< t ue3ebf _4. 6Tf EL% METHOD OF FORM NG DUAL,  DAMASCENE PATTERN USI NG DUAL
BOTTOM ANTI . REFLECTI VE COATI NGS ( BARC) BACKGROUND OF THE 1 NVENTTON ( T
FI ELD OF THE | NVENTI ON The present invention relates generally to nethods

wf formng d mmm patterns and nore particularly mf
LJorm ng dual 'ﬂ mmlwﬁtter ns, w thout the use of etch mmmm\umﬁ‘m usi ng
dual bottom ant s:ggfkective coating (BARC) filnms. (2) DESCRI Rt OF THE
PRI OR ART Damascene is the practice of creating netal inlay patterns first
vdevel oped by ancient artisans of Damascus, hence the word danuscene. Single

damascene and dual damascene patterns are essential today in the

fabri cation of meimobF FORMNIG HINCORRMCLRREIRNLERS, /0 eor at ed

circuits. damascene I'n particular met hod of

form ng copper intercogp {@[&I{,m [ [ ch by a plasma
process due to non-vol at ?‘I??ty 0 mﬂ%%?gmégﬁ%ﬂ?@roducts. Danmascene
process as practiced today sinply consists of etching a wiring trench in a
dielectric filmfollowed by filling the trench with netal such as al um num

or copper and then renpvi ngAtREREXAESSF FREAVENTRP! @nari zi ng process Dual
danmascene i nvol ves a second | evel, wherein a series of via holes are etched

and filled by netal in addition to the trench. _ |, 1 ooJdr
(1) FIELD OF THE INVENTION

The present invention relates generally to methods of formung dual damascene
patterns and more particularly to methads of forming dual damascene pattemns, without the use of

etch stop layers, using dual bottom anti-reflective coating (BARC) films.

(2) DESCRIPTION OF THE FRIOR ART

Damascene is the practice of creating metal inlay patterns first developed by ancient
artisans of Damascus, hence the word damuscene. Single damascene and dual damascene
patterns are essential today in the fabrication of metal wiring in semiconductor devices and
integrated circuits. Dual damascene in particular offers a cost-effective method of forming
copper interconnects since copper is hard to etch by a plasma process due to non-volatility of
many of its reaction products. Damascene process as practiced today siraply consists of etching
a wiring trénch m a dielectric film followed by filling the trench with metal such as aluminum or
copper and then removing the excess metal by a planarizing process Dual damascene involves a

second level, wherein a series of via holes are etched and filled by metal in addition to the trench.



Several nethods of form ng dual damascene patterns have been described in
the prior art, and in particular three nethods are described: self aligned
trench-fast, and via-fast. Self faligned nethod has already via patterned
and enbedded in an internediate |layer. Via hole and trench are etched at
the sane tinme, However, this nmethod requires a thick internmedi ate | ayer as
a trench etch stopper and requires precise alignnment accuracy during
it hography. Trench-fast method is not a very nanufacturabl e process since
i1 requires thick phota-resist tp be able to,etch via pattern through an
al ready etch VW%‘P%@OC@P@H&W}HE&H@ ‘E‘me@“%%t’ruﬂmﬁ baghpen descrbed inythe Brerayty i n
thick resist. Via-first h%s two approaches: with and wi thout an etch step
| ayer | rPAR8 Repqeuler ithes mgghodbate decrbrdh sey-gpencly Ferchisiaands vieveHe U 1 st
and the trench second. Fgmever trench etch has to be stopped sonewhere in
the ni do‘ned methed Gpsclisasy vig petigried and eppedded dngn igierpedigte jayer. oYia holeang
uniforniities are very good, Secondly, it may be difficult to renpve ai
the phot&IFRaiestchgd stihesapedime; Klopyexerythis 1??@%%3%‘%&%& Incangdial; layes as a
etch-step | ayer nost of the above problens are resolved, while creating a
new one.trengle eigh) stoRpsr ARG FGoHEEes Pragisy slignacht aceuiary dvidng Yhegraphyy drgrchdv ng: a
high dielectric constant, is left in place in the structure and increases
t he overmethod pwt ptvanceaiwiectirgble BRCsss aee i irequiresa tuddpheto-ehist 1o beableitevel
dielectric. Crcuit performance tit ternms of speed (RC delay) is degraded
as a resetth via phttern Hesghmm ahedy eishéd wiripg tremdhpapdokisthaidrio detw boptaagrepattainso
suffer from problens unique to each nethod. Two factors are inportant in
f abri cat thivl regstf Viagtrsrdusiwd spraschese vathr andt wittest ampeieh stopilayer yin2he viayirsthen an
internedi ate etch stop Payer is not used: i) via bottom needs to be
pr ot ect editkduo o prakisiop [dybr, eiaghetdhedifivg ahd ératendt shordn dowiejerviranck dgk bastd t he
top need to be protected fromeroding durinb trench etch, Anti-reflection
coati ng $ARGPpedBloticivibre ihahtemiveitsn ofithe didlecuis. i This Bryradticalconty ifode ctchaste
problenms with only partial success, Wile conformal ARCS and BARCs al one
protect yhiforRA@ESre YeheYoouaBrobndly, event bedifitduttth ratgle atifthy peotdotsisom)thin
particularly when etch selectivity to the underlying layer is not iu~h
enough. Rhanarizi ng ARCS and BARCs al one, on the other hand, protect the
vi a- bottom but cannot protect the via-edbes due to poor step coverage of
the coating around the edges. Sone of these nethods and associ ated probl ens

