“57NOV 2008 . METHOD OF FORM NG DUAL DANMASCENE PATTERN USI NG DUAL BOTTOM :
ANTI - REFLECTI VE COATI NGS (BARC) BACKGROUND OF THE | NVENTION (1) FIELD OF.
THE | NVENTI ON The present invention relates generally to nethods of formng
dual damascene patterns and nore particularly to nmethods of form ng dual
damascene patterns, w thout the use of etch stop |ayers, using dual bottom
anti-reflective coating (BARC) films. (2) DESCRI PTION OF THE PRI OR ART
Damascene is the practice of creating nmetal inlay patterns_first devel oped
by ancient artisans of Damascus, hence the word damascene. SENAYI 2906
damascene and dual -damascene patterns are essential today in the
fabrication g\fFEﬁ%#ﬁl W ring in sem conductor devices and integrated
circuits. Du Qé‘é‘r%ﬂwﬂ%cpia%mﬂwsaﬁmmmmmmmm ve nethod of
form ng copper interconnects since copper is hard to etch by a plasma
process due to non- VM ANTIBEFLEG RV EFFOATRIGSEBARCHN products. Damascene
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 remmy,i cess nmetal by a planarizing process Dual
danmascene invol ves a g@@ﬁ%ﬁ@%ﬁ@%ﬂ@?%@@éﬂ es of via holes are

etched and fill _ed by nmetal in addition to the trench. | 15NOV2006 Sever al

—t

nmet hods of (aa Wl 1 e patterns have been described in the prior
an, and in ‘;}ZF 'cﬂﬁpgﬁﬁt‘%ﬁ'&mfﬂods are described: self-aligned,

trench-first, and via-first. Sell=

The present invention relates penerally to methods of forming dual dmmascene
patterns and more particularly to methods of forming dual damascene patterns, without the use of

etch stop layers, using dual bottom anti-reflective coating (BARC) filims,
2) DESCR_IPTION OF THE PRIOR ART

Damascene is the practice of creating metal inlay patterns first developed by ancient
artisans of Damascus, hence the -word - damascene. Singic 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-cfféctive method of forming
copper interconnects since copper is hard to etch b&ra plasina process due io non-volatility of
many of its reaction products. Damascenc process as practiced today simpiy-consists of etching
a wiring trench in a diclectric film followed by filling the trench with metal such as aluminum or

* copper and the:i removing the excess n-mtal by a planarizing process. Dual damascene involves a

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




~aligned nmethod has already via patterned and enbedded in an internediate
| ayer. Vi‘a hole and::txench are etched at the same‘iti-ie. However, this
met hod requires a:thick internmediate |ayer as a trench-etch stopper and
requires precise ali'gnment accuracy during |ithography. Trench-first
> method is not a very:;.manufacturabl e process since it requires a thick
~photo-resist to be able to etch via pattern through an alfgaiy 20¢hed
wiring trench; and it is hard to develop a via pattern in thick resist.
Via-first - rgaches: with and without an etch stop layer. In the
via-firs vh\?et% ﬁ%ﬁ@cgﬁ&e‘ﬁ%’%@f’oﬁﬁi damasceng ipattdrs havebred déscribid i driagad r ench
second,,However . tt;_‘ench etch has to be stopped somewhere in the nmiddle of
the dielectiic. FHIESPehRds @fg deseribsd) yselffalighed, etcatifrad end waifar mitjes are

very ggo ondl it may be difficult to renove all the photo-resist
wi t hin ?%%%ﬁlﬁgﬁﬁ%ﬂfﬁa ' Paeid 19d stmbedred imemdingareediste hayst, OPialiRYLq NOSt Of

the a abl e re resolved, while creating a new one. The silicon
nitri ?géﬁt‘%lﬁg{e °?°§’e §t«§€e Y edcet v eseiotis rastbed reduies nghick infehgdiidé RLQGL B i C
| consta%tnchic%h{,ﬁft in cgl ace in the structure and increases the overall
capaci t ance SR RO IR iaR et Peapligng cosendumey tixing Nbegrapey ol ghect ri C.
G rcuiéetge(ﬁéornance in terms of speed (RC delay) is degraded as a result.
Al t HESENEORbAYHPIRishurdlq pracasesine in raglirent aggsphotos@sistsy bl §61efg OM

pr obl errcz1t uni que to each nmethod. Two factors are inportant in fabricating
vi a- f iFEVHPRCTARREk ahdresdy efchedrvasing perchi andliis hatd todevelop avia patérm g "0 L
5 NO\/']E%OOG .when an internediate: etch stop layer is not used i) via bottom
needs 6K BRSIShIGt-E6Y s woowppiasie withrod ghithturng S @efete hedsld ) Via
edges at the top need to be protected from eroding during '

without an etch stop layer, via is etched first and the trench second. However, trench etch has to

be stopped somewhere in the middle of the dielectric, This is practical oni.y if the etch rate

uniformities are very good. Secondly, 1t raay be difficult to remove all the photo-resist within

via,

In the via-first with an intermediate erdz-sfop layer, most of the above problems are
resolved, while creating a2 new one. The silicon n_itr_idc that is _uscd as an etch stop layer, having a

' high dielectric constant, is left in place in the structwre and increases the overall capacitance
when a low-k material is used as the inte_r—levé] dielectric. Circuit performance in terms of speed
(RC delay) is degraded as a result, All these methods while offering ccrtaiﬁ advantagcs'alsé

suffer from problems unique to each method.

