; e3ehj h$j &6Tj j {1~ ~ AUG ZOO~r F Field of the Invention The present

invention generally relates to a nethod for formng a dielectgl naterlal
“l-ayer,in an electronic structure and the structure formed and %gq%i
particularly, relates to a nmethod for formng a porous dlelectrlc mat

llayer in an eIectronlc structure by f|rst fornlng a non- porous dielectric

e, b Py f AR, L& DY DA X % £ 40 ELE L S Bl LN
at a hlgher tenperature than that used in the partlal curlng to transform
% _ 3 b DEVDCE DBV TCE | FORMET mat erial, and
eIectronlc structure forned Dy suc Backqground of the | nventi on
In the recent devel opnent of sem conduct or deV|ces t he conti nui ng
m niaturization of the devices demands the use of electronic materials of

nore superior properties. ForFiéﬁéa&EethérEh&Eé#fﬁériC material used as an
insulating layer in a semc ve a |lower dielectric
constant in order I I, i_gnal i on_del a t

~ A U G 200g therg%grEEgﬁsgﬁtgﬁﬁgﬁglép @F% h@gtggﬂﬁ% ®Rafér Pa tbﬁgt%ﬁéve

superlor l.atin operties, .such.as a reduced die]ectric, constant for
current gnﬁgﬁﬁtdﬁegsgh$gghﬁﬁcF@Fe&e§ﬁc§iﬁﬁﬁf|&Bt@@ns i%ﬁter%ﬁl?hétsBFEPFSns
in providi,ng ,.a dielectric terial |ayer that has inproved insul ating
proper t §19 . @€ g SLGNET Udel BRTPRE t RS RSGY Q@ A Ydi eFBERERE rfet efi al

t hat contabns yglds A void-filled, or porous dielectric material has a
| ower dPEFBEEY i EOEofAEENMY han PRECYSI 19t edéfde ivoi Bafpedal layer in ~an

electronic structure by first forming a non-porous dielectric

l

material layer then partial curing, patterning, and final curing
the layer at a higher temperature than that used in the partial
curing to transform the non-porous dielectric material into a

porous dielectric material, and electronic structure formed by

such material.

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 ih

order to provide a smaller signal propagation delay. It is
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version of the sane material. However, problens arise in utilizing porous
dielectric materials, i.e. when these materials are first for ? in an

el ectroni c device and then are subjected to a patterning procgi m%u;ZUU
reactive ion etching (RIE). The very nature of the desirable porous 4
structure of these materials subject themto excessive etching when exposed
to et chihgassfawaut ilnbestianh the peavidee ¢ backiehl digMetesdsd. s Chkatolhaveon
proposed to solve this problemis to select lowk dielectric materials that
have clsaged ipar odntsyl abdwevepropaytacsenpudio sl ce aretlosed poreslamtmrd al
exposes open pores on a new cut surface. Thus, the pores exposed in such a

new cutcciydane wotdd stiehbrbersubhaat ed fhiouakt aclksdm ddmeiveitedr gasiatsiatk i n
the reactive ion etching process for patterning the dielectric nmaterial

layer. o&p1icatiRrdd ~ 200 It is therefore an object of the present invention
to provide a nethod far formng a porous dielectric material |ayer in an

el ectroni c structdye Jdhatydags nofo v, e AAWRAGK S 111 SAY L QE TGS Of

t he conventional nethods. It 1s another object of” the present invention to

provi dg g gt had, f Orhaff;t”ﬂrﬁ&cﬁre@r (l}bq%lﬂﬂaeddﬁfgt ri tt%gleﬂ/al 1.ayer 4 n @fer

el ectroni“c structure t I'S not subjected to reactive ion

Stehi NG, GASER AUl 10, AL AALL eT NG i OGESS. J T d %@ dliidien, Al e, ofy the

present ‘inventi'on to provide a ne formng a porous ectric

TR Ao Ble L ) SE O SeStruet e L) o JLIDNG, ST RO

Process, and, e LOLIG BT e5 Lo phebectiLe FBERT el AYoold- 4 e
version of the same material. However, problems arise in
utilizing porous dielectric materials, i.e. when these materials
are first formed in an electronic device and then are subjected.
to a patterning process by reactive ion etching (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 1ion 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.



to. provide a nethod for formng a porous dielectric materi al yer in an

el ectronic structure by first patterning a non-porous drelectr qﬁgﬁizgn4
llayer and then form ng pores after the patterning process.

20par It is still another object of the present invention to provrde a
met hod for formng a porous dielectric material layer in an electronic
structure by firsttdéposheiragdoaenam- pirjees: ddEl eber peesendr ilalvdrdyigrm to
partially curing the layer at a first |ow tenperature, patterning the

non- porsy &l gcheirbommtfer afodndiey , a apdrbhendtiedmichg ipomesteanichl layer
transformng the material layer into a porous structure at a second high

curing ir?m@ﬁr%tllér&rdntld ssty@ictanet hera®bheet ofott Neaps esrat dmmentdion ¢o
provide a nmethod for formng a porous dielectric nmaterial |ayer in an

el oot 1 agl 6 SLYELU & Pyls A0S L 101 dalngiase material i nto

si ngl e- phase, Vvol | ed materi at a high curing tenperature. It is
still another further object of the present invention to provide an
el ectronic structure that has a | ayer of porous dielectric material forned

therein wherein t e | a er of oro%ign% erb§I E ?ngaggktylge%ﬁgeg?abggt

0.1 vol. % and abou yet anot €r “objec

present invention oV, n el ectronic structure. that

por ous %?%Yje%?rﬁc"ﬁgp £Orf of The? ePRTPBP gilgg EEt&alr Jnaace%f{gz%g;
in an electronic structure that is not subjected to attack by

reactive ion etching gases during a patterning process.

It is a furthe: 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 forming 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.



i nsul ati on wherein the porous dielectric material has dielectricgycgnstant
bet ween about 1 and about 3. ~ ~ ~~G 2004 Summary of the Invenf’izr)q[)\@ 200/
.accordance with the present invention, a nethod for form ng a porous t
dielectric material layer in an electronic structure and the structure
formed are disclosed. In a preferred enbodi nent, a nmethod for formng a
po-rous diel ectrild riet e3tiBll | 2ethen ahjefecpfoine PrEsENEr &N BOTCAT i ed
out by the steps of providing a pre-processed el ectronic substrate,

deposi pimy isld ayenebiodofioporfoumidicelcporcusntépilattonct optefrittle layer
pre-process el ectronic substrate, curing the electronic substrate at a
first tilenpenatdiectypntal | ytabouire50y defrisni ndepodipatgerai nprtheotayer
of non-porous dielectric material, and curing the electronic substrate at a
second dieeeitatiy endtighie] thawet hepd+t 5411 ¢nperahyr ehet Ypiveal lax abofir350C
to about 450~C)~ transform ng the non-porous dielectric material into a

