ULTRALOW DIELECTRIC CONSTANT MATERIAL AS AN NTRALEVEL
OR INTERLEVEL DIELECTRIC IN A SEMICONDUCTOR DEVICE AND
ELECTRONIC DEVICE CONTAINING THE SAME BACKGROUND OF
THE INVENTION Technical Field of the Invention The present invention
generally relates to a method for fabricating a dielectric material that has
an ultralow dielectric constant (or ultralow-k) associated therewith and an
electronic device containing such a dielectric material. More particularly,
the present invention relates to a method for fabricating a thermally stable
ultralow-k film for use as an intralevel or interlevel dielectric in an
- ultra-large-scale integration ("ULSI") back-end- of-the-line (BEOL") wiring
structure and an electronic structure formed by such method, Description
of the PTRAKR WHRIESFERTRIES SRARKIHYNG HAHRAL HSEBIIIR ALEVEL OR
devices UizEGHEYESLAFEHRS TR Ife &8nt waar 8 G B EARADINSFEERIAND
the resistance of tREEEROMENENEOR SONMIIAININC EAEINGANE
capacitance of the intralayer and interlayer dielectric. This combined
effect increases S|gnal delays in ULSI electronlc devices, In order to
improve the switching@péifdmitnes PR d I RENSOIN low dielectric
constant (k) insulators and partlcularly those with k S|gn|f|cantly lower
than silicon oxide are need Ba jtances. Dielectric
materials (i.e., dielectrics) ; SHave been commercially
available. For instance, one such material is polytetrafluoroethylene
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an intralevel or interlevel dielecttic in an ultra-large-scale integration (“ULSI”) back-end-

of-the-line (“BEOL") wiring structure and an electronic structure formed by such
“method.

Description of the Prioxj Art

The contirous shrinking n dimensions of electronic devices ut111zed in ULSI circuits in
recent vears has resulted in increasing the resistance of the BEOL metallization as well ag
increasing the capacitance of the intralayer and interlayer dielectric. This combined -
effect increases signal delays in ULSI electronic devices. In order to improve the
switching performance of future ULST circuits, low dielectric constant (k) insulators and
particularly those with k significantly lower than silicon oxide are needed to reduce the
capacitances. Dielectric materials (i.e., dieleclrics) that have low-k values have been
commercially available. For msta.noe one such material is polytetraﬂuoro ethylene
(*PTFE"), which has a k value of 2.0, However, these dielectric matetials are not
thermally steble when exposed to temperatares above 300~350°C., Integration of these
dielectrics in ULSI chips requires a thermal stability of at least 400°C. Consequently,
these dielectrics are rendered useless during integration.

1



polymers containing Si, C, 0, such as methylsiloxane,
methylsilsesquioxanes, and other organic and inorganic polymers. For
instance, a paper (N. Hacker et at "Properties of new low dielectric
constant spin on silicon oxide based dielectrics.” Mat. Res. Soc. Symp.
Proc. 476 (1997): 25) described materials that appear to satisfy the
thermal stability requwement even though some of these materials
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Matefifdtant not more than 3.6, and exhibiting very low crack propagation velocities.

U.S. Patent No. 6,312,793 (Multiphase Low Dielectric Constant Material, issued 6 November
2001) assigned to the common assignee of the present invention and incorporated herein by
reference in its

entirety, described a dual-phase material, consisting of & matrix composed of 8i, C, O,
and H satoms, & phase composed of mainly C and H atoms, and having a dielectric
constant of not more than'3.2. Tt should be noted that coz}tin_ﬁ_ed reduction of the -
dielectric constant of such materials will further improve the performance of electronic
devices incorporating such dielectrics.

In view of the foregoing, there is a continued need for developing a 6ielectric material
that has a dielectric constant of not more than sbout 2.8 and inhibits cracking.



that has a dielectric constant of not more than about 2.8 and inhibits
cracking, 2 SUMMARY OF THE INVENTION It is therefore an object of
the embodiments of the present invention to provide a method for
fabricating an ultralowsiielerArcyCORSENE mMeteN#idRving a. dielectric
constant of not more than about 2.8. More preferably, the dielectric
It is 1RO &1%”5920%{}%“'%’%']%%%&@ fonal isdn.a range of about 1.5 t%v"i‘%ogt &ittod for
and most preterably, the dielectric constant Is in a range of about 2.0 to
fabricaigg gp 21p8lol GhlseidcsenBrRidgieta bt etdicledristmtirarefresammsctthap about
2.8. MRcUrIRERiessothenize.sheslflied. ddsaariier akigsl of the range of about 1.5 1o
mbodiments of the present invention to provide a method for fabricatin
about 2}? - ARPaTR dIsHSERPl BRI HaEvsRb i dR G s, & B%uhd B Grahegt 2.25- T
shouldftemogedribaturie dlattteasinbmotspire celesorsiowhereimarikst priecwisospsified.
selected from molecules with ring structures comprising SiCOH
~ . components and a second precursor is an organic molecule selected from
It is angfheg ARSI RS RRP ISP FRBIBE IR BIETRAL FGEtPn cRLrEYide rsmetinehiar Bibjécting an
ultralodf thecembeghimanisefiifiepresent isyentoate praviteramethoduteros at least two
recurf;%P”%tE@gna{‘ Kitralow diglectii constant film,in 8 parallel.plate plasma, risin
P Rhanced chemica vapor deposition (‘%&75’;) reactor. Tt s yeta urther " >me
SiCOR bjemant it adribisdinrbpres wbohé prasertiinvelstivi solqsteliderathdnorovesgsisting
of moldgthodifadfalricating an ultralow dielectric constant material by
depositing a film on a substrate in the presence of CO2 or CG, and 02,
thereby improving uniformity of the deposited film as well as stabilizing
It is a thelplashatwitkin ¢hbdBEMDafchctorsthisianothenopjecidofithethod for fabricating
an u@BROGINERS OfhePrEseAt IS I9PEoMAE 8. methed:for fAPUSANING position
an ultralow dielectric constant material for use In electronic structures as
("PECYPintieidoel or interlevel dielectric in a back-end-of-the-line (BEOL")
interconnect structure. It is yet another object of the embodiments of the
1is y TS SEALIYEROD 1o provide & hermally stable, ullzalow diclegtic ConS(aRt: hod
materar that hias Iow Sermal stresses Bna a dietectiic cBrstantof ot
for fabighlengranuiibdew 28leMarecpretfatabhjethk Wialeptritrepnditmt foratlyebstrate in the

preserfégr@l%g H?aégﬂadn% O, thereby improving uniformity of the deposited film as well as

stabilizing the plasma within the PECVD reactor.

It is another object of the embodiments of the present invention to provide a method for fabricating an
ultralow dielectric constant material for use in electronic structures as an intralevel or interlevel

diclectric in a back-end-of-the-line ("BEOL") interconnect structure.,

It is yet another object of the embodiments of the present invention to provide a thermally stable
wltralow dietectric constant material that has low internal stresses and a dielectric constant of not

higher than about 2.8. More preferably, the dielectric constant for the ultralow-k material
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is in a range of about 1.5 to about 2.5 and, most preferably, the dielectric
constant is in a range of about 2.0 to about 2.25. It is still another object
of the embodiments of the present invention to provide an electronic
is in a%h@%ﬁﬂ%f@f@ﬁﬁ@ﬂ%@@ﬁu@ﬁ%ﬂ&ﬁr@f%mﬁtﬂf%ﬁ:@ﬁgr@%ﬁtqg in a range of
&r}#‘ rlet\)/el %lglfctrlcs in a back-end-of-the- line ("BEOL") wiring structure in
about
iCH At least two of the layers of insulating materials comprise an
ultralow dielectric constant material of the present invention. It is yet a
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electronic structure, which has layers of the inventive ultralow dielectric
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present invention, there is provided a method for fabricating a thermally
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comprising atoms of Si, C. 0, and H and at least a second precursor gas
comprising atoms of C, H, and optionally O, F and N in a plasma
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gLfleIP’ te. The embodiments of the present invention still further provide
metho r%ﬁ?