Two factors are important in fabricating via-first dual damascenc structures, particulariy



trench.etch. Anti-reflection coating (ARC) naterials have been used in
- prior. art:to overcone. . these problens with .only partial;-success. Wile

- confornal ARCS. and.-BARCs al one protect via - edges,. they cannot prevent

punch-through of via“bottom particularly when etch selectivity to the -
underlying | ayer is-.not- hi-gh enough. Planarizing ARCS and BARCs al one, on
the other hand, protect the via-bottombut cannot proteci Stl\@"? M- edges
due to poor step.coverage of the coating around the edges.” Sone of these
met hodgyp, .ated problens with each nethod are described in a paper,
Maki ng tﬁg%wﬁﬁﬁg%gﬁﬁlﬁ?ﬁ@a%@@éh@ e apeis bithm RIAL Ihshed ti n_Sem conduct or

I ntern&}&l‘%ﬂghﬁng?ﬁ 753 ~August 1997 and in a paper, & gg‘Fﬂ Cid AR prsk es s
Eval uati ofi fur &f%e ?é@dflﬁl}aﬂedsamswﬁﬂﬁn@e@%e&[}j %%feddg( SPIB. .
Mcrolﬂ'rgnm%{cgp%_ Feb. 2001. US Pat. No. 6,228, 76 S@ersing daripet hod of
covering m cro- {reficchens cqating (8RE) mprcaialyaadk bonddi ¢l ectric layer after
chem ctﬁéserrr)?(%tpani cal polishing of a netal int er connect P97 13 PrPvergome o pl ug

structure: SoVEt pily garviahsurcesd Whid esrsrh AREIL ; tion coating (DARC)
or SiQy [layer is deposited to cover the mcr o-s%’?ﬁ%‘%ﬁé%?lo%mﬁ?ﬁrﬁi% he net al

i nt er connect? FaPPErFenopaal-trgoushef el tlaeeni e protective ‘layer and in the
di el e%ﬁeir .Iﬁg%rr._ The pattern is then fil 1%&%\%“2% léemf&' RF¥I 9ehd ayer and
cheni ca ﬁ@@ cantyiigotrosbiedPlasar-eipONRCE B% BXRES S ,cONduct or | ayer. The

protegiive | ayer also serves as a pol'i sh stop T pf ettt Heftheckastiches

bei ng PSR imbatiem b cannot protect the viaedpes I}% 2006 dielectric layer, US
Pat. No. 6,251, 774B1 describes a net hoéc%?‘erm uofrg%{’ﬁ?’f%eé’fg@rﬁ%mductor

devi c&Oyl the edges.

| Some of these methods and _associatcd problems with each method are descn'bcd ina
paper, Making the Move 1o Dual Damascene Pracessing, published in Semiconduct
, | g uctor
International ' '
tonal, p. 79, August 1997 and in g paper, Organic BARC Process Evaluation Jor Via

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

US Pat. No. 6,228,760B1 describes a method of covering micro-scratches that are

| produced in a dwleqtn‘c layer after chemical mechanijcal polishing of a metal interconnect film in

4 via plug structure. A protective layer of dielectric anti-reflection coating '(DARC) or SION

layer i ] i k
yer 1s deposited to cover the micro-scratches, To form the metal interconnect pattern, opening
r -

15 etched in thc protective layer and in the dielectric layer. The pattern is then filled with the

c ! . - - . . V
onductive layer and chemlc&l-mechamcally polished to remove the excess conductor layer. The

" protecti 1
protective layer also serves as a polish stop to prevent new scratChes being formed in the




-

‘barrier. formed at all other portions of the via. The inperfec

forma metal interconnect in a via-first type _ofu dU&}' pla_masc?ane ftructure :
on a |ower netal pattern w thout danmaging the lower Wi ngf. ?Z? .Si eon
ot de i Sa veconid STl con nitride fiim and o sccond ailicon ontde silm
oxide film a second silicon nitride fi ‘ nd sil _ |m
i it | ayer. A via hole is etche

are sequentially deposited on the |ower wiring | ne
above tﬂe wiring layer, passing through the top twoI : ayﬁr‘fggg?g tgAngSI S
is filled within via so as to cover the internal wa | sur dre and BARC
mat erid% {ﬁc hen deposited over the oxide. BARC film |?] use 0 enha
t he per?cc():r rre#%eé‘ of the lithographic step in defining the Lr _enct sk hed
pattern with superior dinensional ac](c:_ura;:y. VY!’I ng Lirt(:apicdel fsi then et

i the resist in via protects the firs silico ro ,
mlnlzﬁ-t hr o gh. Via steps, however, are not adequately protect led.tiUi Pat NO'_.
6, 306, 7328‘;} desBipj @%%LEMBA;sﬁgmmmaﬂnd? OB ﬂa‘?@“g?%%}‘@%wﬁg%ECﬁ 8 i by
i i reliability and resistance of a sing .
lT sig LS*O%%% rﬁ%@‘ﬁfl‘@ﬁ*ﬂﬂ%&% TS Bipe af dudh daboktremrofiule a\bderdfid a@%r;r; ?Ingr
o ouk POF HEIRS e e et saginashels bo udnsbial g ice | pushes

tal atoms against the barrier film Pa . 6, , 29 ¢

1E ggr in%ﬁ‘t F‘Bﬁoqrﬁf%gﬁ% 4 edor stinen amrmidatitef andliaS@EdAQr éiiiéo‘ﬂ“m&?ﬂ: gL e ! teveI4
dielectric I]a ers due to anti-reflection coatings (ARCs). This paten Wy
- .. Sequentially deposited_on the Jower. wiring tayer -A via- hole t5-etcled above the 'wiririg{ %%ar:}]&gC from
2006 wuses_a barrier layer such as silicon nitride to prevent ,

coni e BEtehdic wp two taers. idnpleto fesivels fle@WaBH L dg!té&ﬁx:gp ?ne RGaised are

' he i norganic type such as silicon oxy-nitride (
. of th“?aul g BAJ%/(?

wall surface and material is then deposited over the oxide. BARC film is used 1o enhance

the performance of the lithographic step in defining the trench mask pattern with superior
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. No. 6,306,732B1 describes an apparatus and method for improving clectio-
migration reliability and resistance of g single or dual damascene via by using an hmperfect
' barricr:ﬁlm at the bottom of the via and a strong barrier formed at all other portions of the via.

