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Backeround of the Invention

Many ultra-low-k (on the order of about 3.5 or less) plus Cu interconnect structures of the dual
20  damascene-type are known,; See, for example, R.D. Goldblatt, et al., “A High Performance 0.13
um Copper BEOL Technology with Low-K Dielectric”, Proceedings of the International
Interconnect Technology Conference, IEEE Electron Devices Society, June 5-7, 2000, pgs
1 261-263. Such prior art interconnect structures include inorganic as well as organic dielectric
materials as the interlevel or intralevel dielectric. If is widely accepted that dual-damascene

25  structures are lower cost than single damascene or subtractive metal structures.

Typically, there are four essential problems associated with prior art dual damascene

interconnect structures which include the following:

30 )] Poor control over Cu line thickness (i.e., trench depth) and resistivity.
@)  High coefficient of thermal expansion (CTE) of low-k dielectrics, which may
eventually lead to failure during thermal cycling.
(iii)  The inability of the ulira-low-k dielectrics to survive chemical-mechanical polishing
(CMP).
35 (iv)  Increased cost to fabricate the structures.
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(PECVD) tool, thus raising the cost of fabricating the desired low-k plus Cu interconnect

15 structure.

Additionally, low-k dielectrics plus Cu interconnect stmctureé of the dual damascene-type fail
during thermal cycling tests due to a high-CTE of the dielectric surrounding the vias. Moreover,
commonly used porous low-k dielectrics do not survive CMP. Instead, prior art porous low-k

20 dielectrics tend to be delaminated and removed during the CMP process. Furthermore, prior art
etch stop layers are made from vacuum-based PECVD deposition tools that are costly to

purchase and maintain.

N

In view of the above problems in the prior art, there is a continued need for providing new and
25 improved low-k dielectric interconnect structures of the dual damascene-type that overcome the

drawbacks mentioned above.

Summary of the Invention
One object of the present invention is to provide a low-k dielectric plus metal conductor

30  interconnect structure of the dual damascene-type in which precise and uniform control over

metal conductor resistance is obtained without thickness variation of the conductors.

Another object of the present invention is to provide a robust low-k dielectric plus metal
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provi de a | ow ric plrus ne conductor interconnect structure
whi dB conprises a multilayer of spun-on dielectrics. An additional object

of the present_ invention is to provide a lowk dielectric plus nmetal 15
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providing a mnmetal wiring plus lowk dielectric interconnect structure of

t he dual da(?scene-,type wherein the 20 conductive netal lines and vias are
bui |t i MDALTHG PhicPiithe Pressnbinventionss tpouide alpwkidielectrio gbs metal

15 conductor interconnect structure in which the process used in forming the same avoids the use of

costly vacuum based deposition tools.

These and other objects and advantages are achieved in the present invention by providing a
metal wiring plus low-k dielectric interconnect structure of the dual damascene-type wherein the

20  conductive metal lines and vias are built into a hybrid low-k dielectric structure which includes
two spun-on dielectrics that have different atomic compositions and at least one of the two
spun-on dielectrics is porous. The two spun-on dielectrics used in forming the inventive hybrid
low-k dielectric structure each have a dielectric constant of about 2.6 or less, preferably each
dielectric of the hybrid structure has a k of from about 1.2 to about 2.2. By utilizing the

25  inventive hybrid low-k dielectric structure excellent control over metal line resistance (trench
depth) is obtained, without added cost. This is achieved without the use of a buried etch stop

layer, which if present, would be formed between the two spun-on dielectrics,

In accordance with the present invention, the spun-on dielectrics of the hybrid low-k dielectric
30 structure have distinctly different atomic compositions enabling control over the conductor
resistance using the bottom spun-on dielectric (i.e.; via dielectric) as an inherent etch stop layer

for the upper spun-on dielectric (i.e., line dielectric).



two spun-on dielectrics that have different atom c conpositions ang aotC '
| east one of the two spun-on dielectrics is porous. The two spun- $1 ”905
di el ectri csW@B®71468 f ormi ng the inventive hybrid |owk di epegigiicir704
structure_each have a dielecgtric constant of about 2.6 or |ess, preferably
each di elneieraspechpl tﬁﬁ PIIONNYENSOR, AR LeORRESt Sruetuse 15 providad hichomptisesabout
2.2. By utilizing the 25 inventive hybrid lowk dielectric structure

excell ent control over netal |line resistance (trench depth) is obtained,

wi thout aglsiaduaRaving i pattbrhe@ BIUrRMBH-MEbROME biRdiita Qfifle Bde Lol SEEP

| ayer, which if preséent, would be forned between the two spun-adn

di el ect ri byrid lnwdcdicledtrivdevingteh effletiverdisienntc constant ofabout 16 o8 fdgar@comprising
di el e%tri CE of the h giehd ] ow Kk di el ectngéc 30 structure have distinctly

di f f erent @ 8PP ép%?ﬁv) ecirigrrod g ol sruaePndisletie, Whespinspid otamand dop spun-on
resi stanc i : - i tr L.Em.cMia dielectric) as an
i nher ent (the }éﬁ{rfsatg g%)%fdéf/}g{ehp o@%gﬂ% 5%8’?4 @(gu#]!e%ﬁt(d |ee(1fé;%1\f/1 FE&“‘E’ i dgfef:{r}ols fe
dielectriggroug 2 8 OCT 2005 WO 02/071468 PCT/ USQOL/ 47794 I n one aspect of

t he present invention, an interconnect structure is provided which
conprises: a substrate having a patterned hybrid |owk dielectric forned on

a surface thereof, said tterped hybrid, J]owk dielectric having an
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compositions and at least one of said dielectrics is porous.