with each nethod are described in a paper, |Il~ukin~ tJre Me tv Dual
| ~ui cr, >~ecr ~y ey Pracess bkt g, Rualabefblath BAF FRRCChOLpoR RosIahE aral , p.
79, August I9£97thar‘f }?ﬁﬁgugége’rn, O~ianiczI§A I?ﬁProcess Eval uatliﬁon fur Ua
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to renove the excess conductor |layer. The prptective |layer also serves as a
pol i sh seefferitomprableps uW@W’é’GFﬂ’t’EﬁE%d' being forned inthe 3 J .J
dielectric layer. US Pat. No. 6,251, 77481 descrrbes a net hod of

manuf acturi ng a sem conductor device to forma netal interconnect in a
via-brst type of dual damascene structure on a |ower netal patter.n. w thout
damagi ng the Tondactows preigppuapeio fahperdipg v irsisluplflomgicspegwetulesy P‘?rgfméylyl i con
nitride film a first silicon oxide ftIm a second silicon nitride film
and a second silicon oxide filmare sequentially deposited on the | ower
wiring layer A via hole is etched above the wiring |ayer, passing through
the top two |layers. A photo resist is f?lled within via so as to cover the
m ernal wall surfa~cx and $ARC material is then deposited over the oxide.
BARC filmis used to enhance the performance of the lithographic step in
defining the trench mask pattern with supenor dinensional accuracy. Wring
trench is then etched while the resist in via protects the first silicon
nitride hlmfrom punch-through. Via steps, however, ate not adequately
protected. US Pat. N o. 6,306, 732H1 descri bes an apparatus and net hod for
inmproving clectromgration reliability and resistance of a single or dual
damascene via by using an inperfect barrier filmat the bottomof the via
and a strong barrier fornmed at all other portions of the via. The inperfect
barrier allows for netal atons to flow through when el ectro-m gzation force
pushes the netal atons against the barrier film 1JS Pat. No. 6, 265, 294
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T Uses a barrier layer Such as Silicon nitride to prevent the AlItC from
coming in contact with the inter-level dielectric film The ARCS used are
of the n~orgaruc typo.such as silicon oxy-nitride (SiON). SUM vl ARY O :
TI-i C I NVENTI ON Accordingly, it is a primary object of the invention to
describe a nethod to farma via first dual danmascene wiring pattern,

w t hout punch-throuE; h of the via-bottomor erosion of via corners. It is
yet anot her object of the invention to describe a nethod of formnb a

via-fir damascene witin, ~ pattern, using two |layers of two different
types o?Jh B’ﬁ?‘?ﬁ’}ﬁﬂaﬁ e P@EF’@BE*}WQS E&a‘{s? WB) Yi Sﬂ%"%‘teﬁ-ﬁﬁbtﬂm@miﬁ fromi mmich o
etchrng_,of the wWri ng trench. .Yet another object of this inventionis to
descri b&UY BErHe ﬁf&*ﬁﬂ 1) via §dgss tithesiop gepsl todkapreteesed foatdrading duning hout
the use of an . internediate etch stop layer. In accordance with these

obj ect i YE¥h eichydntiygfi¢asion seating AR D) anatesiath kive ibeenf ised tn dried ardmnasceme
structure, in the absence of an etch stop |layer, w thout punch-through of
vi a bot H586 &Pblems dithnly pertad sureess. Mhilersgniomeh iARE sand BARGsgldne erudet vigver
metal wiring protected by a barrier elm an inter-level dielectric filinis
deposi t §Qge§?mey\ﬁaanqt Preaew pusch-throule otivie bestomy, ipertitulbnly whanpgtéhnglectivity to thche
barrier layer. Via walls and surfaces axe then confotnmally coated with a
first typisTiging damcistnat djshvmoegh. pPlenasising ARGs mldPARIDS alnnp, oh alie other Hhd
pattern is further Flled, partially or fully, with a second, planarizing
type of pRmROhewiasbattam but itntiohprotertethe via-edgdstdae to par biop Boveripgoflthd Shaimhga
trench resist nmask and plasma etching process. The two BARC fil ns toget her
pr ot ect alpotditht kégeyi abot t om and vi a-corners during trench etching. Stripping
the mask and BARC filnms at the sane tine and cl eaning any of the orl;anic
BARC residues in the pattern conplete the process.

Some of these methods and associated problems with each method are described in a
paper, Making the Move to Dual Damascene Processing, published in Semiconductor
International, p. 79, August 1997 and in a paper, Organic BARC Process Evaluation for Via

First Dual Damascene Patterning, in SPIE Microlithography, Feb. 2001,

US Pat. No. 6,228,760B1 describes a method of covering micro-scratches that are
produced in & dielectric layer after chemical mechanijcal polishing of a metal interconnect film n
a via plug structure. A protective layer of diclectric anti-reflection coating (DARC) or SiON
layer is deposited to cover the micro-scratches. To form the metal interconnect pattern, opening
is etched in the protective layer and m the dielectric layer. The pattemn is then filled with the
conductive layer and chemical-mechanically polished to remove the excess conductor layer. The

protective layer also serves as a polish stop to prevent new scratches being formed in the



BRIEF R>: . SCRTPTION OF Tl-t!~ DRAWNGS Fig. 1 is a cross-sectional view,

" showing the fonnation of a via-first danmascene structure according to prior
art when an etch stop layer and planartring BARC only are used. Fig. 2 is a
cross-sectional view, showing a via hole etched into an inter-Ievel