4 BBRHGLRy ‘W@%%’ﬁéﬂ%f@‘)%ﬁh%ﬁ?ﬁﬁ{fé&gsﬁ SRR atoms of Si.
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material can he the ultralow-k film o present |nvent|on 41n a irst aspec
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wiring structure, wherein the insulating material can be the ultralow-k film of present invention.



gas comprising cyclic siloxane molecules into said PECVD reactor;
flowing at least a second precursor gas comprising organic molecules
with ring structures having C, H and 0 atoms into said PECVD reactor;
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The heat-treating step may further be conducted at a temperature not _
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time period may be at Jeast about 10 times the first time period.



setting the flow rate of the second precursor between about 5 sccm and

about 1000 seem; setting the reactor pressure at a pressure between

about 50 mTorr and about 5000 mTorr; and setting the high frequency RF
The doRMEbDevesn aoykhl W and-ahotdRAG WitPRIanaIbm B ERL0ME the present
inveﬁt}‘(r)e uenfg ]%(/?wer ma)ﬁbetaddetd toﬁithet Ia;l?%a between about éo Wand soC

RBSUP 30T . WHERIHE SERaGCNE APt oT thE KU RS R gLRe g een about 2
and atghiad§e byetifacior weX ftp@RE fRvereppliedito théswbstralteutiutk ¥&/cm’ and
about 2% EHANGRA Pihe FRGIHIAlor AR SEEARARRLECHOSHNE IRUSRHIPR, H600 scom:

_ is provided a method for fabricating a thermally stable ultralow-k film _
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h fl(?win%; at least a second precursor gas comprising organic molecules
© angt\j’/vi{;W ﬁn@ctgfr%c Jres having C, H and 0 atoms; and depositing an ultralow-k
film on said wafer. The depositing step may be performed in presence of
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heat-treating the film after the deposition step at a temperature of not less
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380°C for a second time period, the second time period being longer than the first time period. The

second time period may be at least about 10 times the first time period.

The cyclic siloxane precursor utilized can be tetramethylcyclotetrasiloxane ("TMCTS™) and the

organic precursor can be cyclopentene oxide ("CPO"). The deposition step for



the pressure reactor at between about 50 mTorr and about 5000 mTorr.
Additionally, the deposition step may further comprise setting a flow ratio
of cyclopentene oxide to tetramethylcyclotetrasiloxane to between about

the uh&lb\ﬁmd’aabw@(}u?nhﬁfﬁﬁﬁ@hbé b@twagrb@ 2BRE Qv e GaRInet/ e BERAOE about
ubs chan af ctor X, whic
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chmlnv@htl@rﬁhetﬂém !@tpr@ﬁ/tdectwlme&ihodffﬁﬂ)ﬁa\bcmaumfaﬁthecmadh}zl stiavie 1000 scem;
semngqu@ad@w Ja@lmem% ﬁmgréb@rs%nem@cﬂ%@man%{@uﬁwl%%dmn and setting

plasma enhanced chemical_vapor deposition (PECVD) reactor;
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reactor over sai t at' a temperature between abou
substrigp gy HotrdBotnggsrbra r@é@g& righdpedicigitokanee i BFlpoweaty the same factor
X. between about 5 sccm and about 1000 sccm, and a second precursor
gas of organic molecules at a flow rate between about 5 sccm and about
1000 sccm, while keeping a pressure in said reactor between about 50
Ina thifﬂmmﬁtdcﬁbmjtilﬁ@@@om'l’cbere deposiiitg anndtrafofek fitmicamngaidiwafeily stable
ultraloWREelA BF ﬂ%e hetwes 1@9‘&1&]@@5 E\.(Ve{t%%g'ﬂga&bao Hﬁf?a‘&ed chemical

W/em2; an anneall sald ultralow-K film at a tempeérature not less than
vapor SepRSHISHAEEoY it TESeaBBHONS HAtielP fotbrivas shitioities an arca between
about Bﬁcemérandmmzs?pmoaﬂded:ﬁ meiﬂn@ﬂlﬁgr fabnicatigen themaadlyaatable)p electrode

Itg%%sgv] kC] n(? Ogngleﬁﬁn&ﬂﬂ}%\%% 13 Y] SQ@D’QQA% g\é%?‘ racjel ﬁ'.l at a temperature

betwe%ﬁasma enhanced chemical vapor deposition rea
betwe%’osﬁm@h%%%W@h@%%ﬁrﬁ@@ﬁ@c&dhaﬁuﬁg}@heaiﬁéa\b@twte@rﬂoabmm between

about SQEBMAENHHALOVE @@@nemaa ARdMANRIRING & 98PLetvesR eIWalel fiow rate
ato electrod ﬁ/vgeen abou i\%e n and about 7 cm; flowing a

benve b U0 vse ot S P AobST > P i G0 et abow

precursor gas
50 ln”lé)lenmpei‘atutré(l@ém&en -afpabi6 0L amndtehout20DCat aflowfatedietweRA power

denmt?%%e%é MW@W %%Oa%gﬁ%%anﬁlﬁengﬁda%g&ﬂ{t’?‘%ﬁigflﬁ{xg%% film at a

molecules at a flow rate between about 10 sccm and about 120 sccm
tempefgiia fob disiigea PrREIE YAt ves ehsrtbavder about 100 mTorr and

about 3000 mTorr; depositing an ultralow-k film on said wafer under a RF
In a fROWeEr %%ps%tz between about 0 25 W/ m2 anqhogo1u W/cm2:

he 1nvention,, .there OVI a me apricatin ﬁ?&ﬁ%}y stable
annealing said ultralow-k film at'a mperature not 18ss than abou

ultralofgrkaki i@ aestaisineotes strpgroft providing a parallel plate type plasma enhanced chemical
vapor deposition (PECVD) reactor; positioning a wafer on a substrate chuck having an area between
about 500 cm” and about 600 cm2, and maintaining a gap between the wafer and a top electrode
between about 1 cm and about 7 cm; flowing a precursor gas of a cyclic siloxane into said reactor
over said wafer kept at a temperature between about 60°C and about 200°C at a flow rate between
about 25 scem and about 200 scem and a second precursor of organic molecules at a flow rate
between about 10 scem and about 120 scem while keeping a pressure in said reactor between about
1060 mTorr and about 3000 mTorr; depositing an ultralow-k film on said wafer under a RF power
density between about 0.25 W/em® and about 0.8 W/cmz; and annealing said ultralow-k film at a

temperature not less than about 300°C for at least about 0.25 hour.



7 According to embodiments of the present invention, there is provided a
method for fabricating a thermally stable ultralow-k dielectric film
comprising the steps of. providing a plasma enhanced chemical vapor
Accorﬁﬁ@@&iﬁﬁlﬁcﬁﬂﬁﬁm of &@mti@itﬁlal&t&meﬂp@siﬁomﬁ@@dl\tafﬁéthm&or fabricating a
trate Lhas 2 spnductive are between. about 300 e n
e A S T YA Stances
chemlfé\ﬂe&ﬁ@aéqug@rﬁea%@wﬁac?ﬁf@}m ALY eritiviving a'%%@ar@éld*@ggte chuck

that hahurguafa &%ﬁlﬂétﬂ&x%&wﬁdanzﬁygl{a rganiconepfesideninie:thiad eaalPbetween
ewaf r Whl is kept at a, tem f'ipﬁ %%[ure twe n about room
a

e Bl SHEPSbBHL SO0E Sl ATLAESABl Bl ABAUE D g s v
ofa C)abgutlmewaha w@kfmgﬁmaimbbméemcaﬂmut@@wem thncabowtiB@0Is kept at a
tempe SRR THUNLE KARRING Jhe: FRATLALP GRS G AL BRVERD RbeHE Qe{?%&{ fabout 60°C

and about 5000 mTorr; deposmng a dielectric film on the water under a
and byt 200ver o) FetivatPabtssh GEEIAI D g AHO 0SSR ledrsgping the
reactoBpRRealing: teevadiralaw:K finmaba am me;gatﬁoecoﬁlmtrla&@mangabam&%mm on
the WJT%I L&l &84 &5 t(]){??bOUt O g;lo I’ gf%% %}lglo ?ﬁ IZJ? %my agn:grw Jﬁ and annealing

presence e inventive me may

the ulggpphisaithat @téﬁyléfraﬁmafﬁgltif‘éSfﬁmna%b&ttéH?@e@af@rrétdmbﬂmgh@ﬁﬂq%@w The

depos@ROULIORCHOrAmbllstitime ﬁ@{&age%tddb%rat@zt%m@catm@ RAOLAAWERethod may
than abOt%SSOC for a second time period, wherei second ti