A further aspect of the present invention relates to a method of forming the aforementioned

20 interconnect structure. Specifically, the method of the present invention comprises the steps of:

(a) forming a hybrid low-k dielectric on a surface of a substrate, said hybrid low-k dielectric
having an effective dielectric constant of about 2.6 or less and comprising a bottom spun-on
dielectric and a top spun-on dielectric, wherein said bottom and top spun-on dielectrics have

25  different atomic compositions and at least one of said spun-on dielectrics is porous;

(b) forming a hard mask on said hybrid low-k dielectric, said hard mask including at least a

polish stop layer;

30  (c) forming an opening in said hard mask so as to expose a portion of said hybrid low-k

dielectric; ,



A further aspect of therpresent invention relates t% a method of forming
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hybrid : | r] I n I.d hard mask ..gs.an etch mask; (e) filling
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the Drawings FIGS 1 A-1 G are cross-sectional views of the inventive
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i nventi tghl ed scriptjan of .the Inyention The present invention
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st riict up@sesing! siéhs G etle HadREROERIchyPe W | | now be described in nore detail

by referring to the 15 drawi ngs that acconpany the present invention. It
Is noted that |ike and/or correspondi ng el enents of the draw ngs, are

referred to by |ike reference riu rals., Reference ijs first made to FIG I A
which illustrates aninitia&%ﬁi&ﬁ%ﬁ&ﬁ&é‘ﬁﬂﬁ%yedinthe '

The present invention which provides a hybrid dielectric that is useful in forming interconnect

structures of the dual damascene-type will now be described in more detail by referring to the
15 drawings that accompany the present invention. It is noted that like and/or corresponding

elements of the drawings, are referred to by like reference numerals.

Reference is first made to FIG 1A which illustrates an initial structure that is employed in the
present invention. Specifically, the structure shown in FIG 1A comprises substrate 10 having
20 hybrid low-k dielectric 12 formed on a surface thereof, The hybrid low-k dielectric includes
bottom spun-on dielectric 14 and top spun-on dielectric 16. In accordance with the present
invention, the inventive hybrid dielectric has an effective dielectric constant of about 2.6 or less,

with an effective dielectric constant of from about 1.2 to about 2.2 being more highly preferred.

25 The inventive hybrid low-k dielectric employed in the present invention includes two spun-on
dielectrics that have different atomic compositions and at least one of the spun-on dielectrics is
porous, preferably both spun-on dielectrics are porous. It is noted that the bottom spun-on
dielectric serves as the via level dielectric of the interconnect structure, whereas the top spun-on
dielectric serves as the line level dielectric of the interconnect structure. Moreover, since the

30 effective dielectric constant of the hybrid dielectric is about 2.6 or less, the spun-on dielectrics
are made from low-k (k of about 2.6 or less) dielectrics, A more detailed description concerning

the hybrid low-k dielectric will be provided hereinbelow.
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and/or partially crosslink the |ayer so as to render_the dielectric |ayer
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' suppliers and other like organic dielectrics. It is noted that the organic dielectric employed in the

present invention may, or may not be porous. When porous low-k organic dielectrics are
20 employed, the pore size of the porous organic dielectrics may vary, but typically organic
dielectrics having a pore size of from about 1 to about 50 nm at a volume percent pore size of

from about 5 to about 35% are employed.

When the bottom spun-on dielectric is composed of an organic dielectric, then the top spun-on
25  dielectric is formed of an inorganic dielectric layer. Typically, in the present invention, the

inorganic dielectric layer comprises Si, O and H, and optionally C. An example of one type of

inorganic dielectric that can be employed in the present invention is the silsesquioxane HOSP

(Si-containing inorganic sold by Honeywell). Other types of inorganic dielectrics that may be

employed in the present invention include, but are not limited to: methylsilsesquioxane (MSQ),
30 tetraethylorthosilane (TEOS), hydrido silsesquioxane (HSQ), MSQ-HSQ copolymers,

' organosilanes and any other Si-containing material. In this embodiment of the present invention,
porous or non-porous inorganic dielectrics can be used as the top spun-on dielectric. While the

pore size of the inorganic spun-on dielectric is not critical to the present invention, the pore size
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It is.t noted that prior to spin-coating the top dielectric onto the bottom dielectric, the bottom
spun-on dielectric may be treated with a conventional adhesion promoter, The application of the
20  adhesion promoter includes conventional spun-on processes well known to those skilled in the
art. A rinse and baking steps may occur after spinning-on the adhesion promoter. The rinsing
and baking steps ensure that all residual solvent and non-reactive adhesion promoter are removed

from the bottom spun-on dielectric prior to forming the top spun-on dielectric thereon.