“dielectric filmdeposited aver a baurier filmon top a netal line Fib. 3 is
a cross-sectional view of via showi ng confocnally deposited BARC-1 film and
plattarizing BARC-2 naterial partially filling via pattern. Fig. 4 is a

“cross-sectianal view of via pattern) showing a resist nmask with trench
patter 8‘?‘??1@‘&?‘6 Fig. 5 is- a cross-sectional view of dual damascene
pattern, showi ng the trench pattern etched in the upper part of the
inter-level dielectric filmFig, 6 is a cross-sectional mew of final dual
darmascene pattern after the resist mask and residual EARC fil nms, have been
removed. Fi |US Pqt Ne 623577481 desstbesianethodst ymubaiinnga spaaieiquctprdexioc i ¢ er n
formed accordant; to the i nvegtion. R?SERI PTION OF T'Fi F PREFERIlQED
EVBQDI | forpry metal peps PR g Pt Pe of CREFUDFSEIE NEVH"E O AT TR ) Pt hed
damascene structwe with vig etched first according t rior art. net al
e . Dbt dHOMRMEMe IS TGS Bufoieeudng 1 dR ey hgef siigin Shide fin]3

first silicon oxide film, a second silicon nitride film, and a second silicon oxide film are

sequentially deposited on the lower wiring layer A via hole is etched above the wiring layer,
passing through the top two layers. A photo resist is filled within via so as to cover the mtemal
wall surface and BARC material is then deposited over the oxide. BARC film is used to enhance
the performance of the lithographic step in defining the trench mask pattern with supenor
dimensional accuracy. Wiring trench is then etched while the resist in via protects the first

silicon nitride film from punch-through. Via steps, however, are not adequately protected.

US Pat. Na. 6,306,732B1 describes an apparatus and method for improving clectro-
migration reliability and resistance of a singlc or dual damascene via by using an imperfect
barrier film at the bottom of the via and a strong barrier formed at all other portions of the via.
The imperfect barrier allows for metal atoms to flow through when electro-migration force

pushes the metal atoms against the barrier film.

US Pat. No. 6,265.294 describes a fabrication method to reduce the amount of

discoloration on inter-level dielectric layers due to anti-reflection coatings (ARCs). This patent



inter-level dielectric films 14 aiad 1:5 ~, ~rtj~ rxr~ etcJ~ 5~top layer- 16
i n-between, plananzing BARC 18 partially filled in via 20. It is to be
noted that the BARC filmthickness over the via-edge 26 is quite thin
(shown by arrow), providing poor step coverage during subsequent wiring

~trench etch. After trench resist mask 22 is aligned to the via-top, trench

é

pattern is etched in the top dielectric film 13 such that etching stops on
etch-stop layer 16. Wien trench pattern is etched, due to nonuniforinities
in fihn thiclatess and etch rate, via-edges get eroded when trenches over

t he whoMees\elRaErer davsr suchipe dilicon aigids| te praypntthe ARCtfrons comingin cénack wish tist op

| ayer 16). The eroded vi a-edges are shown by dotted lines 24. 7 Fi gures 2
t hr ough itgeredewd dickrstricH8mp r BeeSRCE wsgdvatenrt thompiganyc wype-shchr stsilihoaloxyraitedc ene
pattern, according to the present invention. Referring to Fig. 2, there is
shown a($iONgt netal itne 3U on which is deposited a baner |ayer 32 and an
inter-level dielectric (ILD) film34 in which via 36, with via-edge 36n,
has been formed using standard |ithography and plasnma etchi nP net hods
known in prior art ILD filnms can be of eyther organic or inorganic
materials. Organic type materi SUMNABY(HeTHBINFUENTIONnonpor ous pol yner s
such as, poly-tetratluoro ethylene (PTpE), polyimde, lowk materials |ike
SI LK, (Manufacturer: The Dow Chem cal Conpany, Mdland, M), poly aryl enes,
cycl otenes, and teflons, and/or polyim de nanofoans. The inorganic and
hybri d (conbAnatrdioglyoft is aprimanyiobjcanef ibe gemitonao rperibns sjetiofd pe forateviaal s

i nclude: silicon dioxide, silicon oxy-fluoride (SiOF or rSG, spin-on glass
(SC1G), firadoglatamascend irig, patiergawithosi pirchitirogdhasfshd GeGpitomet &plion of via-

si | sesqui oxane (MSQ, hydrogen sil scsqui oxane (HSQ, and/or silica

aer ogel gsomdlle t hi ckness of f Im 34 approximately equals the depth of the
fznal stud via plus the thiclness of the second interconnecting netal |ine
(or the trench depth). Baner |ayer 32, which is usually an inorganic film
such as silicon nitride or silicon oxy-nitride, is deposited to protect the
under | yi zt g 1vas 9ét adBthér Shjedpef Mg iRichBek@diestibe Adn@habiTemahyg h WA dual t er n.
Film 32 has a thickness of approxi mtely between about 500 arid 700 A

Al t hougRamBsctie wiirgf @nrcﬁgl uweip ado Meydlrs bl bvd idlfrerdd tygs foBraReim dntiaefidciod e
material, it can he forned of two or nore; ILD layers of slightly differing
proper t ic8&ingHMEWRhin tROVIEHASY t6 EQMIng 3YME wigngufAch.in this invention. A

| ~eferriug to Fig.3, there are shown two BARC fil ns deposited within said
via 36 of Fig. 2. BARC-1 film 38 that can be forned of an inorganic or
organic type of material is deposited preferably in a conformal n'tanner.
Hovever, in thi sdiehBkEest RIHRALARIE to ABscABO R M RhddBGhintthy Wivialid dufdi ckness

