, e3eW/ %**+D, d®B. 6. T/ P 5wo"ro, ~ .~ ~~,~,m METHOD OF PROTECTI NG AN
UNDERLYI NG W RI NG LAYER DURI CENE PROCESSI NG BACKGROUND COF THE
| NVENTI ON Cr oss- Ref erence tommm ication This application is a
conti nuati or'WOAVP0t of co-p gpl'ication Serial No. FI/Usbel40563, fil ed
Sept enber 30, 1998 by appllcantsf&ﬂﬁﬁ K. Moon, Makarem A. Hussein, Alan
Myers, Charles Recchia, Sam Sivakumar, and An eIo Kandas, entitled "A
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I nvention The invention relates to integrated circuit processing and, nore
particularly, to the patterning of |nterconnect|ons on an integrated
circuit. Background of the |BACSRERANDNEOIoTH BYTIONd circuits use
conductive interconnections to connect the i ndi vi dual devices on a chip or
to send or receive signals external to the chip. Popular types of

i nt er connect Conss tiefeteng g pppbi eaticmnect i ons and copper

i nt erconnecti ons. t, diff n per

i nt erconnecti ons ‘lr}glsfe %LL&?’E] lsd CSE%Q&? ‘Jfolh@(;;n\m?i?l gg{y%;geg % um num i s
oxi di zed to angWﬁ%ﬁaélﬁ% Ne Oﬁr/é§én§%80ffld>@99§ﬁpt%ér0, 4P8%i num has
a fairly | owngi &ppmicnteoebéterd ant Modh, OMygafen A .ahusiein) QXiagemMy&re t hat

as soon as tgﬁaﬁayer % OXI d%anllss.lv%lj(mgﬁ tgr?d%ﬁ + ﬁ%—;da(Al) léngirgeath t he

al um num oxi 065 hot T €4ct W Re"Tedct i oh Ween
al um num and “8xFylerenns Seasétivedaresd té@FfﬂM‘ rﬁamaﬁgemuﬂmcraﬁﬁmaétu on. 1
11811111A Wo ovo~aao pcT~sooi aoi os Copper oxidation, on the other hand,

is not self Limting. In_the presence of oxygen, pure copper wll continue
to oxidize uﬁ#ﬁﬁiéﬂgéﬁéﬁgﬂ%ﬁ$ﬁuﬁhl the copper is oxidized to a copper

oxi de. Thus, oncerge Q%E%Elbﬂtféféﬁ@%e‘éb' ORt éSrdrrmed ande RdRIBeHy an
addi tional step of adding a passivation layer, typically silicon n|tr|de
(Si3N4), is enpl OREE POTRiGe 1 héoe kP st iarnd Pa onf ekt tasiFomaesELans f r om
air or nmoistyre,, QR BLICESS Mk 0 forminterconnections, particularly
copper i nt er connections s a damascene process. In a damascene process, a
trench is cut in a dielectric and filled with copper to formthe

i nt erconnect | e, dielectric beneath the trench with a
conductive nEUE

X " OUpl e the interconnection to underlying
i nt egrated C|rCLuModhrn aase@raMMMenkyquS|mBQHGQDHnetivans A photoresist is

typically used over the.dielectric. t tern a Vi r.a trench or.both in
the di el ect r FR*F5PRE fn 2reonves angﬁ eerd g §'$kfeﬁlﬂg Bh%%ﬁﬁe5|st
is renpved. dhecphendr esi sécdivet yagnals yex&ml\aedtbytm andygen Pppasam

(oxygen askin e ox en us in,th en .asking step can react with
an underlyinbggﬁbﬁg lPﬁ EGPPoﬁnﬁﬁﬂg qﬂ?“i@“’f‘h@g}‘ﬁferconnectlon
Accordingly, 1ﬁ@éﬁ&§ﬁeaetp6@§ea%&e%obysétcmwr&iﬂale@hanéhl n hard mask or
barrier layer of Si3N4 dlrectl over the copper interconnection to protect

the copper from GAd&LPBAT a%ﬁ%giléﬁgsﬂcas%?@%a peinum and copper

interconnections is the rate of oxidation of the metals.
Pure aluminum is oxidized to aluminum oxide in the presence
of oxygen. However, aluminum has a fairly low diffusion
coefficient for oxygen in aluminum oxide, such that as soon
as the aluminum oxide is formed, the pure metal (Al)
underneath the aluminum oxide layer does not react with
oxygen. The reaction between aluminum and oxygen is

described as a self-limiting oxidation reaction.
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( formation of a subsequent |evel interconnection. In general, the Si 3NV
hard nmask | ayer is very thin, for exanple, roughly . 100 of the thickness

of the di el\?BH/&lﬁsol ayer. Thus, when, for exanple, the vi %@ﬁﬁ/&gsgrough

t he oxi de by way of an etch, prior art processes require tch
stops at the underlying Si3NA. Wien the trench is then forned in the 2

WO 01101480 PCT/ 020064030844t i@ingChbhi ehabsitert RBnd| ais @dtOlsedft processes
require that the etch not renove the Si 3Nd exposed by the via, The ability

to etch the i tang-t r BhcHaRICHPBSRI Ve TYIRA. r BYER r<PRGFedt1Lel ectivity of
the etchant shghnlBatot 8edibieN urt 3 Lisiantif 109t 2 Bf GhRd B8Ry, Mhat is

needed is a process, particularly useful wth damascene processes, that
does not reqidd zgdr eal ¢ stdrpegx patdat i oiiwsef opteha sedrmetri vity. SUMMVARY OF

THE 1 NVENTI %t%ﬂé‘ékﬁ%t%n fqr ;PoQﬂe Ny 4t rt%%@ﬁﬁ&“é’r!‘ ddaidi8gLosgd,, I'n one
aspect of thHe nmethod, & sacrificral na &rial at conprisés a pro;?erty t hat
i's generall yf nelispt & vieaddvatphot bayesctiypichdly osifeidkannnatyide t hr ough a
dielectric terial to a sking materi al over a cqnductive material. A
trench is fopHatein EhENRIGTRL I ETRAEETi He GVEPSERe IS SPerheon
sacrificial wdeatibal fiéemrarwvedmbi ofntde via. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 illustrates a cross-sectional side view of a portion of
an integrated ci C®6i Preg®st rised SRoWPHY HH SETCBPESRIRY i FRTLASHIZRSU by a

dielectric redgfeialntérdfidrmeksdi & egctdama@wenk hrdhdde | fhesconnection and
a dielectric material overlying the hard mask in accordance with an

enbodi ment clamaseepavRRRGeS, Fi §ueeclk Shewd fhea sdihachrdcofng fidrdedl after
the further v&rt%C%%PEQQ 4 &R +Rat &x‘?{%&ﬂm%clﬂ'i!gﬁ?reﬁi\é{a Gﬁgkbgvﬁ{ thide
dielectric material "1 n accordance w th an enbodi nent of t Irnvention.
Fi gure 3 sholislielesrsagbsenetd aheFtgemeh Wight er cohdudtirehertproziesisi ng step
of opening E%HQ %i%h£8ugghﬁfgathe interconnection to underlying

integrated circuit devices or underlying interconnections.