25  Notwithstanding which embodiment is employed in the present inventibn, the bottom spun-on
dielectric layer of the hybrid low-k dielectric has a thickness of from about 500 to about 10,000
A, with a thickness of from about 900 to about 3000 A being more preferred. Insofar as the top
spun-on dielectric is concerned, that layer typically has a thickness of from about 500 to about
10,000 A, with a thickness of from about 1000 to about 3000 A being more preferred. It is noted

30  that although the drawings depict the presence of only two spun-on dielectrics, additional spun

on dielectric layers are also contemplated herein.
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It is noted that prior to spin-coating the top dielectric onto the bottom
di el ect r i epbedimentovhasein coping oenursprisr éx formationesf thehardezskd with a
conventional adhesion pronoter. The application of the 20 adhesi on pronoter
I ncl udes conventional spun-on processes well known to those skilled in the
art. Ari : | C I:pBl [

o oot er . RL RS MR ERR VT BT Hald B RRA SR O GpRNES s Gl
and non- r gk hysidgiBRE R i.Of anoh epurRsedierRoridd. If seatdahee With tigypreRun- on
dielectric prior to formng the top spun-on dielectric thereon. 25

Not wi t hst aveitiny, Wiid aask 8 dnelndas ot least alishasjerdlayer 20raad patteraing layev 82t Thehardhe

bott om spun-on  ,dielectric r of, the hybrid | ow lelectric has a

Db cillbeomgriopvich Sishoet OB YS andihe el Corvertiond! BECHD Ginkssseiar morsm
about 900 ' ; sonl r t un- on
ol ectr i picferig Eact? i o AR AR I¥ (AR 6l on AT AR f8find By ool T
500 to abeatting bt (16frrd sisice theg rdduce the aamberf offdepositidioiodls i8€Dint the atalt 3000 A

being nore preferred. Iy js poted 30 that although the draw ngs depict the
presence Bocessl frexefgse sesivaingheip veralbmanutacturing fost; %aqeowuﬂth%\a tHheergwings ¢

| ayers ar ; eF i [

e v e e R e e s R S T
spun-p dlagkgctrics may be cured now, or if the hard mask is nade from
spun-on dielectrics, the hybrid dielectric and hard mask may be <cured in a
single curing step. The later is preferred since it reduces the nunber of

prOCeSS! gy BERSed LBRL nd AROENES ver] B BN defeh Rk P O

her ei nbel
selectivity towards the layer that lies directly underneath. For example, the patterning layer

employed in the present invention is a material that has high-etch selectivity (about 10:1 or

20  greater) towards the underlying polish stop layet. The polish stop layer, on the other hand, is a
material that has high-etch selectivity towards the underlying top spun-on dielectric and it should
have a dielectric constant that does not significantly increase the effect dielectric constant of the
hybrid low-k dielectric. The polish stop layer also has a very negligible polish rate in the CMP
process used to polish the metal features during the damascene process.

25
Accordingly, the patterning layer may include organic or inorganic dielectrics, while the polish
stop layer may comprise inorganic or organic dielectrics. The exact nature of each layer will be
dependent first upon the top spun-on dielectric of the hybrid low-k dielectric and then upon the
polish stop layer. For example, if the top spun-on dielectric is an organic dielectric, then the

30 polish stop layer is typically an inorganic dielectric and the patterning layer is typically formed of
an organic dielectric layer.  The thickness of each layer of the hard mask may vary and is not

critical to the present invention. Typically, however, the patterning layet has a thickness of from



5 embodi ment wherein cuti ng occurs prior to formatlon of the hard nma2§. OCT 2005
After forming the structure shown in FIGIA, hard mask 18 is formed on the
.uppernostw@um‘oageg of the hybrid dielectric, i.e., on toppSPYSHRAIT9,
dielectric 16. In accordance with the present invention, hard mask 18

i ncl udeaboat 100tasibopod 009N sind th pofish 5P layerhgsat thisknessgf Frayreabo20] 00Toa@bérar d 10
mask, V\ﬂiﬂ%h Is shown in FIG 1B, maybe fornmed by conventional PECVD

process r nore preferably, each layer of hard mask 18 is forned by
spin-on coating. Layers formed by spin-on coating are preferred since they
reduce the nunber of deposition tools used in the overall process;

t her ef d?cdlorvadgjﬁorn@tlbh of thedaal haskathefhacd masknge.cpslish shéprand\patternivgtiargls t he
dravgl ngs .. depi ct the presence f two layers in the hard mask, the hard mask
may “cont'gHl AS ﬁ%ﬁrue dethang mydilayes of sgraron dlqiﬁenﬁwéy be subjestectioj apirighe wrﬁ@ stdie

hard mag;. H%’ca\‘f}écy ot r@(r: %Pge?f?%gﬁ%%dlﬂﬁﬁsn\g&?Eﬁ&mﬂoctﬁosetssﬁu g;l‘{l maer it yar ds

the layer that y underneat | ayer

enpl oy esingla citisg stee Sedltrs ifpYiehy dislecttiSs gre Hdde fiom sﬁuhaén dialectiaics hTies &ii‘mﬁ stetp
selectivity i})bOUt 10:1 or 20 greater) towards the underlying polis op

| ayer. MARinsHidesrhos plate bakpstep erfumm heeting Indbeipresent inventiars itilsprefareed thas

