DEC 2004 WD 02/ 034-54 PCT/ US01/ 18626 METHOD FOR ETCHI NG DUAL SAE/AEEENE[]UI;
STRUCTURES | N ORGANCSI LI CATE GLASS Field of the Invention The present

i nvention relates to sem conductor nanufacture. More articularly, the
presenVO Bt on t eaches a novel nethodol ogy for forrﬂe U8 amascene
structures in sem conductor wafers including at | east one I ow K dielectric
| ayer. Background of the Invention Integrated circuits use dielectric

ab'd
el o METHOIT R BACHING DAL TRVASCENG. SIRDCIENES, o e
As seni conductor cir cINtORGANOSIEICATENGIASS 10 conpact operating
frequenci es increase and the di stances between the conductive lines within
t he sem conductor device decrease. This introduces an increased |evel of
coupling capacitance to the circuit, which has the drawback of slowi ng the
operation of the sem conductor device. Therefore, it has becone inportant
to wuse dielectric layers that are capable of effectively insulating
conductive lines 15 agai nst such increasing coupling capacitance |levels. In
general, the coupling capacitance in an integrated circuit is directly
proportional to the dielectric constant, K of the material used to form
the dielectric layers. As noted above, the dielectric layers in
conventional integrated gircuits:Pave [raditionally been fornmed of SiQ2,
which has a dielectric c : MMt 4.0. As a consequence of the

I ncr easi ng ne densities and erati frequenci es i n sem conduct or
devi ces, ?WFP@YW@P?%@? ﬁ&(‘fmb‘f n@ﬁ%%&“ﬁ%{m PEctively insulate the
Conducﬂafﬁéﬁla&l?fnﬁé bR ehtiBvaRNbE Macked AoV 8ldnéthodNf P ior Fst@as@sh coupl i ng

) capaci tance levels.
damascene structuyes in semiconductor wafers including at least one low-K

5 dieleciric layer.

Background of the Invention

Integrated cirenits use dielectric layers, which have typically been formed
from silicon dioxide, Si0,, to insulate conductive ﬁnes on various .layers ofa
semiconducior stracture. As semicoﬁductor circnits become faster and more

10  compact, operating frequenctes increase and the distances between the conductive
lines within the semiconductor device decrease. This introduces an increased
level of coupling capacitance io the circuit, which has the drawback of slowing
the operation of the semiconductor device. Therefore, it has become important to
use dieleciric layers that are capable of effectively insulating conductive lines

15 against such mcreasing coupling capacitance levels.

In general, the coupling capacitance in an integrated circuit is directly
proportional to the diclectric constant, K, of the material used to form the
dielectric layers. As noted above, the dielectric layers in conventional integrated
circuits have traditionally been formed of SiO,, which has a dielectric constant of

20  about4.0. As a consequence of the increasing line densities and operating
frequencies in semiconductor devices, dielectric layers formed of SiO; may not
effectively insulate the conductive lines to the extent required to avoid increased
coupling capacitance levels.
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1 DEC 200 WD 02/ 03454 PCT/US01/18626 In an effort to reduce the kAR 264
capacitance levels in integrated circuits, the sem conductor industry has
engaged in research to develop materials having a dielectric constant

| oner WRAH Pt of Si 2, which materials are suitabl e FCEfUSQ¥@8R2¢,  f or ni ng
the dielectric layers in integrated circuits. To date, a nunber of

prom si ng | uhik | f-ep 4 K

mat eri al s"‘f_ln%%gﬁ Zdefled devg:eggje%g%%f;%%‘%%slg%g o} [ eclﬁ‘glélttér’?}({:i are organic
c onpowesicon@mdor inthetryding epagbdingewhrehtgdsviebop mmeKalshoengal s are conpounds

I ncl udj, .organosjlicate glass, B of . exanple, .but nof |imtation such
or gandgﬁr’lg‘?tﬂ‘éf‘g’smﬂ F"@E?@Pé@“i"ﬁ&%ﬁ%ﬂ% ag FW%&E *F9E of San Jose,
CA, Blfgﬁ,[ﬁr]gﬁ%' yce) . EF,Q,Q- ' ] [ a, CA and
Sumi ka Fi aé\}gﬂ(t{]gl) e r?)l% U%Htr@ﬁ]rrtls) g%eégﬁu%\%%rl a?m'n ., Santa d ara,
CAS5 Dunateripls evhichoarel sorh etimesaeferreq toae$ev-EDomatesalst tmse béert he sem conduct or
devi ce, have been defined in_.the wafer uysing wel]l-known patterning and

et chi K§VeieRsde My of fhese naw sieleptacsase erganic pOBPYNASsi st naterial may be
deposi ted . e NG P%Déit I . gjﬁgc '@unﬁlgéi ltered by a
reticle. T@eﬂﬁ%@gﬁ%@%&g Jllg‘gg{%ﬁg%glsﬁﬁgg | %’gfg{]ﬂerne w th exenpl ary

f eat uegapesilieits glass. BiakapbDedampleybiit Hot Hnnitpti@paghtarganotiticatsgh t he reticle.
The devel oprment of an effective etching process {ﬁg{( an organosilicate gl ass

| ow - kiglectrigs dnpieSORARAY drozm bigvellus ok 841 Jase G Bl _%%mﬁ?‘dcr: teria
hDer o2 BRRAMERA AR LT Syl iy T BN SR ST, SRR T g oF 1 0w &

di el eSumitomeiCirtiicd] San@icagincf, Sasih Cipgr@ached as if a con-based dielectric

") were being_etched., This has not prqven particularly effective, as with
Jorgani ¢ | oRKDE sypisoRduster e prestng AepiEpyekihs semitepdudon ¢viser ect i vel y

etch Ei?ﬁ! P ot ﬁg-g? Lal | S%EIIE : r+ raditional
sili cg%l%goréggl [ cegﬁn% oXl ge %h?%g“ﬁh% agtmﬁ(trl g@en vé%s%g'r éﬂ probl emati c
for tHesepobéssg Dphoto resist material may be deposited on the wafer and may then be

15 exposed to light filtered by a reticle. Thereticle may be a glass plate thai is patterned

with exemplary feature geometries that block light from propagating through the

reticle.

The developmeni of an effective etching process for an organosilicate glass

low-X film such as CORAL™ ghould take into account several criteria including etch

20 rate, profile control, selectivity to underlying materials as well as critical dimension
(CD) control. The etching of low-K dielectric materials was at first approached as ifa
silicon-based diclectric were being etched. This has not proven particularly éffective,
as with organic low-K films the chemisiries and processes needed to effectively etch
the material are substantially different than those for tradiﬁcmal silicon or silicon

25  oxide etching, This has proven even more problematic for the etching of
organosilicate glass low-K films.

Organosilicate glass low-K films are often etched using etchant gas flows of
similar chemical composition to other materials used in the semiconductor
manufachwing process, This can render the mannfacture of such devices difficult.