por ous 1¢el eehpbeatBEE! | Mat ddtvfihgy mehBodhdrrpdrius ndialpeteus il eetdi c
material layer in an electronic structure, the non-porous dielectric

materi gly eSS %ﬂé@'ﬁ&&snﬁr@d%—r@@%wﬂdﬁol 'ﬂ% e Rarous; digdwetric

material is substantially a single-phase materi al. € non- porous

di el ectyr | ' Y. hysi.c ' e 0f t her id e

mat er i éﬂntgn(? ;Deo[%ersnarﬁatlry stLgrbeloeaycsnaat Zgﬁéﬁr?g #ngmt)hce\%nla%ey{%@a‘%ﬁéeﬁ%at erial
sets into a solid at the first curing 6 ~ 7 AU G 200g tenperature, and
the thermally labile nmaterial deconposes and vol atilizes at the second

curing tenperature. The t had further inclyde e rm a
mask | ayer on toﬁﬁbfl?hggﬁaj§¥ﬁ%?%%o#5%%$%ug%dﬁéq%c?%ggeﬁ%tgP&%F%qgglt e

ar oup OGSy B epr LA 0HEE N D R And & BBEL L n g RGd e
further, include the step of formng the mask |ayer to, a.thickness of nat
greateﬁqfﬁﬂ1%ﬁ%FEﬁ?n#%esﬁﬁPﬁBﬂrﬁagyfGF?HE%OFW&ﬁng'fﬁ?%ﬁ&ﬂ?%ﬁ Wﬁ%ﬁﬁ%ﬁ%g a
pre-pr%%ﬁife% SBE%% %-@%E%%y void-filled material at a high curing

~temperature.

It 1is still another further object of the present
invention to provide an electronic structure that has a layer of
porous dielectric material formed therein wherein the layer of

porous material has a porosity between about 0.1 vol. % and about

50 vol %.

It is 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



The first tenperature used may be between about 100C and about 350C, the
second tenperature used may be greater than 250C and hi gher th4n7ERE”§irst
tenperature. The nethod may further include the step of 2004
phot ol i t hographically defining and patterning the |ayer of non-porous
dielectric material, or the step of depositing the non-porous g;electric
mat eri alNBYLALEPR N E&LEAE nethRd. PPREUSor clis Htlert @l F‘éltﬁ'é&a y eve &
porosity of between about 0.1 vol. % and about 50 vol. % or preferably a
por osi t§1ekeakBhC abolst 8Ny obetypandakpaiit 1 39ndopboYs Fhe nethod may further
include the step of depositing the [ayer of non-porous dielectric materi al
to a thickness between about 100 nm and about 1000 nm The non- porous
dielectric material deposited may include nethyl 7 ~? A UG 200

si | sesqui oxane (MSSQ, hydrogen sil sesqui oxane (HSQ, silica and aromatic

t hermoset pol yners such as the SiLK ~ Semi conductor Dielectric or Flares
and at | east one pore generating labile material or porogen of polyneric
nature. In another preferred enbodinent, a method for formng a void-filled
dielectric material layer in an electronic structure may be carried out by
t he operating steps of providing an electronic structure that has devices
built on top depositing a |layer of a dual -phase dielectric materi al
consisting of a thermally stable material and a thermally |abile material
on top of the electronic structure, annealing the electronic structure at a
first tenperature between the setting tenperature of the thermally stable
mat eri al and the deconposition tenperature of the thernmally |abile

mat eri al, photolithographically defining and patterning the dual - phase
dielectric material, and annealing the electronic structure at a second
tenperature not | ess than the deconposition and volatilization tenperature
of the thermally labile material form ng a single-phase, void-filled

dielectric material. In the method for formng a void-filled material |ayer
in an electronic structure, the first tenperature may be a tenperature
bet ween about 100C and about 3~O-C, the second ~ 7 A UG 2a0 tenperature

may be greater than about 250C and hi gher than the first tenperature. The
thermally stable nmaterial sets into a solid at the first annealing
tenperature, while the thermally labile material volatilizes at the second
anneal i ng tenperature. The nethod nay further include the step of formng a
mask | ayer on top of the |ayer of dual-phase dielectric material. The

met hod may further include the step of form ng the nask |ayer of at |east
one material selected fromthe group consisting of SiO-) A120, Si3Ng, SiC
and Si COH. The nethod may further include the step of form ng the mask

| ayer to a thickness of not greater than 100 nm The first tenperature
utilized nmay be between about 100 C and about 350C, the second tenperature
utilized may be.greater than 250C and hi gher than the first tenperature.
The



met hod may further include the step of depositing the |ayer of dual - phase
dielectric material by a spin coating technique to a thickness b t

material may contain voids of between about 0.1 vol, o and about 50 vol.
and preferably between about 5 vol. % and about 30 vol. o. The present
invention is further direct Shrmarmn off ddher dnwerstirarct ure that has a | ayer
of porous dielectric material formed therein for electrical insulation

which includes a pfeazceheagnsedwekacthenitresint radeenti ddyes RAbtRBHOYS
~ 7 AUG200g dielectric material that has a porosity between about 0.1.

vol .

pre- processed el ectronic substrate, and a conductlve metal filling t

patterns{py H'ré nsphe Lh rQEtB é%érﬂ%&' S%r!ﬂﬁal Fgéha' '” the

electronlc s ructure

as a a er of porous ecfric material forne

therein for electrical |nsulat|on, the porous dielectric material has a
di el ectric constant of between

In a preferred embodiment, a method for forming a
porous dielectric material layer in éﬁ electronic structure can
be carried out by the steps of providing a pre-processed
electronic substrate, depositing a layer of non-porous dielectric
material on top of the pre-process electronic substrate, curing
the electronic substrate at a first temperaturé typically about
250°C, defining and patterning the layer of non-porous dielectric

material, and curing the electronic substrate at a second

temperature higher than the first temperature (typically about

350°C to about 450°C)- transforming the non-porous dielectric

material into a porous dielectric material.

