; €3e=889; 4; 0=66=T=bj 2Fi el d of the Invention The present invention generally
relates tp a nethod for formng a dielectric material |ayer in an

el ectronic structure and the structure formed and nore particularly,
relates to a method for formng a porous dielectric material layer in an

el ectronic ] i R in@e 8 i [

| ayer then
hi gher tenperatur 2 i Pa, A
non- por ous di el ectri c sater— e e e eareerial , and

el ectronic structure fornmed by such material. Background of the Invention
In the recent devel opnent of sem conductor devices, the continuing

m niaturization of the devices demands the use of electronic materials of
nmore superior properties. For Bighdyof thendnyentdonic naterial used as an
insulating layer in a sem conductor device, nust have a |lower dielectric
constant in order Theppuvesdeataiswahtéonsggnarapippagattes tel aymethodsfot
therefore inportant to provide electronic materials that have superior

i nsul ati hgrpiopert i @selaschiasmateedated adiead ettt r B cdresttardn for scuneente
and future sem conductor device applications. One of the solutions in

provi di ngna dited estructoatericmddyeandt hadbrdapartproved lvpsutalspgds to a
property, i.e. a lower dielectric constant, is to use a dielectric materi al
that conhathsdvoists. foAmieigd- &i lp@tbu®r dieneus rdicel estercammteljad has an

| ower dielectric constant than the fully dense void-free version of the
same nmatelést rohidvevEIrudiold epy afi s | FohiihigZi N9 AP odise! §EL1 b€t ric
materials, i.e. when these materials are first formed in an electronic

devi ce apgh&hen) angyawbi@ehed i@ ia 1Pt 8HY NGHRATQGRSHPY JRACEH ¥&1 1 80rin
etching (RIE). The very nature of the desitable porous structure of thes
materi al eneublgel GO L AXCLSELYS. £A ChE 00 HAEN REROSEA O P, 0AS8EPa)
utilized in the reactive 1on etching process. One sol ution proposed to

sol ve thbérPﬁQbhﬁﬁ‘t§a59f§§$GQﬁnJ0§§K—Sb§$§$t%h%1%%E%ﬁbahﬁaﬁgf{afa%%r%J°§ed

porosity. However, any attenpt to slice a closed poreé nmaterial exposes open

pores o face. . .1 he r i n t
surfacenagﬁ?ggggﬁ%¥§%§J§Sbj%%?%%ﬁ?%’aﬁpchQ%gﬁgﬁgﬁgicﬁtgggpﬂg%dqﬁ% C% by

;eactivesﬁgg gLehing,process for patterning the dielectric material layer.

B e e e R R g £

Background of the Invention

In the recent development of semiconductor devices, the
continuing miniaturization of the devices demands the use of
electronic materials of more superior properties. For instance,
the dielectric material used as an insulating layer in a
semiconductor device, must have a lower dielectric constant in

order to provide a smaller signal propagation delay. It is

T
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It is therefore an object of the present invention to provide a nethod for
formng a porous dielectric material layer in an electronic structure that
does not have the drawbacks or shortcom ngs of the conventional nethods. It
i s anot her object of the present invention to provide a nmethod for formng
a porous .dielectric Lial yer. i n | : t [

Subj cot S 9 BihoR By Trent 1 VD Fag il CLESLESRL G MRS | i i
process. It is a providg.a met hod f<.in an_el.ectroni.c g%glﬁgéri . te{ial
et chi ng BT and S D% uPFRBPTHBEREt DICY hé Sr 8seht P RVENt T on Tot S4¢
formng a porous diglectric material |ayer %tructure by first formng a
non-por GRSt | o5 er nFRETRRE | afBf i n THTRESCt | VETHGIPT QQHrﬁ%%Vﬁa?es
in the dielectric material It is another further object of the present

i nvent i GPRIG G a nethod for forming a porous dielectric materi al

| ayer in an electronic structure by first patterning a non-porous _

di el ectric materi &ng ayfertghdsaheni gt il Pporeding terdinke pattermpgrial
process. 3 It is still another object of the present invention to provide
a net hoddywr f athdtng reporiowsrairesd ecingwl ataitrey | Prorgeiyi n e el ext rbower
structure by first depositing a non-porous dielectric material |ayer,

parti al lIdiecledtingid hecdregteantat aidirtst luse t enpetiatleet rpat treatné nga  hethat
non- porous dielectric material |ayer, and then form ng pores and

t ransf orddmg ihe vty i alA hayet-fitled, por qusrats uttelectati @ rsetconts hi ighs
curing tenperature. It i's yet another object of the present invention to
provi de za MefWwwd fddre fertming aopetaus dikbactthe nfAbkiyal démyer voi@nfree
el ectronic structure by transform ng a dual -phase material into a

si ngl e- phases oV 0idE fidHeed samdeer mak eatiad . hi ghHewelag, t eppebaémse. atisés in
still another further object of the present invention to provide an

el ectr Orijﬁlsfiﬂ&% userdhat dhasecackayemnaebrpanays idiegl etidn cHedermat o £ 04 12d
therein wherein the |ayer of porous material has a porosity between about

0.1 vol.5,q apd aboutpBqval, Qn dicdSrieic 200t NeE hHAL RelenObiRCts @5 éheed

present 1 nvention to provide an electronic structure that has a | ayer of

porous diglgchrt o PRILET BLoboERedyt DEREELAVEOR o8l @EIHIGY (RIE). The very
nature of the desirable porous structure of these materials
subject them to excessive etching when exposed to etch gasses
utilized in the reactive ion etching process. One solution
proposed to solvé this problem is to select low-k dielectric
materials that have closed porosity. However, any attempt to
slice a closed pore material exposes open pores on a new cut
surface. Thus, the pores exposed in such a new cut surface would

still be subjected to attack by the etch gas used in the reactive

ion etching process for patterning the dielectric material layer.



i nsul ati on wherein the porous dielectric material has dielectric constant

bet ween
with th
interco
di scl os
danasce
the ste
a |layer
agent o

about 1 and about 3. -6 Summary of the Invention In accordance
e present invention, a nethod for formng a dual danascene
nnect in a sem conductor structure and the structure forned are

ed. In ﬁRgggf%H@%%fgggmgﬂeg%%$@tng%hgﬂef%&gé%ygrgh§bg@§én to

ne interco inh asemcondu structure can be carried out

n top of said pre-processed m_copduct or ;
in a% electronic gtructure %%at d%estgbts gggt%y% drawbacks or

shortcomings of the conventional methods.

It is another object of the present invention to
provide a method for forming a porous dielectric material layer
in an electronic structure that is not subjected to attack by

reactive ion etching gases during a patterning process.

It is a further object of the present invention to
provide a method for forming a porous dielectric material layer
in an electronic structure by first forming a non-porous
dielectric material layer, patterning the layer in a reactive ion
etching process and then férming pores in the dielectric material

layer.

It is another further object of the present invention
to provide a method for forming a porous dielectric material
layer in an electronic structure by first patterning a non-porous
dielectric material layer and then forming pores after the

patterning process.