30  One structure which has proven difficult to implement in wafers with small feature
sizes and high feature densities while implementing organosilicate glass low-K
dielectric films, is a dual damascene struc{ure. Such dual damascene structures



organosilicate glass low K filns. Oganosilicate glass |owK fil§sl iEE 2004
often etched using etchant gas flows of simlar chem cal conposition to
ot her ials used in the sem conductor manufacturin rocess. This can
render r{?ﬁg%ﬁgﬁ%f acture of such devices difficult. 30 o@ﬁﬁ%’&?ﬁ&?e whi ch
has proven difficult to inplement in wafers with snall feature sizes and
hi gh f eiatiude asignetdrinest I?;fvrhﬂd bIRESr G0 iddGo HIoIRRASINIGA LEBLASE thow K

ua

dielectric films, is a | damascene structure. Such dual danascene
st r uct iamdsrlyinpelecizoally swpdoctivedamure, oRvitoamesdizél feaabkraide an i nt er connect

| ayer and o or. nor.e.via t r.ovi de el ectri,cal, connectj vi to an
under|ying m@ttlf g%é’icfi)}s %%’ﬁﬁiﬂ@?lf’%g%%fflﬂ?_ ?dgigpf]@ﬂaﬁ‘fqnﬁ e&fﬁﬁﬁ{ ezed_ feature.
What i syitlff v WhéreTPlcaa PRt @Fhe @ab@hl i BrAcdydhidammsgene etch
structure wthin a wafer, where at |east part of the danascene is forned

wi t B n oxgdnosilikats ghsgydislssiric] whilereljrbly snaditeinengt feature sibe dnel dessityabl vy

mai nt ai ni ng t.ure size and.densjty. t.is fipnally desirable is a
met hodol ogy W&ﬁﬁeﬁﬁ'@@ fsﬂﬁb%%lﬁ%"héﬁ ¢ IR BEUED HERE and

chem staki b Btk I reti ﬁ(ﬂﬂﬁn hdRit he

or ganots{?i&lsig%ga{3 I g%saﬁl g?\f&%&dl%% ectr i%%f ese éajln o%ﬁ%@%%%%rﬁg%ﬁes of the
pr esentthe organusilivateglass IdveKodieleaippar ent 10 - upon readi ng the fol |l owi ng

detail ed desj%ri ti ogg and studé'%fgg t he vari Qus“{ihgures of the Drawing. 3 1
DEC 2004 WO T#Syeradpahasadyagiages BresehRYSpheR CEHYRMPAEH | n order to
acGganmphi i 'g]'!%(jd@,?ka : i E?(I]I% : . pr esent
inggnt :ugﬁﬁ]{égg%ﬁggé%ﬁlﬁet od org?%gjglﬂﬁlgsv%ﬁﬁ&a a%g%ztﬁ%ﬁe%ugﬁogtructure in a

waf er , thedBBrawinghe waf er includes at | east one |ayer of organosilicate gl ass
“)dielectric. 5 The novel nethod taught by the present invention includes the
steps etching through a




maj or portion of the organosilicate glass dielectric utili zi ngni ]fi(prﬁ.t, bow
selectivity etchant. This etching step | eaves a very small renain 2004
portion of the organosilicate glass dielectric atop the barrier |ayer.

Ther eV PE346he present invention uses a second, | owPEEVEWHEIR26y et chant
to etch away the remainder portion of the organosilicate glass 10
dielectric. I DEC 200) WO Qg _ 626 Brief Description of the
Drawi ng For nore conpl ete 8 s S present i nvention, reference
is made to the acconpanying Drawing in the follow ng Detail ed Description
of the Preferd&th E&Ha&gmemfe%es&aa_aamtgeagr%u&y Giscilssdd o) over vi ew
flowhart of a two-stage via etching process of the present invention

i npl enmrdenhipventioniteaches s tdethet dbr fetning e gyal deimgscedeiexhatibiomcinar t of one
enbodi ment of the present,invention_ inplenentip a.twy-stage via etch into
2 Vi o WP hateAle pafra Sucdnes at @#tmp&ye%oﬁ%g@owﬁg@%éﬁ%?ﬁ?%rough an

ex I r Ltj.on: of: A . Fig. 41s
o oM A ahF o Bl FROSH W nBna PR PRSI b B TP 2
ant i r ahdjerportien cixat ongmbsiliete glhssgliclatticulidrws St tlow selectititppugh t he exanpl e
waf er stack follow ng etching of an antireflective coating |ayer and a cap
| ayer .tohgnirTus gching step jesves S uary supll TeRpansishreTionof thaprganpsiticatest ack

foll ow . Wi @%H i i ayer, a first
diele %?gﬁf%g‘ie{?"%{hter enc%l top g@%?%!%gﬁ%p%v@&%@%gﬁnﬁ el ectric

| ayer Jlowygelnaivily etthant thietcti awaydhseeimtdenpdriioredbLiha nkganbsiticatd glass a
cross-section through the exanple wafer stack of Fig. 6 follow ng etching

adfly &relegtie.t he second dielectric layer by nmeans of a second, 20 high
~ -)sel ectivity etchant.




Fig. 8 is a cross-section through the exanple wafer stack of Fi g.’377 DEC 200!
follown stripping away of a first photoresist layer. Fig. 9 is a

Cross- |,on_t hrough the exanple wafer stack of Fig. 8 follow n

eposi tﬁ’g‘ﬁhg‘%ﬂ%} second photoresist layer. 25 Fig. 10 is P&Wﬁ%’éﬁ@gct i on

t hrough the exanple wafer stack of Fig. 9 followng the second etching of
the antireflective coating |layer. WO 02/ 03454 PCT/US01/ 18626 Fig. 11 is a
Cross-section througIBlIi XA AGinD Fig. 10 following the
second etching of thé&—s Tg—+a&yer and the cap layer. Fig.

12 is a crosgs- Lon . .through the e Ie fer stack following the second
etching of léﬁlg)% F?rg?lF[é]’é’t“i%é agtﬁgg ?%@gggﬁ@%m‘f%%ﬁﬁgfwys, and the first
di el ectuiade to ih@)éﬁéorﬁﬁaﬂ%@ra&ingtiﬁ%effbﬂéﬁink%tﬁféd@éddéb ioh Gltgbant. Fig. 13 is
a cross-section through the exanpl e wafer stack of FI  follow ng a second

st ri ppPrejersid Exnbogimentsy dethetdravapgr . Fig. 14 is a cross-section through the
exanpl e wafer stack of Fig. 13 followng deposition of a barrier coating

to the wallg.the via and trench etches, and the.etchin away of the
bar?i er | ay&g'?és 3&8‘6@3%#%3‘@?9% Hb"'%‘?%%‘?&?"z'?ﬂﬁi’fa?mgs}&g a cross-section
t hr ougPrebdife nbeaiDh EnpRmehtit A6ka-RRe Rl statepgcond application of an
antireflective coating has resulted in the Tornmation of a plug at the base

of the via etch, Fig. 16 is overview flowhart of another two-stage via
et chi ng pr oBigs3 it Howsharhel gpe smbpdinientefihe oreseitripvention imaplgmenting ench first”

etch s eqy. Fig. 17 is. r -section through an exanpl e wafer stack
after %évgéjgﬁg%/‘?gﬁeg?h%zo%W%%&é@?é%%@%‘??m hd subsequent etching away of
the first dielectric layer, and the |ayers overlying it. Fig. 18 is a

cross-sect i Fig. 3 iv ot@bs-tdetioe Houphen eriaple Staekstak dfief depbbitivhlofh 20

deposition qQf .a second photoresist |ayer.
?O photorescist layer. P Y
Fig. 4 1s a cross-section through the example wafer stack following etching of
an antireflective coating layer.