In the method for forming a porous dielectric material
layer in an electronic structure, the non-porous dielectric
material is substantially a dual-phase material while the porous
dielectric material 1is substantially a single-phase material.
The non-porous dielectric material may be a physical mixture of
a thermally labile material and a thermally stable material. The

thermally stable material sets into a solid at the first curing

“about . 10Q nm and about 1000 nm The singl e-phase, void-filled dleledQCHian4

%
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about 1 and about 3, or preferably between about 1.3 and about, 2.6. The
conductive netal forns an interconnect between two conductive'ﬁ?gpﬂTB‘20U4
-the electronic structure, the conductive netal may also form an

i nterconnect in a single damascene structure in a sem conductor device, or
a dual damascene structure in a sem conductor device. The conductive netal

my be ¢opRekat@kdM Ml @heOt PRErIBL LS BHC @Sngibveh 99bdompssad | e
thereof. Brief Deseription of the Drawi ngs These and ot her objects,

feature : t S t S NaLY ' i beceR t from
t he folﬁ8aggé% é?giﬁgg agécrlﬁFﬁgﬁ gg%lbﬁeq%%%endﬁ%kﬁﬁamﬁngs ?ﬁggﬁﬁghﬁh
Fi gure is.a_pr.ocess, flow chart f he present _ipventiqon nov h for
forning%3r§8?5u§qﬁiﬁqgn#%% ﬁg?gﬂéglﬁ%ghﬁHQnga%gﬁggﬁgy %ﬁégéeﬁépn%% %%e
interconnect structure. 11 = Z A UG 202% Figure 2 is an enlarg&d, ,
cross- seBVFEn&T iU RIT A Dr B58hECFhyEnTRSN LM c SHdudtor SEEP ufur@ Y an
| LD | ayer and a hard nmask Iayﬁr formed on t%ﬁi Fig%{e 3 is_an engar ed,
cross- seREi 8RS ViR orof hatprlessht anf diiouni &t riRteFeed TEPGulrEe2 G a
photoresi st |ayer fornmed and patterned on _top. .
consisting of Si0;, Al,;0;, SisNyg, SiC and SiCOH. The method may
further include the step of forming the mask layer to a thickness
of not greater than 100 nm. The method may further include the

step of providing a pre-processed silicon wafer.

The first témperature used may be between about 100°C
and about 35dC,_the second temperature used méy be greater thaﬁ
250°C and higher than ‘the first temperature. The method may
further include the step of photolithographically defining and
patterning the layer of non-porous dielectric material, or the
step of depositing the non-porous dielectric material by a spin
coating method. The porous material formed may have a porosity
of between about 0.1 vol. % and about 50 wvol. %, or preferably a
porosity between about 5 vol. % and about 30 vol. %. The method
may further include the step of depositing the layer of
non-porous dielectric material to a thickness between about 100
nm and about 1000 nm. The non-porous dielectric material

deposited may include methyl



Figure 4 is an enlarged, cross-sectional view of the present inwegti
structure of Figure 3 wwth the hard mask | ayer patterned. Figurg 21A2”5@004
-enl arged, cross-sectional view of the present invention sen conductor
strocture of Figure 4 with the ILD |ayer patterned and the photoresi st

| ayer renoved. Figure 6 is an enlarged, cross-sectional view of the present
I nvent i Nl sesiciosebucd orMSIQ Ut iy@rofefri gl seSqwi dhanel (HeQ) | ayelidepasdt ed
and copper plated to fill the via opening. Figure 7 is an enl arged,

Cross- seedhoinat wiewbsdhe premrts | nmedt | o sefiecomdumor sshivehanetof
Figure 6 with the copper Iayer pl anari zed and a -cap | ayer deposited on top.

12 Dife M & 2000 Frgyree82h8 at erlle%rsged@ngrqa%f«:ese@teln%&@tlwgewwhwe

pr esent Thvent i on senlconductor structure of Figure 7 after a

t emper g L e, %$ oak @gggg%E%gf%$g¥a&o%%ggpéous mat eri al . Detalled

Descri ption ment present invention discloses a
nmet hod for formng a

In another preferred embodiment, a method for forming.a
void~filled dielecﬁric material layer in an electronic structure
may be carried out by the operating steps of providing an
electronic structuferthat has devices built on top,{depositing a
layer of a dual-phase dielectric material consisting of a
thermally stable material and a thermally labile material on top
of the electronic structure, annealing the electronic structure
at a first temperature between the setting temperature of the
thermally stable material and the decomposition temperature of
the thermally labile material, photolithographically defining and
patterning the dual- phase dielectric material, and annealing the
electronic sﬁructure at a second temperature not less than the
decomposition and volatilization temperature of the thermally
labile material forming a single-phase, void-filled dielectric

nmaterial.

In the method for forming a void-filled material layer
in an electronic structure, the first temperature may be a

temperature between about 100°C and about 350°C, the segond



dielectric material layer in an electronic structure, and nore
particularly, discloses a nethod for form ng a porous dielectrﬂ67nﬁth3i
| ayer in an electronic structure by first form ng a nonporous dielectric
material layer and then partially curing, patterning, and finally curing
the layer at a higher tenperature than the partial curing tenperature to
t ransf otempbeanameporpushdi gkeeterc tateraladut n260& pordusighet echanc the
material . The method can be carried out by first providing a pre processed
sem congyeker VafRiratdeRosi ik athaypk10h NP oMt di-ehectddis Mpheni af
on top of the pre-processed sem conductor wafer, curing the sem conductor
vafer abodsbl S LREPCEALUE € 0holali g OBShpL AR, FO0CYHIal NENY Aima1ny
patterning the Tayer of non-porous di'el ectric material, and curing the
SGH]COH?EBH?% E%&i%ﬁ %6ﬁ?%%¥%2é§W5%a£H ?s?bg Srahﬁgglﬁgg Eb ferature.
to ormt ielec | in

tenperature rans € non- porous ric materi 0O a porous

dielectric material . In.th referred e di t thod shown 13 ~ .2 AuG
705 bel B, TR Hor BUs aF 6! LE0) Faemarar (el & BubStunts ol Jog¥ Laves
dual - phased_naterj a ile the porous djelectr.l terial is substantjally
5 ngl BToheEd Gint Bl L2 Hon. HOF DR AP ST s I St ur t HEE b
a physical mxture of a thernalk%%labile material and a thernall% st abl e
mat er i alethRE PEysdmrihfrentt oot Herl FeSP f oF t heFMbeIuERE MESkormygr of
void-filled die7.ectric material_ l|ayer in an electronic structure by first
provi di 3§ afeéte@omalasthalctifeetird Farm dehve ceEOoBRi FPNBARSESPY BEPSILei ng
a layer of a dual -phase dielectric material consisting of a thermally

stabl e ABt@ri atiliad a IMerdrd| yiFaBil e nmufléei AP dprvf fukEheredt@nide
structure, annealing the electronic structure at a first tenperature high
enough t8eséteRn@®@fsdammimg ttHee e el #yest bdl @ FRLEKNEGFS Bt NE&l gFaier
vol atilization tenperature of the thernmally |abile material,

phot ol i thegr 4pRi cal.| y Thef ifdinsg &edpsxetems nf itliaedumayphbes dedivielescaiant
material, and annealing the electronic structure at a second tenperature

not | esgobi@nanbe aobati I35AC| ortHeenpecahdr ecafpdteerier maklly zeabihey be
material formng a single phase, void-filled dielectric material. A

sui t abl greande F9fad N8sbid Sin@NReghicRg LifiPef Ak UiS rARY &St eeR, about,e
100C and about 350C, a suitable tenperature for the second annealing step
may be %@%ﬂ%@rr&ﬂ?nfﬁpﬁhékrihcﬁﬁ@geﬁﬁﬁyrgtep of depositing the layer of
dual~-phase dielectric material by a spin. coating technique to a
thickness between about 100 nm and about 1000 nm. The
single-phase, wvoid-filled dielectric material may contain voids

of between about 0.1 vol. % and about 50 vol. %, and preferably

between about 5 vol. % and about 30 vol. %.