Lo by
f: - ; ) e
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depositing a nmask | ayer on said non-porous dielectric material; formng a
cavity for a dual danmascene interconnect in said non-porous dielectric
material; filling said cavity for dual damascene interconnect with an
electrically conductive netal; renpving said mask |ayer by an etch process;

curing said seni C%@Ufé%t%ttu‘amtﬁe%t o SRAPY Al Srdd et eﬂtwn@wh £8

as to volatilize said pore-formn agent fromsaid non- por ous di'el ectric

I d, :
Zﬁh-eibﬁo&é‘#‘%ﬁé’[%’Lﬁ“%&ﬁg@"én%sd%%%ét 5 BoAPredt e .Zf*at‘gtayer 5385,

f th d t t I th f d
et hod ?ﬁw”‘?aﬁ? “ﬁa%&rﬁaé}écdﬁtagsanag. Bur ot R g oAb PErborBus
structure be carried o

t t he operating steps ovi din ,

ot 6 br OGS LAC T JORHRELOL 37BES Per ldanas, T el SHes Hons bt
dielectric material that contains a poreform ng agent on top of said
pr e- pr ock®% e CEPRIrSHEGet 0P ERHRERY e L hde pBSP TPAFORS mekie Yefyeri onmahpgial
non-porous dielectric material, said mask | ayer being perneable to_said
por e- f or YRt agend : ther nf eymane aner9sf andat dansf aERbaEE chBEi REEREGARCEBYRH
sai d non-porous dielectric materi al;

into a porous structure at a second high curing temperature.

It is yet another object of the present invention to
provide a method for forming a porous dielectric material layer
in an electronic structure by transforming.a dual-phase material
into a single-phase, void-filled material at a high curing

temperature.

It is still another further object of the present
invention to provide an electronic structure that has a layer of
porous dielectrié material formed therein wherein the layer of
porous material has a porosity between about 0.1 vol. % and about

50 vol %.

It 1is vyet another further object of the present
invention to provide an electronic structure that has a layer of

porous dielectric material formed therein for electrical



filling said cavity for dual damascene interconnect with an electrically
conductive netal; planarizing said sem conductor structure; curing said

sem conductor structure at a tenperature sufficiently high such that said
pore-form ng agent from said non-porous dielectric material escapes through

sai d ”H%shﬁwldrpr %H@rélﬁorcﬂh% di gbeehsi C qmidtalic andadepositi e a
dielectric material |ayer on top of the senlconductor stricture. ~g_ The

present r C cgstructure that has a
| ayer ofd p’é‘gf‘é;gﬂﬁg: eﬁsoec%géllgﬁn%%ﬂevgé‘&? e%%r rre %‘?eﬁskﬁ or el ectri cal

i nsul ati on which includes a preprocessed el ectronic substrate, a |ayer of
por.ous dielectric material that has a porosity between about 0.1 vol. o
and about 50 10



vol. o fornmed and patterned on the pre-processed el ectronic substrate, and
a conductive netal filling the pattern fornmed in the |ayer of porous
dielectric material. In the electronic structure that has a | ayer of porous
dielectric material forned therein for electrical insulation, the porous
dielectric material has a dielectric congant of between about 1 and about
3, or preferably between about 1.3 and about 2.6. The conductive netal
forms an interconnect between two conductive regions in the electronic
structure, the conductive netal Smymalieof therlaventiomt erconnect in a single
damascene structure in sem ¢ n?gctor device, or a dual pa scene
structure in a sefi @6 BrWHgvf e Proferd Wﬁ%ii‘/e‘nﬁé{%l Oﬁangmﬂi‘é“&&pﬁg?l,

al um num  ofaPisBale RERbEBHIR ASedidodBliotordSlribtdddam 1Y Stb@Fe Fbrmddr bef
Description of the Drawi ngs These and ot her objects, features and

advant ages @#clesed. present invention will becone apparent fromthe follow ng
detail ed description and the appended drawings in which: Figure 1 is a
process flow chart for the present invention novel nethod for formng a
porous dielectric material |layer in a single damascene interconnect
structure. 11 Figure 2 is an enlarged, cross-sectional view of a present
i nvention sem conductor structure with an ILD | ayer and a hard mask | ayer
formed on top. Figure 3 is an enlarged, cross-sectional view of the present
invention structure of Figure 2 with a photoresist |ayer forned and
patterned on top. Figure 4 is an enlarged, cross-sectional view of the
present invention structure of Figure 3 with the hard mask | ayer patterned.




Figure 5 is an enlarged, cross-sectional view of the present invention

sem conduct or structure of Figure 4 with the ILD | ayer patterned and the
phot oresi st | ayer renoved. Figure 6 is an enlarged, cross-sectional view of
the present invention sem conductor structure of Figure 5 with a |iner

| ayer deposited and copper plated to fill7the via opening. Figure 7 is an
enl arged, cross-sectional view of the present invention sem conductor
structure of Figure 6 with the copper |ayer planarized and a cap |ayer
deposi ted on t op.Inikpprefemied embodinment,samethbd forefdrmingasduat damnassand inférequneét t he
pr esent invi%nti on. S n}':tCOﬂdu?trgr sfLuctur e t%f tFi g[ure / after a high

t enper at ure AnTTE AT O RLIAS Y EHROT Tt B’o%gp erial. Detailed

Description of thgoHdeieed predrévebadisemidondii@ofvisainé; i nvention di scl oses a
nmet hod for formng a dielectric material layer in an electronic, structure,

and nore parti cul dPpPsitingjas lyss & & naePREYS f Eelestsir nnalgrial Bt cestanser RS- ¢
materi al | - i 5 1 .Nng a nonpor ous
dielectri caﬁrégrglg{tgirhgléﬁ I cgiytg?toggﬂﬂﬁ ﬂi%&;%%%ﬁ% gorfcdﬁﬁﬁa&%‘% erni ng, and
finally curing thdepbsiting amask ldyieybesaid eopporus dielactrimmatesalpar ti al curing

tenperature to transformthe non,porous dLet Sl G IREld S bahgs feRQLRus
di el ectric materiafng Y P

material;

filling said cavity for dual damascene interconnect with an electrically
conductive metal;

removing said mask layer by an etch process;

curing said semiconductor structure at a temperature sufficiently high so as to
volatilize said pore-forming agent from said non-porous dielectric material and forming a
porous dielectric material;

pianarizing said semiconductor structure; and

depositing a dielectric material layer on top of the semiconductor structure.



The nethod can be carried out by first providing a pre processed

sem conduct or wafer, depositing a | ayer of non--porous dielectric materi al
on top of the pre-processed sem conductor wafer, curing the sem conductor
wafer at a first tenperature of not higher than 350C, defining and
patterning the |layer of non-porous dieleggric material, and curing the

sem conduct or wafer at a second tenperature higher than the first
tenperature to transformthe non- porous dielectric nmaterial into a porous
di el ectric mat erilal andtlert prefqpredf embadtiment) cadinmatinid diet Fathisg ewdua 3damdsed¢nsw,

t he non-porous dielectric. maa)gri aIt i§ subsbant i.all ¥ a ual hpPasqd terial,
while the pBIBIRInGdR 8SEPiconiEi SRPMS™MaY BE FURET QP Y R° SPRGHRE PRty
material. The norprg@iamgsalgﬁgqir@@eggejd(gemw@ﬂﬁabrmyttufrgrther be a physi cal

m xture of a thermally labile material and a thermally stable material. The
present. i nvent i ordaPesiHBE aviayer of t s apnparqys edelesiric omaictial, Hiad-gonfatnsga pore-
dielectr! C bl dbn! AYBh of il freb RELLAN dniBbidiElHsRuilrel | St provi ding an
el ectronic stru re that has devices built on top, depositing a |layer of a
dual - phase di el ecdapositingtenaskl lagarrmsi sid non-poroas diedgotnid nptesinb ishid maskelajye