The imperfect barrder allows for metal atoms to flow through when electro-migration force

pushes the metal atoms against the barrier film.

JS Pat. No. 6,265294 describes a fabrication method to reduce the amount of

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



SUMVARY OF THE | NVENTI ON Accordingly, it is a primary object of the
invention to describe-a nethod-to forma via- first..dual-:danmascene wiring
pat t'er-n,  wi t-hout - punch through of the via-bottomor:erosion of via-
corners. "It is.yet. .anether object of the invention to descri be a nmethod of
formng a via-first dual damascene wiring pattern, ‘using two |ayers of two

different types of _bottom anti-reflective coating filns \qﬁﬂpﬂ @Bhe vi-a
prior to etching. of the wiring trench. Yet another object i nvention
is to describe a method of formng a via-first dual damascene pattern,

Wi t housestaiartisgayed s@fh.dsRILk | n accordance with
t hese objecti ves}Q a et hod ??g%escrp?%"%at @%wﬁ%ﬁ cOmigEH centay with thelanmscene

st r uctintérdevel QiclddficARRE tch r wi t hout punch-t hrough of
via bottom or erodi ngngt%a&gggﬁsggs fs&‘%gm@i“ iRG SY¢h o wilioey et Over

met al (M()N?ng protected by a barrier film an inter-level dielectric film
is deposited and via is etched in the dielectric filmstopping on S 15
NOV 2006 the barrier layer. Via walls and surfaces are then conformally
coated with a first type of BARC film which protects via step during

etching. Via patternis f“”:ﬁ‘&(ﬂlf[!ﬁ lally or fully, with a second,
pl anarizing type of BARC materia Wﬂ"ﬂg’?{‘% Y ttern is then forned
using a trench resist mask and plasnma etching process. The two BARC fil ns
t oget her protect both the via- bottomand via-corners during trench

etching. HAdchRi ihe ‘%EE ms at the saint tinme and cl eaning
any of the c():rgar%f}’nglA re |§139m O%E}%Tlﬂiée“ﬁa‘f {efgioRbsmpethed therprodess. BRI EF
: .RESCREIRTdMaS&!ﬂE Wﬁ%ﬁ without punch-through of the via-bottom or erosion of via-

comers.

It is yet another ob_}ect of the invention to descnbe a method of forming a via-first dual

damascene wiring pattern, usmg two layers of two dlfferent types of bottom anti-refiective

coating films within the via prior to etching of the wi ring trench,

Yet another object of this invention is to describe a method of forming a via-first dual

damascene pattern, without the use of’ an infermediate etch stop layer,

In accordance with these objectives, a method is dcs,cnbed {o form a via-first dual
damascene structure, in the absence of an eich stop layer, wtlhout punch-through of via bottom
or crodmg via corners duting etching of wiring trench. Over metal wiring protected by a barrier

film, an inter-level dielectric film is deposited and via is etched in the dielectric film stopping on




-

Fig. || i's arcross-sectional view, showi ng the formation of a via-first
damasecene structure:i.agcording to prior art when-.an etch stop |ayer and

pl anari.zing. BARC only:-are used. Fig. 2 is a cross-sectional view, showi ng a
via hole etched into an‘inter-level dielectric: - film deposited over a

~barrier filmon top a nmetal line. Fig. 3 is a cross-sectional view of via

showi ng conformal |y deposited BARC-1 filmand planarizi ng {BARGY 2t eri al

~ partially filling via pattern. Fig. 4 is a cross-sectional view of via

"‘the inter-level dielec

_ patterréwsig‘t%ggﬁqn@%ﬁ:a%{ngie? .to the invention. DESCRIPTION OF T
0

pat t er the bahienispe. avik §sh with trench pattern defined. 6
-------------- e f%%méﬁwﬁw thep capfoymelpemitedaditt onal Wi 615 Rk ~dual
danascﬁme“maﬂltﬁ&gmfigg%ﬂ%the% trepch pattern etched in t?{e upper part of
o4 Tfines; g%pa@wmsaxr@momdsmﬁw@mgc@ f final
dual decaacERS R t the resjst mask and residual BA I 'ms have
been remved g%&ﬁ&{bgﬁfé@ Basidle Y irsa aknahi petterafis ﬂlﬂaforﬂmﬁ?ﬁ tal
ERRED
EMBODM ENTS Referring 10 i jo°°8s: Theeie BARE Hims teuenr bivtdot Yok QIEY. A

damas eefém SLd Uel th via etched first according to prior art. met al
line 10 is shomu’g‘g"%?%”‘f“?a‘éb'ag-i t&EPPngsbe massr addaBAR Clins of ML €l Vel

di el edeiagd tie ) W'% n etch stop layer 16 in-between,
pl anari zi ng B%[Ig&g én%é)?gfaéro%%agfcl él“f%@l‘ﬁ%%lam@mcoﬂnp]eieshé prolgs noted that the