The present invention i1s further directed to an
electronic structure that has a layer of porous dielectric
material formed therein for electrical insulation which includes

a pre-~ processed electronic substrate, a layer of porous



14. ~ 7 A U G 200g The invention further discloses an electronic structure
that has a | ayer of porous dielectric material forned therein ﬂ07d4£4
electrical insulation which includes a pre-processed el ectronic sub [320Q4
a layer of porous dielectric material that has a porosity between about 0.1
vol .- % and about 50 vol. % forned and patterned on the pre-processed

el ect r onielsabsicanefeandlatbendhets e posted ity |Déteamealpatt eb nl f 6o hed?i n
the | ayer of porous dielectric material. The porous dielectric material nmay
have a ghel €sdbutcs0onst ant bet ween about 1 and about 3, and preferably

bet ween about 1.3 and about 2.6. The conductive netal filling the pattern
may be copper, alum num silver or gold formng a single damascene or a
dual damascene interconnect structure. The present invention method
therefore provides a process which elimnates the problem of the porous
structure being etched by reactive ion etching gases during a dielectric
mat eri al patterning process. The present invention nethod patterns the
porous material prior to driving out the second phase polyneric nateri al
such that the problem of uncontrolled etch rates can be avoi ded. By
utilizing the present invention novel nethod, structures can be built wth
porous |ow k materials such as Dendriglass ox porous SiLK -type nmaterials.
The problem 15

10



~ ? AUG 2C0 occurred in the conventional nethod is solved by taking

advant age of the properties of the porous material prior to drrNVn Gggyx
.second phase material, i.e. the pore-form ng agent, (also known aspgg ?
since the filmis honbgeneous and does not etch away in an uncontrolled
manner. Dendriglass is a chem cal conposition containing MSSQ

(et hylvali | sésqiibexane) andd patrtensednmaunt $hef arseppodephade gbdyimeshtc
material, i.e. a pore-formng agent. Dendriglass can be nmade into a porous
filmwdibex elited echndic acousicarit ivie andtanger bel wegntaboyhatieInandahouti. 6
dependi ng on the amobunt of the second phase material added to the film The
word " abut'a ysedh# Nod Fbigs Wi d 1@ ¢+ i gatesi & range of values of + 10~ from
t he average val ue given. The second phase polyneric naterial, or the pore-
formng agent, is a material that is usually a |ong chained pol yner which
can be deconposed and volatilized and driven fromthe matrix material, i.e.
MSSQ, after the fj S d_i LIS ri r T nt

i nvention met hod %%2%€% %ggg?ggHggtSkg§8Fp%ét%§%?nb%%a%iﬂ%ggﬁhqﬁﬁéégéﬁfhe
surface,.of, a silicon wafe nd then hot. plate curing.t fil t. 200 or
o et o] R P R e 1 D R o
MESQ wi t h an enbedde ore-formng.agent throughout the film ~ ~ AUG
2008 | EOHHE TRERTPE BLaaTTy SaeAda T § 0 E LR CEhEs SOBEFABen HRR IR nm
and about 1000 nm_ or preferably between abqut 300nm and about 600 nm A
i - oot L PAR A0 HonS depGeited Sontigp TR CTHE SPPPEbn v G T Har d

mask material may be fornmed of SiO-, A1203, Si3N9, SiC and Sji COH. The hard
mask |é§é} i s Thedcaadystive nmtal forms an interconnect between two

conductive reglons in the electronic structure, the conductive
metal may also form an interconnect in a single damascene
structure in 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

detalled description and the appended drawings in which:
Figure 1 1s a process flow chart for the present

invention novel method for forming a porous dielectric material

layer in a single damascene interconnect structure.

11



etch stop and pattern replication during photolithography and as a polish
stop during chem cal nechanical polishing (CW). The hard mask qaz g@ﬂ;
.conposed of nore than one |ayer of nmaterial, however, the total 'thi 53904
is usually less than 250 nm A photoresist layer is then applied on tap of
the waf er and exposed and cured at a tenperature of about 200" C. Next, the
hard mask | ayer is etched in a plasma etching process to renove the hard
mask in regions defined by the nmask in regions on top of the Dendriglass
materi al . Since tRegDeadrd giiassafi lanlmgyahl y chees~-gactianhy cuwred atf t he
| ower .tenperature, there is no pore formation for attack by the reactive

i on gasesesénnalhyent henceaplebtertiycebehedratruetunethsaheatpdlbged and a
tenperature higher than the first tenperature, or preferably higher than
400° C tioa ASOfskorapeti Aerpeai 68 tepg enough to drive out the second phase
polymeric material fromthe Dendriglass resulting in a porous |.owk
dielectric film The usual netal deposition process then proceeds with

| ayers of barrier netal/seed Cu/plaed Cu. 17 ~ 7 AUG 2004 The void

ggin; thS in the fipgl,poraus; di ghectifrddd,m &S0t veep; 8ROt Qel Vo - &2
present invention structure of Figure 2 with a photoresist layer

formed and patterned on top.

Figure 4 is an enlarged, cross-sectional view of the
present invention structure of Figure 3 with the hard mask layer

patterned.

Figure 5 is an enlarged, cross-sectional view of the
present invention semiconductor structure of Figure 4 with the

ILD layer patterned and the photoresist layer removed.

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 1s 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.
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~ 7 A UG 200 about 50 vol. % or preferably between about 5 vol. o and
about 30 vol. % . The final curing tenperature should be higher1fmﬂ%g%£2ﬁ04
~and preferably about 400C to 450C. The present invention novel net

be carried out without the application of the hard nmask, i.e. the

non- porous Dendriglass rnaterial can be covered wth a photoresist |ayer
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 subFfigbke @ atsmagasrarakddibn thespheetonhskal ayerew sof etrbeed.
The patterned Dendriglass filmis then heated to a tenperature higher than
400C t opAbB8Ent 0 idrviarer st bbRisesandtphase: pottyiey | efmatieniad foradtgr aa
porous film Finally, a hard nmask filmis deposited conformally onto the
Dendr i gh@?ﬁ t@MﬁérQYu@et eahBhyueoSEeRvastCheRI ¢ab vapar pdepasi k@B ri&yYD)

whi ch coats both the top surface and the trench and via sidewalls. The hard
mask | ayer can be forned 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 ddioiud ieyialised 6 \W# Ahd PAILASMY Buldiblnilh P! MAYS
into the Dendri ) ntirarty gtter etch any
hard mask materi a t tt f .the t.rench ¢ W) I pri or
fo 10 = 7 ACIG 3o PHEBEEN g T et 0 Ry sre = Thelnetaf Chet af RERaP
cesses .can Hhef proceed whi cl.ude the depaosition.o