and a therrr%glg | abi | etmat.&ri al . on. top cg the el ectronic structure,
anneal i ng t PANEPEBIRLIA Y S PO IQPBING@BENY | st t enperat ure hi gh enough to

set and solidify fohginehesavalfyr $tadldamaBdeat idtbrcoMsct heda@idigorous dielectric
vol atilization tenperature of the thermally labile material,

phot ol i t hogiaisirkal | y defining and patterning the dual - phase dielectric
material, and anngghbngy;§ N elye G QRLE BidMCHdr GrtBleofRECONE L NHELALHHES
not | ess than thgﬁ@ékagﬁlfli za‘?dlygn t enper at uare of tﬁx[ecot hermal Iy | abile Y
mat eri al f ovandngfive métalgl e phase, void-filled dielectric material. A
suitable range for, . the.firs nneal.i rature may be between about
100C and about 35‘3@}3%1%%%&%6&30 ng‘r‘%%tg)?%t ur e%’f or the second annealing step
may be greater thanringhid sehsitoridaopesridtne. at kdtempdiacure Bufficidndy High Suvhrthat

di scl oses an electronjc structure that has a_layer of porous di gll_ec ric
material fofaifbROTHOFRING 385PL HOBL £3if MRP-NOFANS dieleetHic\ifteRal; sRepRd dgroyeh said

pr e- process l.ect i r : . porous dielectric materi al
£d51ElaS ‘gryff)@gl;ngég}#@% &&scm@nia?eff%, Pl

that has a poros out 0.1 vol. % and about 50 vol. % forned and
depositing a dielectric material layer on top of the semiconductor structure.



patterned on the pre-processed el ectronic substrate, and a conductive netal
filling the pattern forned in the |ayer of porous dielectric material. The
porous dielectric material nay have a dielectric constant between about 1
and about 3, and preferably between about 1.3 and about 2.6. The conductive
metal filling the pattern may be copper,.q@l umi num silver or gold formng a
singl e damascene or a dual damascene interconnect structure. The present
invention nmethod therefore provides a process which elinmnates the problem
of the porous st rTietpresenbaivanticet is fiathep diregad td anecle@drongt ghichuge et bas allayémg a
dielectric terial. patternin ro s.. The present i.nventj.on.nethod

pat terns ¢ HE RS e Rl B betain f Rgeete PRUAELBHER JFILEEE pre

pol ymeric n@bedské elsufdnid fidbtritbe Ry&Ifpatck uncontrol led etch rates can be
avoided. By utilizing the present invention novel nethod, structures can be
built with porous low k materials such as Dendriglass or porous SiLK~-type
materi als. The problem 15 occurred in the conventional nethod is sol ved
by taking advantage of the properties of the porous material prior to
driving out the second phase material, i.e. the pore-form ng agent, (also
known as porogen) since the filmis honbgeneous and does not etch away in
an uncontroll ed manner. Dendriglass is a chem cal conposition containing
MBSQ (et hyl - si | sesqui oxane) and various anounts of a second phase
polymeric material, i.e. a pore-form ng agent. Dendriglass can be nade into
a porous filmwth a dielectric constant in a range



bet ween about 1.3 and about 2.6 depending on the anmount of the second phase
material added to the film The word "about"” used in this witing indicates
a range of values of 100 fromthe average val ue given. The second phase
polymeric material, or the pore- formng agent, is a material that is

usual | y d&id gt chaimete podynehavhhab eampdre sdecoiposeskmansbowt adili zed. akd
driven fromthe matrix material, i.e. M5SQ after the filmhas been cured
in a firslq asduig pyocess. The present invention nethod can be carried out
"by first spin-coating a filmonto the surface of a silicon wafer and then
hot plate curing the filmat 200C, or at a curing tenperature of |ess than
350C. The filmfornmed is a mxture of MSSQ with an enbedded pore- fornlng
agent throughout the film 16 The filmis usually deposited to a

t hi ckness between about 100 nm and about 1000 nm or preferably between
about 300nm and about 600 nm A hard mask material is then deposited on top
of the silicon wafer. The hard nmask material may be formed of Si O-, A120j,
S~3Ng, SiC and Si COH. The hard nask | ayer is used as an etch stop and
pattern replication during photolithography and as a polish stop during
chem cal nechanical polishing (CW). The

10



hard mask can be conposed of nore than one |ayer of material, however, the
total thickness is usually less than 250 nm A photoresist |ayer is then
applied on top of the wafer and exposed and cured at a tenperature of about
200C. Next, the hard mask layer is etched in a plasnma etching process to
remove whe .haed feskedn aedi eas tdehietedohy the mask-piocegiens ddredtrmfc
the Dendriglass material. Since the Dendriglass filmhas only béen

parti al kypetrededt die 4ovehdherpesatiene,l thereiris ﬂ@ep?é@té@hﬂﬁﬁrﬂiédf G
attack by the reactive ion gases. Finally, the conpletely etched structure

i's heategetqa etre@?feyibtr‘dfu% hiigheictihan e figist tenperature, or preferably
hi gher than 400C to 450C, for a tinme period | ong enough to drive out the

second phase polyneric material fromthe Dendriglass resulting in a porous
lowk dielectric film The usual netal deposition process then proceeds

the final porous dTeiS AT IS BoAeer Sbott 02 vel Lo nd 1 Mhout

MR U R AR i e L R S e O A e

400C toég?%%s dielectric material has a dielectric constant of between
about 1 and abopt 3, or preferably between about 1.3 and about
2.6. The condﬁctive metal forms an interconnect between two
conductive regions in the electronic structure, the conductive
metal may also form an igterconnect in a single damascene
structure 1in a semiconductor device, or a dual damascene
structure in a semiconductor device. The conductive metal may be

copper, aluminum, or other metals such as silver, gold and alloys

thereof.

Brief Description of the Drawings

These and other objects, features and advantages of the
present invention will become apparent from the following

detailed description and the appended drawings in which:

Figure 1 1is a process flow chart for the present

invention novel method for forming a porous dielectric material

layer in a single damascene interconnect structure.

11



The present invention novel nmethod can be carried out w thout the
application of the hard mask, i.e. the non-porous Dendriglass material can
be covered with a photoresist layer directly, which. is then exposed and
cured as in the previously described preferred enbodinent. In this
alternate enbodi nent, the Dendriglass filmis patterned in a suitable

pl asma gas and then the photomask | ayer is renoved. The patterned

Dendriglass filmimsidhesn hReated 49" antiermeeiBt ueeobkgbeett ban140Q ey 0 AS0E
to drive out the second phase polynmeric material formng a porous film

Fi nal | y;})f’eé@ﬂtﬂ 1Rsdn f 16 s fepogh & edr cOPEREFBLE YW PPhOahherPendyb gl asa a

| ayer by a technique such as chem cal vapor deposition (CVD) which coats
both th a renc nd via sidewalls. The hard mask | ayer
can be ﬁgiﬁgdﬁﬁéﬁa%%yéﬁmﬁééﬁ%éegﬁogg y described materials and serves to
coat both the top Dendriglass surface required for CVP etch stop, and the
via and trench sidewalls required to prevent diffusion pathways into the