1)
of approxi mately about” 600 - 700 Ais conformally deposited using a spin
coating - i MR iSO ifed (either fully
conf oi m O{c@%e;;?ain?@r Jljmcuf(t)megl]rsrral vl\n&tgh egglgqé{u%}%ga&ﬁ%é}step coverage) protects
the ma-edge 3Ga during trench etching. The conformal BA?ZC material is
desi gned to have higher viscosity and | onger nol ecul ar structure to

facilitate conbQloBhodIGRR L MARES ol ReRiP W ALEliled QY Rl FiadHil RGP

corners, edg d Vi opfii mal conf ormal” deposition, t
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films are deep UV BARC materials such as DUL!-42 (Manufacturer: Brewer
Science, Inc., Rolla, MO 55401, USA). Follow ng the deposition of BARC-1, a
second BARC-2 film 40, which is an orggnic material in this preferred
enbodi nent and of the planartzing type (i.e. easily fills via holes) is
then applied, such that the filmpartially fills the via as shown or
conpletely fills to give a planar structure (not shown). It is to be noted
here that the step coverage achi eved due to BARC-1 and BARC-2 filns around
via edge is greatly inproved, when conpared to step coverage achieved in 9
prior art, as shown by arrowin Fig. | . Although proprietary naterial with
trade nane 1~U V32-J (Manufacturer: Brewer Science Corporation, Inc.,

Rol 'a, MJ 65401, USA) is used as BARG -2 film other suitable materials can
be substituted wi thout departing fromthe spirit of the invention. Exanples
of other BARC-2 filns are D~(JV-32 and/or NCA-273 (Manufacturer. Brewer

Sci ence Corporation, Inc., Rolla, M4 65401, USA). In both nethods of via
filling (i.e. partial fill or conplete fill), via-bottomis adequately

T Y Y D T Y b 1. [ NN I o T
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Referring nowto Fig. 4, there is shown a resist mask 42 aligned to via 3G
and with the trench p~ttt~rn developed in it) using conventional nethods of
| ri hography known in prior art. The two BARC films 38 and 4t1 al so serve as
anti-reflective coatings for precision resist patterning with inproved

di rensional control. Referring to Fig. 5 there is shown a trench pattern
44 etched in the top part of inter-level dielectric film34 and to the

. required depth (approximately equals the nmetal |ine thickness required),

etching reactor. The bottom portion of via patterns remalns parti

filled i i oRed Wa@le?@m%%g SORND ViPhRichOs Feler RIS FREAIYr ggﬁf@iﬂl t hat

protects via-walls near the edges, via profile renmalns verti Wltﬁ tlo

er osi onggdutd BhnddARGIpEHIS ARG kSRt Wtrid:gsllrehéh Pl Bfln eé}?‘ki%g@ zmrgr%ﬁgn d the

etching process used depends upon material types of th

BAKC fi hti ﬂ{adg inE SRR EThd kL~ .\ fi 2

or gani C%%E‘Ifc)irggﬁ(t e ]t%g?ual %8““6 gcesg' gﬁéofﬂoggbgdl'smk tgg%:lﬁ“ 3 téﬂgtﬁe?ﬁ]&e I LI~
fil'man bl sdsRchdh B t R pBARG B Bing AW & | hggent s
hol d i fg? ggr'%%la;%cgﬂééﬁﬁg%{&%l rns g‘% bot ﬁgl norcgantlg?nrrat%}r((:: a[‘g{aqgl&é&?'%ges hows
the finpleYh@eifdnk Pihe SRR BART REBHGHN IR pAern Worh 4 positioned
over the ?éncg? ni n'?a\’/’?g pgrtﬁg‘:a%n 3Ga, alfterl thg r&%tﬂﬁ%iﬁﬁggébeen stripped
of f, during which tine the BARC-1 and BARC-2 filns are renoved as well. Any
remai ni ng BARC xesidws are renoved by slightly | onger stripping or 17y
addirion of a dry or we ?e‘@ég‘?ﬁ” i ior art. Fib. 7 shows
the netal pattern 48 foéRné@ I'n eﬁmﬁzra%ﬁ@%r%&s ructure 4G, after
depositing a netal such as al um num or copper, using deposition tnet, hods~
chem cal vapor depositian, sputter deposition, ionized netal deposition,
force-fill, glegctroplati I 0 FNg. ' | art.
The advant ag@é’ f(;%s atﬁgésfétséé&%mx%\& sﬁ&%fl%%{c%éénaﬂbﬁgt gﬁaéﬁ%@%ﬁcﬁ%cps?ga re

€ present 1 nvent usi ng or m dual

d . ' . f a0 ¢ J i zed
e 1ol 1 Breride e o e ip IR L AR BhE BARC iy MR, T, Sl et e

profiles of bode wiring trench and viii. - Good profile acid dinensional
control of damasceire pattern is achieved without using 11

USi Ng afhe BRRPIHEAD Via WaBS R QLESS B théh GonfRAREG &cﬁ?chlmthed”'m“&&doﬁﬁf‘gﬁi ve ion
y

Fig. 2 15 a cross-sectional view, showing a via hole ctched into an inter-level dielectric

film deposited over a barrier film on top a metal line

Fig. 3 is a cross-sectional view of via showing Eonfonnally deposited BARC-1 film and

planarizing BARC-2 material partially filling via pattern.