deposi tion. pr ch i f

a1 er ShELBFFEREa Tl e THE. SHtoRueFhash. ol et e 10 CHR%Be a
pol ystyrene, | y- capr.ol act one base terial. weight of such polyneric
ot or i APErEheREa k! 060 SCHRs HecotBidiay G it ST RS ¢ sPaBons SLoobeteie
uric material,_or the porogen_pol ynethyl nethacrylate or a The wei ght

aver age™bfEeal ata¥8hged BBt RRBATABBHLE SLEU6THRE P¥npératuferBinguennon-
polynmeric Referring now to Figure 1, wherein a process flow chart utili zing
t he" pr eBRRPUPNVEhELBRTAdGel NHER RO f of2¥F mially a tdiedyl @2rd¢dReddencuring,

i nterconnect structure is shown. The processing steps 1060 can be

r ef er enBBHEERERGur 8802 I8 naldgp sttt yEh g nlaRer 13 s? BEepeor LPRRepAEEESS,
as shown in step 10 of Figure 2, a sem conductor wafer 70 that has a netal
conduct £pan| &fer paridepbsFusingntepperatirestos iR W€ hReR~PPBCHEyer
14 of a silicon oxide material. On top of the ILD layer 14, is then

deposi t d8eAeREFdCnEgkerapeér 1060hy ROERER BAPL1REHEL CABPESFERSN, (CVD)

techni que. The hard nmask can be forned of a suitable material chosen from
Si O-, A1203, Si3N9, SiC, SiCOH or other suitable hard mask material. The
pur pose of the hard nask layer 16 is to act both as an etch stop and as a
pattern 20 ~ ~ Ahg Ge2bog repl beacksmikdyent 8ur fhgsevPrandddogi agpre-
phot ol i t hography, respectively. The hard mask | ayer 16 nmay further be

f or med byoaspectha@emwerdnaofwateer i dEpogkthngheudirdic @bt APNCRPERHESS
shoul d be | ess than 250 nm The netal conductive |ayer 12 nay be suitably
formed dtedehtghcelretertal oonduepi vifi ythat eriedprragdssed ceppecongnctor
alum numor alloys thereof. In the next step of the process, shown in step
20 of Figdes,1cand R gure Semacphdnoresi wefpayer ¥8 fsrsipptewperatuhe oép
of the hard nmask | ayer 16, exposed and then cured at a tenperature in the
order oho200€igidard tmsk 13H0EC, l@d&intien etnchedatneanphasnehet dliyey of
process to renove the nmask in those regions defined by the mask on top of

the | LDnbaygbrdds | Bitheceenrentioasl anpt hogh thisids the skepiwbanactbe
porosity of the Dendriglass causes its dem se, since the reactive gases

used inygtrehi ng te!{‘es@é‘bﬂd”%élﬁplélrﬁﬁuﬁbt agkyridhe dendrigd agsrst aRdmpBY¥Sture

| eaving behind a glass material with a high dielectric constant, k ~ 4.0.

Eihguretecgbng:lsérf‘spfcfﬁﬁ the hand maskods §heyBcasi St aRtdQikA Rty ea lpanduisn

dielectric material. In the preferred embodiment method shown
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The non-porous TLD layer 14 is then renoved in regions defined in the nask.
by using a suitable plasma etching nethod. This is shown in Step 40 of
Figure 1 and in Figure 5. The resist layer 18 is further rermveﬁ?aﬂ[%@ 2Um
etching of the ILD |layer 14 21 ~ 7 AU G 200g for the opening 42.

shown in step 35 of Figures 1 and 8, the conpletely etched structure 70 is
t hen hezgkavt o the enperabtupeshi ghetethahc 2500, eamll prief esabbyantiahéy408 to
450C range for a tine period |long enough to drive out the second phase

pol ynerdwearaplessedl, materitdle pehbdyen tiet eppabubr amd hectDeidr mgltagdal is
resulting in a porous lowk dielectric film The conversion of the ILD

| ayer fd4a8tomn: peI DYs tp perayse-phtiBenef ohet@ctanpl i shedhien step-gérovs in
Figure 5. In the next step of the process, i.e. step 50 shown in Figure 1
and in & Ut Bica ldtheri Amt efdhal rdepasktips 15 fgHedi Gondugheddeo berma
liner layer 52 on top of the hard nmask | ayer 16. The liner layer 52 may be
deposi tath Afia fy o 251 A B4CE- 851 Ta J1 Mhedhal IR s O VAT hUsy £oNDI nat i ons
for achieving adhesion and diffusion barrier properties. On top of the
liner layer 52, is normally deposited a copper seed |ayer, (not shown) by
sputtering to facilitate the subsequent el ectroplating of copper in filling
the via opening 7g ALLEL (e vi2-0PE0 NtheRdis At ! 6 b L) COPPEL B4, Lhe
el ectronic structurée i's planarized by a ¢ eni'cal mechanica poli'shi ng
met hod to_achi eve, | apar' surface .56 f ,t.he copper  vi 4. The
porogenE%%@ be %?%@Eﬁlgg(japﬁf%ﬁggﬁgpnfggﬁé99§9~lﬁﬁ%é 2 gapf %%%?Fgﬁ?l%s
shown in step 65 of FLgure 1. A.cap layer 58 of an insulatin erial _such
2 i1 | Tohe CH R aBYor EEFTF o7 oHE e T8 EeRLISH0S (Sir bt 1op B dvent
diffusion and to prﬁtect the electroni¢c device ;ﬁ fron1q$chani al . abrasion
or ot heéfeEarRFesPI: The PP esk® i nTRRET O Mdve? nERRDH fOF for niingl 2P Pordus
dielectrjc_.material |ayer_can further be used to Lorn1a dual damascene

i nt er cohREECTHR G BRHFEDRHUCPOPLEEFRG OF e FRRITRR %%s%t??igf@ﬁﬁ@ﬁba%h%n@ual
damascene jnterconnect in a sem conductor structure can be carried out by

i ncor pot abPREMELAYY dakddR IMRIGTIA tFp BPPa holtiSorhRE ik et FFEVFaYER/ and
then, either_renoving the hard mask | ayer prior tgo volatilizing a

por e- f AR AYL AYEnther AR theShArE Hﬁ@kaﬁay%rfFﬁSFhéaﬂﬂﬁﬁéaﬁﬂkt%%gh
structure when the hard mask utilized is pernmeable to the pore-formng
agent . FPUPhstanciEt i #PE he sOlist fvetHer EFGF@?ﬁiﬁgs§aH&8Ir%%ﬁﬂ§é§ne but

i nterconnect with a non-perneable hard mask | ayer, after a |layer of a,
non-por%@%oﬂiéﬁétiP%aﬁﬁfb?@§+0@hatt%%ﬂ?é@%%r% 88t ethe orthiergaddant Lakile
deposited on top of a pre-processed sem conductor structure, a hard nask