Dendri gl ass. A pregl ean step to_preferentially sputter etch. any hard
material at the bo 1%ﬁ¥%f%tﬁést? n %fgﬁ g o %?o%a??%tﬁ%%%lpW¥8W fgfggﬁg
depositing the netal | ayers, The usual tal deposition processes can_then
proceed Qﬁ%%%P?n%?ﬂﬁ%{f%% 8@58§§Pr8nogf%ﬁ§wgﬁe ﬁ@ﬁa}/%eg%OEﬂyﬁ?h?%d ger
The second phase polyne material, can be a polystyrene, poly- caprol actone
based na?%ﬁm%@.aﬁgiE%#t%ﬁn%gcﬁan?Qneric mat eri al s about 140, 000. The
deconposition materials-is about >_ 250C. uric material, or the porogen
pol ynet hyl nethacrylate or a The wei ght average nol ecul ar ranges between
about 2,000 and tenferature of such polyneric Referring now to Figure 1,
wherein a process F1owehdrtisut fDi Sgndss presedd - $avehtidh Noewl et hdd
for formng a single- damascene interconnect structure is shown. The
processiprestepsinoedt tan berpeterenodd FlguFiegur eslth-gihe espedtngyekylayar
the first step of the process, as shown in step 10 of Figure 2, a
sem condoetoermedier 70 that has a nmetal conductive |ayer 12 deposited on
top is first spin-coated with an ILD | ayer 14 of a silicon oxide materi al
On top of the ILD layer 14, is then deposited a hard mask | ayer 16 by a
chem cal vapor deposition, (CVD) technique. The hard mask can be fornmed of
a suitable materi afighosed fronasi @)laAlell, SrodE;sSECloshCOMier athethe
suitable hard mask material. The purpose of the hard mask |ayer 16 is to
act bot hpassant etickesttdpnanskrascendatt@r ns2@uctnepl icdat Fogutaydr ,widur i hige
CVP and during photolithography, respectively. The hard mask | ayer 16 may
further bepfosped pytrerectihandobkeel pyetooésimtelanbyr ewmavetiough the tot al
t hi ckness should be less than 250 nm The netal conductive |ayer 12 may be
suitably fornmed of a high electrical conductivity material such as copper,
or alum num or alloys thereof.

Figure 6 is an enlarged, cross-sectional view of the

present invention semiconductor structure of Figure 5 with a

liner layer deposited and copper plated to fill the via opening.
Figure 7 is an enlarged, cross-sectional view of the

present invention semiconductor structure of Figure 6 with the

copper layer planarized and a cap layer deposited on top.

12



In the next step of the process, shown in step 20 of Figure 1 and Figure 3,
a photoresist layer 18 is applied to the top of the hard mask | ayer 16,
exposed and then cured at a tenperature in the order of 200C. Hard nask

| ayer 16 is then etched in a plasnma etching process to renpbve the mask in

t hose regions defined by the mask on top of the ILD |layer 14. In the
conventional nethod, this is the step where the porosity of the Dendriglass
causes its demi se,Fisjuice 8hesr emct udaygsds wwdSTPasttchingg t ieewarod

al so attack the Dendriglass and thus |eaving behind a glass nmaterial with a
hi gh di eJregtdritc ¢anehanbn ksemikcdhdikiteet shirngtstrep dfor Fiberkard méskri s
shown as Step 30 in Figure 1 and in Figure 4. The non-porous ILD | ayer 14

i s then Higyouadnpdrd@gionsmefl nagd donvder nEsk. IHy twsiagpa@rews tradbt er jhhsna
etching nethod. This is shown in Step 40 of Figure 1 and in Figure 5. The
resist layer 18 is further renoved after the etching of the ILD |layer 14 21
for the opening 42. As shown in step 35 of Figures 1 and 8, the conpletely

et ched Structurenégsgiehhsgsgﬁageéohooa tREPPLakEEechi #ABbdiRaRL250C, and
preferably in th or a I Ne perro ong enough to drive
out the second ph p C. o] i he
Dendri gl ass resul?fh rggg%%r%ﬁgéﬁ ?ég%??cg ?@Qﬁﬁ§ﬂgﬁ§%ﬁ€%?ilég?%ﬁ

the ILD af@gﬂ{,}refm {aggg LQUS R POT QUS thf&egxegnqrce 2ecompbLaNed o R8P

nex step 0 € process, I.e shown in
Figure 1 and, i

forma IRHErLE %hé?ﬁﬁs%?e%h@eﬁﬁééahﬁgﬁgﬁgyhh%n :¥J£6&§ SPOfust ettt

material layer in an electronic structure by first forming a non-
porous dielectric material‘ layer and then partially curing,
patterning, and finally curing the layer at a higher temperature
than the partial curing temperature to transform the non-porous

dielectric material into a porous dielectric material.

The method can be carried out by first providing a pre-
processed semiconductor wafer, depositing a layer of non-porous
dielectric material on top of the pre-processed semiconductor
wafer, curing the semiconductor wafer at a first temperature of
not higher than 350°C, defining and patterning the layer of
non-porous dielectric material, and curing the semiconductor
wafer at a second temperature higher than the first temperature
to transform the non- porous dielectric material into a porous

dielectric material. In the preferred embodiment method shown
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16. The liner layer 52 may be deposited of a material such as TaN, TiN, Ti,
Ta, or various conbinations for achieving adhesion.and diffusion barrier
properties. On top of the liner layer 52, is normally deposited a copper
seed layer, (not shown) by sputtering to facilitate the subsequent

el ect r opJeatdw)g @hecopperponotisl |dhglederive a repgetiml 724.s Aptubstengialdy a
opening 52 is filled with copper 54, the electronic structure 70 is

pl anari zgg 11 Shemnaak rimghanigal e palhies hpogoust hiik Yectachs eva terpldnais
surface 56 on top of the copper via 54. The porogen may be driven out at

this poig¥aZintidl desi zed, saggsBopAakadSt ama®Sr D41 Fi gur eThe A sap-payeus58
of an insulating material such as silicon carbide or silicon nitride is

then depasiiad on ! gpdddserevepl dihbuaben sad 4o dyaiect t e xehael romi ca

devi ce rom mechani cal abrasion or other damages. The present invention
novel meihod f0f, 060 L& SCtid fmaB Tk ghbl @YREtEANaf Ur t her be
used thtTrb%' aal%%aféﬁal%sngaeﬂ;%ll%n?e%ﬂé&(;nnect in agen‘i conduct or structure.

The process for form ng the dual damascene interconnect in a sem conductor
structure care be carried out by incorporating a hard nask |ayer on top of