A photoresist is typically used over the dielectric to

pattern a via or a trench or both in the dielectric for the

interconnection. After patterning, the photoresist is

removed. The photoresist is typically removed by an oxygen

plasma (oxygen ashing). The oxygen used in the oxygen ashing

step can react with an underlying copper interconnection and

oxidize the interconnection. Accordingly, damascene

processes typically employ a thin hard mask or barrier layer

of SisNy directly over the copper interconnection to protect

the copper from oxidation during oxygen ashing in the

formation of a subsequent level interconnection. In general,

the Si3N, hard mask layer is very thin, for example, roughly

10% of the thickness of the dielectric layer. Thus, when,

for example, the via is cut through the oxide by way of an

etch, prior art processes require that the etch stops at the

underlying Si3N,. When the trench is then formed in the



3 WO 01/ 01480 PCT/ US00/ 40108 dielectric material and stopping at the hard
mask | ayer in accordance with an enbodi nent of the invention. Fi gUre 4
shows the s@lodisakse of Figure 1 after the further processbeguﬁﬁ

cl eaning the substrate to renove the photoresist nmask in accor ance with an
enbodi ment of the invention. Figure 5 shows the substrate of Figure 1 after
deposi ti ng adsscrdtiriici abovattdre aliaj nptimer \Ard proaessdargaiwvet than

enbodi ment of the invention and.the.step o der ngthe crificial
material insEMsigiVePs SSPNG ghﬁegéﬁ‘oﬁ’.‘p?—fe@g Sh&\% t He'substrat e of

Figure 1 aftgsitihe (Ebeaﬂizlﬁlgtﬁé’lQ1$UBfmaC’6ré}ch b&hdSpbéééﬁieﬁ sanu, r et ai ni ng
sacrificial material in the via,in accordance with an _enbodi nent of the
invention. FHiger gRBRE THEIABIEY 2% O EEGHRR® 15UFh &PATNENE Uritifer
processing sgeR, of 5 \Rat 1&r AbR%e@cH@S kiyag material over the dielectric
material in accordance with an enbodi nent of the invention. Figure B shows
the substrate of Whajuie negdedrist RePfPeHdr RHTSEEUEA LY StS€Fudf WwoHpeni ng a
trench in th t i n a ment of the
i nvention. Fggr%{rs?eggs %gcg%{%r sg Shg?&e&(}{o‘iﬁf% lr%%éhj earqgtggg&furt her
processi ng séxgpatiensvehetdie spheeriaitypatterned for the trench and the
sacrificial material in accordance with an enbodi nent of the invention.
Figure 10 shows the substrate of Figure 1 after the further processing step
of extending the via through a5k _DHVENTHIN t 0 expose the copper

i nterconnection in accordance wiith an enbodl ment of the jnvention. gure

10 shows the subdt M&tBO8f OF FAFE"E ﬁ’F‘t’e‘Pt"E’?‘Fé’r‘F‘ﬁFFh‘é’P 1pgr(9&§§%Pﬁ‘§dsteId’ of
deposi ting aGHrOpReechBbLrtrd reRh8d, a sacrificial material that

comprises a property that is generally insensitive to a

photo-reaction is formed in a via through a dielectric
material to a masking material over a conductive material. A
trench is formed in the dielectric material over the wvia and

the sacrificial material is removed from the via.

ION OF DRAWINGS

Figure 1 illustrates a cross-sectional side view of a
portion of an integrated circuit substrate showing an
interconnection insulated by a dielectric material, a hard
mask directly overlying the interconnection and a dielectric
material overlying the hard mask in accordance with an
embodiment of the invention.

Figure 2 shows the substrate of Figure 1 after the
further processing step of patterning a photoresist mask over
the dielectric material in accordance with an embodiment of
the invention.

Figure 3 shows the substrate of Figure 1 after the

further processing step of opening a via through the



WO 011 01480 PCT/ US00/ 40108 the trench and via openings and planarizing the
copper with'the dielectric material in accordance with an enbodi nent of the
invention. J{EifikéD DESCRI PTI ON OF THE | NVENTI ON The i nveptiqokdibgt €S in
one aspect to a nethod of formng an interconnection. The invention is
useful in one enbodinment in protecting underlying interconnections during

t he formati odisdfecsubsenaeatiadr andgheoppielati hherlcatheetskohsyed hien | nventi on
al so alleviates the burden of unrealistic thch.characteristics bet ween a

di el ectric ndte In.ceaﬂbgérf”hr?ﬂg)f’ﬁw?@t hoafrg FadRVF NS sorated to protect an
underlying i nter carpeet B 0hSwE thas sGBPPEitd Riferegunect iftelrthahem ght be
used as part_ of a damascene process. The invention alleviates this concern
by i ncor por afi4tgiex PECSRISHREISSE At etgaingr thesshiThascaFonk®®iVeal in the

via over a ha{d gRskrebst MK BRANEEco Q! GSLAT a B dAmeHE €GE tihPat tern,
for exanple, a via or trench in a dielectric, may be renoved w t hout
concern of o¥ivfinting -an underlyi ng copper i nterconnection. Figures 1-11
ngestrate gl dARSGENGDIAEE 10T HIDD A HILEIGRROEELAOT, Over an
under | yi ng copper interconnection. A typi cal” integrated crrcul y have,
for exanpl e,sdauirficiatl i vetemiadr donheetvien inagersrdande nesheash i nsul at ed
formone and_anof.her by_di.electric.materjal. Figures 1-11 illustrate, for
exanpl e) theerT?boqd:Jfﬁ\e%ngSft}ée §@ggﬁgl?ﬂtae’}%%r?ﬁeg%g%nofﬁé‘rjae&n?i ° over and
to be el ect rigailfy ceannegtead 410 iaséhs Btidentcer aopRecs+adtayar or line. |t
is to be appreciated that the nethod of the invention nmay be used for each

i nterconnecti on IE@g&Teop Fhows the sppreHatR A50 FREHF VSO FFGI0ENE gure 1
illustrates @ &dr38s- eR6t L@n@lceSbderNé eyl ra tROkhd Ofe QfindRgi Nt egrat ed
circuit substrate or wafer having a first copper interconnection |line 110
formed in di#dedficéahafaremallop. teppper InnPEFRHRIRAR (3Dl PRe 110 is, for
exanpl e, couphgdiit@nan.Endes liviag:sdeyi ce or devices fornmed in and on a
sem conductor substrate. The dielectric material is, for exanple, SiO02
formed by a tetrddolye orshed [theasub$ T=0S) ofr Fpbusenl erftgrcébecheni cal
vapor deposiij P | pet b l e, diel i 00 and
Copper i pt ori ANt P A YO & PO S S ey [T e T o B Shee T

di el ectric |thediz06ttoppenatientiel connectdrgiankceneidd B embodshemaskf | ayer
120. First sk .la e£.120 serves, in one aspect, as a mask or barrier to
prevent oxi datd 6‘5“’%? tObper interconnection line 110. In one enbodi nent,
first mask | ayer FiZdress ash@yerthef ssbstcate pift Figderd A IANEeroehsi | i con

oxynitride (SiXNYQZ) . It is to be appreciated that oth di,el ectri.c
materials, HIREINBTOPGRHE SOEPNRT COPSHGE EEFIEbI® £OF FITLTCTRSK | ayer
12 0 . ~ ,. materiall intiecaxrmpkewnbierén fdnbstimesk dBAde 130eh6idi .3N4 or

Si xNYQZ, the material is deposited, for exanple, by chem cal vapor
deposi ti on (CVD) Figu%esei % R cRARSR S °§p598§1¥?m]t AFefob"m t o mask

copper interganeet hodcdd g2 ERefUbE NBerid il $@qURAt Mt i pste@sned 3N4 and
Si xNYQ2 general | ;ﬁ/‘ have chem cal properties, including dielectric constants,
that tend §F ithér 858%Ch N AP&cPRaftel BelwBaheT i kridoATEerdapce

with an embodiment of the invention.