| ayer i@a¥%¥h@3ronphéﬁoé#tgﬁgrﬁﬁﬁlﬁéﬂéMs dedledtgi c arst erRafiten i t Yheor
a dual danmmscene interconnect in the non-porous dielectric material is then
for med, dapd-pheped Meleahr bt edtatiadldly camducenpeafendl thef or FeERECHLG
and line for the dual damascene interconnect. The 23 1 ? AU G 200g hard
mask | a§eru¢turden dlenoved Bgcandet chéMgeprbeess, It ei tede dr hap wethe
etching, prior to a curing process conducted at a tenperature sufficiently
hi gh, ivelahighertinan peopcerasure vefat the¢zetheempbte- f bl hg apeheriadm

t he non-porous dielectric material, thus form ng a porous dielectric

mat eri afofwinghea dudinadd@mapbene i nveidohheted Alieveritiiel yatwrd@la harfl
mask | ayer is formed which is perneable to the pore-form ng agent contai ned
in the sohtpbteusadgel Eorribenfiestabnnehélinar tempskatayermanybdebefieen

i nside the sem conductor structure during the curing process conducted at

hi gh t eapeuat UOO Giance e tp@sd € pr ai sgibgeh¢ vehpérdtzes Bod elseapesond

t hrough the perneabl e hard mask |ayer. After the formati on of the porous

di el ect shgeHRE 81 3t epaM8y, bbhgre8Ab eONHHA Phe SEL HEE UE BmPBYaPErel anari zed
and an insulating material layer, i.e. a cap |ayer, may be deposited on top
as a diffusion barrier and protection from abrasion or other physical
damages.
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A suitable hard mask |ayer that is perneable to the pore- form ng agent nmay
be selected from Si COH, nethyl silsesquioxane (MSSQ, hydrogen

" 9i | sesqui oxane (HSQ and di anond-1i ke carbon (DLC). A suitable t1h2 (AU&QOOII'
for the perneabl e hard nask | ayer should be |less than 250 nm 24 ~ 7 AUG

200g The present invention nethod may further be carried out by

i ncorporating the porosity as preformed particul ates on the nol ecul ar size

scale, i.e. to spin-on a solution with insoluble, cross-linked, thermally

liable particul atiese ifydrhisorcamestiidie pracesse ol dheoist@iiednhidgre
dense two phase material instead of a single phase honogeneous material .

The patigfinifiy and LA YoMk Rei d N 1SR @se OF BY1 OutSte St @b id heor

present 1 nvention novel nmethod for formng a porous dielectric layer in a

sem conauelar ST UehUh e Aidyt e sk ugGt gy d.0r geg oy e JRihod: haver fegn

anply scribed in the above description and I nthe appen draw ngs of

Fi gures, 1= ile_t senpt | i QK n i bed.in.a
illust rsa“}lti%era\n@a]érfneﬁ hlﬁspésrﬁo(é?d @%e?gggggtgﬁgt rtgftz%féﬁl rt%(Er)1 Sg;h%%ed ails
i ntended to e i.n nat ur.e of

lim t ati O Fur t%ee‘?wneoerr}e,a it et r g\}s l? '];s%ceiﬁésncﬁq iné\aéeci)n‘f |n O%@Lngf bte%ﬁnfoogmed 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 presént 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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described in terns of a preferred and alternate enbodinent, it is to be

appreci ated that those skilled in the art wll readily 25 ~ |
.apply these teachings to other possible variations of the invengﬁzhgﬁtggaﬂ4

~1 AUG200g In addition, the fabrication schene exenplified for the
Dendri gl ass (porous MSSQ can be practiced using any ot her porous
di el ecte¢eurrédsinhbhei ponvient eppahtnewliedi bd 36l deqi @hetakglé@ nafivenbboeity
organic material, silica, hydrogen sil sesqui oxane benzocycl obut ene or
conbi natf ohbet hepeofertTiws eabodheeniomfug heatewent | ponion wo clhrianirexcobusi ve
property or privilege is clained are defined as follows. 27
the second phase material, 1.e. the pore-forming agent, (also
known as porogen) since the film is homogeneous and does not etch

away 1in an uncontrolled manner.

Dendriglass 1s a chemical composition containing MSSQ
(methyl-silsesquioxane) and various amounts of a second phase
polymeric material, 1.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 material 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 200C, or at a curing
temperature of less than 350°C. The film formed is a mixture of

MSSQ with an embedded pore-forming agent throughout the film.
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17 A U G 2004 clains 1. A nmethod for form ng a porous dielectric materi al

layer in an electronic structure conprising the steps of: prov'g?gg ?3
re-processed el ectronic substrate, depositing a |ayer of non-z ) 2004

dielectric material on top of said pre-processed electronic substrate,
curing said electronic substrate at a first tenperature not higher than
250C, d#f¢ nfihpnahsl paind ekni dgrsai ded ayera ofhhokngos oostdéehesbout hEieninal ,
and curing said electronic substrate at a second tenperature higher than
said fiamsd tboperdt0fte wmanstopmaie redild rnortywasousbdiel Otiminc ared eebalit
into a porous dielectric material. 2. A nethod for form ng a porous

di el ectgdc materiml hhayemagx anaedeCdY oniC tienuciames Boedr dhng dpo & atnel,
wherein said non-porous dielectric material being substantially a

dual - phasei Bed ekiadle i | @hsaiih RO ALS kdinglteGtirdIC mayedeal fheh8d of Sio,,
substantially a single-phase material. 28 ~7 ~UG?200 3. A nethod for

form ngyanor eusndl ekeet ity Mai €hi al Thay &atd) ABsR! QGhANT £5 SULUEL W€ an

according to Claim1l, wherein sald non-porous dielectric material being a

physi c 1 X ~ a._l il .1 ratyrg ptard liFHb Lgh bokl Lng

t enpera %?% %g§ér?gp.pf?%%ﬁﬁ%ﬁﬁﬁgjfgﬂﬂgg}ﬁ#%gIgﬁﬁg?%gi di'e i&%ﬁ@% %B?e%fal
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 laver 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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| ayer in an electronic structure according to Claim3, wherein s§i i .
boiling tenperature material solidifies into a solid at said fi rgt?cgrlﬂgggﬂﬂlf
“tenperature, said low boiling tenperature nmaterial volatilizes at said
'second curing tenperature. 5. A nethod for forming a porous dielectric
material layer in an electronic structure according to Claim1 further

conpri sitgy VRédsceptents dhi e afhbek payersodiedsddirisaifdl Imyes between
non-porous dielectric material. 6. A nethod for form ng a porous dielectric
mat er i akbdayed. i nvah. ek egbdoni ¢ structure according to Caim5 further
conprising the step of formng said nask | ayer of at |east one material

sel ected fromthe group consisting of SiQz) Al120, S13N9~ Si C and' Si COH 29
~ ~ Au~ Zoos 7. A nmethod for form ng a porous dielectric material layer in
an electronic structure according to Caimb5, further conprising the step