- di el ic | d th ith [ I
prior Lo vol ati i s1#y BTRRFELs of HTHG. Ryl o0y ocThg RS Tedr A Hask Ty be
inth ' duct t t.he hard K utilj i ,
Lhe. por SLT0H nPng agint 1L bet FRELARES.L S oE FEZ 1T s LNEThol of T oF RERGCR" Abal

damascene i nterconnect with a non-perneabl e hard mask | ayer, after I r
of a noﬁﬂb@#%ﬁ%r%iéhbcf%¥%tnﬁﬁ%ﬁW%ﬂlnﬁha?ncé%k%ﬁqE?Q§fboPg-u?BPﬁ?ngjggénﬁggs
deposited on top of a pre-processed seniconductor_ structure, a Qarg sk

| ayer | si¢voiees opuibp ot heORon- BBPOSST HREI ett r tRYREt ePfal @ A%HE nga?Sr
a dual damascene interconnect in the-non-porous dielectric material Es tgen
formed, Gieléctried WrEarbal efersipbaneyotondiierval mét sFabber BrrFERBLVRR
and line for the dual damascene interconnect. The 23 hard mask | ayer is

t hen renmveldebpadhyetlelidg madcasial ofh et PReP fdriiore bRt BPLhF n§LTBFFHE St o
a curing process conducted at a tenperature sufficiently high, i.e. hi%her
t han 2508 naslingvahat i¢iewt 1ol posEri6tRrRg dgedt HAsH t HITPRTR Poreusion
dielectric material, thus formng a porous dielectric material for the dual
danmascenenduyler connedt . aidt erswatidiely , thkethariadd ymesiel gy grateridt nefut
which is perneable to the pore-form ng agent contained in the non-porous

di el ect ribel owmt ettical volheihardtmask | agmperayube |&f t thesitdeerpelly labile
sem conductor structure during the curing process conducted at high

t enper atwaeesinle t baopoléthonmapyiagditly valetinines amd epehpesntngoughe

t he pernmeabl e hard nask | ayer. After the formation of the porous dielectric
mat eri al ghayephathe seaicondict anasérimt ur eermby ayengs ldmay | Z8¢ ardegfronic
insulating material l|ayer, i.e. a cap |layer, may be deposited on top as a
di f f usi ogtbarriuee angt pr ot ectseaorfd omcabpashtnrer onher physs caltlddimagése A
suitable hard mask | ayer that is perneable to the pore- form ng agent may
be sel ecygdafron SN, metpylrasiulreesqdi oxare CNBIQRllyydlefpdie material
si | sesqui oxane (HSQ and di anond-1i ke carbon (DLC). A suitable thickness
for the perpeabl eahasthgmsk grayey, shoukd fhe lkeeissdibancbdcnmadrial. A

suitable range for the first annealing temperature may be between
about 100°C and about 350°C, a suitable temperature for the second

annealing step may be greater than the first temperature.
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The present invention nethod may further be carried out by incorporating
the porosity as prefornmed particul ates on the nol ecul ar size scale, i.e. to
spin-on a solution with insoluble, cross-linked, thermally |iable
particulates. In this case, the process could be started with a dense two
phase material instead of a single phase honbgeneous material. The
patterni ng and burnout would be the sane as previously stated. The present

nvent | on novel MehBodyfgh.ighkAg:AeRONIUS JLekeRhr kS LRYER LN R ruct ure

sem conductor strucfture an e structure fornme e net hod have been

Fi Gt osC Sk, NaWi PoLENGE pP LS BRL ChvENELBA hac BRSR RLCE BaR: praneis ok

oL o L4E TR SO 4 D AGSESL 00 LA Lo el og e

limtation Furthernore, while_ the prese nvention has,bﬁeqj%§§c%g%ed gn

ot
terms ofulAsShpraterret éﬁdeélﬁ%ﬁnBPéoéﬁbdQE trig jngteria

porosity between about 0.1 vol. % and about 50 vol. % formed and
patterned on the pre-processed electronic substrate, and a
conductive metal filling the pattern formed in the layer of
porous dielectric material. The porous dielectric material may
have a dielectric constant between about 1 and about 3, and
preferably between about 1.3‘and about 2.6. The conductive metal
filling the pattern may be copper, aluminum, silver or gold
forming a single damascene or a dual damascene interconnect

structure.

The present invention method therefore provides a
process which eliminates the problem of the porous structure
being etched by reactive ion etching gases during a dielectric
material patterning process. The present invention method
patterns the porous material prior to driving out the second
phase.polymeric material such that the problem of uncontrolled
etch rates can be avoided. By utilizing the present invention
novel method, structures can be built with porous low k materials

such as Dendriglass or porous SiLK®-type materials. The problem
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to be appreciated that those skilled in the art will readily 25 apply
these teachings to other possible variations of the inventions. 26 I n
addition, the fabrication scheme exenplified for the Dendriglass (porous
MBSQ can be practiced using any other porous dielectric filnms wherein the

remant grhaided iirs thdiditrerdtiesmel mwdahdd i1y osp@ed coyret £king , agvantage
hydrogen sil sesqui oxane benzocycl obutene or conbinations thereof. The

embodi Myt Efet h?}ﬂorﬂ)\é%tle%n df‘ ‘éﬂéc‘@)o%%u%x%étséﬂ/ﬂa]prﬁﬁ%ky tQ d¥ividLosut S
clalned are defined as fol
the second phase n@terlal, i.e. the pore-forming agent, (also
known as porogen) since the film is homogeneous and does not etch

away in an uncontrolled manner.

Dendriglass is a chemical composition containing MSSQ
(methyl—silsesqqioxane) and wvarious amounts of a second phase
polymeric material, i.e. a pore-forming agent. Dendriglass can
be made into a porous film with a dielectric constant in a range
between about 1.3 and about‘2.6 depending on the amount of the
second phaée material added to the film. The word “about” used
in this writing indicates a range of values of + 10% from the
average value given. The second phase polymeric material, or the
pore- forming agent, is a matefial that is usually a long chained
polymer which can be decomposed and volatilized and driven from
the matrix material, i.e. MSSQ, after the film has been cured in

a first curing process.

The present invention method can be carried out by
first spin-coating a film onto the surface of a silicon wafer and
then hot plate curing the film at 200°C, or at a curing
temperature of less than 350C. The film formed is a mixture of

MSSQ with an embedded pore-forming agent throughout the film.
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-28 Clains 1. An electronic structure having a | ayer of porous dielectric
material fornmed therein for electrical insulation conprising: a
pre-processed el ectronic substrate, a layer of porous dielectric material
havi ng a porosity between about 0.1 vol. and about 50 vol. % fornmed and
pat t er nétheorf islai di presym oce ssegub sl tead riomia Subshred £, betivkeen comoluct 1 %@ nm
nmetal filling said pattern fornmed in said | ayer of porous dielectric

mat eri aland. apue! eoooning, sbruptererbaliynderveayeralodutpoBoamdizelecisd et
material formed therein for electrical insulation according to claim1,

wher ei n gxaj dnROT ous Hh gl efhikike MEtFiAal haviRgna qlRIAGldd Cog0Rshaf the
bet ween about 1 and about 3. 3. An electronic structure having a | ayer of

porous diseledd '&a@a&e“athéorﬂ%trhgéﬁl aft‘érrl%'le%é'cﬁls st 1 88 510,

according to claim1, wherein said porous di el ectrlc material preferably’

havi ng %dba e%terC Cﬁf‘é.t any QUtha:!r'dSJIFi'é;:?léal?Q Ybr2.1& éseé‘nas an

electron|c tructut’e aving a ayer porous ctric materi al
etch stop and pattern replicatlon during photolithography and as

a polish stop during chemical mechanical polishing (CMP). The
hard mask can be composed of more than one layer of material,

however, the total thickness is usually less than 250 nm.