Shou 0 SREEHEE Sl bR ek hetel A o En HERoBRRR e SRS Rh ke ( he
ef frct t(ri}gﬁhﬂﬁ,%t 1a€e0tmdi@g1fs cafnea Bﬁt at%érﬁufe%n%@dlﬁ%@dtﬁ abdiiS00et k Q St op

| ayer also has a very negligible rate in rocess use
pol i sh time pasecpf ﬁ@atabpnts”(limabqg &Oﬂ seatads yddledhpfionass sbakxﬁg stép mcramhmig:bqt at t he

attern | ayer nor.gani c, Iectrlcs while the
Pl i o sl o it oS $pRi Sl totar By peindotiteat shaes # S B HRetoowact
nat ure gouea®ousy at 1sVHglain é&?phaﬁ%@tﬂgﬁmhefﬂaf@ﬁla 9ot &ﬁnjo@ﬁd éﬂgﬁ?

dielectric of the hybrid lowk dielectric and en upo e I'sh stop

| ayer. ¢gleciieartherecurirg mhﬁeom;pplsqnmhond rdanIchpomtmm i Momover sjacd csplinednect ri c,
er i S cal | norgani ¢.di.el ectric and the

bat Per it g it Sibtetiegbing wnmlﬁif | 5¥ine §e ot e NP i g @meT he
thi ckneg $s Rt @REDeVeR YIRS tlféfdrﬁvb cﬂf %@ﬁlgrﬁ%%%rgﬁ{oﬁ galfdsfopﬁérd rr“arsllglg thPlre L ©
0 pat as a

t he present 1nvention. plca weve erni ng
t hi cknesst spin-bnoonat8d.2 8 OCT 2005

The cured layers are shown in FIG 1C and are labeled as cured hybrid low-k dielectric 12

20 including cured top spun-on dielectric 16’ and cured bottom spun-on dielectric 14, and cured
hard mask 18 including cured polish stop layer 20’ and cured patterning layer 22°. Following
curing of the hybrid low-k dielectric and optionally the hard mask, the structure shown in FIG 1C
is then slubj ected to a first lithography and etching process which forms opening 24 in cured
patterning layer 22°; See FIG 1D. Specifically, the structure shown in FIG 1D is formed as

25  follows: First, a photoresist (not shown in the drawings) used for patterning the patterning layer
is formed on the cured patterning layer using conventional deposition processes well known to
those skilled in the art. The photoresist is then exposed to a pattern of radiation and thereafter

the pattern is developed in the photoresist using conventional resist developers.

30  After developing the resist pattern, opening 24 is formed in the hard mask so as to expose a
portion of the underlying polish stop layer. Specifically, the opening is formed by a conventional
dry etching process including, but not limited to: reactive-ion etching (RIE), plasma etching and

ion beam etching. Of these various dry etching processes, it is preferred to use RIE that includes

9



WO 02/ 071468 PCT/ USQOl / 47794 about 100 to about 3000 A, and the pol LZ%h E]t %85
| ayer has a thickness of fromabout 100 to about 1000 A. Fol |l ow ng 0

formati on ofyg b7iggd mask, the hard mask, i.e., polish stogcq.flg()ﬁﬁ%4erni‘ng
| ayers, as 5 well as the underlying nultilayer of spun-on dielectrics may

be subj ectladrihebased ichghistrinsr iAfigr thiegichihg sthp,ithe pattetnedphoturesist ii@ripped from the
conventional conditjons wel] known to those skilled in the art. The single

curing st SpuGEEIHizing conyentiopal stranping proeessesrwelbinosvrte shose sluitled in the art. The
di el [ ' ' . | bak
neat tng.  Fovulehl Sebukd WorhePotitte i lide By Bl Bumhes 85 Cnanaln Fig 14 op°°

that includes furnace baking. Al though the conditions for curing nmay vary,
10 typically, hot plate baking is carried out at tenperature of from about
250 t 05 abdfter 50ip@ingdhe photoiesist femitixostctute, ameatyhotoradist (notahowh) i§@ppldao s,
whil e the furnace baki %ﬁ?zbegmips carried oyt at a tenperature of from
about 200 SHBCTABSIOWEAY - inRY phatoresist ivthen Sibjestrs to littweranhyead etching so

about 3.0 u R | ; i hat. 4 f_the hard mask is, not, . .
conposed 3? 903%@}’11-(18 N eéo@@%%@ﬂg ?@&? ﬁéﬁ&% r‘?a'l%’@h ?Ws%s_cacwgﬁ? ptgqur?@);k?gp doWes k
deposi ti Oflie]ddpie PYerTheSedtif etehipiileifclies et MRSHore eri@r{e‘arcﬁ-?gtchihpe _
drawi ngs and foll ow ng description are specific for that enbodinment. It is
not ed howgveessehaOf these darionis desetehig prolcessed, itgs predarredrid nemRER thaviatludesf or