Fig. 4 is a cross-sectional view of via pattern, showing a resist mask with trench pattemn

defined.



x any etch stop layer, thereby manmtdimg the | ow-k value of the inter-|evel
dielectric film Optimal s~:lcction and optim zinb the thickness of BARC
films elimnates via edge erosion, via bottom punch-ttwou~h, and pol yner
.rails. Wile the invention has been particularly shown with reference to
“ the preferred ennbodi nent thereof, it will be understood by those skilled
in the art that various changes may he nmade in form and details W t hout
departinb fromthe spirit and scope of this invention. wr CLAIMS 1. A
met hod of fgRpis g &osy&buaﬁm&%uaﬁaws&m:ga&cﬁfﬁﬁﬂa%gmgweh attern
d a barri m o

providing a substrate having a nmetal 11 ne a top of

the netgl hhﬂﬁeuﬂ@é’g #1&19 ’ﬁé}lb‘;‘éﬁﬁet&ﬁ:‘é% dielectric filmon said barrier

film f0| ning a S g inter-levEl dielectric filmto said
metal | ne, depositing a BALZC-1 | ayer to coat the surfaces of said via
hol e, depositing a planarizing BARC-2 layer to fill said via hole, formnb

Form ng dualt B esig sesioba A E R JBR s bl Py s Bl
films 2 dual damascene pattern aceordin~ to claim
1, wher® 8?';{“"25‘;%‘#]&@3%—@% CPI‘HQ%WCgCtrl c filmis conposed of one or nore
Iayers of an organic material. 3. The nethod of form ng a dual danascene
pattern accordi ng to claim?2, wherein said inter-level organic dielectric

RGEE T e

aryl enes and cycl otenes) teflons, and/or ployi mde nanofoazns, ~. The

met hod B¥eH8Pni ng a dual damascene pattern according to clai m)< wher ei n
said inter-level dielectric filmis conposed of one or nore |ayers of
inorganic material.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig, 1, there is shown a partially formed damascene structure with via etched
first according to prior art. A metal line 10 is shown on which is deposited a barrier layer 12,
inter-level dielectric films 14 and 15 with an etch siop layer 16 in-between, plananzing BARC
18 partially filled in via 20. It is to be noted that the BARC filin thickness over the via-edge 26 is
quite thin (shown by arrow), providing poor step covcrage during subsequent wiring trench etch.
After trench resist mask 22 is aligned to the via-top, trench pattern is etched in the top dielectric
film 15 such that etching stops on etch-stop layer 16. When trench pattern is etched, due to non-
uniformities in film thickness and etch rate, via-edges get eroded when trenches over the whole
wafer are etched to completion (i.e. to stop on the etch stop layer 16). The eroded via-edges are

shown by dotted lines 24.



.13 5. The nethod of 1 o~ming a dual danascene pattern according to claim
4, wherein the inter-1level inoxganic/hybrid dielectric filns include:
silicon dioxide, silicon oxy-fluoride (SiOF or FSG, spin-on |;lass (SO0,

. nhanoporous silica, organo-silicate glass (0OSG, siltca aerogels, nethyl

* sil sesquioxano (1vlSQ, and/or hydrogen silsesqui oxane (HSQ, 6. The met hod
of form ng a dual damasu:ne pattern according to claim1l, wherein said
$ARC-1 and BARC-2 filnms are organic materials mthe preferred enbodi nent.

" ?. The net hegdnals 3 hhg0 6ot HaRGRENRoRabE %rm@gcsﬁ-fﬁétn%&ggﬁlg%g‘ggoli\

wherein said BARC-1 fiTmhas a thickness of between about

The nmetRaenofccb@lniPthedrdbdlindaf@scene pattern according to claim 6,
wherein said BARCG-1 material has a viscosity of approxinmately between about

9 and 20 centipoises. 9. The nethod of form ng a dual dal nascenc pattern
according to claim1l) wherein said BARC-1 material is deposited ma
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ng damascene pattern accor

wher el rlafé?b aE’&‘ qu Yer!lmcfgigﬁgéici i R'h. 4'19@411&0% &f@(?,rvahmexlié-g@g%tiiﬁ, Dl Ii])%cnOf

pol ymer -or ?ence dut ng pr OCGSéI rrlﬁ }I,Zﬁ
formed using standard lithography and plasma etching methods known in priorart ILD films
can be of either organic or inorganic materials. Organic type materials include: porous or non-
porous polymers such as, poly-tetrafluoro cthylene (PTFE), polyimide, low-k matenals like
SiLK, (Manufacturer: The Dow Chemical Company, Midland, MI), poly arylenes, cyclotenes,
and teflons, and/or polyimide nanofoams. The inorganic and hybrid (combination of inorganic
and organic components) type materials include: silicon dioxide, silicon oxy-fluoride (SiOF or
FSG), spin-on glass (SOG), nanoporous silica, organo-silicate glass (OSG), methyl
silsesquioxane (MSQ), hydrogen silscsquioxane (HSQ), and/or silica aerogels. The thickness of
film 34 approximately equals the depth of the final stud via plus the thickmess ol the second
interconnecting metal line (or the trench depth). Barrer layer 32, which is usually an inorganic
film such as silicon nitride or silicon oxy-nitride, is deposited to protect the underlying metal 30
from being attacked during etching of trench pattern. Film 32 has a thickness of approximately
between about 500 and 700 °A. Although in the preferred embodiment ILD filin 34 1s formed of

a single material, it can be formed of two or more TLD layers of slightly differing properties.