A photoresist layef is then applied on top of the wafer
and exposed and cured at a temperature of about 200°C. Next, the
hard mask layer is etched in a plasma etching process to remove
the hard mask in regions defined by the mask in regions on top of
the Dendriglass material. Since the Dendriglass film has only
been partially cured at the lower temperature, there is no pore
formation for attack by the reactive ion gases. Finally, the
completely etched structure is heated to a temperature higher
than the first temperature, or preferably higher than 400°C to
450°C, for a time period long enough to drive out the second
phase polymeric material from the Dendriglass resulting in a
porous low-k dielectric film. The usual metal deposition process

then proceeds with layers of barrier metal/seed Cu/plated Cu.
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formed therein for electrical insulation according to claim1, wherein said
.conductive netal forns an interconnect between two conductive regions in
said electronic structure. 5. An electronic structure having a | ayer of
porous dielectric material fornmed therein for electrical insulation

accor di mget orccilcai dordt enthet ai nheai i redndpctove detabctobins fdnn niericotwmest
in a single damascene structure in said electronic structure. 6. An

el ect r oapeust Uat wig havigyg a | ayer of porous dielectric material forned
therein for electrical insulation according to claim1, wherein said
conductive netal forns an interconnect in a dual damascene structure in
said electronic structure. 7. An electronic structure having a | ayer of
porous dielectric nmaterial formed therein for electrical insulation
according to claiml1, wherein said conductive netal is Cu or Al. -29 8. A
met hod for form ng a dual damascene interconnect in a sem conductor
structure conprising the steps of: providing a pre-processed sem conduct or
structure;
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depositing a layer of a non-porous dielectric material that contains a
poreform ng agent on top of said pre-processed sem conductor structure;
depositing a mask | ayer on said non-porous dielectric material; formng a
cavity for a dual damascene interconnect in said non-porous dielectric
mat er i alapchit! |Fhgrslai & cavrtyrédberalnhy datwmsernebontebcomidectts wiark about
electrically conductive netal; renoving said mask | ayer by an etch process;
curing sa drslenm gondugher Simalctaneind temeapetatar shsullli bieentighdr gthao
as to volatilize said pore-form ng agent from said non-porous dielectric
mat eri al, s3nd, f QK1 PBe fe PO PYSaBbeL 8601 taplgo'@l ; planari zing said
sem conduct or structure; and depositing a dielectric material |ayer on top
-.of the sem conductor structure. 9: A nethod for form ng a dual damascene
i nterconnect in a sem conductor structure according to claima8, wherein
said non-porous diglectric material . is_selected fr.omt gf.Qu i St
of nethyl -sil sesqui a%%e?%%%Cﬂ?vﬁgﬁi88ygpgﬁ&tgﬁg?l yd&%&e%gsiaggg%ﬁfé§g%e
(HSQ, silica and aromati.c thernoset polynmers such as, Si LK~ or Flare. 10.
met hod -3 hi Rca a@?&ll%eﬂg i er%%ﬁ‘ieg‘?sikn a semi EBRdUIEPOTOUS
structure according to claim8, wherein said pore-formng agent .is
pol yrrer DENARGIaHS TeTEAIRaL HERN T e 1 GPNERGTa Witiah GanBREoRECPHEEr CoRRt
in a sem conductor structure according to claim@8, wherein said nask | ayer
i s sel ectiaedtrlom tWelghody YRS se¥pREYE 8NG2 CURERDFRS SiLQN&,hGSiRif%WOO@Jém
-30 12. A nethod for formng a dual damascene interconnect in a ,
senm condigstcoritmd upraferagdoradinngimendai mI®, Whk? ePAtSEna tRask el s
deposited to a thickness of not greater than 100 nm

the Dendriglass film is patterned in a suitable plasma gas and

then the photomask layer is removed. The patterned Dendriglass
film is then heated to a temperature higher than 400°C to 450°C to
drive out the second phase polymeric material forming a porous
film. Finally, a hard masﬁ film is deposited conformally onto
the Dendriglass layer by a technique such as chemical vapor
deposition {(CVD) which coats both the top surface and the trench
and via sidewalls. The hard mask layer can be formed by any of
the previously described materials and serves to coat both the
top Dendriglass surface required for CMP etch stop, and the via
and trench sidewalls required to prevent diffusion pathways into
the Dendriglass. A preclean step to preferentially sputter etch
any hard mask material at the bottom of the trench can be

optionally used prior to
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13. A nmethod for formng a dual damascene interconnect in a sem conductor
structure according to claim8 further conprising the step of renoving said
nask |layer by a dry etching or a wet etching technique. 14. A nethod for
form ng a dual danmascene interconnect in a sem conductor structure

accor di nfeges of fign Sthair t et atonmaiyeindg t he ™ep wfuglr imgtaai ddeposition
sem conduct or structure at a tenperature greater than 2S0C. 15. "A net hod

for formpmbassbal HamasgRie IpHRILNNGH 1 d 3 ngadeondnet OHepbkYgtivhe of
according to claim8 further conprising the step of depositing said |ayer

of non-porous, di @g&/é@é@a@@y$gitéga@%gontains a pore-form ng agent by a

spin coating technique to ath ness t ween about 100 run and about 1, 000
nm 16. A nmethod for form ng a dual damascene interconnect in a
sem conductor structure according to claim8, wherein said porous

dielectric nateriq#qforned has rasi bet we t 0.1 val. %
about 50 vol. % 17 ASRStHHGY Pg?ggorpnéfr%“%le%aﬁgggﬁgééne%fn'(t)%lreco %gggelnn
a sem conduct por. structure conpri.si the ste of ; oviding a
pre- pr odes %%F%%mi6ﬁﬁbug?orasﬁ?ﬂé?ﬁg@¥”5%poggiVW@tgeﬁaQE?tQébﬁy%%ﬁgpé?bug
dielectric material that coptains a_ _poreform agent. on top of said
pre- pr od¥¥LEy ST bRAtteRsr §§?3c?@ﬁ§§lﬁéposﬂﬂﬁ%d%§uﬁﬂékaYﬁgﬁgeoWOESFHlar
non-porous, dielectric material, said nmask |ayer being perneable to said
por e- f or'ifi kgt agehtSushrve hgnartavineyerorla danpedanastene rRPeFcéonABEt 2nd
sai d non-porous dielectric material; filling said cavity for dual damascene
i nt er corfedt wié i, BA0el edtlts cAeFyMBORELEDT vECHRPEART UpRartdr | S1¢ly Balymeric
sem conduct or structure, -31 curing said sem conductor structure at a
t enper atnateesidis ciembguthimh2s@€h that said pore-forming agent fromsaid
non-porous dielectric material escapes through said mask |ayer form ng a
porous dielectric material; and
Referring now to Figure 1, wherein a process flow chart
utilizing the present invention novel method for forming a
single~ damascene interconnect structure 1s shown. The
processing steps 10~60 <can be referenced to Figures 2~8,
respectively. In the first step of the process, as shown in step
10 of Figure 2, a semiconductor wafer 70 that has a metal
conductive layer 12 deposited on top is first spin-coated with an
ILD layer 14 of a silicon oxide material. On top of the ILD
layer 14, 1is then deposited a hard mask layer 16 by a chemical
vapor deposition, (CVD) technique. The hard mask can be formed
of a suitable material chosen from Si0;, Al:0i, SiaNg, SiC, SiCOH

or other suitable hard mask material. The purpose of the hard

mask layer 16 is to act both as an etch stop and as a pattern
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depositing a dielectric material |layer on top of the sem conductor
Sstructure. 18. A nethod for form ng a dual damascene interconnect in a

seni conductor structure according to claim17 further conprising the step
of depositing a non-porous dielectric material that contains a pore-form ng
agent byepldpiaticoat iy dmchnigring 19CMA nenHod duar.ngor g cdl iddredg raphy,
damascene i nterconnect in a sem conductor structure according to claim 17
further reemedtiiveg yt.he Thephafirddeposk tlagen fhénmagyr oiisridieat elod r iformetetival
that contains a pore-formng agent to a thickness between about 100 nm and

about 1;R0Q MRark®bnd 1epddof onaternang avédakhdaghseere tiotkar aorirggiessn a
sem conduct or structure according to claim 17, wherein said non-porous

di el ect 1gne, TR @fd aledsS RIEURA rnf OMTiHe K@HQUP CRRRIIRY 1fyer 12 may be
met hyl - si | sesqui oxane (MSSQ, benzocycl obut ene, hydrogen sil sesqui oxane