har d sks, that . ar not . spun-on coated. The. cured | ayers are shown in FIG
1 A adoiat bR cheiid FJOYRE R BhichxpaEss e ursdanudione o ed
top spun- AL RS, the' : t rgh.gﬁ,@ ' ihGa:14' . and
cured ha(rggmnggk % ({é’ncl 3%‘?’%8 pg?ﬁ)geglsg%{ni%h OET@%@F%E@%H@%E}%&

pat t er ni ngohepaond 2tripplieg provsss grovidimg agtrimturt bechhaslshown 0Pk 18 el ectric and
optionally the hard mask, the structure shown in FIG1 C is then subjected
to a first |ithography and etching process which forns opening 24 in cured

patternin - I L fd e ruct u shown in FIG
OB <" o Tob PP iR B BB [ SPblteq ABRTBEHERHF R BER LR oo’
drawi ngs) isiséidletic, hetdbe elinitinh expurtiiea thd bttty Rbrgahie JoRfu¥RELIQKid fae cur ed
patterning |ayer using conventional deposition processes well known to

t hose ski Ipptedtiplly haymfaliresistotrép plaseasr esi st is then exposed to a pattern of
radi ation.and thereafter the pattern is devel oped in the photoresist using
conventional resist devel opers. 30 After devel oping the resist pattern,

opening 24 IG_Q FfsAbWE thel srubfife Ak the RARKSBrAsd th Ih&EXR@ BRsR s transferred to the hybrid
low-k dielectric. Specifically, the pattern transfer, which forms trench 28 in the hybrid dielectric,
20  is carried out using a dry etching process that includes oxygen or reducing chemistry. In

accordance with the present invention, trench 28 may be a via or line or both.

Following the pattern transfer to the hybrid dielectric, the trench is then filled with a conductive
metal 32 and planarized so as to provide the structure shown in FIG 1G. An optional, but

25  preferable liner matetial 30 may be formed in the trench prior to filling with the conductive
metal. The term “conductive metal” is used herein to denote a metal selected from the group
consisting of aluminum (Al), coppet (Cu), tungsten (W), silver (Ag) and other like metals which
are typically used in interconnect structures. Alloys of these conductive metals such as Al-Cu
are also contemplated hetein, A preferred metal used in the present invention is copper. The

30 metal is formed in the trench utilizing a conventional deposition process such as chemical vapor
deposition (CVD), plasma-assisted CVD, plating, sputtering, chemical solution deposition and

other like deposition processes.

10



portion of the underlyifhg polish stop |ayer. Specif_i_]_:‘:fv cally, the opergis"n@ 3?005
formed,by a conventional dry etching process including, but not |im tg

10: reactw@ezimteset ching (RIE), plasnma etching and ion hegp®igiong. O
these various dry etching processes, it is preferred to use R E that
i ncl udeBhegoptiogaldwer aptsial wioplogedin thegresatinventiondnalodes dny anaterial bddahdwould

chem stries, ,After .this.etching step,.th terned phqtoresist is,stripped
fromt H’ée&& i ﬁ?%o‘b?ﬁhieff’ °@%W8ﬁ% 1"%%&%2‘{17q%b$ﬁﬁﬁ'€pg%%§§%plﬁ%ﬁ SUgBown
to thogmessinthuge, tul afetfot Bidited TN TING B TiaT4, W WG ICH Rbabd singetikd maryihie
first lithography and etching step is shown in F'G1 D 5 After stripping

t he phdt@reesibinationptheraod. The lmer materiah mag e forotedie iedrencnutilizing veryvensonal

i ed 1.h h in FLG.LD, The, .ph ' | S,
SubPec ESOF povbP il e Kok Ay e SR S iy 20 1
the st r@lle,Jgﬁlﬂgﬂhg,mlgﬁ@ﬁﬁ%ﬁnwrgoq)‘ﬁﬁ)nq{eggégt]rj&g hybrid lowk dielectric

12' . The second efching step I ncludes on the af orenentioned dry etching
processes. OO these various dry etching processes, it is preferred to use

RIE tha ig@ udes 10 Iu?hrﬁi ne- based chem stries. Follow ng the second etch
whi ch e&%ﬁf ng e EcB gViLA sondusive netal, dig sueiweds subiqatedite ¢ corvaatieonalond

phot or &sjhSdri I . A FZi a_ conventional
BUrT ppihiaiiZa8h BScSs ShBPAHER Rl mihblcal B (MBI BraWS) | °)

pr elifer raddectbedheridbove ke fiislosop leger, Note Shat HRJMMRAZAN 0P dderehlosss @F t he
porous organic, 15 top dielectric, thereby elimnating exposure of the

bot t om RaYGFyBE layerrfrthe bardimask.dut net the polisbtstan laygr fsormthersfrudturee dhsteads thei p

pl asma t ture after t at t forned .in the hard
ok Uty ch dfyel Bk BF o htteds ek lyd et oF s oot atlp penianlds