Rt EHRATS 530 el (0 L BB eAdE HE B SAEH OSSN i B o
first tiget patilebstdaboutd 0 tioesthedinstt tiove:pgrodibdine389ticisilexanend time period.
wherelf %l’ge%%[l& %?&JS&@%%Q&"&%'H}?E%?E%@&‘? édT%(gIéo)lgﬂgly}%r%ﬁ:Hﬁv be set

organlc precursor can be cycC opentene oxid

at legsinibathetts BPise PresBrit invantidRriefe fEhﬁeFXﬁPéct@&%ﬂén BIEdoRicean  be
tetramBthiyGiReRIGIvhas (tayers ofinsdlatingcmaigials ascintalexchoryoignarat oxide
(,,dei,belectrics in a back-end-of-the-line ("BEOL") interconnect structure which
Includes a pre-processed semi-conducting substrate that has a first region
of metal embedded in a first layer of insulating material, a first region of
conductor embedded in a second layer of insulating material of the
inventive ultralow-k dielectric, the ultralow-k dielectric comprising Si, C, O
and H, and a multiplicity of nanometer-sized pores, and having a dielectric
constant of not more than about 2.8, the second layer of insulating
material being in intimate contact
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with the first layer of insulating material, the first region of conductor being
in electrical communication with the first region of metal, and a second
region of conductor being in electrical communication with the first region

The eRbsOARLHGLRE ﬁﬁ%&%&@g iaekedded iR thiggddayerohinsiulating. matatiahwhich has
C rising the inventive ultralow-k djelectric, the third Ia)g?r of insulatin
tayers (DS H AT IEFSFal

TREFIHR T AR S h e itk thed LaeBitTeg BF %%ﬁfathﬁd,me "BEOL”)
intercamagrighicline ehidtiocligistruptenecnayefurthecocdmprisesbsdisdabiribasafirst region

of m@y&ﬁ@ya@a%q H‘fﬂﬁt\’é{%%mﬁsﬁﬁﬁﬂg%@é’ﬂl of ipsy L%gture m%%{% AR NG 0 1ded in 2

d layer of insulating material. The electronic stru
Seconfb&ﬁ%r%@&sﬁh%%.@véwﬂ% eé&eta%%@mféérﬁlme&é@malrayw aftfﬁ@wakuﬁ@lech ic
comprm«ﬁ@esﬁﬂ @nad thel thlranlﬁ)éemﬁftiﬁw@ttffgnﬁﬁafﬁétélvS%ﬁl gosecandidiglectigiclectric
Consm eié%%%% tﬁ)e setfgéf (? ’Ifrr%e!rsgsl ]c%n!in%)g I emgf atg]r:ge;nlqtal Z sﬁlﬂeﬁle}g%%n?%g contact
with ﬁ)"ﬂylﬁmﬁd@m‘ reffrastdeynnetsitsilicothnitfide (ahiereid thendeftactbejnmetalelectrical
commiBRgiRatediiranm the araup somsistingLf &%ﬁq@f&n&mmw%%wm%iecmca

carban doped oxide or SICOH and their hydrogenated compounds. The
commiEALRE W SRy AR RSPTRyErs RraeserBetdetc frobdrergaphdnsulating
materigrouprofsdig lkcticemiatarialdo Whelftist iy ehofhing Weding” matltiag mayrbe being in
muma&!"8&{1‘198‘&9'%1%@&'&%%‘1&9@0? ﬁ'é%f?% @5&%9%? ?aéh 988 Materials, S“CQy further

as phosphorus silicate glass oron phosp orus silicate glass
comprisg P§Gl’°f“ﬂ1é@léﬁﬁb?ﬁ%‘%ﬁﬁjéﬁh@?ﬁ%{y%ﬁ?@?ftﬁdmdéCﬁ islaios pateiér and the

third 1B¥E6OhautlisipGicmatEialidarmNtod onBtiRastang efthesecand Ao cap

third layers of insulatin terlal The, Iec ni¢ .sfructure may further
fayer t%:ecg‘rﬂﬁ e]r]él:easeﬁlelaesé: |f:czr8n”Su glas%lclon 4&@}8&’ dﬁr@(ﬁ'&%ﬁ' agg gpaterial, and a
Secon-t@\mm@tm@sm}arrelamﬁé tbﬂtéma(yﬂlﬂ‘ nhdrdmmaskeend polish stop layer

and a dielectric diffusion barrier layer on top of the dielectric RIE hard

mask and 8 polish stop layer. The electronic structure may further

The dgitiprSemEY Fef@Rif RSTH AT iRIB STidfes o payRiF k- ta G Ry nitride, a
reﬂao@@tﬁﬂ(ﬁ]&ﬂ&foﬁﬁxlﬂﬁﬁ&ﬂh@rﬁiﬁﬂw irliracfirst ndialactitRAUE fanthe ¢ goup con%wtmg of

Ta, zr”iﬂ%(&“{#ﬁ co; & Iag b dtﬁy?%(glf thd% I)Irr %t 8@&? %Q%]% hy StO ﬁy cox‘npounds

second ectric RI ard mas IS stop ayerontop o
The figtt prduthtinerPrateiskctER ¢ Jaxshdrdiehscerlediffusion tbarqsmqag]emﬁftdplectnc

matera@fqthﬁ@%@ﬂ%@%@Qﬂﬂﬁlﬂmgsh‘rﬁ@ﬁﬂaﬁ{@r pEhgiRlectoRIC StrUGLUFEIMAY% or doped
vartetlef; ot} Les(e)rpn%[gg g E;jtln% 1e g:;[rgla%osphorus stlicate glass ("PSG") or boron phosphorus silicate
glass ("BPSG"). The electronic structure may further include a diffusion barrier layer of a dielectric
material deposited on at feast one of the second and third layers of insulating material. The electronic
structure may further comprise a dielectric on top of the second layer of insulating material, which

acts as a reactive ion etch ("RIE") hard mask and polish stop layer and a dielectric diffusion barrier

layer on top of the dielectric RIE hard mask and



cap layer of same materials as mentioned above, between an interlevel
dielectric of ultralow-k dielectric and an intralevel dielectric of ultralow-k
dielectric,, BRIEF DESCRIPTION OF THE DRAWINGS The foregoing
objects, features and advantages of the present invention will become
apparent from the following detailed description and the appended
drawings in which: Figure 1 depicts the general electronic structure of a
bicyclic ether, also known as a oxabiayclic, which is a preferred

cor Yhe JbeslsatpracEruer fmmdythee camervrarlatididieetric RIE
Sy s e Ay L
V4 rng i rmined by the number, of repeating methylene