Figure 10 shows the substrate of Figure 1 after the
further processing step of extending the via through the hard
mask material to expose the copper interconnection in
accordance with an embodiment of the invention.

FPigure 10 shows the substrate of Figure 1 after the

further processing step of depositing a copper material in



lines and integrated circuits. Accordingly, a thin amunt, e.g., I ess than
or equal to 100 nm is generally deposited to protect copper

i nt er connec{igfoldegre 110 but not to unacceptably increase i tance
bet ween inter co/ginectl on 6 WO 01/ 014S0 PCT/ US00/ 40105 i ﬁ%@ﬁs@ﬁmg

remai nder of this description, an exanple of first nmask |layer 120 of Si3N4
mat eri al W | théerdgsar bhedvu()@rehxzhgg dnd Si1amask zh Ay ethel 2@ pperdivetiect ri c

| ayer 130. Dielectric |aye i.,s, for exanple, a TEOCS or PECVD forned

Si 02 deposi t%et‘il)leéetcﬁlr&grf%%tfr&lalaﬁﬁr 69&?%&6&% YipBPh AR TERE cRhess of
dielectric | gyerinkd@twhl depend, in part, on size characteristics and
scaling considerations for the device. Once dielectric layer 130 is
deposited and fornmed, the material is pl anarlzed for example with a

chemni cal nechani cal poI | Braf Rr$ B9 iLgu @ pattern or
second nmask layer 140 is patter ne over |e eciric Tayer 130. Second mask
| ayer 190 is, forThexamyeatien ptrdtageisnageais easpeicsr kal a guatihogs of -

phot or esi st . QS| ti t Qresi f S. to t surface
of dielectri %O‘Trpmeqr TB‘gnP%gCeorna%l%&éEr ogéh ﬁgm%?mh JAémals f%ri er]e rS}ecl eis

t hen used t ceftxqriis®na pnrprmmflnt;han@émlprrﬁﬁ|1stetoorauddtgjmtnssdurﬁeg In this
case, the retlcle or mask defines an areg f Vi a 0{ openi ng 195, over
dielectric | SRrior8gtienc tsl)r@sﬁﬁBFBFe%gi q?ﬁﬁf hF&? tseé"(?BgHeﬁEJs‘?(nﬁ ‘ayer

140 is exposege tihven@hbn &r& %)m.QSQQtéT@t@dé QJurldénVQmeﬁ.%a‘lﬁsﬁléoéW&ﬂtl onal
manner such as for exanpl e, a develo and the substrate is baked to
har den the r%ﬁﬁ%ﬁtﬁglﬁﬁb’?%r‘%‘f‘s@’?ﬁn Thelp %%ters’@ MassEsa s &h@ ™ mask | ayer 140
of photoreméﬁd&@yl&g AAr QRRNKNGAnEdPpoVEFedlitd] Bebtébt |AY /Inak3Byidg shown in
Figure 3, once second nmask |ayer 190 is patterned, an etchant is used to
open vi a 150intgisegRedr &P ciydtc asagePPaBOLN & cereRanton stf@ﬁo%ﬁh’GH%Ft does
not subst ant 4% b OF JishRbeHOdsE Ydg firpst aver 120. In the
case of a Sigédlaesl g%’?rl C Iayc%r %e Slgréée/xanpl e, overlyi r?g a Si.3N first
mask | ayer l12Dleviagest tbhie Cbnce\ﬁ@ oY/ mm@@q:@tﬁusog/m oeckang to

sel ectively e i,0 t . ch exanpl e,
a CgFa etch %%e%lgtr%r%ég%%%??%?g#&% aé \%Sla e %%&I ét 8%&? he via

t hrough di elexdk. c Inaykis mr@rrd phopotdmei st ahmaglgl iwred eoepehtenn,t hr ough

Si 3N4 first sk | ayer 120. be. appr d. t hat me_of the Si 3N
mmterial of 175 SPMELR: 1 4yHR P20 TRRY Do brb o BRa udiaNg CERESUP It oh,
however , thanﬂrfdmwbonbdrxbmﬂrmxuﬁmzedgsmtmﬁierepmugmcﬁtw mat eri al renains
overlylng and rotecti copper interconnection |line 110. Once via 150 is
opened t hr outfh "t:ﬁC&nBSF{J?% 1ayer 130, via pattern or second nask |ayer 190
is removed from teigusesf acel ofl1diselraeer i calaly @amddbend pddtesex@spl e where
via pattern or second nask layer 140 is a photoresist, the nmaterial nay be

r enoved throf@fﬁ“]é?gcBﬁvéﬁ’f?ﬁ%neﬁﬁrﬁﬁnob?%sad”au(“@‘erbyln%ﬁpé’é’ﬁrask| ng). At

this point, gnyslconheanist £p raTyknedn ifkddiatabt chBYu! $Ry8albseded0 renove
any re5|dual particles. Next, as shown in Figure 5, sacrificial material

160 i s int r oeKAWRECovEPUR| & ddtViei &NFRFEPINERF IR LRKELS L1 5GNeF neafle

enbodi ment, Tidltke@l %rrﬁm&?er Ay 488chér %W%%&leé{:rié‘%at:'e%lﬁépab' e of

uni formy fi I|ng smal |l vias (e. g., via having dianmeter |ess than 0.25
mcrons). | nFJtQﬂr§Se&bbe| estrageri foriesanpdeer the femmatsoal 96 @it her )
generally ingens{ 'l}éxe_e QOr&'HecCt%ﬂth ot &e'ﬂ%e”ggg ggRerd by 1 nsensitive to
a devel opnment step phot o Feaction. In ot her wor dS,” once i ntroduced
in via 150, alentmilcéﬂ.i:gnd:orpmrcttledntofasémsu‘ |m|talrcumm:aln 169esh@1u| d not

h it t terj | ubl e’
' phot or asi ST tioydF opar COgth SERPBEHT Rt S TAGRTS BrTILAarls 11 ght having

a wavel engt hidvertienuhéy ayvd alseld éfb&/)edi@mgﬁmterconnectlon layer or line.