BARC filmthickness over the via-edge 26 is

BRIEF RESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional vi 1 { '
z cross-sectional view, showing the formation of a via-first damascene structure

according to prior art when an cich stop layer and planuﬁzing BARC oaly are used

Fig. 2 i -scctional vi ing a vi ' '
& < 15 a cross-sectional view, showing a via hole etched 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 Ebnfonnaﬂy deposited BARC-I 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 pattem
defined. -



quite thin (shown by arrow), providing poor step coverage during subsequent
.wiring trernch etch* :After trench resist nmask .22 is.aligned to the via-top,
trench:pattern is-etched in the top dielectric: film15-such that etching
stops on etch-stop-[ayer 16. \Wen trench pattern‘is etched, due to non-
uniformties in filmthickness and etch rate, via-edges get eroded when
trenches over the whole wafer are etched to conpletion (i, e. to stop on
the etch stop layer 16). The eroded via-edges are shown by5dtM &6 i nes
24. 7 ﬁé R 5 NOV 2006 Figures 2 through 6
descri be t Hig prioeewsssistaivnfiloried of RufOdaviadedd n attern,
according to the present invention. Ref'errcﬁgﬁtﬁcéﬂé?‘gwg]gﬁfﬁrg?cz E?agte‘é“hovm a
first eivhedin the uppeShrool thinehidvel H@RQs kR a barrier layer 32 and an
inter-level dielectric (ILD) film34 in which via 36, with via-edge 36a,
has been forned using standard |ithography and plasma etchi ng net hods
known in prior art. ILDfilms can be of either organic or inorganic

mat eri al s. Figr §&nd erofsypeidmal Gkl $inhNgl : r00n-_porous polyners
such as, poly-tetrafluoro ethyl eﬁghlz%%}liE 135%81}5%?%%%@&'@%%5%%@9' s like
Si LK, refithail a0t ey bavd BecnDeMotdaem cal Conpany, Mdland, M), poly aryl enes,
cyclotenes, and teflons, and/or polyimde nanof oans. The inorganic and
hybrid (conbi nati on of inorganic and organi c conponents) type materials
include: silicon dioxide, silicon oxy-fluoride (SiOF or FSG, spin-on

gl ass ( SOGig. NBRAREN:BekGiothllviGA 1efdylel | ass G), et hyl

si | sesqui ox%ne (MSQ), hydrogenogﬂagg%gﬁ?%dfﬁ%l%ﬁ%?o?%ﬁB rdipg foche

aer ogebentiolhe thickness of film 34 approxi mtely equals the depth of the
-final stud via plus the thickness of the second

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig, ],. there is shown a partially formed damascene strﬁctm'c with via etched

first é.c;:ording 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 efch stop layer 16 in-between, planarizing BARC
18 partially filled in via 20. It is to be noted that the BARC filin thickness over the vig-edge 26 is
quite thin (shown by arrow), providing poor step coverage during subsequent wiring trench ctch.
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 ctch rate, via-edges get eroded Qhen frenches over thc-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.



i nterconnecting netal line (or the trench depth). Barrier |ayer 32, which
is usually an inorganic: fil'msuch as silicon nitride or.silicon ,
oxy-nitride, is deposlted to protect the underlying netal 30 from being
attacked during etching of trench pattern. Film 32 has a thickness of
approxi mately between about 500 and 700 A. Al though'in the preferred
enbodinment ILD film34 is forned of a single material, it_cag be fornmed of
two or nore |ILD layers of slightly differing properties: 98?@“%0 etch
stop | ayer S jn.this ingvention. 8 ---------- -&-non oo
15NOV2008 gé@é‘#r? %‘é“’%‘%.h Ei %%?Let Re ro%sise e v diRh ferminBaRGirst fums ddepasid ed

wi t hi i 1a.36 of Fig. . 2. BARC-1 film38 that can be formed of an

i norg ﬁ?%hgy&%ﬁﬁgg?gm@Vﬁgmd?mﬁﬂT%riaI is deposited preferably in a
conformal rmanner. However, in this preferred enbodi nent, an organic
material wth a thickness of approximtely about 600 - 700 A is
confornallﬁ_%%g?sited using_a spin coating process. BARC-1 fil mwhen
correct |y GEFHEE QL E et (Uhra? ist ohy aclnt oethlineo?0 pambicalid Weposieddf OB4rRL, Wi t h

adequat e vj a-step coverage) protects the via-edge 36a during trench
et chi _iag‘{?’ 3fjh%“ds aé’o‘ﬁ‘i"ff?‘?(ﬁ’i ‘f}%ﬂ%@ frePa fila 134jin witish ivipnisel with vimatize Bi6gNRE bidnsCOSi ty
and ngggr nol ecul ar_structure to facilitate conformal deposition so as. to
adequiPBIE) uEBs ¥rndprdlidpsrereand: plesns eichingimethpdcimdwwi i privalaks . [ Barmapt i mal
conformal d sition, the viscosity of BARC-1 is adjusted to be in the
r ange “*'bf® %fg% BXPTER e PY IS EaNE epateridut Oamin dyROnaeiils poiuse Horods bhgagh t he
preferred fill min tPi s enbodinent is a proprietary material AR3
© ( ManuPYEHUPRYMEBhTYST &5~ BYT tetRiilprpy ethdene IR THEO8A) yinade, ilbwiksmathiedilicn t he
- trade,. one who is skilled in the an can readily substitute AR3 with
al ter ﬁ'&%«g (MagwlastpersThapen Sthemiep Somipagy, Midmd,Rel)s poly iatyiges ! Helokdauent i on.
Exanpl es of sonme of these
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 silsesquioxane (HSQ), and/or silica aerogels. The thickness of
film 34 approximately equals the depth of the final stud via plus the thickness of thc second
interconnecting metal line (or the trench depth). Barrier layer 32, which is usually an inorganic
film such as silicon nitride or silicon oxy-nitride, is deposited to protect the underlying metat 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 is formed of
a single matenial, it can be formed of two or more TLD layers of slightly .differing properties.