(HSQ . SiiGR1ande GLQUR be LhemSely POLYIELP Buffuabivi by ARdeThane.zh A
met hod for tormng a dual damascene 1 nterconnect 1n a seniconductor
structure accordin i 7 rej j re-formng agent is a

mat er i alaso%o%%e$@%%%nlanﬁrn? fat Vgr\;Lo o?tsrlt;srfzaée%% a tenperature higher than
250C. 22. A nethod for formng a dual danmascene interconnect in a

sem conductor structure according to claim17, wherein said mask | ayer
bei ng perneabl e ta said pore-formn gent is selected fromthe gro i
consi sting of Si C%lP T8t h§PxEi I%%h%?%x'é?% PRESEP S hydFSdentsi T 5 gqéi oane
(HSQ and di ampnd- | i ke_carbon_(DLC), 23. A.nethod for form_ng.a dual
damascerié d4i%eratttct FTRIEE séni éohHBEPS?Sé’gFuE?M% ét@célsdiaﬁ ltl(?dcl%é’l 7
further conprising the step of depositing said mask | ayer. to a thickness of
| ess t haPPLOBTNriNe  Ngxch Ahank naeGT f bP+ 1 PO A0AI dMfRsCRgd ot 2

i nterconnect in a sem conductor structurg according to claim17 further
conpri siteRaaiste bh shei mydsa eSerPednductiordsiagdt uray st &5t dfpdihdiur e
greater than 250C. 25. A nethod for form ng a dual damascene interconnect
in a sendtagraticior astprlectna e tadciargli pgotess| diomrEndwer tiee waspr ilsi Adiasee
step of formng said porous dielectric material that contains between about
0.1 vol .r&giantk abofindd el thpomaskt yn top of the ILD layer 14. 1In the
.A&(R A As!. Ay. ASO. Af 4. A@®! . A@B . AS5. A A@QA3. A A .AA @A .AQA .AS@A A A&
@ AN@ AQYnAdnt A nY . et S, AELAS, OB\ the step where the porosity of the
UZ' x} xsni cMY] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] cRaj«ad e RA] £ caathbesaibctiahgakgalaitace the reactive gases used in

Xj AEt ~04\ i o! I'S""" 1#s###SYB$$IUIBB4 vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] ca] cl@d &R the hard mask also attack the Dendriglass® and thus

leaving behind a glass material with a high dielectric constant,
k > 4.0. The etching step for the hard mask is shown as Step 30

in Figure 1 and in Figure 4.

The non-porous ILD layer 14 is then removed in regions
defined in the mask by using a suitable plasma etching method.
This is shown in Step 40 of Figure 1 and in Figure 5. The resist

layer 18 is further removed after the etching of the ILD layer 14
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a)J ca) ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal GIAACDEFFFFTGEKKKLLO
OBOGON Oy RRRQORz RBLEKsai & tahxalrea] Ta] @) caled] sahealicalcal cabrpbealgakca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! UUVDXxXi ZoZ[ . "b"@ F

T LN EES s 1 £ 050 KA AL s i L o i S R e

eAeHeeee

ffff7 .
neni of 1§17 @%E?T% SN A5t 8] O4F c e 38G RIRIF cBPLXTEA} Eal
calcalcalcalcalcalcalc”alcalcalcalcalcalca]lcalcalcal |l Wm rl 2n<pnpSqqrr sTt %
v3woy: y ?4?}%%LZ}ksﬁrmmﬁﬁE*\qﬁ?%ﬁ% cLTégffﬁﬁﬁLaﬁEﬁTba]%%ﬁca?gﬁggéFiﬁfﬁa}
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ¢ca]ca ca]caCRncD&I($1098&f%)-
*$1096 & ¥9SUt GhmgRiN) 2gHPIRUE (AT REEFCEE DS &1L =18 0ORA(FLIH SN 1008,
()-+ 10" 10" 10"#<10% & ()-9 9 10%W & ()-$510% & ()- ofY: 109%& ()-!

109& () -11%100%D (YayensEnougney-poaeys 10 porous 15 therefore accomplished
10T&910%& () -of Y7! 9&$10%IT& ()-!~y:"10%& ()-m 10 10
10910%& ¥1) -3 B¢ 100 ¢F -1n 10DR1YG - DKYZ{\ =! 9! f 1096&' () - &S10%& () - 10T

In fhe next step of the process, i.e. step 50 shown in
Figure 1 and in Figure 6, é liner material deposition is first
conducted to form a liner layer 52 on top of the hard mask layer
16. The liner layer 52 may be deposited of a material such as
TaN, TiN, Ti, Ta, or various combinations for achieving adhesion
and diffusion barrier properties. On top of the liner layer 52,
is normally deposited a copper seed layer, (not shown) by
sputtering to facilitate the subsequent electroplating of copper
in filling the via opening 72. After the via opening 52 is
filled with copper 54, the electronic structure 70 is planarized
by a chemical mechanical polishing method to achieve a planar
surface 56 on top of the copper via 54. The porogen may be driven

out at this point
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10T'10T9‘10%T&f()-!L3.$10%TT&T()-!L."$10%TT&T()-'x~_@DS!10%)h&f()-,,10%)

h& ()-!p,,10%%$& ()-f10% h& ()- 105 105 1051 10%& ()-xI~\:11VI10%t| 4| & ()-m

PQ 10%& ()-m!VI10% 4| & ()-m @O0%| & ()- 10 h 10 h 10 h10%

h& ()-jzX6~\:!1" 1109 ()- 'i!10%| 4| & ()- 'd'109% ()- !10%| & () -

1[110% |8 (des1lt ¥ 104 EhoWh in step 65 of Figure 1. A cap layer 58 of
an insulating material such as silicon carbide or silicon nitride
is then deposited on top to prevent diffusion and to protect the

electronic device 70 from mechanical abrasion or other damages.

The present invention novel method for forming a porous
dielectric material layer can further be used to form a dual
damascene interqonnect in a semiconductor structure. The process
for forming thé dual damascene interconnect in a semiconductor
structure can be carried out by incorporating a hard mask layer
on top of a non-porous dieleétric layer and then, either removing
the hard mask layer prior to volatilizing a pore-forming agent or
leaving the hard mask layer in the semiconductor structure when

the hard mask utilized is permeable to the pore-forming agent.

For instance, in the first method of forming a dual
damascene interconnect with a non-permeable hard mask layer,
after a layer of a non-porous dielectric material that contains a
pore- forming agent 1is deposited on top of a pre-processed
semiconductor structure, a hard mask layer is formed on top of
the non-porous dielectric material. AR cavity for a dual
damascene interconnect in the non-porous dielectric material is
then formed, and filled with an electrically conductive metal to

form the via and line for the dual damascene interconnect. The
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>P@\Er P: 171109 ! 109%&' ()-!d! 10%4 4| & ()- @0%#H & ()- 10 10 10'i!10%& () -

#t~zX6P: 'V 110%& ()- ! !110%| 4| & () -

L10%}| & ()-!nl10% | & ()-'i!110%| 4| & ()-'i!'10%4| 4| & ()--./04rS4!'10%H & ()-,1

09&|&f()r'810@&|&f()- 10 10 10! 1109%&k ()- ! 110%| 4| & () -

\i | movknA@B1RY:& (hyel03 s1@heh0XEHO/EE ity - 310866&h (Do $pDOBESE) - of either
dry or wet etching, prior to a curing process conducted at a
temperature sufficiently high, i.e. higher than 250°C, as to

volatilize the pore-forming agent from the non-porous dielectric
material, thus forming a porous dielectric material for the dual

damascene interconnect.