Fig. 5 is a cross-section through the example wafer stack following etching of
an antireflective coating layer and a cap layer.

15 Fig. 6 1s a cross-section through the example wafer stack following etching of
an antireflective coating layer, a cap layer, a first dielectric layer, a trench stop layer,
and most of a second dielectric layer, by means of a first low selectivity etchant.

Fig. 7 is a cross-section through the example wafer stack of Fig. 6‘
following etching away of all the second dielectric layer by means of a second,
20 high selectivity etchant.

Fig. 8 is a cross-section through the example wafer stack of Fig. 7 following
stripping away of a first photoresist layer.

Fig. 9 is a cross-section through the example wafer stack of Fig. 8 following

deposttion of a second photoresist layer.

25 Fig. 10 is a cross-section through the example wafer stack of Fig. 9 following
the second etching of the antireflective coating layer.
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Fig. 19 is a cross-section through the exanple wafer stack of F'?gL H‘m\ﬁﬂhﬂ
et ching away nost of a second dielectric |ayer, by neans of a flrst

sel ectj,vi <ptchant. Fig. 20 is a cross-section thro e exanpl e wafer
stackt‘%‘“ 3d?"?lgafter 25 renoval of the several Iayg‘%gﬂ%g’lﬂﬁﬁp}fsi cations of
photoresist. 3 1 DEC 2004 W) 02/03454 PCT/US01/ 18626 Fig. 21 is a
cross-sect iRig Ilhs awglsssktioaXiagpgietheakaipls gl stk bf Big. 20 fiiWigg ng
deposition of a barrier coating to the walls of the via and trench etches,
and t HBe sesprtipiahingwh thegmtirafisctiercopting lpysyand the cerpayse an under | yi ng
structure. Fig. 22 is a flowhart of one enbodi nrent of the present

I nvention g | ' ' . ench first dual
damascene \g?%ﬁll.ilﬁé?egrsg%%ﬁg%g%h?%@%gaﬁé&g%@h%%g{ﬁ val ent parts of
t he i nyentiehing dfithenghreldctivi coatiay tiyet, tHd @ylHes,and tiRefilX aislagic 3 1 DEC 2004
WO 02/ 03454 PCT/ US01/ 18626 Detail ed Description of the Preferred .
EnBodilsysnby meaes gighe Sv Iy splestivy ptebribf several enbodi ments of the present
i nvention presents various alternatives for form ng dual damascene etch

struct ures ' {4 L8098 L ielectrics. The
processes gl‘éépggsg éﬁéggﬁﬁgir?g&%eth%?xaa&@;g con%ﬂ&@?éﬁ}%‘ ?%i n suitabl e wafer
pr ocegsilovgng 6 seqoaE Btripp fuld plptaeddt 1apst ens. Once such etch system

particularly well suited to practicing the present invention is the
Exel an(tm _dual -frequency dielectric etch %stem avai |l abl e from Lam

Research ~ &t it Foss-sechenBireughdhe oxmplamaies siggs phigdl Spdlemingal 1y to
provi gﬁo‘é&*ﬁﬂrﬁﬁ aﬂ@er%ﬁ&ﬁ:?gﬁ G SRRAL i ah Fu@hegt%gssaﬁ%? BRj Process

portf 0 I ncludes al danascene s ec ures as we as“cont act s,
viles, awppokihs bakied lyyastdiexpbien vatledyindstlepsel and undoped oxi des and | ow R
di el ectrics. |

Fig. 15 is a cross-section through the example wafer stack wherein a second
application of an antireflective coating has resulted in the formation of a plug at the
base of the via etch.

Fig. 16 is overview flowchart of another two-stage via etching process of

15  the present invention, implementing a "irench first" etch sivategy.

Fig. 17 is a cross-section through an example wafer stack afier deposition of a
photoresist layer, and subsequent etching away of the first dielectric layer, and the
layers overlying it. ‘

Fig. 18 is a cross-section through the example wafer stack of Fig. 17 after
20  deposition of a second photoresist layer. ’

Fig. 19 is a cross-section through the example wafer stack of Fig. 18 afier
etching away most of a second dielectric layer, by means of a first low selectivity
etchant.

Fig. 20 is a cross-section through the example wafer stack of Fig. 19 after
25 removal of the several layers or applications of photoresist.



Referring now to Figure 1, an overview of the process of the pre et
invention is shown. The present invention is applicable to a w de vag[Eezﬂgl*
of sem conductor 15 inplenentations. In this exenplar, a silicon substrate
havi ng VEOR&#¥4 st ack formed thereon is assunmed. The wEBYUSH/ARMRGI ncl udes
at | east one |layer of OSG dielectric through which it is desired that a

structure, f i _ ) bt r ti.cularly a
dual danascefﬁ% 2&?5&?@353 ggﬂ%&r%ﬁei%%%%ﬁggggf@épo %@%’Wéng first, |low
sel ect idepogitist efxburieronting toeecwhils efthdvib ndttekchi ddcheSfadithench diel ectric
and 20 st of the QSG via dielectric, as well as through any |ayers
bet weelf? a9ay o phebrarenjayer i @iness n waslerlying stregireo4 a change is made from
the first, low selectivity etchant to a second, high selectivity etchant.
Thereafter, e B S i i . N hed away. One
enbodi ment g?é'gégg)%?gggnt H?\%%tg}béﬁ%%%ﬁ%tﬁr%ﬁf?%g%ﬁwliﬁ%&t he 25
pr e¥i oimplendhisauwseathdewn dtleintes aehahdfipy dvaPddnasseranidh. of a via-first dual
damascene flow. The process of one such enbodi nent is shown having
reference t igure 2 Fol | owj ng deposition of the several |ayers of the
waf er st ack; e&%ﬁé‘ﬁ“@@? refeptofhe sane orn sqpivalepiparisoif My famertionpat t er ni ng
t echni L FeS| . Thereafter, at 204 the
antire @%ﬁo&@&g%ﬁ%ﬁg’%‘gﬁrgﬁ%ﬁ&%ﬁ%ﬂ g?:ap | ayers are etched open. The term 30
antireflective coating, as used herein specifically include bottom
antireflective coatings, BARCs. Thereafter the via etch, 102, is perforned
as previously described having reference to Figure 1. At step 206 the
first photoresist which enabled 3 1 DEC 200 WD 02/ 03454 PCT/ US01/ 18626

-, patterning of the via is stripped. At 208 a second patterning step is

./ performed which patterns the trench portion of the dual danmascene
structure. Again, this patterning is conducted according to known
principles in the manufacture of sem conductors, including but not
necessarily limted to the application of photoresists. At step 210 5 the
trench antireflective coating and cap are etched open. Thereafter, at step
212 the '



trench portion of the dual damascene structure is etched. At step RI¥E@ Zgﬂlt
second photoresist strip is conducted to renove the photoresist enploye
for trench pattern step 208. Finally, at step 216 the barrier is etched
avay. Hi%%¥shodi nent of the present invention is fur tB@YUSUIY6r at ed
having 10 continued reference to Figure 2 as well as reference to Figures
3-14. At Fi opetaifed PFdsbrid lﬂ}? ePret hi Shent ck, 100. Wafer stack
100 i ncl ude%%m%, , i ed over a | ayer of
antireflective coating, 4, which in turn has been applied to a cap |ayer