However, no etch stop layer is used in this invention.



alternate BARC-1 filns are deep UV BARC materials such as DUV-42

. (Manuf act urer; Brewer: - Science, Inc., Rolla, “MO 65401, USA). Follow ng the
deposi-tion of BARC1;.:a second BARC-2 film 40, 'which is:.an:organic
“material in this preferred enbodi ment and of the planarizing 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 tH&@Vaes t o

BARC- 1 andlge%ﬁ%-tgﬁ%%nﬁlg%{aggag“éita %d e ismgr eatly inproved, when conpared

to step coverage achiéeve 'tCQMﬁmimids\h@Momg_ar row in

Fig. % AR rnr [ terial with trade name DUV32-J
( Manuf act ur er ?ggrsgmtgr %@%‘gﬁ%@g@&fﬁwma@w,or |onganic tRod damathhiGS d€bsitddSA) 1S

used @ﬁef@ﬁ%}@ d er itable materials can be substituted w thout
departing t1omt efblg%oalI ﬁaﬁ]‘n%fﬂl ver, V8 Htiteare Esaalsliresnt ofn @gdier mBARG- 2 il ms

are DMy 324 Qr eNCA- 273 (Manufacturer: Brewer Science Corporation, Inc.,
Rol la, MO egd}géf? °t§§}i??°x1“%?t%tﬂﬁ°%ﬁﬂﬁod@ooﬁ i @nfarinkiln gerfosiu®t nsikag thal fill

or Ccoppk: il La-bottomis adequately protected from punch-through of
t he bggr&%?%fprécfe %Sr ?%%#'gu&i“h@’%f"i‘ ERTEFLt devbyigd (Bletfee rfullyn gonToMl %f%agiullg’ t here
is Sh%dﬁw{‘%ﬁftl%e mask 42 aligned to via 36 and with the trench pattern
devel oped 1N It. UsT RYASERFERTTFINA Ao thodis-edge Iatdurigs aphy okR@IIN TR Pri or
art. co]iﬁ:?mﬁi"é’AE@RC Fi.allms 38 and 40 also serve as anti-reflective coatings
for precision Tedt e GAeiERes Rpays kikhdrvscoity dnd iomaaheloalia GRRGQl,
Referfﬁ%iﬂﬁtct(?oﬁ'?irg@ ?é there is shown a trench pattern 44 etched in the top
~ part of [nter-TaePePogian se e ite aflsqupicBacamd vinautibe:, Leabs! sthedeRtiN ia
-~ ( apprygis et gl x.eq[ual g the metal |ine thickness -

. rOF optitBal conforma deposttion, the viscosity of BARC-1 is adjustcd 1o be in the range

of approximately between about 9 and 20 centipoises.  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 materials 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

rsﬁ.‘ucture (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 siep coverage achieved in




required), using an anisotropic plasnma etching in a nagnetically enhanced
reactive i-on 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 erosi.on during trench etching step. It is to be noted that
the plasma etching process used depends upon material ‘types of the ILD
film34 and the BARC films 38 and 40 For exanple, if bothFIELBywrhsBARC
filns area&zﬂ%a ic, then the etching process should be . 10 ---------------

15NovABHE s 5ot g He  IALDotgH projafhd Blatctia) SR L] nhilyvﬁt ch the
BARC fi)Jnms. Sim|ar requirements hold if the ILD and BARC T e “at e both
i nor g&NPRUREHEF Biewer figpce Gommsationt Ine., Rotta) MY @41 rs8a ke AANBERENE
structure 46, with trench 44 positioned over the remdining via portion

36a, afTeltitheuidls srateriabk chinde bmbstitatd ivaRRD: Qbfari @URLAIWh] ch t] t he

BARC-1 and BARC-2 filns are renoved as wel |. Anﬁ; #ﬂe%ungljloﬁl F\h\géhg’i{gcoig%l dues

are PURBYRIH Bymples gt dther] BABEY2 stimi ppi THTes2 bigaddid i 99, %@% tdr%/‘ or wet

cl eani nquro_cess known in prior art. Fig. 7 shows the netal” Patt&fn 48

f or me@ T SHENGRUEP PoaHRs deneakaltar M ﬁB@iéGSAﬁf if6oth HRAREL {)1115]9 6 me(t al such
: : P ; g (Le.

as al um_num or copper, using deposition nmethods: chemca vapofIl

deposPEfigiL e e fiépuisitbiton is ddenidtas! pRdcak! RPHSIhRs. Qgrtg%-?f ill,
- electroplating, or electro-less plating, known in prior B, er
advan?%é%dmﬂ&tmclpctebemt i nvention, using dual BARC filns to form dual
damascene structures wthout the use of an etch stop |layer, are sumari zed
as follows: ,
Referring now to Fig. 4, there is shown a resist mask 42 aligned to via 36 and with the
trench pattern developed in i, using conventional methods of lithography known in prior arl

The two BARC films 38 and 40 also serve as anti-reflective coatings for precision resist

patterning with fmproved dimensional control.

