloys,
Al alloys, W alloys, nickel/germanium and yttrium/barium/copper oxides.

40.  The method of claim 37 additiona.lly comprising depositing a liner material

inside the via hole and the trench, prior to filling the via hole and the trench with conductive
material.



