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mj‘t%lttempt is to modify the dielectric material so that it causes less poisoning. For
example, in U.S. Patent No. 6,147,009 to Grill et al., the use of NZO as an oxidizing
carrier gas is avoided by using a siloxane-based precursor and He gas to make low-k
SiCOH films, thereby eliminating a source of nitrogen in the as-deposited film. This

may prevent poisoning of a first photoresist material on the blanket SiCOH film, but
after the pattern is etched into the SiCOH film and the resist is stripped, amines may
still be generated and may poison a subsequent photoresist patterning step such as

would be required for dual damascene interconnects. In another example, U.S.



still be generated and may poi son a subsequent

photoresist patterning step such as would be required
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the hardmask materials. That in turn may constrain the conditions under which the RIE
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may operate, and hence may compromise the ability to achieve the desired patterning
control in the dielectric film. In the case of non-silicon containing organic polymers
such as SILK™, this is not as difficult to achieve and may be the preferred approach.
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suitable barrier.



particul ar shape. [020] A preferred enbodi nent of the
nmet hod of this invention is shown in Figures 1-6,
wokiogh143bé ust rate use of the invention in a viBCTEPRD4/051131
dual damascene approach. In Figure 1, the starting
point of the nmethod is a sem conductor substrate 11
havi ng patterned conductors 10 enbedded therein.
Conductors 10 nmay be formed of any suitable
conducti ng material, but are preferably fornmed of
per. A cap_.layer 12 and_an__interlevel dielectric
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[024] The preferred PHS-based planarizing material is preferably baked at a temperature
of about 200°C to about 250°C, more preferably at about 225°C.

. [025] Next, diffusion barrier layer 17 is deposited. In a preferred embodiment, barrier



[022] The planarizing material 16 is preferably a

materi al such as that used for the underlayer in U S
w@\ppiitcspé on No. 09/ 256, 034, the disclosure of PGUTERIN04/651131

i ncorporated herein by reference. Specifically, the

planarizing material is preferably a

pol y( hydroxystyrene) (PHS) based systemwhich is a

bl end of two PHS pol ynmers, & crosslinking agent, and

a thermal acid generator (TAG. The preferred PHS

ynmers. are pol y(4-hydroxystyrene) and
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[028] In Figure 4, ILD 13 is etched using RIE chemistry, thereby forming trenches 22.
When ILD 13 is SiCOH, the preferred RIE chemistry is Ar/OZICF4/CHF3 and/or any
other fluorocarbon such as CHBF, CH2F2, Cst’ C4F8 and Cst' During this RIE step,
barrier layer 17 is completely removed, and planarizing layer 16 remains in the field

and in the vias. In Figure 5, planarizing layer 16 is selectively stripped, and cap layer



suitably I ow to avoid damagi ng the pl anarizing |ayer.

For exanple, a netal or dielectric deposited by
w@bosgitcabe vapor deposition (sputtering or evapPCHEPNG/051131

or chem cal vapor deposition may be used for

diffusion barrier layer 17. Suitable materials

include silicon, silicon nitride, silicon carbide,

titaniumnitride, and tantalUumnitride. The materi al

for layer 17 should be dense enough to performas a
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multiple hard mask method, because the via etch can be adjusted without affecting
trench etch. Most importantly, this method is extendable to future technologies, as new
materials are introduced with increased porosity and deceased physical linewidths.



patterns, thereby formng lines 25 and via 26.
Metal l'i zation may be perforned by, for exanple,
wale@asiepeg a thin refractory netal |iner and EUI/ER®A4/051131
| ayer by physical vapor deposition (PVD), filling to
excess with electroplated Cu, and then planarizing and
renmovi ng the excess Cu and |iner by
chem cal - nechani cal polishing (CwP). During the CMP
step, the cap layer 14 nmay be renoved. In sone

enbo nts, | i S _not npl etely renpved, but
032173 dnfedt et tiocs dgseraed RV Birdthod i is mvention i il
p r érisenaredah the etugelit € A tvia-fidydial dandssene appoadhe THe meiod gdwever,
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| ay ricate via resist
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no tik @eupe pEths ipepRerfinventiéhi S strip. This would tend to
form anm nes after subsequent 225C bake of the

pl anarizing | ayer. The absence of resist poisoning was
verified through optical and SEM i nspection and
through electrical test data. It is known that

certain structures on the chip are particularly
sensitive to resist poisoning, such as isolated vias
and the corners of via chain array test structures.