One suitable material for sacrificial material 160 is heat-treated positive
photoresist. Figure 5 shows an exanple 8 WO 01/ 01480 PCT/ US0O0/ 40108 where
phot or esi stwosweRs®ms conventi onal positive photoresist, iscHpsiubeated on
the surface of dielectric layer 130 and fills via 150. Positive photoresist
is generally sensitive to |ight exposure, as described above with reference
to Figure 2. Aftdriouget i niyl bfstragephat oresistecapeal adide hdegubstaate is
heated to cure. t.he of oresi st eri T re nt |s..for

exanpl e, on rglgpdgft'. %) ll%(f-%fﬁg%& ‘%in@%ucf'cﬁ F‘?)g%%?%técuorﬁayg?‘%?ﬁeh%%%%%raesi st,

t he heat tr eftdsmnicoppet ormeraoaeeonod uhictd AA0i fotted ienbddieenticin t hat

it generally rendeﬁls1 Be phot oresi st material i sens'ltoi ve tgQ a

phot or eact i d1f55F *etie b esence <5f lPF@ﬁTOW&s‘LGPe,lﬁ?g{., WAl i gﬂf exposure. As
an al ternatigser eheabupreated aphoh @6 €5y :iSlg devhee stidefilcesmibenédl s for
sacrificial material 160 include dyed photoresist or photoresist material
with no phot3he deSeBHPRNELOr. 8UbSHRfior eS8t diekgGtrionBateriabl e dyed
phot o esi St 4 o4y xBRERL ali ol £ brdcdlily aDeat PhdihAr QRERLE £B: cdRON
exposure to light, including light, the dye in the dyed phot oresi st

materi al wi | (TERISSopb mlazporenhypnoédt ¢tleemiqait vepoa deygisdrtineal PECE)superi or
or top portion of sa rif{l_}g:j al xrr%tiri al . 116eoctirq v'%g 15010(0rel tive to
dielectric Isaci}]é:rceloo I(‘:oppelrS ITREEr cohnection T n {eff)) to YRS a
phot o-r eact iMetltangecoion Na ophyai pbdngrieer.ty of the majority of the dyed
phot oresi st and thereby rendering a,.plug, of photoresist nmaterial in via 150
after the exposuroéfeﬁ(%ng t%}ﬁgaﬁgﬁ#e%le&ﬁ&t&l&s%%}{eri $004rABPET al | y

avai | abl e frgfpekeknae&hken Kagy010h Japairstlheskaigydaliommy berspumdsn the
surface of dielectric layer 130 and cured by a conventional heat treatnent.
A sinilar prico@ss 1alyseeveiti 1inzenef FPHHot GSedi BSK & PAELTiRT tQ t hout a
phot 0- act i V&, CREReUBY) da SN &S cBFp &SI the CRARBEEL &4 | irRVah babl &, fdfm Tokyo
Chka 9 WD'01101480 PCTNS00/ 40108 Kogyo. Absent a photo-active conpound,
subsequent epesiinenteo fixgh maskclageng AW Hisght 1avgy [ofnsiléRahge t he

physi cal pr 1485 e,£0 : - resi nt tepial of
via 150. Fi gﬁift;ﬁggsrgg%\?sﬁ"? h%gsél}%ggr&gt g&g??téfi% e(%rxg‘?ézg'si ngé ;&tgseg% 0 ;

control | ed rampregiadédstert fotbeal dieterticic Me0efriahs t Hacdudfiage of
dielectric | ayer .13 In the i r i ficial terial 160 is
a phot or esi scf%{g%tnﬁé g%%ﬁ"?%‘ltsl’eaggygfgr%v%?%&}bl\pggf %r gg?% rl{r%gtstkerl Par from t he
surface of dizd.e¢t'ric | ayer 130 may be acconplished using an oxygen plasma
(e.g., oxygen ashin as knawn in the,art. The.end ppinht, of .the renoval
Sten i s tha surt Ao the SraMAN AhE-PabFot e R ARTS I i e 67 an
optional wetsiGhgan ShepmatsediaQWhsi Bepdiei Bdd, forr eRBWEIANHY ehbdiad]l
particles. In one enbodi nent, sacrificial m_aLt erjal, 160 serves the objective
of protecti nfROFr SEPARSK Phy'E P128° dur T Hg- 32 1SubRagiRei® &fch to, for

exanpl e, fordpprcikipnedlpatdenm tormasis unsadenhtbft@ireptaeat L ofe [11e.
Accordingly, sacrificial material 160 does naot _need to conpl etel { fill via
150. Still fAHEREr SUBERATIN CieChART e? 1275 165 N0 @ AdNPrptierd d¥bsequent
etch, such ag@ SHBREOMEYrdde@Bels ot b Riaifehesti&éeriavehsidleayound via
150. Thus, in certain situations, It may be desirable to renove a portion
of sacrificitdlatnaeedi 6 B egsgt the ¢apagifansg. bervede ietarphenegician
sacrificial ymteri ] [.S e P i st, 1 Lon af esi st
material in l\r}?’ae%lbghn%rsp% Isarteer?o\t}g%g‘ggéécbntﬁ%&?ﬁé%ﬁ%’ %t g&l\q\?l\ll ?‘E&%rﬁ{e' oxygen
plasma (i.e.q.gpveleashiimy) caf egoal heo efpoimt ief gémerasllvf depositeld eleectric

| ayer 130 is r acged. Fijlgu.r«% 6 _shows an enbodi ig étg%f N he met hod of the
i nvent i on WRRCESTaCBBPET ol (6 CEREFT F T atFaddri BY i'S renoved fromvia
150. It is almeckftabWp (Hd@E480tRETLAINNN/HME@8between interconnection



to be appreciated that, in another enbodi nent, sacrificial material 160 is
not patterned to conpletely fill via 150. In such an enbodinent, & portion
of sacrificial material 160 would not need to be renmpoved, for exanple, in
an over - askMRJ18¥8h. Figure 12 is a graphical representat PEHUSH/40IQ
controll ed height fromthe surface of dielectric layer 130 into a via .
having a depibnof. 1392 RABOABLLRerBE aeisgmes@shﬁaféﬁflaqr @L(amaiéraial 160
relative to the surface of dielectric layer 130 is conpared to the asking
time in secohdssbhaypsikd lener eldhciintSiphs, @atepbybnit llhbesdesarideast- diel ectric
| ayer 130). In t S 5 ot 9 esi st
material |60 andmt)\aeeﬂ?lggt ?g?%t |ngasg{<1 8%€ i[%d arrssg%%é%%ﬁlﬁct ﬁ% gg %)T%asna

m xed under Dm\lecs:rxp@r aauee ¥hdisti énr(anEUMleZOGC)"E(D& qchE@WEstrmedarmvi ng
equi pnent. The I%‘? 051 e ature gurkn as process C886r0| t PR
renoval proc ord’rn 0" ohe nf’)’BH é FvEht i ,e
sacrificial frm(ameals bGOdnayedmeclfcon@rgdrvum 'vﬂlQOdélb@rhdi e(inh@taght ém via 150
(e.g., a predeterm ned helght over first mask | ayer 120) based on

over - aski ng. St (PiAL2RERAL? H1 T NG Pﬁ?hl%fcaﬁsaﬂar%wrs tf{oRafB® variability
of the hei ghepfcessacbhbbChfdl el ahydB01300 i3 MbBodBded@ndl 88thdLaNt |y
reduced, conpared to the performance obtained by using a | onger develop
process, forthxdmsiediabnéd RRNATZEHaf OFeR@PAR WEDN |3 dhemdedlas desired in
via 150, patferf sk goiidhrd mask layer 170 is patterned over dielectric
layer 130 to pattern a trench in oxide 130. Figure 7 shows pattern mask or
third mask | ayer NEA3,past eherenl lovdrigdrel ectwiiac phayern 180 segosdchask way as