However, 1o etch stop layer is used in this invention.



r. 11. The method of form ng a dual danmascene pattern according to clann 1,
wherein said BARC-2 filmfills said via conpletely 12. The nethod of

form ng a dual danmascene pattern according to claim1l, wherein said BARC 2
elmfills said via only partially 13. A nethod of forming a via-first dual

- damascene netal pattern, with the use of two bottomanti-reflective coating

(BARC) filns; the nmethod conprising: providing a substrate having a netal
hne and a barrier f Imon top of netal, formng an inter-level dielectric

filmoxt saiRgfdg fogigs, thte zir@glmqwa BARC h%sedegbaﬁﬂé@%hﬁlaéaﬁ vid@se figvel

dielectric filin to said metal line, form ng a I nyer to coat™the
surfaces B@xﬁz@@fﬂm\asam&o&aﬁ be OB 2R iRl AR dr-drfihi oZmhRHAis h&okhéd' Sa' d
of

via hole, formng a nmetal wiring trench pattern in e upper par

sai d digleGbliif afcbhfPtmilhdinBY Bl ed lx'x?-{hxéjﬁrgﬁﬁﬁ@ &ﬂbﬁﬁ@lﬁ&tﬁs i %Eé fnaﬁnal

strippin~cleaning the said two BARC'filns, and fil amascene

pat t er Ny & BnibBka of zl-[ﬁ;rox-fﬂgte{m!% paRds @Y - H6 PA B9 cohtY, 'ﬂ% deﬁcfsngd"? laéjq geene

netal pattern accord to c m 13, wherein sal eve ctrl c

The et °9‘§{??f%?oﬁfné‘%§a§1 i Ph PR oL RAGA by h@*@ﬁgfﬁsﬁm@@rd. g
to claidg g, e a%' ﬁ\m?eav&sfeﬁw\fﬁ:riigr@%@ktsc@ b AR £ e%{?‘d\ﬁﬂ' d@t Ltmmé]gi‘tﬁ:des

films; porous or or ous such as, uoro yl ene

B S A e e
S RBT B AAT E  S
o P ekl e A b RH s~
and/ or Qa%ﬁr%g%]ate \ bse?vsl aui XRP8 gnci %@)cenhpoxsca Although the preferred film in this
embodiment is a proprietary material AR3 (Manufacturer: Shipley-SVC, Sunnyvale, CA 94086)
as it 15 called in the trade, one who is skilled in the art can readily substitute AR3 with alternate
materials, without departing from the spirit of the invention. Examples of some of these

alternate BARC-1 films are deep UV BARC matcrials such as DUV-42 (Manufacturer: Brewer

Science, Inc., Rolla, MO 65401, USA).

Following the deposition of BARC-1, a second BARC-2 film 40, which is an organic
material in this preferred embodiment and of the planarizing type (i.e. easily fills via holes) is
then applied, such that the film partially fills the via as shown or completely fills to give a planar
structure (not shown). Tt is to be noted here that the step coverage achieved due to BARC-1 and

BARC-2 films around via edge is greatly improved, when compared to step coverage achieved in



| 7. The method of formng a via-Il;irst dual damascene netal pattern

according to claim 13, wherein said BAftC filns are preferably organic

materials. 18. The method of formng a via-first dual damascene netal

pattern according to claim 13, wherein said BAR C1 material has a film

< thickness of between about 600 and 700 A 19. The nnet hod of forning a dual

damascene netal pattern according to claim 13, wherein said BARC-| nateri al
is deposited in a partially conforrmal manner or preferably in a fully

cor zf or prbr amganeibwn b§ arro® i2Big. TheA liwubb fropficth it itk kradd tahitDUVEZY
damascene netal pattern according to clam 13, vrhereiri said BAFF.C-2 film
t hi ckne@danudacoptsn: Braved Sciengedapatation, das eRaltm) MO 66401pUSKINEY used af BARE -2lur i ng
processing. 21. The nethod of formng a via-first dual danmascene netal

patt er nfigeCothel BEitdbiz elatdrims Joad, bavBasetuteds ditlold: Mp&rtidg f fedni thé Ishigit Sl @e Vi @
conpletely ox partially. 22. The method of formng a via-first dual

danas c e friventfiat FxaRplel WFMotRE COARICDY Hilhe af! BUNV=3Z 3nd/¥h KCH- 075 Aleh iR @b 1 S
al um num or copper. 23. A nethod of formng a via-first dual damascene

pat t er nBydvid GuienttSCatgodiios 1ed) IRARPMCEYSI0L, UHR). "RLJGIme@BRY dfSlidHllinR Vi di ng
a substrate; having a netal line and a barrier filmon top of said netal
l'i ne, partial fill or complete fil1), via-bottom is adequately protected from punch-through of the barrier

film 32 during trench etching.

Referring now to Fig. 4, there is shown a resist mask 42 aligned 1o via 36 and with the
trench pattern developed in it, using conventional methods of lithography known in prioe art.
The two BARC films 38 and 40 also serve as anti-reflective coatings for precision resist

patterning with improved dimensional control.