All test structures were shown to be conpletely free
of any resist poisoning effects. [031] Wth the nethod
of this invention, photoresist poisoning is

el i m nated, and yet con- ventional I|ithographic

phot oresi sts may be used with no special additives or
procedures. This nmethod allows for a wide |ithography
process w ndow, since the wafer is conpletely

pl anarized. In other words, there is no need to print
vias inside troughs, and no need to print over steps
created by hardmasks. Moreover, this nmethod uses
conventional RIE gases. No netal hardmask is involved,
thus the nmethod is conpatible with existing
back-end-of-line (BECOL) RIE processes typically used
in sem conductor production, and it does not involve
new | earni ng of RIE manufacturing techniques

associ ated with netal hardmask. There is also no
constraint on nitrogen content of underlying
dielectric layers, including Cu barrier caps and the
interlevel dielectric itself. The via-first nmethod is
i nherently sinpler for RIE as conpared to the

mul tiple hard mask nethod, because the via etch can be
adjusted without affecting trench etch. Most
importantly, this nethod is extendable to future
technol ogies, as new materials are introduced wth

i ncreased porosity and deceased physical |inew dths.
WO 2004/ 114396 PCT/ EP2004/ 051131 10 [032] In the
preferred enbodi nent described above, the nethod of
this invention is il-




lustrated in the context of a via-first dual damascene
approach. The nethod, however, is equally applicable
W eooetihspe damascene t echni ques such as a | i ne-PCT/BP2004/051131
dual damascene approach. [1033] Wile the present
i nvention has been particularly described in
conjunction with a specific preferred enbodi nent and
ot her alternative enbodi nments, it is evident that
nunmer ous alternatives, nodifications and variations
wi Il be apparent to those skilled in the art in l'i ght
of the foregoing descriptidglaimss ther ef ore intended
t hat the appended claims enbrace all sug
[001d er nat i A&¥ethadds forming g gicheghpetipey s ?E&H%‘)“g&“?ra‘iup?tﬁée the
Wi t hi n t hethbd ensBopehoitepste: dupesiaiy a thivviin owthe siistrate;

2004/ 114396 grré ;FEL%QT 4 g? %&%}%mgaeerlgll & tﬂg th.[irpﬁﬂ’\l d%osmng a layer of

nmet hod f orepf)
seni condubsarer I@ﬁmﬁl math@ Jlayen ef plagarizing m,%mﬂl,u @P?ﬁgtll%gﬁ least one layer

steps of: oﬂﬁﬁ? ghia%lapoﬂ Ak Mkt J)frBaﬁ{brtlﬁh@erﬁy lI &least one first

depositin ana | zin [ aI
film dep@%tiefﬂi E‘EJEY“%‘P injgg F%arte &Ffeéfn i?ﬁ‘al‘i{glpqanmzmg
| ayer of mhtaﬂalr remonglgrma m'taigaig,ma:texm,smmamrvgteabr doaastendmmh

| ayer #ﬁﬁ%}tﬁ@ﬂr@%a]ﬁ&nasha&ln l?éeprlln@a}’@ﬁlg%até}ﬁf It aﬁgferrmﬁ the first

naterlal east ‘one tern's
the | ayerBatigm § ﬁ@ﬁjpﬁlge th Tl grooving: the BAifglegsT; @ilhehaier or con-

pl anari zi aﬁrenﬂjamh i@hsferfiQE s fitgt fafternisAR@itO thethih€ilnahnd removing
ei ther af ntly with formng the first

]"&11 concurr %l

pattern shg 5’“?9%%18 hari zing material ;

[002nsferr Amgethddefw forlmng apheat damasedng péelpmlrlemstmbmw ona semi-
film renmafidot diBstRaS crdnﬁfrlsi )ﬁ@feast%h& Bﬁfenﬂafdtc%ﬁd&forctﬁé‘method
currently vvlthtrgens errl(p? heflr pattern shap

the thin FGPRASIZIEE FeRtV; 3081?1}@ B FigF ﬂ%@@r (b rbgrate: forming
[002] A nefitwsdordeota hanididigedricaterialasms ciean et least one of the vias is

i ntercon ng&sh 0‘?1%:([ S H{e afilnid g’(ﬁmu(éto% gﬁ%ﬁﬁﬁg fa 1§}H>E of ﬁlaltla?mmg

conpr|3|n e patterne

net hod cmﬁﬁ@fla@nﬁge ihhléct@p asserisd andijgthesyigj degosifing a layer of barrier
di el ect ri maf¥Bhlesnithé lasiéf df bﬁmﬁﬁbﬁg foate€ial; flép’oﬁinﬁg at 184ist one layer of
late alste ag? eg%alg?ng}xﬁqt%ial on ee1f1 er oégfgrn?ra I‘r:lzh gr b%)g?n%{é t:],Lt feta]sq one trench in
pat t er nedthe daydseif onaginepetsiial, barier haipaal apd pbn@mng mftaggal, such

material @ &ihesdinglog ﬁfertfeﬁcﬁ@'iseﬁdsﬁ Joné Gk thelvik rith&ing the i 1mag1ng