‘Referring to Fig. 5, there is shown a trench pattern 44 ctched in the top part of inter-fevel
dielectric film 34 and to the required depth (approximately equals the metal line thickncss
required), using an anisotropic plasma etching b a maguetically enhanced reactive jon 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
Temains vertical with no erosion during rrgnch etching step. It is to be noted that the plasma
etching process used depends upon material types of the ILD film 34 and the BARC films 38 and

40. For ecxample, ifboth ILD and BARC films are organic, then the etching process shoﬁld be

10




- Using dual BARC filns achieve well defined vertical etch profiles of both
wiring -trench and:\i'a. .- .Cood profile and dinensional .control of damascene
pattern is-achieved:w.thout- using 11 ----- x-S 220905 'NOV 2006 any etch
stop |l ayer, thereby-mai:ntaining the | ow k val ue of the inter-Ievel
dielectric film. Optimal selection and optim zing the thickness of BARC
films elimnates via edge ‘erosion, via bottom punch-through, and pol yner
rails. Wiile the invention has been particul arly shown wi thf N@Veilitfhce to
the preferred enbodinent thereof, it will be understood by those skilled

i n t he S4Ftastqeleh Gig L1 fibm erdrny essigmfcabsy etaide BART QIR Mfig%&(ﬂﬁﬂcwthout
departihgl%igromthe spi.rit and scope of this invention. 12' 15 2006

c ai ns the P are BARESWms #rg bethduaganitanesene pattern, the met hod
conprising: providing a substrate having a nmetal line and a barrier film
on top of said netal line; depositing an inter-level dielectric filmon

said barrier film formng a via hole through said inter-level dielectric
filmto sai&sneslaws thnénal defios dedl ngmascBARGrubulade fwithr&@R 4 bhuss f aces of
said via hole, said BARC 1 . _

over the remaining via portion 36a, afier the resist mask has been stripped off, during which time

the BARC-1 and BARC-2 films are removed as well. Any remaining BARC residues - are

removed by slightly longer stripping or by addition of 2 dry or wet cleaning process known in

prior art,

Fig. 7 shows the metal pattern 48 formed in the dual damascene structure 40, after
depositing a metal such as aluminum or copper, using deposition methods: chemical vapor
deposition, spulter deposition, ionized metal deposition, force-fill, electroplating, or electro-less

plating, known in prior art.

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 achieved without using

i1




| ayer being fornmed of “an’ or ganic conformal bottom anti-reflective coating
materi-al to protect edges of said via hole; dep05| ti ng a planarizing BARC 2
| ayer on said BARC-1 I'ayer to fill said via "hole, said planarizing BARC 2
| ayer being formed of an organic planarizing bottomanti-reflective
coating material to protect the barrier filmfrompunch through, said
organi c planarizing bottomanti-reflective- coating material being

di fferent fromﬁ%al gbconf ormal bottom anti-reflective coatihd0Ne208sial;
formi ng a wiri gy Ficesop layed thedhby e of said inter-|evel
dielectric film and formng dus}al Ihaﬁu He é’“ﬁﬁ\’aﬁ'@rﬁf Hictinter-lsval dighicg and

cl eaning said #i¥8. BARC filns. 2. The rret hod of form ng a dual damascene
pattern according to claiml, wherein said inter-level dielectric filmis
-conposed of one or nore |ayers of an organic nmaterial. 3. The method of
form ng a dual @dgﬁnrrglscene pattern according to claim2, wherein said
inter-|evel “org& seetiencdndi dptifai 1 ses e nore of the foll ow ng:
pol y-tetrafl uoroethyl ene (PTF (E Zlnﬂ% @?n@g {108 pt %@éﬂhy&mm@ss viaQlye aryl ene
and cycl otene@oswreﬁdadmsom@mﬁthmw%m nanof L OANS. 13 - - ---eme--- -
15 NOV 2006 '

While the invention has beep particularly shown with reference to the preferred
crre.

embodiment thereof, it will be understood by those skilled in the art that various change L
s may be

made in
form and details without departing from the spirit and scope of this Invention;

Iz



4. The nmethod of form ng a dual damascene pattern according to claim1,
wherein said inter-level dielectric filmis conposed of one or nore |ayers
of inorganic and hybrid materials. 5. The method of form ng a dual
damascene pattern according to claim4, wherein said inter-Ilevel inorganic
and said hybrid materials conprise silicon dioxide, silicon oxy-fluoride
(Si OF or FSG, spin-on glass (SOG, nanoporous silica, organo silicate
glass (OSG, silica aerogels, nmethyl silsesquioxane (MSQ), driiNBydygsgen

si | sesqui oxane (HSQ . 6. The nethogjof form ng a dual damascene pattern
according to claim1, wherein saidBRRC-1 filmhas a thickness of between
about 600 and 700A. 7. The method of form ng a dual damascene pattern
according to claim1l1, wherein said BARC-1 material has a viscosity of

appr oxi mat el Y- bet weBRthah g forymgfluahdamaserng paiidrdhe methpd sompisisg of formi ng

a dual dames 3;%\@&9@5&@&%@%@55&mgetmine_bﬁ& Mbarrier H‘fﬂﬂiﬂo of@if BARC 1

material is deposited Iin sald via-hole in a partially tonformal manner or

in a fully conformetalheeiner. 9. The nethod of farming a dual damascene
pattern accordi n_sai filmfills said via-hole

conpl etely. f%gﬂgﬁéeﬁ%#%%%kégﬁ?g?ﬁ%ﬁgngnﬁﬂngﬁgggé%ene pattern according to
claim1l, whdomiifg 8 aiathoBARGugh baill ntérlevd did@trivofile oshid npaslting) 1 y. 11. A
Dot tom ant | - KEpDEBARGak g Tt ERAEE S O FHE RO L BARG nge
: layer being formed of an organic conformal bottom anti-reflective coating
material to protect edges of said via hole;
depositing a planarizing BARC-2 layer on said BARC-1 layer to fill said via
hole, said planarizing BARC-2 layer being formed of an organic
planarizing bottom anti-reflective coating material to protect the barrier
film from punch through, said organic plananzing bottom anti-reflective
coating material being different from said conformal bottom anti-reflective |
coating material;
forming a wiring trench pattern in the upper part of said inter-level dielectric
film; and
forming dual damascene pattern after stripping and cleaning said two BARC

films.