to | eave an 75 exp r c tterni ta ttern or
17 V0 o1l o AEhESEPaE R PP Rt aR P TSGR
phot or esi st maskrédyas té8cisbedrabsarpivt rpespeeimageaaﬂeomdtenﬁd | ayer
190. In the errctr)Podl rrenthvxg re try rd mask, Ia 1rZ'0 i S, a pgsitive 1
phot or esi st , Bht BPREPETS I -coht B otVTL FS BETTIT 1 ayér A A mask or
reticle is thenspmsxednto tx@aam facpoot | dielxfctirie PapdorEssi gknépam y i ght
source. The ex osed ortkon defines a trelﬁgﬁover via 150. The exposed
portion incl hgr BaAr Ser A HEC1 T PRI TR et PatNeBFSeBe ERUSEPIRA f i ci al
mat eri al 160p<'rxs:1gﬂnerat1ha piRektibvetd 1 aiphet eseaed i onn sAcEidd L, al
material 160 is not affected by the exposure to, for exanple, an erght
source. Sacrilfq CiSARChateF iBask 66 L18ef AR AGeRi fBT V1T PRePRAY 14° does not
contai n any phot eiathivei £oMRRRENRS. Orodias cheepnbi S £de hoteXaMme, by
heat, to inactivate its sensitivity to a photoreaction. Alternatively, a
phot or esi st Tif"4h ARAY har&rrgr%t‘loabso?rﬁ?wgecﬁy@ téghly, the @yedasphot or esi st)
may be used @5 586h1 {5 Chéhovle §hi 8l cdBendiBnkhl ﬁaﬁr‘f@pds'u%ﬁnas gpon 11 ght
exposure to define an etch pattern for a subsequent trench in dielectric

| ayer 130, tevE@mpilght babdotdiiedgreye abdditiss saRytyite gim bekefkiadiardeni fi ci al
material 16Q., T ggﬁn ni ng, p t i st mask
over dielectri cr}:ég'ﬁjé?ui% OQ@%%;g{sr gni }p%g’ﬁ%'?y %%‘g{. sggg{??fr?%:sﬁ(;

mat eri al 160Lay@rcé40hof dehmskrelsagerhdvihg sinf oparihg tT4noket80 is formed in
dielectric I@.e C(%)so Téencq3k80 is patterned to a depth suitable for a
conductive ifrercohnectivi ‘one enbodi ment, for exanmple, trench 180 has
a depth of appronsnahely HOCFirmMreAgal dncd rseecphacinsekdiamﬁsndds:mf trench
180 w Il var depengln qiéahe scale o theintegaait ircuit to be
formed. |In tHREFTEABE0faYiTIRENFi &51 85/ TP36P6P Y t§iPBI2s0

PCT/ US00/ 40m%l$|c@z-1cal§}51t able etghéidhdn® fier Bhés&Gdhal88oés ndtor exanple
CIF8/ Qz/ Ar etch chem stry. By incorporating sacrificial material 160 in via
150, under| y%%tﬁprsrl%sq@arcay@r fopryrt pnGeELyERe diihstgmepk a¥@ich et ch
described aboye. hf CANCRIQS o@f r 81®Yidig1uaderd ylﬁg  hB6! fm@sk layer 120
(such as, for exanple, SIi3N9 ayer) are fenoved suitabl'e etchant may be
chosen for ter@mplencevestisting BhEusN.cEhTet mask l@e'leeclil@m tay shétakeka
dielectric layer 130 and first mask |ayer 120. Accordingly, a suitable
etchant can be chosen based on other paraneters, for exanple, the etch
rate, the verticalness of the etch, etc.” Figure 9 shows the substrate after
t he subsequent processing step of renoving third mask | ayer 170. Figure 9
al so shows the substrate after the step of renoving sacrificial nmaterial
160 and exposing underlying first mask | ayer 120. By incorporating
sacrificial material 160 in via 150, the concerns of the prior art of
removi ng underlying first mask layer 120 during trench etch are all evi ated.
Accordingly, sacrificial material 160 is selected, in one enbodinent, to
have a |l ow etch rate during trench etch. In one enbodi nent, sacrificial
material 160 and third mask | ayer 170 are each photoresist thus allow ng

t he sr rrultaneous rermval of sacrifici aI rrat err al 160 and t hi rd rrask Iayer

A — o~ P L T ' 1 —— " o o T .



WO 01/ 014S0 PCT/ US00/ 40108 110 is protected from oxidation by the presence
of oxygen during the oxygen asking step. Once sacrificial material 160 is
renoved fromowi/e4db0, a subsequent etch may be used to repowesdoagioexposed
Si3N9 material of first mask | ayer 120. Renovi ng exposed first mask | ayer
120 in via 150 exposes underl|lying copper_interconnection 110 as shown in
Figure 10. AWliangore setsfhitvely Féﬁgv%l% Fithopsieubsrértiadlyf Si3Ng i s,

for exanpl e’e@ch%%/ % 16t £, chameshhyie AfL &f, reXRQSH RBHAGEE] Y NghLopper
i nterconnection 1I0, Figure 11 shows the substrate after the subsequent

processi ng stkeeasiveepdsihe vgaceppbrismtierdtah tbe vie thhaeagh180 and via

150. The dep@si.ti .pr i | : Once
copper mat ot 00 e Bboa L ed P ur s T R F Ser 180, TRa Mibst r at e
may be pl anarhzediha&dégN¥.difngst onacdnvieryerohal . daitasicene pe ozmssaaigtedchni ques

to forma sufsequent Iogv I igﬂt rco réeclta'tlon he proces astepjgzodescri bed
above with r &0 iﬁ?ﬁe ste rr§y hgﬁ e 5 eB‘Sg ed>Yor sﬂ'ﬁé’equent

i nt er connect®redchydr away dure ngr eaedirng «eitgi hededescriny ieddh sheuidiventi on
is described with reference to specific, enbodi nents thereof. It wll,

however, be R&iMPSAEOrRdt S dttiedusnrBahs $tdi BHeHrd CRARAYRS MNEF e fade
thereto withoid erarting Jdppart RR-bE G tSRNN L in@nth scope of the

invention as set forth in the clainms. The specification and draw ngs are,
accordingly, to Bmceeyapdbel iis gpenphuthyeudh dicdenb¥ie Navexr Aé8trvkaive

sense. 19 ﬁ’é‘%t%ynog:%BQe% '}(és%hi‘f&?z%?aﬂ@ii@qehﬁé?ﬁg@&ﬁ‘%%@&%aée A

nmet hod conprising: formng a sacri materi a conpri ses a chem cal
property thatf idiegensrat|laversdndi-ti Ve the ®@xphpie- vkews ivirR Pathewn o1 hr ough

a dielectric terial.t i i r Jd_ve tierial ;
formng a trsc'ae%ndlr rl?gfﬁei)a e]{Tg‘?{ér ?Lg grrgl%lgéélaesgégf ?}ﬁ%qﬁ%?&g\%dmr rr%evi ng the
sacrificial raiceradathtoogh téheonvent2ondheoxmienodlafme! 62 .m.1, onheemi n t he

formati on of sacrificial, mterial _conprises: depositing a.sacrificgial
mat erial o B Bk ] TR Gk SUER T SHEBR A BT on of
the sacrifi ciadl aIBbebeahsédieNseibve avy arqdiduaireacticires.3. The net hod of
claim2, wherein the sacrificial material conprises ﬁ&?toresi st, and the