TR A R N
of i magi ngteralt eansédrringnthe Iaelehﬁy)ﬁds trafchbathelthﬂedmm matiedl; such that at
for m n 9 afeggt %ﬁg' Bf A0 ﬁ'?ﬁcfhg{]% fﬂ)oéﬂgoneltdl'b%c-:ll Y gfa eﬂfovir{%’%ﬁ% Brier material,

mat e
such ¢ h L either affas g5 consARERSLY RBASERGREEO A o3 ong b the

over the ¥ieRitric eﬁa@éﬂangina P@nw@ﬂha glanﬂﬂﬁlgﬂnafenﬁalel t her
er or c¢onc e trench in
g o Raneitiid B ombintia dhel BispisPets i Fredelt pmefird it semi-
t rench t ocdndectoi sibgtcite ¢canprizineradt dast ape phtterhesit coaductdreths tmethod
one of thg %@%ﬂ%ﬁésté@a&o@ﬁ)flﬂﬁ?g dR¥BfricnMBertél 8n the substrate; forming

renDV|ng t
at least one trench in the dielectric material, such that at least one of the trenches

is positioned over the patterned conductor; depositing a layer of planarizing
material on the dielectric material and in the trench; depositing a layer of barrier
material on the layer of planarizing material; depositing at least one layer of
imaging material on the layer of barrier material; forming at least one via in the
layers of imaging material, barrier material and planarizing material, such that at

least one of the vias is positioned over the trench and the patterned conductor;



either after or concurrently with transferring the at
| east one trench to the dielectric material; and

WO 209114396 t he pl anarizing material. [003] A nepdiDEP004/051131
form ng a dual danascene interconnect structure on a
sem - conductor substrate conprising at |east one
patterned conductor, the nethod conprising the steps
of : depositing a dielectric material on the substrate;
formng at |least one trench in the dielectric
mat eri al, such that at | east one of the trenc
posi t | one§TGVide themagingmatenal, eit E?ﬂftﬁ@f %rrconﬁlw&ay t“iltllfdtoﬁnmg the via
| ayer of jpltEeelanarizing materiadytreankfeoimgttheatdeast @etvia © the dielectric
mat eri al ﬁgtgnéln I{CH hat Eﬁegﬁyonéj(ﬁﬂﬁ?%a ﬁ%oﬁtlé)rﬁﬁ%elo&le trench and the
barrier ‘materia ar| zi ng
mat eri al ; Payemsd F?ndﬂgtoatremeugg ﬂ@rb@rqeay@%ena |, eithigrgfjerpy concurrently
materi al @fih @ fdraie the Qf leB@Iohé ¢ toTte@lidedric okl ghdatmoving the
| east one vi a ln t,% | ayers of imaging naterial,
barrier 361 anarizing material, such that
[684] | east Tlumleetbbd oh@lain Aswhaseip asleast onestcondpatietneshape is formed in
trench ang, QA4
bor) Eh20007 oslﬁﬁﬁ%%i%%%??%%% Rher of las g n%%‘gréﬁgr and the second
ei ther af Patiemothapyisd! iigmhew HetiFE g the via in
[005 pl anaTheinetyodraf Elaiml; wherein stieethini filg ik b dieddctrceasterial.

via t c .

P Gne Ty el 8 Gk 27 o ekl Sl 1. Tow-k
and the é‘akﬁ@ﬁﬂ@@r@bnductor renoving the barrier
[ogtieri al , TRd I‘hBtﬁBd af d:la[m 6! wE&5ia Wiid I0WL] Fiele¥kit Mnaterial has a dielectric
transferrlnc h1 61St one via to the dielectric
mat er i al ; “HAG & the planarizing material.
[POR)4] TheTheinbibdd of Clgimibnwhereinttier leivrk ditletteia snatesiabhas a dielectric
second pa&&n@(aﬁtl%&@?& dpouf sed in the thin film pri or

to depositing t ayer of pl anarl i ng terial, an
P98 secondbe ﬁﬁ@pépnwrpaﬁ@dﬁngqm ergif 1) @er&twﬁd isa

mri]lt E‘rlf a: p(ﬁl@@§Jlroﬂmyrﬁﬂ)Ifbaﬁbdcsfysté]n&bﬁipﬁslng\lbcﬂyell-lﬂydtrdl@ﬁtyrene)
thin fi [ Jret hod