Referring to Fig. 5, there is shown a trench pattern 44 elched in the top part of inter-level
dielectric film 34 and to the required depth (approximately equals the metal line thickncss
required), using an anisotropic plasma etching in a magnetically enhanced reactive ion etching
reactor. The bottom portion of via pattern remains partially filled with BARC-2 film 40 as
shown. Due to the presence of BARC-1 that protects via-walls near the edges, via profile
remains vertical with no erosion during trench etchung step. [t is to be noted that the plasma
etching process used depends upon material types of the ILD film 34 and the BARC filins 38 and

40. For example, if both ILD and BARC {films are organic, then the etching process should be

10



«formng; an intc.~-level dielectric filmon said barrier filmw thout
providing an etch stop layer, formng a via hale through said inter-1|evel
dielectric filmto said nmetal line, formng a BARC-1 | ayer to coat the
-surfaces of said via hole) formng a plastarizing B,A 1~C-Z |ayer to fill
o said via hole, formng a wiring treztch pattern in the upper part of said
dielecttyc film and fot7m ng the dual danascene pattern after

5tri ppi n~cl eaning said two BARC ftlnms. 17 n 24. The nmethod of formng a

via-firsg,dua ?ﬂﬁp n.accordi ng to m 23, wherein the

inter-| e%/uecl d*oec?%c rl:ic réﬁhlglﬁ{:t ﬁﬁggﬁgﬁgﬁﬁpéh“fé‘*ﬁéﬁ‘ﬁ%r Diulapreqwrestnsor ous
pol ymer sy 4 ¢nas b 29! f ro. et hyl ene (PTFlI:), and/or polyrmde. 2S.
The net hod of fornﬁg‘ﬁgg%@fi@fa%%“?@ﬁ%&E@Q ne pattern according to claim
23, wherein the inter-1lcvel inoxganic/hybrid dielectric filmns include:

silicon diox~dc, silicon oxy-fluoride (SiOF or FSG, spin-on |;lass (SOG,
silica aerogels, nethyl

~d n oxy-fluoride (SiCF or FSQ
Ci T Sesqu oxanc (e 98 bR iR B A hork iy Mo oty  mstionsie

t hod ] a Vi a-fi l,, d tt I | o0 cl aim 23,
wner oi n- 25t ey fe Yadordzhdbs, WA RIS B R gpBH g cnabin e 27
Th t ' ia-first dual d tle di t | ai
26, whor B PARTE BARRARCH, s 45 WAERY 1ol | AvY HPRBABEC e robi aBout 600

and 700 A, 28.. The hod of fornin dual damascene pattern according to
claim 2 31:6%%4,%)5 ﬂlggg){? &mger s%ppmg or bygadgitton of a gry or wet clca.rrl)ing process known in J

prior art.

Fig. 7 shows the metal pattern 48 formcd in the dual damascene structure 46, after
depositing a metal such as alumimum or copper, using deposition methods: chemical vapor
deposition, sputter deposition, ionized metal deposition, force-fill, electroplating, or clectro-less

plating, known in prior ast.

The advantages of the present invention, using dual BARC films to form dual damascene

structures without the use of an etch stop layer, are summarized as follows:

- Using dual BARC films achieve well defined vertical etch profiles of both wiring

trench and via.

- Good profile and dimensional control of damascene pattern is achicved without using

11



«BARC-1 material is deposited in a partially confornmal nmanner or preferably
ina fully conformal manner. 29, The nethod of formng a via-first dual
damascene pattern according to claim23, 18 wherein said BARC-2 elm
‘thickness is optimi zed to generate | east anount of polymer or fence during
processing. 30. ThE nethod of formng a via-first dual damascene pattern
accordinb to clam 23, wherein said BARC-2 elmfills said via coxxtpletely
or partially. 19 A @A A A AT AY@0 A L Ar. A9(y. AaYy LA LA LA

UF. AF. AL. A{ . A3:%"?EF€"§ Sép@yef’ thereby maintaining the Tow-k value of the inter-l - :
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=%-C=} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]c

a] ca] ca] ca] cal] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca]ca] ca]caV]ca!7

tatt H#) HHI3SS SS9 E&&.. L'(t' ))).[*-}w mhc”Y] ca] ca] ca] ca] ca] ca] caV] ca] ca]
ca] ca] ca] ca] ca] caﬁ%@%ﬁ] (é;gj”bé'] g]t@aglw}lmama]egmjcgm&tﬁ% %ﬁl]nca] ca} cal ca] cal
-~/ /M P/]]f0kOOVBASET779; thates via edge
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a] ca] ca] CQ@W/%@%M{ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caltdfEHLa] ca]
ca] ca] ca] cal’ %z 22P\ De YRATHQO AR5t skulldd in TR art that various chan

ai a| aabb}xsni.d l{%% cl.ca] ] ca] ca] ca] ca] ca] ca] ca] ca] caJca caf}&%%sd]’@’al]cca] ca]
ca] ca] ca] ca(igca]co 1284 FRtifs o] depdrtind frah owlspiag gt seBpdf iy Eint Q& () - s109%& () -
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1. A method of forming a dual damascene pattern; the method comprising;
providing a substrate having a metal line and a barier film on top of the metal line;
depositing an inter-level dielectric film on said barrier film,

forming a via holc through said inter-level dielectric film to said metal line,
depositing a BARC-1 layer to coat the surfaces of said via hole,

depositing a planarizing BARC-2 layer to fill said via hole,

forming a wiring trench pattern in the upper part of said diclectric film, and

forming dual damascenc patteru after stripping/cleaning said two BARC films

2. The method of forming a dual damascene pattern according to claim 1, wherein said

inter-level diclectric film is composed of one or more layers of an organic material.