rendering of the Ne&&ri £F cFRI e FRIPEE nde AT iFacidtgPd & adxpBli 1y t he
phot oresi st {4 RRRked over dielectric layer 130 and in via 150. 1In one

embodiment, sacrificial material 160 is a material that is
capable of uniformly filling small vias (e.g., via having
diameter less than 0.25 microns). In this embodiment,
sacrificial material 160 is also either generally insensitive
to or capable of being made generally insensitive to a
development step such as a photoreaction. In other words,
once introduced in via 150, a significant portion of
sacrificial material 160 should not change its chemical
properties. One example is a material that is insoluble in
photoresist developer upon exposure to light, particularly
light having a wavelength in the ultraviolet (UV) range.
One suitable material for sacrificial material 160 is

heat-treated positive photoresist. Figure 5 shows an example



4. The nmethod of claim2, wherein the sacrificial material is a photoresist
and the formation of the sacrificial material conprises: coating the '
phot or esi st over & surface of the dielectric material; 15 WO 01/ 01 480
PCT/ Us00/ 40O 8Bbsi ng the substrate to a sufficient tenpEVHPARI%, [ender
a portion of the photoresist insensitive to a photo reaction; and renoving

t he phot oresi st frg\r}gﬁt he surface. _of the di eI,ectii c materi ab. ' 5. The
met hod of cl¥5h% PARRBFEFH th&UERpBS LTS T RBAS UBRTTHYE PEOLCERT i i ent

t enperat ure CLOMPPUnSeSates W itticelhirt et aimldieeetori@rdseraiporin®n of the
photoresist material. 6. The nmethod of claimb5, wherein the reppval of the
phot or esi st Feklsr VAR £PBm tERSisdVeaRROHTasHEtdt 8| N5 Lo RpRELESYE exposi ng

t he phot or esi sty iRkCLkBbsi,2 AR a8TBr MedADoOb RN OferPLGER, thydr ogen,
oxygen/ ni trogen, "and hydrogen/nitrogen. 7. The nethod of claim1l1l, wherein

the sacrifi ciduneateri &ftes qoladiogest sthe PpEPERAtSta NatgdadbsBirdi ng
material, andine et hod, Jydder COPRI{IREShoREEOL; L0 e fat malpen of the
trench, depositing a photosensitive naski ng mat érial over e surface of

t he di el ect rieathatrentaént aid Solyj egémwip,t e phet osdnsidti u60rRA8KTIOg nat eri al
to a light source.to expose an area i.n the naski terial for the trench.
8. The mot ol GROEFAPH 1 GHarg! At HMTSHREEr BN bYe (2 s SEPFFTRIal mater | al
conprises: caatfidighst Bess@drd frupkcalofaderddls emBsdanerid,f dgethbt the
dielectric material; and 16 WO 01/01480 PCT/ USDO/ 40108 renovi ng a portion
of the sacri9§G A et 8RFIS fHREPERECTA S SomBERELRT ST SETSAEYEE e Pridhed

hei ght of thehsasehbtebal inBiRr babséfcd N Mighevekpddigyaskyng wateri al .
light exposure.

As an alternative to heat-treated photoresist, other
suitable materials for sacrificial material 160 include dyed
phectoresist or photoresist material with no photo-active
compound, i.e., photoresist resin. One suitable dyed
photoresist is a dye material with light-absorbing
properties. Upon exposure to light, including UV light, the
dye in the dyed photoresist material will absorb a majority
of the light in a region near the superior or top portion of
sacrificial material 160 in via 150 (relative to dielectric
layer 100/copper interconnection line 110) to inhibit a
photo-reactive change of the physical property of the
majority of the dyed photoresist and thereby rendering a plug
of photoresist material in via 150 after the exposure step.
One type of dyed photoresist is commercially available from
Tokyo Ohka Kogyo of Japan. The material may be spun on the
surface of dielectric layer 130 and cured by a conventional
heat treatment. A similar process may be utilized for
photoresist resin (i.e., without a photo-active compound),

such as DP-Resin, commercially available from Tokyo Ohka



9. The method of claims$S, wherein the renoval of a portion of the
sacrificial material conprises: etching for a predeterm ned anount of tinme
beyond a ti gl cient to renove the sacrificial material fromt

surface of gﬁé’”&"qectrl c material. 10. In an integrated BFT’Uﬁ‘f"f‘o’&éw ce
including a first interconnection, a nethod of formng a second

| nt er connect  gp, SOMBEShRG: HAIENG 8y SaCEH Rl IBLEIA: Klpacyia through

a dielectric to a ing materi over t rst in erconnect|on
form ng a t remchight,t hectindlexttM dightervall owdr chhngwithe whyssegtifici al

mat eri al Ir’rgrl 5|Iq:qe% g@y |caI r°| Bgrgg ;hattch rgggg{grll% #llunsglnts_ t| Yg to a

phot o- r eact renovi ng e SECfreral e a rom i extendi ng
the via throoghvisheas0i rst maski ng mat eri aI and depositing a conductive
material in the via. 11. The nethod g claim 10 wherein the stegr_of form ng

a sacrificial matBHIHE SofbPYSed s SHASFFALE £ 6 tBR BFOTIRF iGcFEFP Ci al

material i nsgpsdddtt@1hedarhtO- IFaehbpfidial MAReprBANO O rohathe 11,
wherein the sacrificial nmaterial conprises photoresist, and the rendering

step conpri s&griBdgsositngiehechhict degsrsi3o Hwfthe1 gmbodiment), 0 ¥agoe _
PCT/ USO07 40108 1i%: c1E HELOOE 0f: col 36 Thothllsall, g Sagf-bhelal material

is a photoreS|st and the fornmation of the sacri rla conpri ses:
coati ng t he parorwrlesifsphoveresi sumpseeial fiwm dihel eutfaawe mHt eri al ; exposi ng

the S“bStrat&elec%r%fﬁé%x?“bcf] ekétgr&x& 15%”%e£sfnc§’°rt'o%”g8f the

phOtOFESISt rnsensitive reac renov pﬂOtOFESISt
fromthe surpboenof(et.he, do:ejrgm*t rasthlrrm eas a}tnow’kQJ.nThHe naatthod Tk ehdi m 13,
wherein the exposyre oL LhS SUPSLLATE 18,2 SHILIE 8Pt ol SIRRLALUL S, GoPr i ses
130. This may followed by an optional wet clean step as
known in the art to remove any residual particles.
In one embodiment, sacrificial material 160 serves the
objective of protecting first mask layer 120 during a
subsequent etch to, for example, form a trench pattern for a
subsequent interconnection line. Accordingly, sacrificial
material 160 does not need to completely fill via 150. Still
further, sacrificial material 160 should not impede a
subsequent etch, such as a subsequent trench etch of
dielectric layer 130 around via 150. Thus, in certain
situations, it may be desirable to remove a portion of
sacrificial material 160 that is in via 150.
In the example where sacrificial material 160 is
photoresist, a portion of the photoresist material in via 150
may be removed by continuing the etch with the oxygen plasma
(i.e., over-ashing) after the endpoint of the surface of
dielectric layer 130 is reached. Figure 6 shows an embodied

step of the method of the invention wherein a portion of

sacrificial material 160 is removed from via 150. It is also

10



tenperature to harden a portion of the photoresist material. 15. The nethod
of claim 14, wherein the renoval of the photoresist material fromthe