gro%%is??eﬁ%ac %%%ﬁmlﬂn%%%Wﬁ? %‘Pé‘f’@r?ggl%g %?18%6%%??81’
oxieRyeme-scgcad diinlecttlc TG bred 2ndsiinisstheqgdneralreigotiahéitiiuajer of
of afsnRaRRics Il Ceshel akn: AT BRI Al el
Whi%h is a preferred compound for the second precursor. In ﬁ%s ge.nera?ir‘l
scHEFREHE RESESHABGUA TGS e SHgsromey FrRIprepiseidcintc
oxygetagioof sdhensizeiff eopbriiogis Heler Bunedd thenwaanefic or
repgating,. ene groups in each cycle, 1, nd.n,.The position of the
S e SRR o R et
9-oxabicylo[6.1.0]non-4-ene, I= 0, m= 2 and n=2. Figure 3 depicts a
cross-sectional vievgpferaralek niateshemical/apareapgsition reactor
according to the present invention. 9 Figure 4 depicts a Fourier Transform
Infrared ("FTIR') spectrum obtained from a SiCOH film deposited from a
mixkbedstgeing nidtty) Gyiute radildwene ¢4 TRAGTS S canitdldeioFigilie&me
depigiaraFTIR SRESHNHLDEANGAIQMLING IRMeRyS MR AW MAETRl o\,
deposited from a'mixture%f TMCTS+He and cycloy%ntene%@gﬁwm
according to the present invention. Figure 6 depicts an enlarged,
crosigige dtméﬁmbmg@fe@ dtestrinitrdeviee Nabinglarethet] aleveidialeckiic
Iaysﬁﬁ@;&ﬁ,'mﬁéiﬁéed'ﬁ}b@éﬁ%ﬁ%@/&ﬁﬁ%&fﬁﬁ%%ﬁ'ﬁm&@&@n Tn this general .

schematic, the cbmpomd includes two ringg, one of which contains an oxygen atom.

The size of each ringis determined by the rumber of repeating methylene groups in each

cycle, m and n. In a highly preferred case of cyclopentene oxide, m = 0 and n = 2,

Figure 2 depicts the general electronic structure of an unsaturated bicyclic ether, also

known as a unsaturated oxabicyclic, which is a preferred compound for the second
precursor. In tms general schematic, the compound includes two rings, one of which
containg an oxy'gf:n atom. The size of each ring is determined by the number of re})eaﬁng‘
methylene groups in each ¢yele, 1, m and n, The position of the unsaturated bond is
determined by m and n. In the example of 9-oxabicylof6.1 .O]non#—ane, 1=0,m=2and
n=2,

Figure 3 depicts a cross-sectional view of & parallel plate chemical vapor deposition -
reactor-according to the present invention,



according to the present invention. Figure 7 depicts an enlarged,
cross-sectional view of the electronic structure of Figure 2 having an
additional diffusion barrier dielectric cap layer on top ofultralow-k material
film according to the present invention. Figure 8 depicts an enlarged,
cross-sectional view of the electronic structure of Figure 3 having an
additional RIE hard mask/polish-stop dielectric cap layer and dielectric cap
diffusion barrier on top. of the pO|ISh stop Ia%:er accordrng to the present

inveraon* fegciead eRsjsicleeasonm Aratsd r S9IRS3 Enesay Rblpiatd iom & SICOH
e|eﬁumm@arm&mqfﬁ@aﬂ@m&@%%m&&@ﬁq@mmr) and He,
mask/polish-stop dielectric layers on top of the interlevel ultralow-k

material film according to the present invention. DETAILED

DEBE@R$E Hepit-OfF TIR EpReRERBRR B EM BOD R M TR« thaterial
INVERHENT ThS RIRREOLINARHORA SR Eea A IO LIRSS present
thermall stable ultralow dielectric constan |n a parallel plate plasma
enﬁﬁfﬁfgﬁlbhemlcal vapor deposition ("PECVD") reactor. The material
disclosed in the preferred emboditnent contains a matrix of a

hy enated. gxidize llicon carbon material (Si O rising Si, C,
% .5?1“2 c%ﬁla erlrkgj Bonded ne Wgr% and %avrfrig alt_rl dit eclgI % lggﬁ%%aaﬁlt

of ﬁ@rrﬁrapé irréﬁqhwdmm cvinier avlydfelegide bomafivindieciimesoale

VOIgSs ABRENSIMARlYeR: :mier8:10 nanometer in diameter, further reducing

the dielectric constant to values below about 2.0. More preferably, the

dielectric constant for the ultralow-k film is in a range of about 1.5 to .

abdligg®] derdotn s epirefed alriysthertield ctider e st alet isiiv atmange afffigure 2

ab%%gé?ﬁ@ﬁHB&?dgémT&m%lémtmé ety SiaRa e A

ific eometry f the deposition reactor with specific growth conditions
@&&%ﬁfgﬂ% QIR IV EREODarallel plate reactor, a conductive area

of the substrate chuck should be between about 300 cm2 and about 700

cmg; withe s gaRstwes 1%@&0%%@&%&%%%&9&%5&%&9@sﬁﬁb&%@e&mﬁms

about 1 cm and about F power is applied to the substrate
acdbias R aditonal RIE hard mask/polish-stop dielectric cap layer and dielectric cap

diffusion barrier on top of the polish-stop layer according to the present invention,

Figure 9 depicts an enlarged, cross-sectional view of the electronic structure of Figure 4
having additional RIB hard mask/polish-stop dielectric layers on top of the interlevel
ultralow-k material film according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMVENTS OF THE INVENTION

"The present invention discloses a method for fabricating a thermally stable ultralow
dielectric constant film in a paralle] plate plasma enhanced chemical vapor deposition
(“PECVD”) reactor. The material disclosed in the preferred embodiment contains a
matrix of a hydrogenated oxidized silicon carbon material (S1COH) comprising 8i, C, O
~and Hin a covalently bondad network and having a dielectric constant of not more than

about 2.8, which may further contain molecuiar scale voids, approximately 0.5 0 20
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the present invention, the ultralow dielectric constant film is formed from a
mixture of a cyclic siloxane precursor such as TMCTS and a second
precursor, which is an organic molecule, selected from the group
consisting of molecules with ring structures, such as cyclopentene oxide,
in a specifically configured reaction reactor under specific reaction
conditions. In accordance with another embodiment of the present
invention, the ultralow dielectric constant film may be formed in presence

of ERIHIE B ameien farher edicine Bacleakis s Qupout 2.0.

gmazagf?;m@aabﬁwmﬁnﬂ@ed&waﬁmmﬂga \ﬂ@ﬁi@@fﬁ%ﬁﬁ i9eH aesciemRhous
or, at least about ur reauce t electric co

B e B e e A b abut

précifisdp geshies gaétrdmkéblmaib'r&t&h@ Garbenmadibyemogencdtis

OPHORRIhRXMIRR mgp&m@gfmraﬁlhﬁgﬁg%@&aww%me in the

converted into smaller molecules which-are released from the film..

OB HarHETon SRR RSP P81 THRSFBIE T theklibe hsytera dbout

| pracess:dimbibeatsioncanidvieiease pithammeotiedegmens e il Berween
de Sy {3 thus decr sed resent invie ro a.method for
Qbaﬁr%g a mataerﬁ)g e%hgf%a)s:%%glﬁﬁ%ﬁ o apahﬁécc{rrﬁ}(@co\{ﬁq}%%ﬁ’t ]%Pe CP ier with

thé e A envian: Hhrsdmiandilseimecgratron insiaomed g mmture ofa

Stfbﬁﬂkﬂ&l&%@f@;ﬁé@f@@@ﬁéhmwﬁ @@@@&ﬁ@bf@&@@r IQ¥EMALYEn organic

tralpw-k film fab 2.5.and, most preferabl
IhE R 1§ B4V 1 F P G PGP £ 5 AApL 8 DRCRg o o

In\ﬁé’ﬁlﬁpéﬂmn@m beaps@p@mammﬁmmsingaaudemm@@mmﬁc reaction

PrRSHERRSS aﬂ&&éﬂ%&%%@%%@&ﬁ%ﬁ&m@@%
SCHE rein. below. Preferably, the first precursor is selected from

‘fﬁ‘-“’r‘iﬁa‘@ AR R R R A TR et s Gy The
1,3¢5; Biglcteitramettny filyc ol asibetcine (MGG foniCAR 160 46id) at 2

octameiveoiay asiioxanes dPMETR 1LCaER 494 IR Moss o8nsrall o

the first precursor is of a class of cyclic -alkylsiloxanes comprising a ring

streRRIFaL R e n R ament S TbReot s FasaatsAee domia ram

altprevatiog dasfoiomd minhish alpigin ppsbtsuahl Asdogthyhethithnally oxygen
atoms may thermally decompoée and may be converted into smaller molecules which are
released from the film. Optionally, further development of voids may ocour in the film
by the process of conversion and release of the molecule ﬁ'agments The film density is
thus decreased.