pat t er rehioosas pelish sedy laberfthdatiies 4 dReRicBnitanttha idwehitivelydb®!s8 Gt Ed ot indPadeS
carried ou% uslgg a dry etching process that includes oxygen or reducing
chem st tfeeiive depeinm cansint pf tha dntprcemnsst stiusbBnit i on, trench 28 may be a via
or fsine or both. Followi ng the pattern transfer to the hybrid dielectric,
the trench is then filled with a conductive netal 32 and planarized so as

to provFadbwibeg theiproeessing sepoofithé prefrBinbentidadditldnalvih andWirime Mg hay ab! e
| i ner rgterlal 30 may be forned In the trench prior to filling with"the
conductioyeed pearahe stregure shown indiduldt bywepeating the frecessing stapy &ithe presagnot e a
metal Sel&fHEd T The & e Rethod can be used to prepare interconnect structures that include
one or more wiring and via levels present therein.
20

In summary, the inventive interconnect structure of the present invention has the following

advantages over prior art interconnect structures:

- The inventive structure (i.e., low-k dielectric plus metal conductor interconnect structure) has

25  precise and uniform control over metal conductor resistance.

- The highly controlled metal conductor resistance is obtained without added processing cost,

and with a reduction in the use of vacuum-based deposition tools.

30 -The structure of the present invention is stable during thermal cycling (resistance of the vias

does not change significantly) due to low-CTE of the porous inorganic dielectric surrounding the

vias in one preferred embodiment.

11



consisting of alum num (Al), copper (Cu), tungsten (W, silver (Ag)zgn@trﬂmé
other like netals which are typically used in interconnect structures.
Al 'l oys of tWéesB/AEok8lucti ve metals such as Al-Cu are al so cepirgspl/ahed

ef erred tal used in, the present invention is copper. The 30

herein. A . P )
metal is f%ﬁﬁ@*qﬂﬁ'eto ereseehinyentionyighstands epnyentianeh@MPipyooesses due tptiecess

such as ¢ 1.cal { ti D). plasma-assisted CVD, platin
sputteri ngfeg%:rﬁ:g%fzigeﬂ% l}eg§ %ﬁic é)gé(;{lssi(dﬁ{% Gigre n&‘ﬁ@?hq ’?’R@P’d‘éﬁd’é F‘S‘?tgﬁ Prgfemd
processesembbdimién 8 OCT 2005 WO 02/ 071468 PCT/ USOL/ 17794 The opti onal

liner material enployed in the present invention includes any materi al
whi ch would prevent the diffusion of the conductive netal into the

dieleciricg,l . So[E .€ les of suych, liners include, but are not

i et ¢ SR Ve RRtER B P brEen i Endon ingne e emmboiaeniabiaimesssdiarafia
conbi nat i eRfst kB HERina ekBEsuré ' be, f: I he trench .

utilizing convegtp?%ngle @ %epgokg:bto %ﬁ)ﬁ%&%@%’ ﬁ%flwlg?gmmﬁﬁogoﬁ%%%us&?ﬁgm
in the artieldctrd udi ng: CVD, pl asnma-assisted CVD, sputtering, plating and

chem cal solution deposition. After filling the trench with a conductive
metal, the structure is subjected to a conventional planarization process

oot al Cobove it ERIARRNGS hofiteh BAREIaly Mdyn Sl iRd Wilhtening Grpear o
renoves t b@boditehIthéBer, itavtlrbe dhdimR ol 8y ﬁmogéglﬁue&?ﬁ&tth?&ft tHald &e%{élgg&gzakﬁ Rther

|l ayer fromthe structure. Instead, the " poli stop layer remal
surface of changestin Garmsrand dBilsmay be inatlbwithowtadeparting fronsthe spRid hd@bcdpe of the

choose a polish.stop |ayer.that has ielectric constant that is

rel ativel yPiegRH!t irfyeRtion. o i therefaee uitended ﬁﬁétbéfplf@é@ﬁ ineengion netbe limited tstha exaasf
the interc : ' sing s s_of the |,
present i n%ﬁ??%@gﬁ%ﬂﬁ#&ﬁé\?eﬁ\% gﬂzha‘lnsgm\?m@’?‘%“&gﬁﬁ ﬁ@@ﬁ?ﬁmg%a%&%?mew@m-he
structure showmn in FIG 1l F by repeating the processing steps of the present
i nvention, Thus, the inventive nethod can be used to prepare interconnect

struckures that include one or nore wiring and via | evels present therein.
20

20

25

30

12



In summary, the inventive interconnect structure of the present invention
has the foll ow ng advant ages over prior art interconnect structureg:a UCITIZWS

inventive structure (i.e., lowk dielectric phis netal conductor
i nt er connect GtAIMS:ur e) has 25 precise and uniformcontrol over netal
conductor resistance. - The highly controlled netal conductor resistance is

obt ai ned wi t hout added processing cost, and with a reduction in the use of
vacuum based deposition tools. 30 - The structure of the present invention

is stable during thermal ﬁ%@ﬁ%ﬁﬁ%ﬁggﬁpﬂgm he vias does not change

significantly) due to lo norgani c dielectric
surrounding the vias,in onewﬁr.eferrﬁd enbodi mepagrr 11 2 8 2005 WO