6. Suitable photoresists include, but are specifically not linmted to deep
W phot or esi Biesfoll@mmg sitagnsséorf afiscdareienbodintnty afths pesérd itveptiolheni cal s of 15

Nort h Kingston, RI I r 6 i lied over a first dielectric |ayer-'8,
¢ Rt s alepies BF Romgns Sl Bhuasbeenidl wlichres hafa, o exampl e,

Novel | i BPotE 3ot URRACS Bl s e e B Y a1 ¢ o
Sant a donduded WithinsaiEiRld whiet prvesing equipnfeny hadludihg étbh systémsnOnéd), and Sumi ka

Film(r), avail able fraom Sun]at oo, Chem cal 20 Amerjca, Inc., Santa C ara,

cA.  AgRFEheteh systemy partighlagly well spited o pracliping fhegpresenhmvertiansiathe i nvent i on

conte (503 € ftienbds SRE | ayer, 10,
separ arﬁf&eezht hgﬁ?%&g@&ﬁ& ect r??cﬁﬁéﬁﬁg%gﬁﬁgﬁsecogﬁ&%el ectric layer 12,
agai n Corpérhiien, Exengit ACA 2 Exelyn s ddsigned) sproffichily ol rodide héwdnced. Sui t abl e
materials for form ng%tiench stop layer 10 jnclude, but again are not

LN G

| 49 t dwogessing gapabilitys Byelanas exienship nspaestRarifplig ineludes alEdepl or the 1ike. A
barri ] ] . fgom.t he waf
ot ue L stk oS BRRPA nBRED s PAGHE I bt BAH it Al e, 1ET 1

< pr esenind undeped orgidec ant lowpK alislecttibe use of SiC barrier layers. In this

exenpl ar, the structure, underlyi ng.sec&gd dielectric layer 12 is the
silicon substaEpgnow igtiggre i, g oXgis olihe Broeess i the Prefros IVER. i s an

el ect 1 Q i % 1816 ) ier 14. As used
her ei rllét %?ﬁn?%tgﬁggﬁo ] g%%l?g)%e{v{s&e?gﬂg I%@gsucﬁﬂe c(I;S(J(’:rteri cally
c dAdudinplementationntis this exanplag a siiicon syhstateheainp\n wider dtadki fosded 0 el ectri cal

e GRS SelTE8 b2 Sk TS o IO SSTVAVE Fo IR Ao W11 e
through which it is desired that a structure, for instance a damascene structure, and
more particularly a dual damascene structure be formed. Accordingly, at step 102 a
first, low selectivity etchant is utilized to etch through the OSG trench dielectric and
20  most of the OSG via dielectric, as well as through any layers between the trench and
via dielectrics. At step 104 a change is made from the first, low selectivity etchant to
a second, high selectivity etchant. Thereafter, at 106 the remaining OSG via dielectric

T

is etched away.
One embodiment of the present invention contemplates utilizing the

25  previously discussed two-step etching process as part of a via-first dual damascene
flow. The process of one such embodiment is shown having reference to Figure 2.
Following deposition of the several layers of the wafer stack, at step 202 the via is
pattemed using known patterning techniques, for instance photoresists. Thereafier, at
204 the antireflective coating, or ARC, and cap layers are etched open. The term

30 antireflective coating, as used herein specifically include bottom antireflective

coatings, BARCs. Thereafier the via etch, 102, is performed as previously described
having reference to Figure 1. At step 206 the first photoresist which enabled



evident to those having ordinary skill in the art, the wafer strlast]uggcf?wlp
element 2 3 1 DEC 200 WD 02/ 03454 PCT/ US01/ 18626 t hrough el enent 14 nay,

with e Jlity, be inplenented atop other functio | avers of the
WA REr Bl

waf er

ciples of the present invention specifi ?(érrpl ate

not only this alternative, but also all such alternative stack
ar r ang epaiiatning oflid vik isosimipried. tAXR08 alvasond @attertingatey iSSérdrmied itigh art. 5 The
exanpl eagres nted in Figure 3 includes an optiagnal trench stop |ayer, The

princi gt

gms fhedesnetpprhen of frediabdamasenne gireqivgs) Asaimptids petisringss t he present

i nvent ic%ﬁdﬂ@?e%ra@{:d}dﬁ]%‘?%@%v?%ﬁgié@?fek ﬁ]fﬁ?ﬁ\ndhuf‘i/ii}tﬁrﬂdéf%gﬁ% E)lld ct%r% are forned as a

single unitary

aye I'C W thout trench ayet 10. The

met hoddhelgding but rbonetesgrilpliited tootaeBstiettonsdfiptsiondsistd. NAE kg2 RDOdi ment wi | |
be | ater explained. 10 Also shown in Fi gure is a layer of patterned

phoPor #k¢ ench autingHleqtie sopiemndiaap axctrichp

ppex: i srasfien assigp 2bhthect or devi ce

accordi - (o]l Le i,nvent.i.on, t structure has
been f #%%%ﬁﬁmaéfctgr an é%ﬁ%& ‘*ﬁ‘%@‘%&“‘g&é@s&s %%@%4 aﬁe&?}?ig 2. After
pat t er phoigresist Sifpf cddducted R Rinove RRphbiotddist BAPlo§ES FirRnsl ﬁﬁfmﬁmy be

undertaken. | n accordance with one such alternative, as s

own at Figure 4,

t he 15SALZ08.Finaldy pider 314 thedarmigyég ctehedawapeen opened by neans of an

etching stegy..| ' X L e n_et chant. reaspnably. .specific to the

antireflect ?%]3 eglgé_ | ng?f@%lpfeslc%trmﬁ?éo%m ?fﬂgu%?atéér]?a\l %02, has been

ut 101 z eshtimedrfReice Ve Figued 2 s WaR aanifbremle!i6 Figuvd 3-8¥ CAt Fightd Praal i ve ARC

etchants_may be used to conplete the etchi ng_awaP/ of the antireflective
L+

coat i nip shown an exeranaraveler stack, 160. Wafeststank A60

fwhilayier pEpadteedbot h t he 20

STyant i | 4, and .t | 6, beneat h t d ti
Dot phob B2, Bl Sher AR 0 Chelfe i8R Bene . SRR i Eas R ng o1 ep ar e
shown gyipliell @4 eapTayef 6. iSuitiblRpholor@ishahiMEe, BRYark Sp &Rt ARRloRliRGedi t h respect

to this figure. According to'this alternative both thé antireflective

| ayer 1@

Apotrgsasts.c One sowce forddeppt/VabetesebisthisaAgh € hetmitalef st ep. | a yet

angs hefgofh kE(RL! ¥P Al BYSTE R apblld et £ 00 GietloBR: BYGME Sh this
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exemplar a layer of organosilicate dielectric. By way of example, but not Himitation
such organositicate dielectrics inclnde CORAL™ from Novellus of San Jose, CA:
Black Diamond™ from Applied Materials of Santa Clara, CA; HOSP™ from Allied
Signal of Morristown, NJ, and Sumika Film ® available from Sumitomo Chemical
America, Inc., Santa Clara, CA. Again in illusiration, but not limitation, the present
invention contemplates the use of SiN as cap layers