The present invention provides a method for preparing a material that has an ultralow
dielectric constant, i.e., lower than about 2.8, which is suitable for integration in 2 BEOL,
wiring struoturs. More prefersbly, the dieleciric constant for the inventive ultralow-k
film isin a range of about 1.5 to about 2.5 and, most preferably, the dielectric constant is
in & range of about 2.0 to about 2.25, The inventive films can be prepared by choosing at
least two suitable precursors and‘a specific combination of processing parameters as |
described herein below. Preferably, the first precursor is selected from molecules with
ting structiures comprising SiCOH components such as 1,3,5,7- |
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propyl or higher or branched analogs as well as cyclic hydrocarbons such
as cyclopropyl, cyclopentyl, cyclohexyl, and higher analogs) are
covalently bonded to at least one of the silicon atoms, including the cases
where all the silicon atoms have two alkyl groups attached. Such alkyl
groups may be similar or dissimilar. Additionally, the silicon atoms of such
cyclic siloxanes maybe bonded to hydrogen, in which case these
compounds may be considered partially alkylated hydrosiloxanes. The

sedeirrmgtistendeteirasilarareK BEN Fron-diydhsine eelaraghrieyraisirglioxane

H, anOr R Daas, SONRINS geak SRS HRIR 4Ingdha: hove, stillabieycic

volatility such that they may be introduced to the-deposition reactQr as

vap OB oRERSh RGNS t R ErTS dﬂi‘%é’éﬁﬂ@ﬂ?&’&ﬁﬂ&ﬁ%ﬁ;ﬂw 0

atogrsrsehdas N aSaifratipiegpnsondychalkphteinsd suckne nputhelesion,

molecule.-Additionall ore_than one. tin e present i

ANl NS BCAC RSB bl cyclonrony

at leiemsneiotyelokerytombhiche malesshtonsoprierthebrnded haidesst @p of the

Eﬂefﬁ&eﬁgdﬁﬁg mdaiﬁtgttﬁe&a@téal%m aimr%%ﬂh&hi %%Mgajerﬂ?g aka @.i/éﬁ)s,? '
at impayts significant ring strain, namely rings . 4 atoms, ang/or

o FGFD oS P TARS oA ORI RSB Sl g Slico seoras

comfeuhdsknsivrmssoxapicyclided Arhpdg dhe, reatikh axaithiiecoxpmplis

of these. i Gahitueipladihsyane R gudopentene oxide (bp =102C

at 760 mm Hg); 7-oxabicyclo[4.1.01heptane or cyclohexene oxide (bp -
=129C at 760 mm Hg); 9-oxabicyclo[6.1,0]nonane or cyclooctene oxide
(bprhbatoat fraursdig)rabeltibsex abiayeinid Cmo]eeptanentining C, H, and O

LAERONCINGIANS: (B0 86 ALV, HEN. WA I0E R oy may be

species that Tit t a shown'in Figure 1 may be corisidered sul

Addntrofirs thibsdamsiion sRGiacs P Have Baeldigreb st fation

as eSexakioRiGlyOdaR 4o euthR IR GiabrRlbgem i) W contained in the

e B R B e

lim iredere & Harrsinlky aasiybl & saprirenismaedunmidass 1hleens of steieh

anhygleigas, Icashasie srdiielsatiyiontaers @nthéhesik@ea b most suitable are
those thatinclude a ring of a size that imparts significant ring strain, namely tings of 3 or
4 atoms and/or 7 or more atoms. Particlﬂérly attractive, are members of 2 classr of
compounds known as oxabicyclics. Among the readily available examples of these, are
6-oxabicycio[3.1.0]hexane or cyclopentene oxide (bp= 102°C at 760 mm He);
7-oxabicyclo[4.1.0]heptane or cyclohexene oxide (bp= 129°C at 760 mm Hg);
9-oxabicyclo[6.1.0]nonane or cyclooctene oxide (bp = 55°C at 5 mm I'Ig}; and
7~0Xabicyc1'0 [2.2.1Theptane or 1,4-epoxycyclohexane (op = 119°C at 713 mm Hg). More
generally, species that fit the formula shown in Figpre 1 may be considered suitable.

Additionally, the second precursor may have sorme degree of unsaturation as in
9-oxabicylo[6.1.0]non-4-ene (bp = 195°C at 760 mm Heg) or compounds of the general
structure shown in Figure 2. Purthermore, the second precursor may have additional
functionalities including, but not limited to: ketones, aldehydes, amines, amides, imides,
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- reac

7-oxabicyclo[4.i.0]heptan-2-one (bp = 77C at 15 mmHg) and
3-oxabicyclo[3.1.0]hexane-2,4-dione (bp =100C at 5 mmHg). Furthermore,
the first precursor may further be mixed with CO2 as a carrier gas or the
first and second precursor gases may be mixed with C02 or a mixture of
CO2 and O2 in the PECVD reactor. The addition of CO2 to the first
precursor as a carrier gas, or the addition of CO2 or a mixture of CO2
and 02 to the first and second precursors in the PECVD reactor provides

a s;am&zmtaﬁem@mmgﬂmhmwaamm l'mpm\igs theCI
uniformit te t te. en C02 is admixe

with h{’é‘ Jﬂ% _l@ ga’ﬁ X sf?@@ﬁgﬂ@g%@fmaybe from
about@siscminffol AbexmtdNb deanibmnd 9féret fraterdly from about 50
Seeﬁgﬂ} 1t 0O WBER A MRS BliCReANE 9245 3gmiX }S‘f'ﬁ%e

the second precursors, the amount of CO2 admixed mag@ e from

abo rSIEAEERIIG RBRHIOL COEFSTaM; DEATINE HHIG P STt aaRmtsPriag Oz in
be frmewmm &&t@gemg&mzsﬁ@m@é %%@@f@@&wﬂﬁﬂr&@m& ehCoRie

fro t t fOZ' from,
gbo L%és é%g%mfr% seeoﬁi[E tr?%rgﬁm?raé] ge%g?al?é"?%}ésfgg% ©
p|asmmm@emﬂmmsmmwwmmmﬂm?m&mmm@
type;ised forRMaaeREInY &%mm@%ﬂ%mﬂ@% S0Pk Uihired

reactor 10 is aPprommately 13 inches, while its heigh
appro¥iiia sy Es ﬁ?eﬂfé%mﬁﬂmﬁq#&é%@mﬁ%@%mﬁ@ qout 25 seer to
appraxiar atelystad atdches. jrdactinfrioasdowrilinttacto cdouinto0reast oWhen a

th R"

surgg%%gte cﬁﬁ%@ﬁ%@y a gi%%%%% ‘%%Lﬁglﬂfgtct%ﬁ é(ciﬁ)dagl%gf?F??':l%uste %ﬁllﬁ%l of
reactIPITTHIElEINDS Hioeh B HERS1EBT O EI ORI RO serpans tecndatef %o
GDP:d:Ginedvely ediaai HEal0In Subaies Stamre aqies dfand;suhsifaien of CO; is

chuc #; 12 is ugg%unde For ng@ﬁt'cal RUERQ §|?nser%#to}g%lg%rts AL I08 soem to

Fare groun n a d eren em ower can be
conr?@étéé%%strate chuck 12 and transmitted to substrate 22. In this
case, the substrate acquires a negative bias, whose value is dependent

on t%s 8 %%%) 5 ome} %argl?elopﬁe p?agxggaegﬁ%&%re% c an%tl VAROL deposmon
(“PECVD) reactor 10 is the type used for processing 200 mm wafers. The inner
diameter, X, of the reactor 10 is approximately 13 inches, while its height, Y, is
epproximately 8.5 inches. The diameter of substrate chuck 12 is approximately 10.8

inches, Reactant gases are introduced into reactar 10 through & gas distribution plate