of formng said nmask | ayer to a thickness of not greater than 100 nm 8. A
met hod for formng a porous dielectric material layer in an electronic
structure according to Claiml1, further conprising the step of providing a
pre-processed silicon wafer. 9. A nethod for formng a porous dielectric
material |layer in an electronic structure according to Claim1, wherein

said first tenperature is between about 100C and about 250C,
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sai d second tenperature is greater than 250 C. 10. A nethod fgrf l
porous dielectric material layer in an electronic structure ai&%M§UE5§ﬁﬂi
~Claim1l further conprising the step of photolithographically defining and
patterning said | ayer of non-porous dielectric material. 11. A nethod for
formng a porous dielectric material layer in an electronic structure
accor diagputto ) ared 1 ¥ uroheprebapabsynpetheest epoot depodi.t itng aal cebayer
of non-porous dielectric nmaterial by a spin coating nethod. 30 ~ ? AUG
200g i FR.vAL nmeshod frare fHima ngowr oy ousmpdeebectei shoaldr bal Hiayerr ithan
el ectronic structure according to Claim1, wherein said porous materi al

for”EdZhﬁytﬂgaﬁdp€E@§bEMbQ§ hsbueenpshoul, Q.sh'wol . ~ and about 50 vol. o.
13. A nmethod for formng a porous dielectric material layer in an

el ectronic structure according to Claim1, wherein said porous dielectric
material fornmed preferably having a porosity of between about 5 vol. $ and

about 30 vol. s. 14. A nethod.for formng a.porous dielectric _materjal

Tayer Ton an el ectinP EOSEPLCiUVER heRDr APEE STt S5 F uPEnGr doRSt [ dhg
the step of depositing said |ayer of non-porous dielectric material to a
{ hi ckndUd KB obRoa R L OU 1 anfi S56uth 1H00 TRRE 150 & mEPRod THIOPERT ng
‘a porous dielectric material layer in an electronic structure according to

d ai m PenherEiassar@ tediador 688 dicel EeVRrFECmal Bt a® | BRatRBeEiPhI SBYect ed

from
directly, which is then exposed and cured as in the previously

described preferred embodiment. In this alternate embodiment,
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 mask film is deposited conformally onto
the Dendriglass layer by a technigque 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 fhe 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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the group consisting of nethyl silsesquioxane, hydrogen sil sesqui ojane,
benzocycl obutene, silica and aromatic thernoset polyners such as Si§774 2004
" Flare! and at | east one porogen of polyneric nature. 31 17 AU G 200 1

method for formng a void-filled dielectric material layer in an electronic
structure congrising the steps o f_ providing an electronic_structure,

havi ng deweeesingi | Ehen mepaldepsdieisng a ITdifer Wival dudtt phasecBpaiEéoric

mat erial consisting of a high boiling tenperature material and a | ow

boi | i ngpereppesasureamatgréml wroaesy ofvhsaihd dlnedtdeni ¢het r depaset ianneafi ng
said electronic structure at a first tenperature between a solidification

t enper apareief matdl hsghdbbulphgteéenPerature material and a boiling
tenperature of said |low boiling tenperature material, photolithographically
defining and patterning said dual - phase dielectric material, and annealing
said electronic structure at a second tenperature not |ess than the boiling

tenperature of sarflel awdaid i BRabenNEsy A€ drahatieal afilor Ag thie porogen
si ngl e-phase, void-filled dielectric material. 17. A method for form ng a

voi d-fihhedrdhel ectdi cppmt grigdl1JayAlerld) apoehREERON GnStH et T £ acear dhng
to Caim16, wherein said first tenperature being a tenperature between

100C and,?290C.,pab4 2886A80 HLeRBE AL WIS JRel NGl 64l BShi haRe 229C molecular
weight of such polymeric materials ranges between about 2,000 and
about 140,000. The decomposition temperature of such polymeric

materials is about > 250°C.

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
procéssing steps 10~60 can Dbe 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. Oﬁ top of the ILD
layer 14, is 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 S5i0;, Al.,0s;, SiiNg, S5iC, 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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32 ~ ? AUG 200'r 18. A nethod for form ng a porous dielectric t ani Al
| ayer in an electronic structure according to Caim16, wherein s |§U}GQ¥DOIP
- boiling tenperature material solidifies into a solid at said first

anneal i ng tenperature, said |low boiling tenperature material volatilizes at
sai d second annealing tenperature. 19. A nethod for formng a porous

di el ectodpdl imstterdral Taye® i ndaried ecEMBni @nslt r FHUNY addrtd g RP KARlE M 16
further conprising the step of formng a nask |layer on top of aid |ayer of
non- pormaspatiteleetyi c Fheehizald sk Alagehod 6f arayf ofwitlgen per dwgmed by
dielectric material layer in an electronic structure according to Caim 16

f ur t hem@enprhsi ngné heaseepoof mhoertiag, saivenmasiougay eheoft catal eastclamess
material selected fromthe group consisting of Si02, A1203) Si3N9, SiC and

Si COH. ZHou A 8 hodsd orhdornd mthrd, porusneli £1 esdddicctieriflet ayBmay o
el ectronic structure according to Caim16 further conprising the step of

form n%ﬁaﬂéjolzgasfofﬁé@r olr0 A Hhickaesst pLcaot cgheaten vihgn mbAQ MMl 3uch ~ 7
AUG 200 22.. met hod for formng a porous dielectric material layer in an

el ectr ol . §tgdict WL ACeR MMt t 0 G &4 dife rabier i n

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 iayer 16, exposed and then cured at a
.temperature in the order of 200°C. Hard mask layer 16 1is then
etched in a plasma etching process to remove the mask in those
regions defined by the mask on top of the ILD layer 14. In the
conventional method, this is the step where the porosity of the
>Dendriglass causes its demise, since the reactive gases used in
etching the hard mask also attack the Dendriglass® and thus

- leaving behind a glass material with a high dieiectric 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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said first tenperature is between about 100 C and about 250C, sald second
tenperature is greater than 250C. 23. A nethod for form ng a poro Z Hu;%pﬂ4
dielectric material layer in an electronic structure according to a1
further conprising the step of depositing said | ayer of dual - phase

dielectric material by a spin coating technique to a thickness between

about 100r nkhandeabdng 2800 A® SPOWNA iretHep fBr dorfiggres pbrowg 8, the
dielectric material layer in an electronic structure according to Cl aim 16,
wher ei ncagp tese hgl etphasle, svoiadedrd | @0 disel Hodr | beabedr ital xohtaparaguyei d

of between about 0.1 vol, o and about 50 vol. o. 25. A nethod for formng a

por ous H gheset fhen M eld a'aﬂcﬁ)/g@feﬂc“ra?@l;ﬁ' BELFI081 £06T RUCtWe aﬁ@@@@' Aert g
Claim 16 wherein said S|ngle phase, void fllled dielectric materi al

sz?\;?;é Vﬁigi\%i EE%%&%‘*“ A R P T Bl A e

;_bcde~ ? gb]Xé]ca]c&%ggjSg%ca?cafig%gg%ca} g%?“ta]é( ]cEﬁTgﬁf%ﬁaﬁch
Ucra Lﬁ @1%& alcagp%k) éqelect akcﬁkc(agﬁx(aggévéﬂ81on of

the ILD layer from non-porous to porous is therefore accomplished

in step 40, or in Figure 5.