The trench stop layer, 10, separates the'ﬁrst dielectric layer, 8 from a second
dielectric Iayer 12, again in this exemplar a Jayer of organosilicate dielectric. Suitable
materials for forming trench stop layer 10 include, but again are not limited to TiN,
SiN, tetracthylorthosilicate or TEOS, or the like. A barxier layer, 14, separates second
dielectric layer 12 from the wafer structufc beneath it. Again in 1llustration but not
limitation, the present invention contemplates the use of SiC barrier layers. In this
exerplar, the structure underlying second dielectric layer 12 is the silicon substrate,
16, of the wafer. Also shown in this figure is an electrically conductive element 18,
formed beneath barrier 14. As used berein the term "metalized object” refers to all
such electrically conductive elements including, but specifically not limited to
electrical interconuects, metalized layers, and semiconductor elements. As will be
evident to those having ordinary skill in the art, the wafer structure from element 2
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25 away the bulk of the dielectric |layers, the | ayers interposed 1 DEC 200
t herebetween, and the cap |layer is contenplated. Having referenc% t(P
Figure 6, this latter enbodi ment enabled by the process shown at step 102

i s bei'MB 0Pt eted. The |l ow selectivity etchant has ePERABIVMUgh cap

| ayer 6, trench dielectric layer 8, optional trench stop |ayer 10, and nost
of the ' ' TN AW oF | ry small

r emai n%@g%%ﬂiﬁgg?’k%@fghg@ﬁ éP?ica )f‘%;%%t%& atf;;%%éérn cgcr}ér{rﬁng via etch 20.
Low selagars bithe wafdrc The psinsiples afthe pfesant inGERAd§rienjfichlictonttendlate ar e not
limted to mj xtures, of Ar/ N2/ CF4, Ar/ N2/ C2/F6, and Ar/N2/COF8/ 2. As shown
at A f&?tf’ﬁly%lﬁ erpatiye, iitalse; all such alfesnatrye sipek prangsmpnisewsll kpeia - 10 | DEC 20

WO 02/ mcron in thickness, and nore preferably in
a rangtg%@g%ggéh%%&gg%gggu 4000 A in thickness, and nore preferably
stid | in a Thrganple ppdetied HWPRuied Mel8esAn optiohdlitfablesiSp 148RI10S. At this

point in the via etch step according to the_present invention, step 104 s

5 per fBiemsincintag prosented barsm spaeibcally snable embpdimentsofdhs pmeent i r st, | ow
| ect.ivi ks : . hi i . Exanpl f
Zte cﬁgnltlyéélrg}s‘n %&1%% %?c%h%%ﬁfggﬁ@g% Fl%/e%&'gg g%%rlg\%ﬁ%rag%%g osili gg{) eezl gss,

and hawétarydhyti of dlelecirictwiliout Rawhiswp lavek 10.SThe ethodeRgy Ritfomhi@gnot |im ted
to m xtures of Ar/ N2/ CAF8. Thereafter, _step 106 is perforned with the
hi ghl y» dngl damascrnestraeturs indlhs eobediment wille lateeexpIaigphi ng t hi ckness of via

di-al ectri . . | . . d b
bg?r ?gr r: ;yer s}%ﬁvﬁqtﬂﬁ?@%?%ﬁ%ﬂy&gg% as %%&g.ﬁét;g. ?&1@?%@?‘2 OI.OpI%r ef grabl Y,
et ch sheformitton of axeniideilaciorddvive Aadordiag to thiy@nbddimbreo ik presempai nder

t hi ckness of at |east 400A Mre preferable still, barrier  layer 14 is
| ef t vRveRtion, therugtung basheek frmed &3 acsorsangepith sisp 20 agghawninef er abl vy,

¢
‘barri y EPQ“S‘EH"'* ), i h']&h{}% 1:%13*1{}9 i ng.-el f 1000k. O
cours?,igurrrébg't van?éclgéeogs (%fba ﬁéf)eu e&dn% &%Q%f aré)i er material at
al | . Anhdérhikean. pini actordimiceomtisonk such aliernative, as shown at Figure 4, the
15 antireflective coating layer 4 has been opened by means of an etching step. In this

example, an etchant reasonably specific to the antireflective coating layer, for instance
a mixture of Ar/Ny/O,, has been utilized to selectively etch the antireflective layer.
Alternative ARC etchants may be used to complete the etching away of the
antireflective coating. In another alternative, an etching step which removes both the

20 antiveflective coating, 4, and the cap layer 6 beneath the opened portion of photoresist
2 may be implemented. 'The results of this etching step are shown at Figure 5. A
further alternative may be contemplated with respect to this fignre. According to this
alternative both the antireflective layer 4 and cap layer 6 are cleared or opened in a
single etching step. In yet another altemative an etchant which in one step etches

25 away the bulk of the dielectric layers, the layers intexposed therebetween, and the cap
layer is contemplated. |

Having reference to Figure 6, This latter embodiment enabled by the process

shown at step 102 is being completed. The low selectivity etchant has etched through
cap layer 6, trench dielectric layer 8, optional french stop layer 10, and most of the

30  way through via dielectric layer 12, leaving a very small remainder portion of the via
dielectric layer, 12, and forming via efch 20. Low selectivity etchants suitable for
CORAL™ include but are not limited to mixtures of At/N,/CF,4, Av/No/Co/Fs, and
Ar/N,/CoF3/O;. As shown at A, a thin layer of via dielectric 12, preferably less than
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is conplete. Sonme of the advantages of the novel two-step via etch§ 1 DEC 20
nmet hodol ogy taught by the principles of the present invention are thus
expl ai ned. As previously discussed, trench stop |layer 10 and barrier 14
are of tBR%8#58d of identical, or at |east chemcaliy REEVHI1826materi al s,
i ncluding, but not limted to the previously discussed SiC. An etching

step S Ubrde icRilih b B8 Shil intfe hdfdritdy ﬂﬁ%ﬁgﬁ?&&%&ﬁﬁh@% sbQi gbgyer 10 is
e}

not well| stopped b&/ barrier layer fornmed
trench Adwphickagss; an

the sane material as the
wopid preferahlysstiflin amanige o€ abotti V80 &1 2000ak.in t he way to the

bottomf . the via etch structure runs the very real risk, in the high
t hr ough %SFE‘TWW'systens demanded by today's 25 sem conduct or

manuf act ur erg; thidfpofiR RN é’tclﬁt&gﬁ&grcﬁﬁg l%jg@?%?&{t nwgegﬁoé%%tm{atlp the cures,

features or elenénts underlying

arrier al ized obj ect

18. 5Thipetitisakithagebant geofiol is dteraddimn thenfist, dow beeativitgrichantiof f usi on of

underlyin

I ncl udi ng copper and copper ions, not

shown iarfef??ﬂ ! SFP%‘?%&C Itf:%‘é?é‘ﬂpl On%ﬁfgcﬁ@?@ﬁw&@@@ﬁ@@m@%d vi a
di el ectgpleCiivid b oS Eﬁmﬁﬁ}"?ﬂﬂ ' ' i1l in th
't etchs}%s *Pol S0 F#\%lm%té %lﬁsg?égﬂlag{ag%% ric ayegﬁﬁ%%@gﬁﬁ%&ﬁd&mohzds, °

art, -

I ncl udibmtarbmot kmited tonmixtwlet of AUNPEYF0Tharogie) stie 806 B padormiuntls, can
destroy, the tré@slstor effect which is the entire purpose_of the

manuf adiginghlys

Fave etchapt thatriches awayibg remaining thigkuess of vipdidestos4- 54 PC

| Usl(blljlﬁgﬁﬁmfﬁtvz& ?tﬁ;% : ' ﬁ;!ﬁ f S shown fol | ow ng
the conpletion o H ep gggge@ﬁ\gfeg?snﬁé e ?’?rs pﬁ%{elé%gg’il%t |eyXeYIr1 has been
r enov edost noshotwreat 20ah Figusé AcRrefekiisdy,atdhi sbep 106Sis ebotal with Bagier 9, the trench
“ yportion of e.dual dapmascene structure is_ patterned by the application of
) PSS