of daim aﬁtgﬁacgﬁ@lﬂ&\%@eﬁe& in t ?)O ra-rfrlg?rerl al is

a | owk a,ﬁétfe@ﬁm&(nw&togvmauhyl){@mo[mei] ﬁ@td@é@e'éﬁ -(1H,3H)-dione,
d ai m 6, gmﬁ[;ﬁk@bélﬁgl foSylatk (}%ugt)ect ric material has a

| ect | t ho
[m Cleg| :r: @Pé Pﬂ Yh!g g‘fseg{}\}g@@ﬂne [wggl%}ni tgl H]&{werfziln% mﬁtglgal is selected
a di el ect fiom thegrosp eotsisties sf pdipanylabiues, BolFhydroQ@fyratvebased

t hod of
method o Iés’}métl%s? agk&&@es&é}gé@l w%%r nteasﬁcms?mydamon&es,

SYS
conpri si n@’oﬁtﬂsﬁpﬂ’xwm %tgwgp Plé(}f‘é\)as polyary enevmylenes polyvinylcarbazole,

9- ant hr aceﬂ}ﬁbﬁeﬁﬂisyhranﬁtﬂy@@rsl( hydr oxyst yr ene),

[??fé)r Zh%dtr 2'{19? mﬁ reced%nﬁ q ?Jm, Wharaelznotflzb%rnaﬁ material comprises
i m dazol esifica ((19_)Hd@dgp0§1itqglrtgf plasgmcpnpaxwpd p]@ﬁy@gailylppor deposition at a
tosylate (pMehlure ARk THECHEMMEBFCany precedi ng

[gllfll m Wh%[le? Ilngthtolci] %f 81 %r | Zflergin r‘gi'?tb%;rlle?‘lmaltesna 1s|£p051ted by plasma-

enhanced chemical vapor deposition at a temperature of about 150°C.

[013] The method of any preceding Claim, wherein the barrier material comprises a
material selected from the group consisting of silicon, silicon nitride, silicon
carbide, titanium nitride, and tantalum nitride.

[014] The method of Claim 2 or Claim 3, further comprising the steps of: depositing a
layer of anti-reflective coating on the barrier material, prior to depositing the
layer of imaging material; and removing the anti-reflective coating, either after
or concurrently with forming the trench or via in the planarizing material.



fromthe group consisting of polyarylsulfones,

pol yhydr oxyst yrene-based derivatives, polyimdes,
w@odogai4ses s, pol yaryl enesul fi des, pol ycar bonat PGT/EP2004/051131

epoxi es, epoxyacryl ates, pdByaryl enes,

pol yaryl enevi nyl enes, pol yvi nyl car bazol e,

cyclicol efins, and polyesters. [011] The nethod of any

preceding Claim wherein the barrier materi al

conprises silicon dioxide deposited by

| asma- enhance 1 cal vapor d sition at a ‘

[ erat u %?tg‘ﬁg%eﬁa% e %Boﬁﬁgﬁﬁﬁmﬁﬁ& He sigpof filling the first
met hod of pabmi shapklwitivné eorgluctiviemeatdyéal raifter renmivingithd imaging material,
deposite = ' . .vapor
deposi t i &Hgé?ggﬁtﬁ%%@gﬁ %@’?%‘?ﬂ%gg}}f‘@?%}éc [013] The

B hod of Theryethedelddping L Bivdierpin (his sprduptivepategal comprises copper.

[OBteri al TREhSES Cainl8lviticréh teabw ki déedtrio Matekiel iy SITMH
consi sting of. 'Iiﬁonﬂﬁﬁilic n n}tride, silicon
car bi de, P%Wﬁbﬁf TR EPOTATECYAMY al um nitri de. k014] N

[¥d net hobheohet@hdofiflaino®, faithdr ep@prifing thestep ob hpving tha glanarizing

the ste psttfaﬁal%EQ RhgetdMske Bf abRY 80°Cho M¥ut 2350°€! Bk UMRsition of the
coating on the barrier material, prior to depositing

the | ayerlagizinggeatéittlnat erial; and renoving the
[@tt]i - r ef | Eigd stBod ofoClaing 9, faithdredbmpfiding theatep@b baling taplaparizing

T T T e

The met hodatgfialdl aim 2 or Claim 3, further conprising

the step of filling the first pattern shape with a
conductive material, after renoving the imging
material, the barrier material and the planarizing

material. [016] The nethod of O aim 15, wherein the
conductive material conprises copper. [017] The

met hod of Claim®6, wherein the lowk dielectric
material is SiCOH deposited by chem cal vapor
deposition. [018] The method of Caim9, further
conprising the step of baking the planarizing
material at a tenperature of about 200C to about 250C,
after deposition of the planarizing material. [019]
The nmethod of G aim9, further conprising the step of
baki ng the planarizing material at a tenperature of
about 225C, after deposition of the planarizing

mat eri al .