02/ 071468 PCT/ USO P4FPHIPI COMEriSpg f firle€uts & msta) re&ionyt a7 fRexqm, promoter, a

wi t hst ands conventional CMP processes due to the presence of the tougher
organi ¢ pér oSEMigPBHuSEary Matfes o1 iy Foptpinatien ntbergpf |hapiag A npatentedehylpideflewrked
enbodi nent. 5 Moreover, the nethod of the present invention in one
preferred enidiedéotmin focefeil rdireetlye atopar sdrfice thesofs kaidtpattprnpt d/bEd dawpads dieRBtrio
both sets of dielectrics, particularly the bottom porous inorganic

dielectric, Wvihg ahBifsctive\®a16dta8 ciRtanbEeiboRaD s Wsdahy c&’ﬂﬁMﬂn@Q@og&ﬁ%ghQEd
wWth respect to preferred 10 enbodi nents thereof, it wll be understood

those skill edyideitdfe @ﬁi ttgﬁ‘é% 4h6n Bf%ie% f Qﬂltcﬁr}ge 8(5ths%¥)araf:e MG éul:lg h[%hg?/ and

details may be rrade vvlt out parting rom e spir scop
present inventi. op ther inte ed that th I.es ention not
be Timited tSUHfD "‘e‘/f&c‘f” PO fﬁé‘g Foiiot t‘%fr @ godee gideding ﬁ‘l“feuglt ?Vea%oﬁtorm&
fall within the scope of the appended clainms. 15 20 25 30 12
10 composulons and at least one of said spun-on dielectrics is porous, and said bottom spun-
on dielectric serves as an inherent etch stop layer for said top spun-on dielectric;

a polish stop layer located atop said patterned hybrid low-k dielectrics; and

metal conductor regions formed within said patterned hybrid low-k dielectric.

15 2. The interconnect structure of claim 1 wherein said effective dielectric

constant of said hybrid low-k dielectric is from about 1.2 to about 2.2.

3. The interconnect structure of claim 1 wherein both of said spun-on
dielectrics are porous dielectric materials.
20
4. The interconnect structure of claim 1 wherein said top spun-on
dielectric is an inorganic dielectric and said bottom spun-on dielectric is an organic

dielectric.

25 5. The interconnect structure of claim 4 wherein said top inorganic

dielectric is porous.

-13-



2 8 OCT 2005 CLAIMS: 1. An interconnect structure conprising: a substrate
conprising a dielectric, a netal region, an adhesion pronoter, a 5 28 0CT 2005
sem conduct or wafer or any conbi nation thereof having a patterned hybrid
lowk dielectric located directly atop a surface thereof, said patterned
hybrid |l owk dielectric having an effective dielectric constant of about

2.6 or less and cofpri sifie antbrrbhmsrt syrutture pf délginect ritréndsaid tt@;IIS) inbtpAnRN
dielectric which are not separated fromeach other by a buried |ayer,

wher ei n sai ddfRktRMaRNdoBiz8 Y RofNaislue b 86 boRSIAR A dIGRE §lcelOTh Gty
d ie por ous, an

conpositions and at | east one of said spun-on ectrics |

sai d bottom gpiNHoAN Qj@oﬁpé(mc serves as an inherent etch stop | ayer for
said top spun-on 8| e? ectric; a polish stop |ayer |ocated atop said

patterned hybrid lowk dielectrics; and netal conductor regions fornmed
within sald patterned hybrid lowk dielectric. 15 2. The interconnect
structure of claim1l wherein said effective dielectric constant of said
hybrid | owk diel ettric The mieseanapesistrugture oHclaimodtwherein said ifbmaniet dicleatpinect
structure of claiml1l wherein both of said spun-on dielectrics are porous

di el ectric nedreprisal Si, ®@nd H, Ihkoptivhenggnnect structure of claim 1 wherein
said top spun-on dielectric is an inorganic dielectric and said bottom
spun-on dielectric is an organic dielectric. 25 5. The interconnect
structure of claim4 wherein said top inorganic dielectric is porous, -13

2 8 OCT 2005 6. The i nt ofcpRegyn ol LHGHWES Ol sbalm 5 uharein said top

inorganic dielectric has a pore Size 0
i f t t bout 80%
vol ure p?orceﬁbsg?rﬁ%b’y,rﬁbs’ ﬁg& aﬁgb-HgQ %ogol%ers, oroganosilanes or any other

Si-containing material.

9. The interconnect structure of claim 4 wherein said organic dielectric
comprises C, O, and H.

15

10. The interconnect structure of claim 9 wherein said organic dielectric is

an aromatic thermosetting polymeric resin.

11. The interconnect structure of claim 1 wherein said top spun-on
20 dielectric is an organic dielectric and said bottom spun-on dielectric is an inorganic

dielectric.

12. The interconnect structure of claim 11 wherein said top organic

dielectric is porous.