~a Seco

accordi

foickmgss of atfeast 4007, Mose peederehie apg.  Again, the

to t I Ng gl es dl scusse

et chi n%ﬁmggﬁ WthlaGEhhitng @Ehest 8750019004 3 i8R praRb, By PToceed
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layer has 2 minimmm thickness following etch step of 1000A. Of course, most
advantageous of all would be no loss of barrier material at all. At this point, process 1
is complete.

Some of the advantages of the novel two-step via etch methodology taught by
the prmclples of the present invention are thus iexplained. As previously discussed,
trench stop layer 10 and batrier 14 are often formed of identical, or at least chemically
similar materials, including, but not limited to the previously discussed SiC. An
etching step sufficiently insensitive to the presence of trench stop layer 10 is not well
stopped by barrier layer formed of the same material as the trench stop layer.

Utihizing such an insensitive etch all the way to the bottom of the via etch structure
runs the very real risk, in the high throughput etching systems demanded by today's
semiconductor manufacturers, of completely etching throngh barrier 14 and into the
structures, features or elements underlying bartier 14, for instance metalized object 18.
This disadvantageous condition could enable the unwanted diffusion of uaderlying
metals or metallic ions, including copper and copper ions, not shown in this view, into
at least one of trench dielectric 8 and via dielectric 12, As is well known to those
having ordmary skill in the art, this "poisoning” of the dielectric layer with meiallic
compounds, including but not limited to copper or copper-bearing compounds, can
destroy the transistor effect which is the entire purpose of the manufactm-e’ of the .

semiconductor device.
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above. These nethodol ogi es include the strategy whereby either 3 1 DEC 20(

ant
str

togeth

ireflective coating layer 4 is etched alone as shown at Figure 10, the
at e‘gé where antirefl ective coating 4 and cap |ayers 6 are etched
028858 hown at Figure 11, or the strategy wher GUHBS0LO8@6chi ng of

the antireflective |ayer coating 4, cap layer 6, and trench dielectric

str
13

| ayer 8 ar [T, L bt . . resul tant etched
ucture igaflﬁ%vm atﬁ&@%ﬂgﬂg@g@}%ﬁp%;ge&%g%@%&gt ep 212. At Figure

t hevompletimhafistep @b ewhe i thofitsophaioretbidagdr haPipich gerdbvdd feors geond

phot or esi st | ayer, a%gr caorresponding to step 214. 15 At Figure 14 wafer 100
a showWiAFbTtRdn HisTaker. apyhoraat Sisust J.5he treach rortéon efitbeyduat16. Suitabl e

bar
Af t

Thi
bar

or BB A bl e Selortiel Py b e bar i o7

at isng, TW®cirtesppmlsite step 208. hagAtyrthaeebing fihiofgnefeaiveaytd c@zﬂﬂllg\éi a etch 20.

s is typical I6y formed of TaN, although other electrically conductive -
p2

ri éid seplayeg 6 may preced ireqosding ko thr stnhing wethpddegitmdiseugsadr di nary skill in

th ' d for. At.thi int. the. dual,.d tch
enabi ST ThRSe SBSAOAbARAL TP RE Rhes mtitby ofi AhrebiBfinh Beite ot ep 106
“and mﬁnz@etcmacﬁea&&h@ﬁdam{g@kqg;mb@ﬁhtbgywﬁ&%ﬁ&teﬂécm%c%&&? of an

i nt

erconnect _fornmed in the dual damascene etch enabl ed by the principles of

t he pradsep 1ayeesf are sichaoggibarhes shownad Fimire 1bfor thestipiegy wierd theent i on i s

map

as

hodRr SRt AE NG S Ratl d, ol et S im0 oS SaREFFIRCsE ve Comt i n 4

a aesihiingéd Siimleaeal Eoinytdvent iHeShoulihiQiaied Sirddntedy Sown &L St ri pping

step 206. VWhere this situation occurs, and it is necessary to replenish

“the aRigweld.othisleorrespandsip stey312. the | ayer may be reapplied, as at 30 52,

coat i ng 1 Araiedd 13 Yoy Mo e BR R0 FEHR PR Sk AR i oy er 52

r esul photbresishiayetnBiconespdndidg pogep 2pn of a plug, 54, of antireflective

mat

erial at the bottomof via etch 20. Plug 42 is_advantageously etched

atdly duri nft Exgre L aler 40Q#shavapiollowme the eompletipy of barrier etch step

20
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- 216. Suitable barrier etchant gas mixtures include, but are not limited to
Ax/CF,/CHF;. After etching through barrier 14 at B, an electrically conductive barrier
coating, 42 is applied to the surfaces of trench etch 40 and via etch 20. This is
typically formed of TaN, although other electrically conductive barrier coating
materials well known to those having ordinary skill in the att may be substituted
therefor. At this point, the dual damascene etch enabled by the present nvention is
completed in accordance with step 106, and metalized object 18 may be electrically
connected by means of an interconnect formed in the dual damascene etch enabled by
the principles of the present mvention.

Another embodiment of the present invention is contempla.ted having
reference o Figure 15. This embodiment contemplates 2 methodology for mlmmlmng
the wmwanted removal of antireflective coating 4 as a result of the removal of the first
photoresist layer 2 at stripping step 206. Where this sitnation occurs, and it is
necessary to replenish the antireflective coating layer, the layer may be reapplied, as at
52, and the second photoresist, 30 applied over newly deposited antireflective coating
layer 52. The deposition of antireflective coating layer 52 results in the unintended
deposition of a plug, 54, of antireflective material at the bottom of via etch 20. Plug
42 is advantageously etched away during the trench etch step, 212, previously
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-1 3 1 DEC 200, WO 02/13454 PCTI US01/ 18626 di scussed, or may be redodggd g
when second photoresist 30 is stripped. Alternatively, a separate etch
step utilizing a flow of Ar/N2/Q2 may be inplenented. Yet anot her

enmbodi r?&hto‘%)g#hgf he present invention inplenments a singl &GHEy¥/1¥426
organosilicate dielectric, unseparated by a trench stop layer. in formng

this 5 &Sﬂm@wﬂmayﬁéﬁm&éﬂ WEEH SecBhEPhodbreditS0lis ed.SAR after a

predeterm ned period of time, resulting in the fotmation of the trench via

et ch st%%ﬁﬁﬁ@ﬂhwfﬁmmdféd@h&@m&mlmﬂ ed about one
enmbodi nent rese ntion wher e Vi a etc 02 of the
dual damascene e?e%'% ﬁib BiH,P PrEsERpY e“?’ﬁ%“’f‘? s sigg ‘ig‘é'mp hi s
enbodi rmmnommtem&m@uﬁsepﬁa{eh%slaﬁ/dn@h&b $yer. %Q'Bmliﬁﬁpﬁ%l gategy. In

di stinction thereto, the present |nvent|on al'so contefipl ates a strategy

whe Pe bmﬁﬂélm&néﬁbhlseh‘mnc stchof ihe treach tsrslnmiedl afterta prédutermsmedosriod df
etc nmarized at Figure 16. At step 302 a