surface of Gv'&%v?h@d ectric conprises: exposing the photoregiphsiRbRsi @l to a
pl asma or gas of one of oxygen, hydrogen, oxygen/hydrogen, and

hydr ogen/ ni trogen. 16. The nethod of claim 10, wherein the sacrificial
material is phororagireciabapriftngia phghtensbePingn ratIALicand t he

met hod further PRI i-$8Ss: pLi.or f i t r.enc deppsiting
. phot osensi T Ve TG P0G La i ingdsb b, £ TRl R Byt YL A Rot T e

mat eri al ; angudl8@ an \WALOLABEAB0 PCONEQON 400 OB culfietal nptdreadhdtOsensiti ve
maski ng materiq'la;]e to.a Iighgospcijenurce t 0 expose an area,in_the mgskhn%
material for PR (IRMERSI1 HhEHEYR3d ofF &M RTo, TWEt ST RE 37 mat i on
of the sacrifighal material conprises: coating the sacrificial material

over a surface of _the dielectric material; and renpvi ng aw;)ortion of the
sacrificial materFHUEe i tRe? IERNGCRLt BRPTSIF L35 8BebEriSed hei ght of

the sacrificight RN 8bibht tonV itAeO¥BErdhe JrRSKEDE PRI @M iadler 180 The
met hod of claim 17, wherein the renoval of a portion of the sacrificial
mat eri al conpri®es Vit BRVHYY frdeRthr efel W Grinsa@mgivunt ofhe vegheydhd a

Lime sufficlehly {0 diaiOng, LAR SaGh! bLebal I alPihdl shiplpd g surface of the
dielectric nmaterial. 19. amascene nethod conprising: formng a via
t hrough a diéiebdatimicnitger al3Q g sexpopered nuskhegasbiey i @meover an

| nterconnect | 07 0l Be3ARA' LA &ndQGALNG; & SAGLLLG! Bho MBLALIA okN the via

that conpri s&s“%d ps‘ny5|yca property f'hat*i's ’gené’ra |y 'Tnsensitive to a

phot or eact i ofielectric layer 130). 1In this embodiment, a photoresist is
utilized as photoresist material 160 and the substrate is
exposed to an oxygen/nitrogen plasma mixed under low
temperature condition (about 200°C) in photoresist removing
equipment. The low temperature during ash process helps
control the PR removal process. Thus, according to one
embodiment of the invention, sacrificial material 160 may be
formed with a controlled height in via 150 (e.g., a
predetermined height over first mask layer 120) based on
over-ashing. In this manner, the within-wafer and wafer-to-
wafer variability of the height of sacrificial material 160
in a via may ke significantly reduced, compared to the
performance obtained by using a longer develop process, for
example.

Once sacrificial material 160 is formed as desired in

via 150, pattern mask or third mask layer 170 is patterned
over dielectric layer 130 to pattern a trench in oxide 130.
Figure 7 shows pattern mask or third mask layer 170 patterned
over dielectric layer 130 in such a way as to leave an area

175 exposed for trench patterning. A suitable pattern or

11



formng a trench in the dielectric material over a portion of the via;
renoving the sacrificial material fromthe via; extending the via through

the first nygakiRgsggaterial; and depositing a conductive | the via
and the tr onate IR U0 Bt 0480 PCT USO07 40108 20 The mEcRBRIdh L'Y, T

wherein the formation of a sacrificial material conprises: depositing a
sacrificial ratiedi ahsbmwdrsﬂng As phfdroeeaspléy e rp&mbb:abisanfbfn@aﬂersi ng a
portion of the sa £|f| grlal i nsensitive to hoto g‘ctlon

. A ASN. A: . AGNSRST V/SSQ’Et AFEFPESK 3O RGO TRSK AaYeRel 70 a( . A

. AHA>?H Wef st Zupna i/ﬁé céridfiavhealsedd alical ﬁalaraaiaaaéxcaboalﬁaé ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]cAa]cAa]cAa]cA %c“a]cAaU]ca c<al] c<a] c<a ] wPP

}xsni d_ZU] caPe8[Leay e B TEesfFca %]W&Fééf%aﬂ%éﬂoéé]eéa?‘é%} ca] ca] c<al] c<a
] ca] ca] ca] Ca]d(:l@]lgc@lfc a]]a?y@ §3bcal L@ reticle is then used to

expose a portion of the photoresist to a light source. The
exposed portion defines a trench over via 150. The exposed
portion includes an area over sacrificial material 160.
Because sacrificial material 160 is generally insensitive to
a photoreaction, sacrificial material 160 is not affected by
the exposure to, for example, an UV light source.

Sacrificial material 160 is insensitive either in that it
does not contain any photo-active components or has been
treated, for example, by heat, to inactivate its sensitivity
to a photoreaction. Alternatively, a photoresist containing
a light-absorbing dye (e.g., a dyed photoresist) may be used
as sacrificial material 160. 1In this embodiment, upon light
exposure to define an etch pattern for a subsequent trench in
dielectric layer 130, the light-absorbing dye absorbs any UV
light striking sacrificial material 160. Thus, a trench
patterning step to pattern a photoresist mask over dielectric
layer 130 will not significantly effect sacrificial material
160.

Once third mask layer 170 is formed, trench 180 is
formed in dielectric layer 130. Trench 180 is patterned to a
depth suitable for a conductive interconnection. 1In one
embodiment, for example, trench 180 has a depth of
approximately 500 nm, Again, the precise dimensions of
trench 180 will vary depending on the scale of the integrated

circuit to be formed. 1In the case of dielectric layer 130 of

12
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aB{\: f('SlO%& ()-f! S169% S@O%& ()-10%& ()-S10%& ()-S 10%& ()-f
o U A2\ : f (! SIRPEGWEDE) - Epjbﬁmyng @waegmh rate during trench etch. 1In

Ue () - SFL000 R O PRIt (e 10 10" 1081 e Ttoa ), “Thzamnat (77 F 1090

U& ()-!f 109810 afre0eatlk ghotfores@ss Ughys alm%ib& the fs FLOXAD&EO0F - g7;

aBbCr (11 @ 1026, &) (L SLA020 & :Ch - RELA0PEPE ) RL240720 mask 1ayer 170.
In this manner, when third mask layer 170 is also
photoresist, both third mask layer 170 and sacrificial
material 160 may be removed by, for example, an oxygen
ashing. Since first mask layer 120 overlies copper

interconnection line in via 150, copper interconnection line
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U () - acdefwo@l/iad ~ 10%& ()-f: 10% ()-!gLl0%: () - GLO%&! () - péfusbolsbhos) 10 U
7s10% U& ()-aBbCr (111 10%&' ()-!1fs10% i & ()-fs109%& ()-f FLO0& ()-f

F109%&' ()-&L0%& ()-"2r.dEbCI (111 10%& ()-SS

109 () - S, 10980 (}s @OHECERdSE Yo% idptie0vay (Yhe PuREBHGE (01 @0 ()-! @, f #

1OI%&' ()- S* 1%%/(@'. ‘%’3 -%N%g(%? é)é]%g?o% Ie{:) - @#10%&' ()--MCf(!!11210%

U& () - sF10% URFthe 083 PSFAMLOYE! () -

2109& () - TcaBbCf (dh&e 1GHArifiC)al rd0%rd&1( ) 60 Ligdl % moved from via 150, a
subsequent etch may be used to remove the exposed SiiN,
material of first mask layer 120. Removing exposed first
mask layer 120 in via 150 exposes underlying copper
interconnection 110 as shown in Figure 10. A suitable
etchant to remove first mask layer 120 of SisNy; is, for
example, a CF4/0; etch chemistry.