Alternétively, when a hard mask layer is formed which
is permeable £o the pore-forming agent <contained in the
non-porous dielectric material, the hard mask layer may be left
inside the semiconductor é£ructure during the curing process
conducted at high temperature since the pore-forming agent
volatilizes and escapes fhrough the permeable hard mask layer.
After the formation of the porous dielectric material layer, the
semiconductor structure may be planarized and an insulating
material layer, i.e. a cap layer, may be deposited on top as a
diffusion barrier and protection from abrasion or other physical

damages.

A suitable hard mask layer that is permeable to the
pore- forming agent may be selected from SiCOH, methyl
silsesquioxane (MSSQ) , hydrogen silsesquioxane (HSQ) and
diamond-1like carbon (DLC). A suitable thickness for the

permeable hard mask layer should be less than 250 nm.
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The present invention method may further be carried out
by incorporating the porosity as preformed particulates on the
molecular size scale, i.e. to spin-on a solution with insoluble,
cross—-linked, thermally liable particulates. In this case, the
process could be started with a dense two phase material instead
of a single phase homogeneous material. The patterning and

burnout would be the same as previously stated.

The present invention novel method for forming a porous
dielectric layer in a semiconductor structure and the structure
formed by the method have been amply described in the above

description and in the appended drawings of Figures 1~8.

While the present invention has been described in an
illustrative manner, it should be understood that the terminology
used is intended to be in a nature of words of description rather

than of limitation.
Furthermore, while the present invention has been

described in terms of a preferred and alternate embodiment, it is

to be appreciated that those skilled in the art will readily
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dielectric films wherein the remnant material is a higher thermal

stability organic material, silica, hydrogen silsesquioxane

benzocyclobutene or combinations thereof.

The embodiment of the invéntion in which an exclusive

property or privilege is claimed are defined as follows.
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1. An electronic structure having a layer of porous dielectric material
formed therein for electrical insulation comprising:
a pre-processed electronic substrate,
a layer of porous dielectric material having a porosity between about 0.1 vol. %
and about 50 vol. % formed and patterned on said pre-processed electronic substrate, and
a conductive metal filling said pattern formed in said layer of porous dielectric

material.

2, An electronic structure having a layer of porous dielectric material
formed therein for electrical insulation according to claim 1, wherein said porous

dielectric material having a dielectric constant between about 1 and about 3.

3. An electronic structure having a layer of porous dielectric material
formed therein for electrical insulation according to claim 1, wherein said porous
dielectric material preferably having a dielectric constant between about 1.3 and about
2.6.

4. An electronic structure having a layer of porous dielectric material
formed therein for electrical insulation according to claim 1, wherein said conductive

metal forms an interconnect between two conductive regions in said electronic structure.

5. An electronic structure having a layer of porous dielectric material
formed therein for electrical insulation according to claim 1, wherein said conductive

metal forms an interconnect in a single damascene structure in said electronic structure.

6. An electronic structure having a layer of porous dielectric material
formed therein for electrical insulation according to claim 1, wherein said conductive

metal forms an interconnect in a dual damascene structure in said electronic structure.

7. An electronic structure having a layer of porous dielectric material
formed therein for electrical insulation according to claim 1, wherein said conductive

metal is Cu or Al.
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8. A method for forming a dual damascene interconnect in a
semiconductor structure comprising the steps of:

providing a pre-processed semiconductor structure;

depositing a layer of a non-porous dielectric material that contains a pore-
forming agent on top of said pre-processed semiconductor structure;

depositing a mask layer on said non-porous dielectric material;

forming a cavity for a dual damascene interconnect in said non-porous dielectric
material;

filling said cavity for dual damascene interconnect with an electrically
conductive metal;

removing said mask layer by an etch process;

curing said semiconductor structure at a temperature sufficiently high so as to
volatilize said pore-forming agent from said non-porous dielectric material and forming a
porous dielectric material;

planarizing said semiconductor structure; and

depositing a dielectric material layer on top of the semiconductor structure.

9. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 8, wherein said non-porous dielectric material
is selected from the group consisting of methyl-silsesquioxane (MSSQ),
benzocyclobutene, hydrogen silsesquioxane (HSQ), silica and aromatic thermoset

polymers such as SiLK® or Flare®.

10. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 8, wherein said pore-forming agent is a

polymeric material.

11. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 8, wherein said mask layer is selected from
the group consisting of SiO,, Al,03, SizNy, SiC and SiCOH.
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thickness of not greater than 100 nm.

13. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 8 further comprising'the step of removing

said mask layer by a dry etching or a wet etching technique.

14. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 8 further comprising the step of curing said

semiconductor structure at a temperature greater than 250°C.

15. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 8 further comprising the step of depositing
said layer of non-porous dielectric material that contains a pore-forming agent by a spin

coating technique to a thickness between about 100 nm and about 1,000 nm.

16. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 8, wherein said porous dielectric material

formed has a porosity between about 0.1 vol. % and about 50 vol. %.

17. A method for forming a dual damascene interconnect in a
semiconductor structure comprising the steps of:

providing a pre-processed semiconductor structure;

depositing a layer of a non-porous dielectric material that contains a pore-
forming agent on top of said pre-processed semiconductor structure;

depositing a mask layer on said non-porous dielectric material, said mask layer
being permeable to said pore-forming agent,

forming a cavity for a dual damascene interconnect in said non-porous dielectric
material;

filling said cavity for dual damascene interconnect with an electrically
conductive metal;

planarizing said semiconductor structure;
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semiconductor structure according to claim 17 further comprising the step of depositing a
non-porous dielectric material that contains a pore-forming agent by a spin coating

technique.

19. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 17 further comprising the step of depositing a
non-porous dielectric material that contains a pore-forming agent to a thickness between

about 100 nm and about 1,000 nm.

20. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 17, wherein said non-porous dielectric
material is selected from the group consisting of methyl-silsesquioxane (MSSQ),
benzocyclobutene, hydrogen silsesquioxane (HSQ), silica and aromatic thermoset

polymers such as SiLK® and Flare®.

21. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 17, wherein said pore-forming agent is a

material of polymeric nature that volatilizes at a temperature higher than 250°C.

22. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 17, wherein said mask layer being permeable
to said pore-forming agent is selected from the group consisting of SiCOH, methyl
silsesquioxane (MSSQ), hydrogen silsesquioxane (HSQ) and diamond-like carbon
(DLC).

23. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 17 further comprising the step of depositing

said mask layer to a thickness of less than 100 nm.
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24. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 17 further comprising the step of curing said

semiconductor structure at a temperature greater than 250°C.

25. A method for forming a dual damascene interconnect in a
semiconductor structure according to claim 17 further comprising the step of forming said
porous dielectric material that contains between about 0.1 vol. % and about 50 vol.

% porosity.