In the next step of the process, i.e. step 50 shown in
Figure 1 and in Figure 6, a liner material deposition is first
conducted to form a liner layer 52 on top of the hard mask layer
le. 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 wvia opening 72. After the wvia 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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#y10% & () - b~rdVvV7$$109%&' ()- 10
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. A cavity for a dual
damascene interconnect in the non-porous dielectric material 1is

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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$10%r&' €dmSdYNCSBe sufficiently high, i.e. higher than 250C, 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 to the pore-forming agent contained in the
non-porous dielectric material, the hard mask layer may be left
inside the semiconductor structure during the curing process
conducted at high temperature since the pore-forming agent
volatilizes and escapes through 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 silsesguioxane (HSQ) and
diamond-like carbon (DLC). A suitable thickness for the

permeable hard mask layer should be less than 250 nm.
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10: "109%& ()-'!0%$10% ()-, $7%Y3B' p' ' b(dE~_@!' 9! $10%VE' () - $LO%VE' () -

$10%VE ) - ivEERIPE AD)ing SPIOYMB okl ySIOYMErEFoblbdi >Rl )i 8Bk es on the
molecular size scale, 1.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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stability organic material, silica, hydrogen silsesquioxane

benzocyclobutene or combinations thereof.

The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.
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providing a pre-processed electronic substrate,

depositing a layer of non-porous dielectric material on
top of said pre-processed electronic substrate,

curing said electronic substrate at a first temperature
not higher than 250°C,

défining and patterning said layer of non-porous
dielectric material, and

curing said electronic substrate at a second
temperature higher than said first temperature transforming said

non-porous dielectric material into a porous dielectric material.

2. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1, wherein
said non-porous dielectric material being substantially a
dual-phase material while said porous dielectric material being

substantially a single~phase material.
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said non-porous dielectric material being a physical mixture of a
low boiling temperature material and a high boiling temperature

material.

4. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 3, wherein
said high boiling temperature material solidifies into a solid at
said first curing temperature, said low bolling temperature

material volatilizes at said second curing temperature.

5. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1 further
comprising the step of forming a mask layer on top of said layer

of non-porous dielectric material.

6. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 5 further
comprising the step of forming sald mask layer of at least one
material selected from the group consisting of SiO;, Al,0s, SisNg,

S5iC and SiCOH.
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comprising the step of forming said mask layer to a thickness of

not greater than 100 nm.

8. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1, further

comprising the step of providing a pre-processed silicon wafer.

9. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1, wherein

said first temperature is between about 100°C and about 250°C,

said second temperature is greater than 250°C.

10. A method for forming a porous dielectric material
layer in ‘an electronic structure according to Claim 1 further
comprising the step of photolithographically defining and

patterning said layer of non-porous dielectric material.

11. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1 further
comprising the step of depositing said layer of non-porous

dielectric material by a spin coating method.
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13. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1, wherein
said porous dielectric material formed preferably having a

porosity of between about 5 vol. % and about 30 vol. %,

14. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1 further
comprising the step of depositing said layer of non-porous
dielectric material to a thickness between about 100 nm and about

1000 nm.

15. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 1, wherein
said non-porous dielectric material is a material selected from
the group consisting of methyl silsesquioxane, hydrogen
silsesquioxane, benzocyclobutene, silica and aromatic thermoset
polymers such as SiLK® and Flare® and at least one porogen of

polymeric nature.

31



10’!@&0%Z&f()-y‘$10%z&'()-SYlO%Z&'()-9,10%2&'()-$10%Z&'()-SlO%&F#)-gudgaﬁ
10" 1y, $1092& () - | AUG 2004
" Y($10%E& () - @LI0%Z& () - " GLO% &' () - y$10%& () - $109%Z& () -, >ABCDPbC
10" @O0%& ()- 9d0% ()-Z 10Z 10z $100 )
10Z, 910%Z&' () -f2s10%& ()-f.$109Z& ()-xaBbC 10" !'f, s$10%& ()- 'y _
$10%& () - y10%& ()lgiofy&&\()m%@%' Ot sfovgipy- aByeid-filled dielectric
10!, S, 10%& ()-S $$10%&' ()-, Y"109%& ()-! fLSI0%& ()-fLSL0%& ()-, F10%& ()-XbC
10" ! @LOYREE Y184 109®er) -1102a80 e1ETIO%R i) - S2ruQg ¢ ) cSRP$1B8YRY( )t EbCeps
107!, 109&' () -yylo%&' ()-ys$109& ()- |$10%& ()- @10% ()-f $10%k' ()-F. odE:/
10 109109&' ()-fOF 109%& ()-f.$10%& ()-f, $10%& ()- *10%& ()-S $10%& ()- O xY:/
providing an electronic structure having devices built
on top,
depositing a layer of a dual-phase dielectric material
consisting of a high boiling temperature material and a low
boiling temperature material on top of said electronic structure,
annealing said electronic structure at a first
temperature between a solidification temperature of said high
boiling temperaturé material and a boiling temperature of said
low boiling temperature material,
photolithographically defining and patterning said
dual- phase dielectric material, and
annealing said electronic structure at a second
temperature not less than the boiling temperature of said low

boiling temperature material forming a single-phase, void-filled

dielectric material.

17. A method for forming a void-filled dielectric
material layer in an electronic structure according to Claim 16,

wherein said first temperature being a temperature between 100°C

and 250°C, said second temperature being greater than 250°C.
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said high boiling temperature material solidifies into a solid at
saild first annealing temperature, said low boiling temperature

material volatilizes at said second annealing temperature.

19. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 16 further
comprising the step of forming a mask layer on top of aid layer

of non-porous dielectric material.

20. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 16 further
comprising the step of forming said mask layer of at least one
material selected from the group consisting of SiO,, Al,0s, SisNyg,

SiC and SiCOH.

21. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 16 further
comprising the step of forming said mask layer to a thickness of

not greater than 100 nm.
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22. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 16, wherein

sald first temperature is between about 100°C and about 250°C,

said second temperature is greater than 250°C.

23. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 16 further
comprising the step of depositing said layer of dual-phase
dielectric material by a spin coating technique to a thickﬁess

between about 100 nm and about 1000 nm.

24. A method for forming a porous dielectric material
layer in an electronic structure according to Claim 16, wherein
said single-phase, void-filled dielectric material containing

void . of between about 0.1 vol. % and about 50 vol. %.

25, A method for forming a porous dielectric material
layer in an electronic structure according to Claim 16 wherein
said single phase, void-filled dielectric material containing

volid of between 'about 5 vol. % and about 30 vol. %.