After exposing underlying copper interconnection 110,
Figure 11 shows the substrate after the subsequent processing
step of depositing copper material 190 in trench 180 and via
150. The deposition precedes via a conventional damascene
process. Once copper material 190 is deposited in wvia 150
and trench 180, the substrate may be planarized according to
conventional damascene processing techniques to form a
subsequent level interconnection. The process steps
described above with respect to Figures 1-11 may then be
repeated for a subsequent interconnection layer.

In the preceding detailed description, the invention is
described with reference to specific embodiments thereof. It
will, however, be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention as set forth in the
claims. The specification and drawings are, accordingly, to
be regarded in an illustrative rather than a restrictive

sense.
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10& 7s10%& ()- @ 1109%& ()-f @ 109%& ()-S. 10%& ()-,y, &10%&' () - (((;

Y(**D, a?YNCF (11 f10% & ()-yf10% h& ()-ZLAME0% h h& ()-y 10% h& ()-!f10%

h& ()-F10% h& () - w129med -4 AEYNCF (11, 110% k& () -S3+ 10% h& () - S&10%

h& () - S% 100)’)%1% (J)Q'- ';E%g/? hjl&s' ()-@ 10%

h& ()-S]..</yl{/|!}/~]xmbCf(119Z10%& ()- 10 h 10 h 10 hl 7> 10%

h& ()- @ 4s 10%) h& () -gﬁ%@l?&@%}%}) -gz@3. 9%10% & ()-f//1173"6666zX9. C
10" 6° 109& ()= +S&10%& ()- /! & () -/ ! S&10%&' ()-/!S&L0Y%& ()-/!Lz10%& () - 66
666@====] K& 10 forhAng7al6tiE i(Qial @BStOLLal that comprises a chemical

property that is generally insensitive to a photo-reaction in

a via through a dielectric material to a masking material

over a conductive material;

forming a trench in the dielectric material over the
via; and

removing the sacrificial material from the via.

2. The method of claim 1, wherein the formation of a
sacrificial material comprises:
depositing a sacrificial material comprising a photo-
sensitive material; and
rendering a portion of the sacrificial material

insensitive to a photo-reaction.

3. The method of claim 2, wherein the sacrificial material
comprises photoresist, and the rendering of the sacrificial
material insensitive comprises exposing the photoresist to

heat.

4. The method of claim 2, wherein the sacrificial material
is a photoresist and the formation of the sacrificial
material comprises:

coating the photoresist over a surface of the dielectric

material;
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h& ()-!1110% h& ()-F10% h& ()- 10 10 10710%& ()-!L, 3%&10% & ()-

gEEl KKKKK&Kt i *?5 éxﬁdﬁiﬁﬁ&tb E- siPstral® holl hﬁﬂf&éﬂh&t(ﬁehﬁ@ﬂﬁﬁﬁﬂe to

h& ()-(f910% & M 91Q%& é% 1(1&K4KK9P ASH=5 |

10L3710%& () XED Eﬁ)@%ﬂf 15 of | Yipgherorg J)“S‘-‘é"sflib% %Cj R BEORRSTaBSH=5

I 10f @0% h&r@},c{ﬂ&o-%ah& ()-'y :10%h h& ()-yL10% h& ()-9!z10% h& ()-F10%

h& () - TATFT#U. UdU, WABSH=5 ! 108'1096h&f() y 10% h&' ( flO@bh&f()-'flO@bh

h& ()-fff10% h& ye@gxp%qm§he)phqvgge51st from the surface of the

dielectric material.

5. The method of claim 4, wherein the exposure of the
substrate to a sufficient temperature comprises a sufficient

temperature to harden a portion of the photoresist material.

6. The method of claim 5, wherein the removal of the
photoresist material from the surface of the dielectric
comprises:

exposing the photoresist material to a plasma or gas of
one of oxygen, hydrogen, oxygen/nitrogen, and

hydrogen/nitrogen.

7. The method of claim 1, wherein the sacrificial material
is photoresist comprising a light absorbing material, and the
method further comprises:

prior to the formation of the trench, depositing a
photosensitive masking material over the surface of the
dielectric material; and

subjecting the photosensitive masking material to a
light source to expose an area in the masking material for

the trench.

8. The method of claim 1, wherein the formation of the
sacrificial material comprises:
coating the sacrificial material over a surface of the

dielectric material; and
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Thé method of tlaim 8, wherein the removal of a portion
of the sacrificial material comprises:
etching for a predetermined amount of time beyond a time
sufficient to remove the sacrificial material from the

surface of the dielectric material.

10. In an integrated circuit device including a first
interconnection, a method of forming a second interconnection
comprising:

forming a sacrificial material in a via through a
dielectric material to a masking material over the first
interconnection;

forming a trench in the dielectric material over the
via, the sacrificial material comprising a physical property
that is generally insensitive to a photo-reaction;

removing the sacrificial material from the via;

extending the via through the first masking material;
and

depositing a conductive material in the via.

11. The method of claim 10 wherein the step of forming a
sacrificial material comprises rendering a portion of the

sacrificial material insensitive to a photo-reaction.

12. The method of claim 11, wherein the sacrificial material
comprises photoresist, and the rendering step comprises

exposing the photoresist to heat.
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material;

exposing the substrate to a sufficient temperature to
render a portion of the photoresist insensitive to a photo-
reaction; and

removing the photoresist from the surface of the

dielectric material.

14. The method of claim 13, wherein the exposure of the
substrate to a sufficient temperature comprises a sufficient

temperature to harden a portion of the photoresist material.

15. The method of claim 14, wherein the removal of the
photoresist material from the surface of the dielectric
comprises:

exposing the photoresist material to a plasma or gas of
one of oxygen, hydrogen, oxygen/hydrogen, and

hydrogen/nitrogen.

16. The method of claim 10, wherein the sacrificial material
is photoresist comprising a light absorbing material, and the
method further comprises:

prior to the formation of the trench, depositing a
prhotosensitive masking material over the surface of the

dielectric material; and
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subjecting the photosensitive masking material to a
light source to expose an area in the masking material for

the trench.

17. The method of claim 10, wherein the formation of the
sacrificial material comprises:

coating the sacrificial material over a surface of the
dielectric material; and

removing a portion of the sacrificial material from the
via to establish a predetermined height of the sacrificial

material in the via over the masking material.

18. The method of claim 17, wherein the removal of a portion
of the sacrificial material comprises:

etching for a predetermined amount of time beyond a time
sufficient to remove the sacrificial material from the

surface of the dielectric material.

19. A damascene method comprising:

forming a via through a dielectric material to expose a
masking material over an interconnection of a substrate;

forming a sacrificial material in the via that comprises
a physical property that is generally insensitive to a photo-
reaction;

forming a trench in the dielectric material over a
portion of the via;

removing the sacrificial material from the via;

extending the via through the first masking material;
and

depositing a conductive material in the via and the

trench.
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photosensitive material; and

rendering a portion of the sacrificial material

insensitive to a photo-reaction.
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