"t b f t
fi ;g?clhg%vl %%P‘é‘é‘&r“%ﬁ"ﬁ %‘fﬁ%ﬂ}esteﬂ‘l: a £t SEYCSSh ¢ hr ough t he
organosi | i came Pfév?&ﬁ%s@h@idﬁg%&&ce%&ré@éﬂou@?n@éﬂbdcﬁﬁ@ﬂt%f @éﬂi@%‘ﬂ%t he trench

and via 15 dielectrics. At step 304 th IS re-patterne or the .via
etch smntlmwhﬁmfnﬂlhma\m&ﬁml(ﬁtmdmhdmmem&mﬁq:ﬁrmmem using the

}‘lo\rlvs;epg@\}/y@ﬁg ctgcltwtiqqﬁet,l[c}:gant,B @t st 308 a@géé@égadefr%hefl.rst
Theg eafhkRegy. %d&bﬁ@n@nlﬂm%ﬂﬁtﬂeﬁ??ﬁmﬂ%r oﬁ%ib‘a%bhieﬁﬁﬂa% Vd%a?égﬁ{{ ectric is

etched wutilizing the second l'y selective etchant S point, the
t r enc hwheneby ke ik tich step isperframed lfiestn Thischedlledticenthdirstaéieh. These st eps
s hare fur%er L1 1 ustrat dlggaw qﬁ reference to Figures 17 through 22.
- Ref er r PP If SPBT e process steps of this enbodiment are shown.

AL step  40Arkes62 8B 10w sdiadivRy ReBantiOUk AR LS BRE dibpbilihereposi Ll on of a

photoresist |ayer. Thereafter, at step 402 the trenc antireflective

coat i nergamatilicals teench distactric asywél' :{smmjrgaycrs between the trench and via
15 dielectrics. At step 304 the wafer is re-patterned for the via etch step. Most of the via

is etched away at step 306 again using the first, low selectivity etchant. At step 308 a
change is made from the first, low selectivity etchant, to the second, highly selective
etchant. Thereafler, at step 310 the remaining organosilicate via dielectric is etched
utilizing the second highly selective eichant. At this point, the trench and via
20 | structures have been etched into the wafer.
These steps are finther illustrated having reference to Figures 17 through 22.

‘ Referring now to Figure 22, the process steps of this embodiment are shown. At step
) 400 the trench is patterned, for instance by the deposition of a photoresist layer.
Thereafter, at step 402 the trench antireflective coating and cap are opened by etching.
25 At siep 404 the irench is etched utilizing a first, high selectivity etchant, which etch is
stopped on trench stop 10. Thereafier at step 406 the via s patterned by the
application of a layer of photoresist applied to fhe bottom of the trench. Following
deposition of the via pattern at step 406, the via is etched at 408, again with a second,
low selectivity etchant. Thereafter at step 410 the photoresist applied during at least |
30  one of steps 400 or 406 is stripped, utilizing known photoresist stripping
methodologies. Finally, at step 412 the barrier is etched.
Referring now to Figure 17, a wafer stack 100 has been formed, and trench 40
etched therein wtilizing a first, high selectivity etchant. As previously discussed with
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25 At step 404 the trench is etched utilizing a first, high sel eéﬂv@E@/ 2004
etchant, which etch is stopped on trench stop 10. Thereafter at step 406
the vig..i atterned by the application of a | ayer of st applied
to the‘%gé]?/tog%of the trench. Followi ng deposition of K %P?Iég%gttern at
step 406, the via is etched at 408, again with a second, |ow selectivity
et chantespeih ey @eflicesmbddisbstioi4ddprebnt phedtimetic Stepappbicbg during at | east 30
one of steps 400 or 406 is stripped, utilizing known photoresist stripping
met hodBHgeiesve matng [ayer 4 cap laygrsfrandiveacipdielerisic § are eﬁcg%@.ay Referring now to
Fi gure s . 15 -hee e 4 et ched
therei%érzu [ ?%g%ﬂ%ﬁeﬁ%s ,g%%@8&‘&@?{#%%@%#&@5%%\8{Ous| y

di scuseielinpitic'seveta iyels SHauAAHERIP2THB 4o dspBed tb'Spd 466 Bougsqpact to anot her
enbodi nent of the present invention, the steps whereby antireflective
coax i ngshoagpeat Figuradd | ayers 6 and trench dielectric 8 are etched may be

Papabl o of Ttk BofuG side 14, 5pshs Mt SBHOR M 4 T csponds Lo
st eps ﬁlﬁﬁn&éimugh?ggﬁ,n ravislisiydiseissbd. At &P 206, Havdond JpplieiivReE now to

Figure 18, steps - and 406 are shown. At step 405 photoresist 2 is
st ri pphplorassty 8y isepplisd teithahoitnse of trench t8pwhiol patersethervie pgspibiicat i on of

phot oresi s 00, Is | i 0.1 he. bot.t o f _trench 40, which patterns the
e pofihea dpnasckt A eopia b e et T a0 Heion e b1 be of ¢ he
prigsent i nv@iflohv@i depbsifion bf?yﬁo&ﬁfeﬁﬁ%@,l tht aijddipoRtival sives lielecft2 t he naj or
portion of via dielectric 12 is etched away, again utilizing the first,

| ow seib eighedaway, egashetiliznzibiec Sngiwlowaeleriivily eichiant, as Thown et Bgured r espondi ng
~wto sten.408, |eaves..a porti f via di.elegtric 12.i | ace agt, A follow ng
Dtne’ e Puif e spERPORB Bl #0%, Rayid SocrtiPh 6F b ioidehid T2 ARE At anti ol 1y
as  priolowinghie ditiftfee dTheldnditlof viRfdedlenterditithibg ifdubbiatiadl aset ch step
408, second photoresist strip step
previously discussed. '
15 With reference now to Figure 20, etch step 408, second photoresist strip step

410 has been performed, removing photoresist 300 from the bottom of trench 40.