2. 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 an organic

material.

3. The method of forming a dual damascene pattern according to claim 2,
wherein said inter-level organic dielectric film comprises one or more of the following:
poly-tetrafluorocthylene (PTFE), polyimide, polyimide hybrids, poly arylene and

cyclotenes, teflons, and polyimide nanofoams.

13




provi ding a substrate having a netal line and a barrier filmon top of said

metal line; 14 -------mon & o e e 1 5 NOV 2006
formng an inter-level dielectric filmon said barri er film formng a via
hol e through said inter-level dielectric filmto said netal line, formng

a BARC-1 | ayer to coat the surfaces of said via hole, said}BARY ook ayer
being formed of an organic conformal bottom anti-reflective coating
material to protect edges of said via hole; formng a planarizing BARC 2

| ayer on said, BA I r fill id via hol i.d pl anarizi ng BARC- 2
| ayer being 191 or rreRgm%fm G%O%O%fggrglm %fi'gaﬁgrl Ezlsl‘%(f:f: paﬁ%ﬂ%ﬁn&gh ?(-)rc é‘i‘nllétti ve
coat i ng wiadréinisaitl idter-leve tdeddctdd@lnbBrebingosetliof bhd sranvre faveedvitidorgangh, sai d

organi ¢ pl.anari zin ottomanti-reflective coating material being
differ er?[g‘d%gﬁ‘ﬁllg’ﬁfeﬁagonf ormal bottom anti-reflective coating material;
formng a netal wiring trench pattern in the upper part of the said
inter-level dielectric film form ngf sai d dual damascene pattern after
stri ppi ng and-cl edempthadef deriming pdual gGamrasceng prsterneaseortling|tp Alging4i d dual

damasce Nehdldh L&A rﬁltg\j-ltebel E&Irl{ tl% ér% saimﬁ/bﬁﬁ m?glaf)sfcofn%gngé Q84 (ﬂ))ﬁﬂé, irst dual

damascene pattern accordi
silicon oxy-fluoride (SiOF or FSG), spin-on glass (SOG), nanoporous silica, organo

silicate glass (OSG), silica aerogels, methyl silsesquioxane (MSQ), and hydrogen
silsesquioxane (HSQ).

6. 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 700A.

7. The method of forming a dual damascene pattern according to claim 1,
wherein said BARC-1 material has a viscosity of approximately between about 9 and 20

centipoises.

8. The method of forming a dual damascene pattern according to claim 1,
wherein said BARC-1 material is deposited in said via-hole in a partially conformal

manner or in a fully conformal manner.

9. The method of farming a dual damascene pattern according to claim 1,

wherein said BARC-2 filim fills said via-hole completely.

10.  The method of forming a dual damascene pattern according to claim 1,

wherein said BARC-2 film fills via-hole only partially.

11. A method of forming a via-first dual damascene 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 film on top of said metal

line;

14




claim11l, wherein said inter-level dielectric filmis conposed of one or
nore organic, inorganic, or hybrid materials. 13. The nethod of formng a
via-first dual danmascene pattern according to claim12, wherein said
inter-level organic material conprises poly-tetrafluoroet hyI ene (PTFE),

pol yi m de, polyinmde hybrids, poly arylene and cyclotenes, &b\g&j and
pol yi m de nanof oams. 14. The nethod of formng a via-first cﬁJ %scene

pattern according to cI aim 12, wherein said inter-level inorganic and

hybrid materi Is cor di oxi con oxy-fluoride (SiOF or
FSG), spin- orllcamf X Ve?ﬂ L%%’&fg Ui @Qqer% Fyano silicate glass (OSG),

silica aer oge‘blsmngramwolesmﬁcﬁlgsqmcmtanleve(l NEQciricofiteh d)saidage tins] | sesqui oxane

2006 15, ThdORRTBEANC Shi Hpoat B arficrsef idaic BelimseidbAR ok ki

according to cl a'b@ﬁg%éme%?%ﬁb&aﬁ@'cgnmb%tt&ﬁtaﬁﬁ IréecliPScArihy | m thi ckness
of between about 600 and 700A. . The nethod of formng a via-first dual

damascene patternﬂm@immgfecf@dgtﬂﬁsmmahdmerel n said BARC-| material is
deposited in fgr%mqg yﬁm%}ﬁzn?%?xﬁ% df l%?lgro | la}/d Bﬁﬁeflolra)r}r%lt? sgp%gl% V1é)ﬂqoal nafully

conformal manner. for ng 4a vi a rascene
pattern accordi ng skid planhiding BARCA &tyei eispfotnBPHGndridniaplhndrizigsai d
via-hole conpl et elbgttom t?—rl.'éde%tlmlfey coating material to protect the barrier film from
punch through, said organic planarizing bottom anti-reflective coating
material being different from said conformal bottom anti-reflective coating
material;
forming a metal wiring trench pattern in the upper part of the said inter-level
dielectnic film,
forming said dual damascene pattern after stripping and cleaning the said two
BARC films; and

filling said dual damascene pattern with metal,

12.  The method of forming a via-first dual damascene pattern according to
claim 11, wherein said inter-level dielectric film is composed of one or more organic,

inorganic, or hybrid materials.

13. The method of forming a via-first dual damascene pattern according to
claim 12, wherein said inter-level organic material comprises poly-tetrafiuoroethylene
(PTFE), polyimide, polyimide hybrids, poly arylene and cyclotenes, teflons, and

polyimide nanofoams.