(“GDP") 16 that is spaced apart from substrate dhuck 12 by a gap Z of about | inch, and
are exhansted out of reactor 10 through a 3-inch exhaust port 18, RE power 2018
connected to GDP 16, which is electﬁcal_ly insulsted from réactor 10, and substrate chuck
12 is grounded. For practicel purposes, all other parts of the reactor are grounded. Ina
different embodiment, RF power 20 can be connected to substrate chuck 12 and
trenstitted to substrate 22. In this case, the substrate acquires a negative bias, whose
value is dependent on the reactor geométry end plasma parameters, In another
embodiment, more than one electrical power supply can be used. For instance, two

powet supplies can operate at the same RF freguemy, or one may operate at a low
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embodiment, more than one electrical power supply can be used. For
instance, two power supplies can operate at the same RF frequency, or
one may operate at a low 13 frequency and one at a high frequency. The
two power supplies may be connected both to the same electrode or to
separate electrodes. In another embodiment, the RF power supply can be
pulsed on and off during deposition. Process variables controlled during
deposition of the low-k films are RF power, precursor mixture and flow
ratéiepuestiael pna atchigh drduendistifite ttenppertine!Suriay bs @dnebted both

reagtal. 10 0ax e Rated with ey lasykating, ﬁﬁc@ﬂ@&ﬂi@&&%fﬁé RE pover

instance, one specific type of coating Is applied on reactor walls 24t6 a
thickRBsSBrbeavlspdiommad ARGmBYRRIH L Rrngesn ieihictrepklipdsring
useRpoRiEHS e o6k Glicdea18 REF HHR OSRG BF AR A RN OAH SHIAIRE in
resii_s;tl%ra% ta(‘) &E%Eéﬂ%&g‘éith an PEi%gen plasma. The temperature of the

heated Warer ehuck controre the substrate temperature. In accordance the

pre%e'_lfﬁchﬁ\?émf m@ii@b@jik@t@ﬁ@@ﬁbﬁmmehm@m@waﬁﬂﬁ or
compinaton O RIESS YRS ARSHINAA SRR APRYERE ess of

employeof such that the' inventive ultralow-k material prepared preferabl

corfrEEE e RS A1RR Rl ot emaistich BB Opiecken Blgischpdet? is
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atomicpereentof fangheiwcen é;%%iﬁ%%&%‘éh%%u it,2r AomIG percent of
H. The main process variables controlled during a eposmoﬁ process for a
film are the RF power, the flow rates of the precursors, flow rate of COO,

or filowctaibs @fike0reand RRethen, Racts PECSSH RBACHRBuSIRSIFAhecific
temperalie. brovided herein below arcseverdl, examples ofdeRosan. v
of films utilizing Biret pr%%ursor{)fetrame? ycyc%fietras oxane Y‘iﬁ\ﬁ i e

andwessrenirdrack maetyasmerbpisiosdds ©OPOYy; beweell dut 5 and about
depRsitian Q- iMmS MPIRECASEBHED 211521836 Q2 RESUING; It 0

[ tion..In th mpl -2, the TMCTS
o AT TR0 P T ST R Ao of

thelexamples 3, the TMCTS was transported by a liquid delivery

The main process variables controlled during a deposition process for a film are the RF
power, the ﬂpw rates of the precursors, flow rate of COy, or flow rates of COs and Oy, the
reactor pressure and the substrate temperature. Provided herein below are several
examples of deposition of films utilizing a first precuzsor tetramethyleyclotetrasiloxane
(TMCTSR) and & second precursor cyclopentene oxide (“CPO™), ag well as deposition of
films in presence of CO2 or CO, and Oy, according to the present invention. In the |
examples. 1-2, the TMCTS precursor vapors were transported into the reactor by using He'
ag a carrier gas, wiile in the examples 3, the TMCTS was transported by a liguid delivery
gystm. In the exarnples 5-7, the TMCTS precursor vaporé were transported into the
reactor using CO, as & carrier gas, while in the exarple 8, the TMCTS was transparted
by a liquid delivery system. Optionally, the films were heat treated at 400°C after |
deposition to reduce k. o ‘
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systm. In the examples 5-7, the TMCTS precursor vapors were
transported into the reactor using CO2 as a carrier gas, while in the
example 8, the TMCTS was transported by a liquid delivery system.
Optionally, the films were heat treated at 400C after deposition to reduce
k. 14 It should be emphasized that the fabrication method according to the
" present invention is only possible by utilizing a deposition reactor that has

ific iquely defined th Wh
oo P PR A e R Ter o e B BRCOR dnfomion i
the ﬁmmdlabedlﬁdlaygmﬂamhi’éwﬂaemﬂthatdm digleifrigaonmstanitFotiquely
inst.
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?Ooc%ﬁ&i?anl I{@gﬁ@é@%ﬁ&wﬁ?@&a@%ﬁﬁgﬁ maﬁm@mf bslhould'
or electro cm a C eka
betvtl\]/‘%p“énméﬁrguf) )‘taw ﬁgﬁrl%g%out Lé?’?é r%ﬁ%ﬂgfﬂ?n Gt

the retSetlogbstwean mmwmmmbwmﬁ WVHd Zegrietaden the Subbidae and
andipreiRralbakARa &3 0 dE%ad R WeltRatenmY 1 REIONMEZ0 cm, and

power can o%tlonally be aé)hed at the same electrode as the RF power,
or tHIEFHPHBLTEEIERAR e FPAHANEH derRitg SEPOBD!S W0 Mot the
depdsitindssandiiansnsilizedeanetaiso1Crivied iadepallesavsHEcasbislorably at -

- implgmentation of tgq&;?ﬁ%gﬁég PLOfSPP A0 %@g Egntg na eggag}ﬁi (:Fd at

Invention. For instance, a w émperatured etween OUt

abothesoseel s i asdha Bl BFEWEerhaEe OTsRRg B GLOTED density of 0
utilized . 2AxRImhower density between about 0.05 W/cm2 and about 1.0
W/cmz2, and preferably between about 0.25 W/em2 and about 0.8 W/cm2

is utilized. A reactant gas flow rate of TMCTS between about 5 stem and

abotiha densiseasoatitopratdiatypelsecsiictbin anphl seorectnsfibinleeatiion
stersfigtilizastiod ﬁﬁﬂ;@é@ﬁ&c&@ﬁnﬁ wa@@én@ﬁ%%ﬁzv@@ﬁﬁé@% D SRR

and about 1000T EJE% ab(ily bbet&v at%lgf’ %’era%?y é?b@&gegpa

120 segm IS u? tot al réactan 8a§1
60°C and about 200°C is utilized. A RF power density between about 0.05 W/em® and

about 1.0 W/om®, and preferably between about 0.25 W/em?® and about 0.8 W/em? is
utilized. A reactant gas flow rate of TMCT'S between about 5 scem and sbowt 1000
sco;m, and preferably between about 25 scem and about 200 scom is utilized. A reactant
gas flow rate of CPO between about 5 scem and about 1000 scom, and preferably '
batween about 10 scem and s,bbnt 120 scom is utilized, A total reactant 'gas flow rate of
TMCTS-CO,, Where COx is used as a carrier gas is from about 25 scom to about 1000
scom, fow rates for CO; and O;, mmtme are respectively from about 25 scom to 1000
secin for CO, and from about 0. 5 geem to about 50 scom for Os, and flow rate for CO;
from about 15 scem to about 1000 sccm. A total reactant gas flow rate of TMCI‘S-CO;,
where CO; is used as a cazrier gas is preferably from about 50 scem to 500 seem , flow
rates for CO; and Op mixture are preferably respectively from about 50 scem to about 500
scem for CO, and from about 1 scom to about 30 seom for O, and flow rate for CO,