25

-14 -



5 7. The interconnect structure of claim4 wherein said inorganic
dielectric conprises Si, 0, and H and optionally C. 8. The i nterqoqc/@ 5005
structure of claim7 wherein said inorganic dielectric is 10 HOSP, 8

TECS, HSQ MSQ HSQl80opol fNier imfercongastostrhomresoDiclaimy 19t WhereinSisaido RpRionsdiic
material. 9. The interconnect structure of claim4 wherein said organic

dielectric GBS REs £pore:siAMUE Fom 2BokQ: to WBSut $UnSi EPQO&tﬁ{j{ng eEééﬁE tﬁ?rﬁa@}; of

claim9 wherein said organic dielectric is an aromatic nose
polyneric reg &%1 i htegyconnect structure of claim1l wherein said top
spun-on 20 3%%?30 F?Ebggngﬁgé?ganic dielectric and said bottom spun-on
dielectric is an inorganic dielectric. 12. The interconnect structure of
claim1l wherein said top organic dielectric is porous. 25 2 8 OCT 2005
13. The interconnect structure of claim12 wherein said top organic
dielectri ¢ has a pdfe si Zbe pitefcomrachbimuature of @laimolit wherein sdid argmliaidielectric
percent porosity of fromabout 5 to about 35% 5 14. The interconnect
structure of comprisesl(, Oyaad&i.n sai d organic dielectric conprises C, 0, and
H. 15. The interconnect structure of claim 14 wherein said organic
dielectric is an aromatic thernosetting polyneric resist. 10 16. The

i nterconnect structure of claim 11l wherein said inorganic dielectric

conprises Si, 0, apd H "i"ﬂéjm?é)rtéén%%gtl sltl)(lct%re of claim 14 wherein said organic dielectric is

an aromatic thermosetting polymeric resist.

16. The interconnect structure of claim 11 wherein said inorganic dielectric

comprises Si, O, and H, and optionally C.

17. The interconnect structure of claim 16 wherein said inorganic dielectric
s is HOSP, MSQ, TEOS, HSQ, MSQ-HSQ copolymers, organosilanes or any other Si-

containing material.

18. The interconnect structure of claim 1 wherein an adhesion promoter is
formed between said bottom spun-on dielectric and said top spun-on dielectric.
20
19. The interconnect structure of claim 1 wherein said polish stop layer is

an inorganic dielectric.

20. The interconnect structure of claim 1 wherein said polish stop layer is

25 an organic dielectric.

-15-



17. The interconnect structure of claim16 wherein said inorganic 28 oCT 2005
dielectric is is HOSP, MSQ TEGS, HSQ MsSQ HSQ copol yners, organosil anes
or any other Si- containing material. 18. The interconnect structure of
claim1 wherein anZddhesilba iptersonnest structufeopfrethitet weeeneis asaill ot coondpetor on
dielectric and said top spun-on dielectric. 20 19. The interconnect.
structure of regiansiingludb et Rast asnduqive irsdialsdeltted R tHeSgrodh cOMMRBHFAL Cu
diel ectric. 20. The interconnect structure of claim 1l wherein sard polish
stop |ayer isAg3yamdaggdingredf el ectric. 2 8 OCT 2005 21. The interconnect
structure of claim1l wherein said netal conductor regions include at |east
a conductive netal selected fromthe group consisting of Al, Cu, Ag, W
and alloys thereof. s 22. The interconnect structure of claim21l wherein
said conductive netal is _Cu, 23. The interconnect structure of claiml
wherei n sdi d net al 2éondudb®miereepnspisstrugiuref clpint 2 Ligderein $aid conductive meetal i
24. The interconnect structure of claim?23 wherein said liner material is
sel ected frofWhe group consisting of TiN, TaN, Ta, Ti, W WN, C, Nbo and
m xtures thereof. 15 25. A hybrid lowk dielectric useful in fabricating
i nterconnect structures conprising a bottom spun-on dielectric and a top
spun-on dielectric which are not separated fromeach other by a buried
| ayer, wherein saidibott 5 I t (S, iehectri

d3| PR %ﬁﬁ'rc&@%g? ReR of bRl glo %1%1:311? el ﬁllegal}] (fggéuclgcgas ‘

constants of about 2.6 or |ess, erent atomc Itions

one of sai dzgégzé{%ﬁﬁh&%‘%ﬁ%e&;r oeg?l%eaq% said bottom spun-on dielectric

serves as er en yer for said top spun-on dielectric.
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24, The interconnect structure of claim 23 wherein said liner material is
selected from the group consisting of TiN, TaN, Ta, Ti, W, WN, Cr, Nb and mixtures

thereof.

15 25. A hybrid low-k dielectric useful in fabricating interconnect structures
comprising a bottom spun-on dielectric and a top spun-on dielectric which are not
separated from each other by a buried layer, wherein said bottom and top spun-on
dielectrics have dielectric constants of about 2.6 or less, different atomic compositions
and at least one of said dielectrics is porous, and said bottom spun-on dielectric serves as

20 an inherent etch stop layer for said top spun-on dielectric.
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