3. The method of forming a dual damascene pattem according to claim 2, wherein said
inter-level organic dielectric film includes films. porous or non-porous polymers such as, poly-
tetrafluoro ethylene (PTFE), polyimide, polyimide hybrids, low-k resins like poly arylenes and

cyclotenes, teflons, and/or ployimide nanofoams,

4. The method of forming a dual damascene pattern according to claim 1, wherein said

inter-level dielectric film is composed of one or more layers of inorganic material.
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. The me ormu ascene pattem according to ¢laim 4, wherein the

inter-level inorganic/hybrid dielectric films include: silicon dioxide, silicon oxy-fluoride (SiOF
or FSG), spin-on glass (SOG), nanoporous silica, organo-silicate glass (0SG), silica aerogels,

methyl silsesquioxane (MSQ), and/or hydrogen silsesquioxane (FISQ),

6. The method of forming a dual damascene pattern according to claim 1, wherein said

BARC-1 and BARC-2 films are organic materials in the preferred embodiment.

7. The method of forming a dual damascene pattern according to claim 1, wherein said

BARC-1 film has a thickness of between about 600 and 700 °A.

8. The method of forming a dual damascene pattern according to claim 6, wherein said

BARC-1 material has a viscosity of approximately between about 9 and 20 centipoises.

9. The method of forming a dual damascene pattern according to claim 1, wherein said
BARC-1 material is deposited in a partially conformal manner or preferably in a fully conformal

manner.

10. The method of forming a dual damascene pattern according to ¢laim 1, wherein said

BARC-2 thickness is optimized to generate least amount of polymer or fence during processing.
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11. The method of forming a dual damascene pattern according to claim 1, wherein said

BARC-2 film fills said via completely

12. The method of forming a dual damascene pattern according to claim 1, wherein said

BARC-2 film fills said via only partially

13. A method of forming a via-first dual damascene metal pattern, with the use of two
bottom anti-reflective coating (BARC) films; the method comprising;

providing a substrate having a metal line and a barrier {ilm on top of metal,

forming an inter-level diclectric film on said barrier filin,

forming a via hole through said inter-level dielectric film to said metat line,

forming a BARC-1 layer to coat the swfaces of said via hole,

forming a planarizing BARC-2 layer (o fill said via hole,

forming a metal wiring trench pattern in the upper part of the said dielectric film,

forming said dual damascene pattern after stripping/cleaning the said two BARC

films, and

filling said dual damascene pattern with metat,

14, The method of forming a via-first dual damascene metal pattern according to claim
13, wherein said inter-level dielectric film is composed of one or more organic or inorganic film

layers.
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15. The method of forming a via-first dual damascene metal paticm according to claim
14, wherein said inter-level organic dielectric film includes films: poTous or non-porous
polymers such as, poly-tetrafluoro ethylene (PTFE), polyimide, polyimide hybrids, low-k resins

like poly arylenes, cyclotenes, teflons. and/or ploynmide nanofoams.

16. The method of forming a via-first dual damascene metal pattern according to claim

14, wheremnt said inter-level inorganic/hybrid diclectric films include: silicon dioxidc, silicon
oxy-fluoride (SiOF or FSG), spin-on glass (SOG), nanoporous silica, orguno-silicate glass

(0SG), silica acrogels, methy! silsesquioxane (MSQ), and/or hydrogen silscsquioxane (HSQ).

17. The method of forming a via-first dual damascene metal pattern according to claim

13, wherein said BARC films are preferably organic materials.

18. The method of forming a via-first dual damascene metal pattern according to claim

13, wherein said BARC-1 material has a film thickness of hetween about 600 and 700 °A
19. The method of forming a dual damascene metal pattern according to claim 13,

wherein said BARC-1 material is deposited in a partially conformal manner or preferably in a

fully conformal manner,
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fence during processing,

21. The method of forming a via-first duul damascene metal pattern according to claim

13, wherein said BARC-2 film fills said via completely or partially.

22. The method of forming a via-first dual damascene metal pattern according to claun

13, wherein said metal is aluminum or copper.

23. A method of forming a via-first dual damascene pattern without using an etch stop
layer; the method comprising'

providing 2 substrate having a metal line and a barrier film on top of said metal line,

forming an inter-level dielectric film on said barrier film without providing an etch stop
layer,

forming a via hole through said inter-level dielectric film to said metal line,

forming a BARC-1 layer to coat the surfaces of said via hole,

forming a planarizing BARC-2 layer to fill said via hole,

forming & wiring trench pattem in the upper part of said dielectric film, and

forming the dual damascene pattern after stripping/cleaning said two BARC films.
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wherein the inter-level diclectric film includes organic films: porous or non-porous polymers

such as, poly-tetrafluoro ethylene (PTFE), and/or polyimide.

25. The method of forming a via-first dual damascene pattern according to claim 23,
wherein the inter-level inorganic/hybrid dielectric films include:  silicon dioxide, silicon
oxy-fluoride (SiOF or FSG), spin-on glass (SOG), nanoporous silica, organo silicate glass

(OSG), silica acrogels, methyl silsesquioxane (MSQ), and/or hydrogen silsesquioxane (FSQ).

26, The method of forming a via-first dual damascene pattern according to clamm 23,

wherein said BARC-1 and BARC-2 films are preferably organic materials,

27. The method of forming a via-first dual damascene pattern according to claim 26,

wherein said BARC-1 material has a film thickness of between about 600 and 700 °A.
28. The method of forming a dual damascenc pattern according to claim 23, wherein said
BARC-1 material is deposited in a partially conformal manner or preferably in a fully conformal

manncr,

29. The method of forming a via-first dual damascene pattern according to claim 23,
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30. The method of forming a via-first dual damascene pattern according to claim 23,

wherein said BARC-2 film fills said via completely or partially.
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