‘ prefcrably is from about 50 scem to about 500 socm. Reactor pressure during the
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TMCTS-CO2, where C02 is used as a carrier gas is from about 25 seem

to about 1000 stem, flow rates for CO2 and 02 mixture are respectively
from about 25 seem to 1000 seem for CO2 and from about 0.5 seem to
about 50 stem for O2, and flow rate for CO2 from about 15 scan to about -
1000 seem. A total reactant gas flow rate of TMCI'S-CO2, where CO2 is

- used as a carrier gas is preferably from about 50 seem to 500 seem, flow .

rates for C02 and 02 mixture are preferably respectively from abouyt
scofRPRs HARETREH besrtrabe ) AhtPr SRt 2Bte pg%@i% %%?ff%gﬁ%%’em
for 8anangddiow retedftr-CaRpaieradly Terframtitilbalit 50 seem to about
500 scan. Reactor pressure dining the 15 deposition process between

about 50 mTorr and about 5000 mTorr, and preferably between about
100insHooid hedosdddbat 3Gbange To thdsneslnides sulstiota dhvekriotedatha &, i.c., 2

chaggednibs s5emolhe féﬂ?é%’t@e@ﬁ WKLY LA $ode® 7R BltaRfBchange

from a value in the range_between about 300 cm2 and about 700, cm?2,, Wtillale '
chalf§ & RRETRE B SiASIby a ARt T SR SPS5TR Ao Sefrfdguse n
Similaslyf tnchapgadohthe baretab g, snibsicaieseim e bypdéaetean tHé gnd

ac in.th istributi {raie
hh%rﬂégi;? %ﬁ%ﬁ%ﬁ%ﬁyﬁ%ﬁ%ﬁ%@%ﬁ%
wit BRS forhapge éds tirsanHew dsie Bravibiisly
Spggiﬁﬁduéfyisﬁwﬂa‘azaﬂtﬁmﬂm 2 'B?aegg@m ie%btai@,ﬂmﬁneﬁa@i there su;a'mte
supbstrate refers to ea 1naiv u rate.chuck a the flow rates o
o TGS 0 B I e i o L RS o
ratesdindudidénveiien sior té teerdingiotdptar Sewuripdien byizh nover e the
of dgposition statinnd Rsidadhesarciarachbe lenositad s amstakilized

before undergoing further integration processing. The stabilization
process can be performed in a furnace-annealing step at about 300C to
abolihd 0gGsfer dlimeperdotzbbwbencabogtDSiturswrglatibo ptoddsgogs The
Thegstabilizalinn REOsaSSCRAARAIRE PeHpmachinig FaRidhermalocc o
: anneahng @}roocess at temperatures above atfeﬁutﬁog : %e; dielectric .
congbait Eﬁ@*fmﬁ@mﬁ@&“&%@a‘?ﬁbﬁé RSB RSN
lowestaiifmidhout @8 chhesher prafistadbilityaghphdthermal annealing process at
temperatures above about 300°C. The dielectric constants of the films obtained
according to the present invention are lower than about 2.8, The thermal stability of the
films obtained according to the present invention in hon-oxidizing ambient is up to at
+ least a temperatare of about 400°C.

The electronic de{fic&e formed according to the present invention are shown in Figures 6-
9. It should be noted that the devices shown in Figures 6-9, are merely illugtmted as
examnples according to the present invention, while countless other d_evices can af;isq be

formed according to the present invention.
Figure 6 depic;ts electronic device 30 that is built on & silicon substrate 32, On top of

silicon substrate 32, insulating material layer 34 is formed with & first region of metal 36
embedded therein. After a chemical mechenical polishing (“CME™) process is conducted
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films obtained according to the present invention in non-oxidizing ambient
is up to at least a temperature of about 400C. The electronic devices
formed according to the present invention are shown in Figures 6- 9. It
should be noted that the devices shown in Figures 6-9, are merely
illustrated as examples according to the present invention, while
countless other devices can i so be formed according to the present
invention. Figure 6 depicts electronic device 30 that is built on a silicon

supa fakreo mstrblo sHidensueibatanalaglomd imag indtessipisriopidst
for wﬁﬁs@ﬁxfﬁg&ﬁa@m%mm&emmm 3%.6&&6&1&:&easmhmi$al
mechanical polishing("CMP") process is condugcted 16, on fifst regian. 0
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laytaesfinsulaling agtshiel SishhdfidtiegionalinctiirsewHirinedfes pftterned
insylati teri ' [ f sili ide.. sili

M L L L R S e
maHeess ovfirel evndusinnlasnd (s gurRIP by R GHapAY i dd 3
andggea@lsaﬁi% Wgﬂé‘&m apaséﬁﬁdathagairua@&ﬁﬁf %le ) ftlappﬁse@m first
conductor r 40 is cartied, gut,.second layer ofultralow-k fi 41s
deﬁgiﬁ%@ﬂﬁz B%%Wéﬁe%iﬂngangcaen ﬁsécr%olléa \;3%%?’%3%0%%/ |odr]1Jl %iﬁl&%éq)may
privesposiatvingnfitaticvaloeiitefingiaid enpifrsthetiin restriismpterial. For
CO&%&E@{ Aﬁy&aﬁ% %%Mc@?e%ﬁ%%lﬁ@a@iﬁﬁﬁ&@@#%ﬁ@?ﬁiﬁ@ﬁ&%@%ﬁ@ or

a non-metallic conductive material. For. instange, a metallic canductive |
gD PR AN AL o 88 ﬁ&f@&%%ﬁﬂ#&&%@ﬁ&ﬁ&ﬁ&aé e
or potysiticiosinmyibeittiizgoh Frsetebb@uctor 40 is in electrical
communication with first region of metal 36. A second region of conductor

50 is formed, after a photolithographic process in second ultralow-k film

lay ér 4207 ESH R EESanTBHB Y T E e BOSToR RS R tREP St Shipoond

confliugitor-mnaterialSddenchéansdl) 6o 68itmay édsalierdepasittd b eitrexd
= metall % ) : e _ : _
R T i e b e e

is imaterittRn BoRrRTtRTic ATl tHptarfipdpat used in depositing the fizst conductor

layer 40. The second region of conductor 50 is in electrical communication with the first
region of conducior 40 and i3 embedded in the second layer of ultralow-k insulator 44.
The sécond layer of uliralow-k film is in intimate contact with the first layer of insulating
material 38, ‘In'this specific example, the first layer of insulating material 38, which is an
ultralow-k material accbrding to the present invention, serves as an iniralevel dielectric
material, while the second layer of ihsulai:ing material, i.e,, the ultralow-k film 44, serves
as both an intraleve] and an interlevel dielectric. Based on the low dieleciric constant of
the ultralow-k fiim, supmioz_"insulaiing property can be achieved by first insulating layer
38 and second insulating layer 44.~

Figure 7 depicts electronic deviee 60 acconding to the present invention, similar to that of
electronic device 30 shown in Figure 6, but with additional dielectric cap layer 62
deposited between first insulating material layer 38 and second insulating material layer

44. Dielectric cap layer 62 can be suitably formed of a material such as silicon oxide,
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region of conductor 40 and is embedded in the second layer of ultralow-k
insulator 44. The second layer of ultralow-k film is in intimate contact with
the first layer of insulating material 38. In this specific example, the first
layer of insulating material 38, which is an ultralow-k material according to
the present invention, serves as an intralevel dielectric material, while the
second layer of insulating material, i.e., the ultralow-k film 44, serves as
both_an intralevel and an mterlevEI dlelectrlc Basefﬁxgg the_low dielectric

corSHERT SFTFR SHIFARARLIHIAR, SHRUHET i Rt FroBevRe AN be: modified
achwwadﬂay fistlicis iirkingdayercanthandsaconil agseiatiogyaieed dicon nitride,