14. . The method of forming a via-first dual damascene pattern according to
claim 12, wherein said inter-level inorganic and hybrid materials comprise silicon
dioxide, silicon oxy-fluoride (SiOF or FSG), spin-on glass (SOG), nanoporous silica,
organo silicate glass (OSG), silica aerogels, methyl silsesquioxane (MSQ), and hydrogen
silsesquioxane (HSQ).

15




18. The met hod of formng a via-first dual danascene pattern according to
claim1l, wherein said netal is alum num or copper. 19. A nmethod of formng
a via-first dual damascene pattern wi thout using an etch stop |ayer; the

met hod conprising: providing a substrate having a netal |ine and a barrier
filmon top of said netal Iline; formng an inter-|evel Or%ﬂhﬁ, ﬂ'mnorganic
or hybrid dielectric filmon said barrier filmwthout pr'} n?& an etch

stop layer; formng a via hole through said inter-level dielectric filmto
said netal |ire; ' -1 1 r h rf f said via
hol e, said BAl\EC 1 g%ﬁﬂ&ggifﬁéﬁ%%\#g%%gtfdu%ﬁda%%g%ﬁ%85%%# %C%?rag &0t t om

ant i - r efdi@ot il Veviooah isasid BARE-6 matridl bagps HinetHickaeges$ betvesattbuy 6@0 dial e;

form ng @Ogl anari zing BARC-2 |ayer on said BARC-1 layer to fill said via
hol e, said- planarizing BARC-2 | ayer being fornmed of an organic planarizing
bottomanti-reflective coating material to protect the barrier filmfrom
punch through said organic planarizing bottomanti-reflective coating

materi al bei A§- di fibemetiodfof depming @V@d?rﬁmuﬁmanmemm@m pcqogdingtet i ve coati ng

terialgy; ' dBREC 0 JLhes upner, . aid
Mt or- T eudr 7 bPdsR M RRCH SRR BRNE B DT R PRIl <2
conformal manner or in a fully conformal manner.

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

claim 11, wherein said BARC-2 film fills said via-hole completely or partially.

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

claim 11, wherein said metal is aluminum or copper.

19. A method of forming a via-first dual damascene pattern without using an
etch stop layer; the method comprising:
providing a substrate having a metal line and a barrier film on top of said metal
Iine;
forming an inter-level organic, inorganic or hybrid dielectric film on said barrier
film without providing an etch stop layer;
forming a via hole through said inter-level dielectric film to satd metal line;
forming a BARC-1 layer to coat the surfaces of said via hole, said BARC-1 layer
being formed of an organic conformal bottom anti-reflective coating
material to protect edges of said via hole; .
forming a planarizing BARC-2 layer on said BARC-1 layer to fill said via hole,
said planarizing BARC-2 layer being formed of an organic planarizing
bottom anti-reflective coating material to protect the barrier film from
punch through said organic planarizing bottom anti-reflective coating
material being different from said conformal bottom anti-reflective coating
material;

forming a wiring trench pattern in the upper part of said inter-tevel dielectric film;
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form ng the dual damascene pattern after stripping and cleaning said two
BARC filns. 20. The nethod of formng a via-first dual damascene pattern
according to claim19, wherein said inter-level organic dielectric film
conprises poly-tetrafluoroethylene (PTFE), polyimde, polyimde hybrids,
poly arylene and cyclotenes, teflons, and polyi m de nanof oans. 21. The

met hod of forming a via-first dual damascene pattern accordbritput 208l ai m
19, wherein the said inter-level inorganic and hybrid dielectric filns
conprise silicon ¢ipxide, silicon oxy-fluoride (SiOF or FSG, spin-on gl ass
(SO5, nanoporous silica, organo silicate glass (0OSG, silica aerogels,

met hyl  si | sé&smqingpthadeal dyB@icenapaitehy dfias geippyizlavd slyamiog smeé tWwHBBRC 22. The
met hod of fo l'pg a via-first dual damascene pattern according to claim
19, wherein said BARC-1 material has a filmthickness of between about 600
and 700A. 23. The nmethod of formng a via-first dual damascene pattern

according to claim19, _wherein i d. BARC- terial is deposited in a
partially conforfal HEWH@P&B?OE Eﬁéﬁp§}@£%5mﬁﬁFﬁ§mEﬁﬁ¥ thal manner. 24.

The net hod ohedoRiing Rkl AmVIiB whifesi sa%{erda)zpé%%e ARALERIflm RHGREE Ng to
claim 19, wherein said BARG2 filmfills said via-hole conpleétely or
partial | y. 1poly-tetrafluoroethylene (PTFE), polyimide, polyimide hybrids, poly arylene and

cyclotenes, teflons, and polyimide nanofoams.

21.  The method of forming a via-first dual damascene pattern
according to claim 19, wherein the said inter-level inorganic and hybrid dielectric
films comprise silicon dioxide, silicon oxy-fluoride (SiOF or FSG), spin-on glass
(SOG), nanoporous silica, organo silicate glass (OSG), silica aerogels, methyl

silsesquioxane (MSQ), and hydrogen silsesquioxane (HSQ).

22.  The method of forming a via-first dual damascene pattern
according to claim 19, wherein said BARC-1 material has a film thickness of

between about 600 and 700A.

23.  The method of forming a via-first dual damascene pattern
according to claim 19, wherein said BARC-1 material is deposited in a partially

conformal manner or preferably in a fully conformal manner.
24.  The methed of forming a via-first dual damascene pattern

according to claim 19, wherein satd BARC-2 film fills said via-hole completely or

partially.
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