At Figure 21 barrier etch step 412 has been completed, removing barrier 14
from the bottom of via 20. Thereafter a layer of electrically conductive TalN barrier
coating 42 is applied to the sidewalls and bottom of the completed dual damascene

20  etch. The dual damascene etch is now complete, and the further deposition of
electrieally conductive elements may procéed. This is typically performed by laying
down Cu seed followed by Cu deposition/fill. |

The present invention has been particularly shown and described with respect to

25  certain ﬁrefm“ed embodiments of features thereof. However, it should be readily
apparent to those of ordinary skill in the art that various changes and modifications in
form and detail may be made without departing from the spirit and scope of the
invention as set forth in the appended claims. In particular, the principles of the
present invention speeifically conternplate the incorporation of one or more of the

30 various features and advantages taught herein on a wide variety of semiconductor
devices, and further contemplate the implementation of a wide array of layer

compositions, appropriate etchant chemistries therefor, etchant flow rates, eich times,
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410 has been performed, renoving photoresist 300 fromthe bottom of tdﬁﬂp@i
40. At Figure 21 barrier etch step 412 has been conpleted, renoving barrier
14 fromthe bottomof via 20. Thereafter a |ayer of electrically
conduct WO 3 barrier coating 42 is applied to the si¥feVBINE3&6d bot t om
of the conpl eted dual damascene 20 etch. The dual damascene etch is now
conpl et %acﬁdiﬂve%éé@pfebﬁ&&?_ﬁn@fﬁﬁﬁbbbﬁé} 180els. BRR LY Hedd dertAREUSt | ve el enents
may proceed. This is typically perfornmed by laying down Cu seed foll owed
by Cu deppeicalloronteniplated by the meipiesi of erpgresent imyentimen particul arly shown
and described with respect to 25 certain preferred enbodi nents of features
t hereof. However, it should be readily apparent to those of ordinary skil
in the art that various changes and nodifications in formand detail may
be made wi thout departing fromthe spirit and scope of the invention as
~set forth in the appended clains. In particular, the principles of the
present invention specifically contenplate the incorporation of one or nore
of the 30 various features and advantages taught herein on a wi de variety
of sem conductor devices, and further contenplate the inplenentation of a
wi de array of |layer conpositions, appropriate etchant chem stries
therefor, etchant flowrates, etch tines, 3 1 DEC :2L WD 02/ 03454
PCT/ USO1/ 13626 reaction vessel pressures, and plasma power |evels. Each of
these alternatives is specifically contenplated by the principles of the
present invention. 3 1 DEC 2004 W) 02/03454 PCT/US01/ 18626 CLAI M5 What is
claimed is: 1. A nethod for formng a dual damascene etch structure in a
wafer, the wafer including a |ayer of organosilicate glass dielectric, the
;*dnethod
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conprising the steps of. first, etching through a major portion ngthC 2004
organosilicate glass dielectric utilizing a first, |ow selectivi‘ty

etchant, the first etching step |leaving a renainder portion of the

or gand¥? P4 gl ass diel ectric: and second, etching AAPPHBenai nder
portion of the organosilicate glass dielectric utilizing a second, high
selectivity etchant. 2. The nmethod of claim 1l wherein said wafer further

i ncludes a netalized object ¢opneanst he organosilicate glass dielectric,
the nmetalized object and the organosilicate glass dielectric separated by
a bar rwgae ik esdred ishe nmet hod conprising the further step of: subsequent to
- the second etching step, etching through a part of the artier layer to the
netalized object. 3. The nmethod of any of clains 1-2 wherein the major
portion of ithe Aomgthoddod fomaing aghialsdnthisedne etchistuturd herwafonypri ses a trench
diele | la. . ciele | £ ral R the remai nder portion
furt hg@%%%ﬁ%@%@iﬁfﬁéwsg%%ﬁ %Jso elet ‘gﬂ\?él]‘g‘eg%"gl ectric. The method of
any ofcomipaibing the-steng 9l i ed to the formation of a via-first dual damascene
‘'structure on a wafer further conprising a | ayer of antireflective coating
and a cap | ayer fagipstehing Swenghtaraajor pratios pf the argenbsilieate giake net hod furt her

conpri.si.n Ll or tf e first.etchi step, .the steps of: patterning a via
on © néieigiie Bilitie 4 e dSter Sy oo R SR e e BB B« he

ant i 1 eéh A6AdrpRriRdIHRordRbsiittieGRds bRKRIric; hndEC 20N WO OZ/ 0344

PCT/ US01/ 18626 5. The nethod of claim4 conprising the farther steps,

subsequent to the second etching step, of stripping the photoresist;
: second, etching away the remainder portion of the organosilicate glass

dielectric utilizing a second, high selectivity etchant.

2. The method of claim 1 wherein said wafer further includes a metalized
object beneath the organosilicate glass dielectric, the metalized object and the
organosilicate glass dielectric separated by a barrier layer, the method comprising the
further step of:

subsequent to the second eiching step, etching through a part of the
barrier layer to the metalized object.

3. The method of any of claims 1-2 wherein the major portion of the
organosilicate glass dielectric further comprises a trench dielectric and most of a via
dielectric, and wherein the remainder portion further comprises a remainder portion of

the via dielectric.

4. The method of any of claims 1-3 applied to the formation of a via-first
dual damascene structure on a wafer further comprising a layer of antireflective
coating and a cap layer applied over the organosilicate layer, the method further
comprising, prior to the first etching step, tﬁe steps of:

patterning a via on the top of the wafer with a photoresist; and

etching open the antireflective coating and the cap layer;
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patterning a trench on the top of the wafer with a second phot or dilsBEC 2004
etching the trench partially through the organosilicate dielectric. The

met hod Oof clains 1-5 conprising the further steps of formng the
or ganos‘lgbiog@%é‘?di electric of a first organosilicate di A6 ayer and a

second organosilicate dielectric layer, the first and second

organosilicat.e diteansthbdol MY Hcditpisial e AilheRstpL BettegiapPtd @yer; and
opping the etching of the trench with the trench stop |ayer. 7. The net hod

of any S6¢ond| clghing Steme§ 3-6 applied to a wafer including a barrier |ayer
beneath the organosilicate dielectric, the nmethod conprising the further

step of etching't ng] ryjer subsequent to the second etching step.
8. The met hod of a %E%lﬂfpmslf-’?, wherein the first, |ow selective
etchant is selected fromthe group of etchant m xtures including Ar/ N2/ CF4,

. Ar/ N2/ C2/ F6, and pAttérhiig@3featkBn iR tof bEtheRafadvif] 2 sed¥n@phstbdkige 1-8, wherein
the second, highly selective etchant is Ar/N2/C4F8. 10. The nethod of any

of clai®Ré 1-3 and 5-9, applied to the formation of a trench first dual
damascene structure, further conprising the step of repatterning a mask

for a via eteh abiugliiutich i HudiotfE PBLOLACALERSRRNT et chi ng.

6. The method of any of claims 1-5 comprising the further steps of:

forming the organosilicate dielectric of a fixst organosilicate dielectric
layer and a second organosilicate dielectric layer, the first and second

organosilicate dielectric layers separated by a trench stop layer; and
stopping the etching of the trench with the trench stop layer.

7. The method of any of claims 1 aﬁd 3-6 applied to a wafer including a
batrier layer beneath the organosilicate dielectric, the method comprising the further
step of etching through the barrier subsequent to the second etching step.

' 8. The method of any of claims 1-7, wherein the first, low selectivity
- etchant is selected from the group of etchant mixtures including Ar/N,/CFy,
Ar/N/CofFg, and Ax/Ny/CoFs/O,.

9. The method of any of claims 1-8, wherein the second, highly selective
etchant 1s AT/INo/CyFs.

10.  Themethod of any of claims 1-3 and 5-9, applied to the formation of a
trench first dual damascene structure, further comprising the step of repatterning a
mask for a via etch after the first etching and before the second etching,
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