Figur, cts electronic de accordin tothe en
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adaditisiiialalistasiocesp m&emsosmd@@mmgtmm fepventing
matgrakiayer 36 athseganskineuiatincmatatiiay et RIgle ol G 6RP the

layer 62 can be suitably formed of a material such as silicon oxide, 17
sili COWSHilFEES EREGA BRI LRIES Shieth Carbide, silicon carbo-oxide

(SiCO), modified ultralow-k and their hydrogenated compounds, as well

as efiasienmetal sHlepalyits. whsten dhasiaden motelis saledied.

the group co S|st|n tlonal die ctrlc cap
62 @Fﬁ%ﬁy%l%g%%‘?é OB ABRtayRr e pibvans) dislenrssianlsm nd 74

conghiehior 4ayeR Alnhate Seconth kféﬁéﬁﬁﬂﬂgzm@ibal 1RYEriAd pbiﬂaﬂkfﬁiﬂayer are
lower layers ec:all to layers 32, Fi iqure 8 d icts anoth
alternac(ilegerﬁtﬁ?os(fmen %f?e}'ecat%%f%g gﬁﬁ%f?ccor |ng m%eélealf;{ayer?,s

inverigdindiceletdicnitridduren20s g adinosad ﬂi@i@&r@@%ﬁ@?@%@ﬁhﬁd
: andn? 1&%&@@%& amhiRkEmark ancbGMP s@"ﬁﬁ@i@' IMECHaRIEaRLed of & suitable -

poI polish s er are used. First djelectr capl

oS BRSSP TR A5 A G oo TRy pon oo,
dieleitizie ayer-@ads(BGPhviddifndetitepoirk fod tmmmm@mms as
in p@él?@%é%%M%ﬁi@éﬂ%ﬁé%ﬂ’e&!&%ﬁﬂ@@a@yﬁfﬂ&a@%%am from the

deposited of a sw?%ble dlelectrlg mat rial such as E!lcon ox de, silicon

nitrigRBifEsF B8 itrl deP it AR %frbT t"BuﬁE‘Eg??% SHEBiB%de ?%‘?6635 at the
modffmeﬁmﬁaisaﬁvstmmm inyrychib gk netad dmmioufrﬁdsr &% can be added on top

of second insulating material layer 44 for the same purposes.

Figuze 9 depicts still another altemate embodiment of electronic device 80 according to
the present invanﬁon | In this alternate embodiment, an additional layer of dielectric 82 is
. deposited and ihus divides second insulating material layer 44 into two sepaate layefs 84
and 86. Intralevel and interlevel dielectric layer 44, as depicted in Figure 8, is therefore
divided into interlayer dielectric layer 84 and intralevel dislectric layer 86 at the
boundary betweer interconnect 92 and interconnect 54, as depicted in Flgure 5. An
additional diffusion barrier layer 96 is further deposited on top of the upper dielectric
layer 74. The additional benefits provided by this alternate embodiment of the electronic
structure 80 is that the dielectric layer 82 acts as a RIE etch stop providing superior
 interconnect depth control. ' :
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.well as refractory metal silicon nitride, wherein the refractory metal is -
selected from the group consisting of: Ta, Zr, Hf.and W. The top surface -
of dielectric layer 72 is at the same level as first conductor layer 40. A
second dielectric layer 74 can be added on top of second insulating
material layer 44 for the same purposes. Figure 9 depicts still another
alternate embodiment of electronic device 80 according to the present
invention. In this alternate embodiment, an additional layer of dielectric 82
is TefoBitethaexhtimissdicigresested tnillissetatiegavataital dbjlerndidiotelktwo
SeBIARIBE! A.an0 B0 R SvEL AN IaKe Yl dle G dRYRL4:' 20

depicted in Figure 8, Is therefore into interlayer dielectric layer 84
antfitispiansy draiere barbiaiped Berefiame boundary between interconnect 92
and interconnect 94, as depicted in Figure 9. An additional diffusion :
baggier I%gr 96 is further deposited on top of the upper dielectric layer 74.
T al benefits provided by this alternate embodiment of the
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examples are presented to illustrate the fabrication of the' ul

diteérerrHPREERARIA R Wl iepprdweris v ehthomtdSAve rukitis argon flow

demighstsate dpshastages ihathian heabiaiRedihersfoeaToXaMmEeclvia is

this example, accordi igure 3, a wafer.is first. prepared -

i e PR R RUEEE SRR e waon g

prél‘éfc% shesgederby argon gas. In this wafer preparation process, the

wafer temperature is set at about 180C and the argon flow rate is set at

abgut m, to achieve a pressure of about 100.mTorr. A RF power s,

e R SRS A 4 100 b P 0 SBEGRINE HE TP PR

thetarpsyas fibarbie i ikt iofh TR TNCTEpeclisorisloarkddn

'ng@cgaﬁif}?g?t%t&{ef@%{i?ﬁﬁ%ﬁo‘ﬁ'%@ﬁ%@ﬁ£ﬁ&%§%ﬁ}%@?@?@n@ %%%% gF

a %ﬂ&giige% Plg teot égs;[re% A-ow%ies gzg)cP g?égseug‘e, i.e?, gt g;%gtv%-o solcg of

TMCTS+He and about 6 scom of CPO and about 100 mTorr. A RF power is then turned

" on at about 15 W for a time period of about 50 minutes, The RF power and the gas flow

are then tumed off  The wafer is then removed from reaction reactor 1Q.

To reduce the dielectric constant of the deposited films and to further improve their
thermal stability, 1.e., to make them stable at temperatures greater than 300°C, the films
are post annealed to evaporate the volatile contents and to dimensionally stabilize the
films. The post annealing process can be carried out in an annealing furnace by the
following steps. The furnace is first i_mrged for about S minutes (with the film samplesin
a Joad station) with nitrogen at a flow rate of about 10 liters/minute. The film samples
are then iransferred inio the furnace reactor to start the post annealing cj}cle of heating the
films to about 280°C_at 2 heating rate of about 5°C/mimue, holding at about 280°C for
shout 5 minutes, heating at a second heating rate of about 5°C/minute to about 400°C,
holding at about 400°C for about 4 hours, tumming the firnace off and ellowing fhe film
samples to cool fo a temperature of below about 100°C. A suitable first holding
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according to the present invention can be deposited by first establishing
gas flows of TMCTS+He and CPO to desired flow rates and pressure,
i.e., at about 20 seem of TMCTS+He and about 6 scan of CPO and about
100 mTorr. A RF power is then turned on at about 15 W for a time period
of about 50 minutes. The RF power and the gas flow are then turned off.
The wafer is then removed from reaction reactor 10. To reduce the
dielectric constant of the deposited films and to further i |mprove their

the FREEEH 7Y %6 DeB7RIARBHT Soipb i AP anile agreitalle sreamd

300cldthethilpaaate pegbabasalechtowsopaall éha;vatmqte. contents and
to dimensionally stabilize the films. The post annealing process can be

carried out in an annealing furnace by the following steps. The furnace is
firsRptiigeef for Zlsben® dnimntecc(withdiseified sanfptesdto Eigmw dtatdon) Figure

with pikBeER AéiBovkiate0LANRU (R PUNANE oF D8 "$be

thentransferred into the furnace reactor to sta tthe nnealing cycle

of ﬁa%ﬁ%ﬂﬁﬂtﬂ‘éplﬁm%oaﬁéh%wgpab@éﬁﬁ@b%é aH@thgC/mﬁaﬁ@a
holiegrgicapestt a&@arfcmabm:‘t ) mmtﬁs@maﬁagiat gosecormd-hesting ! and
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hours, turnln ace of an owing t {he film samples 0¢601 102

tenﬁé%rﬁt@nﬁé 3%%@@?4@@@ th@@ﬂals?étﬁféh@l@@f@ fiig t@mpaﬁat@dr@l
mayd4ae hetweenaaput 280C and about 300C, while a suitable second
holding temperature may be between about 300C and-about 400C.

Results of the first embodiment are now discussed in reference to Figures
4 aRig6e Pipfarentd thedSaRepecFonitainan Sfomaninftated-§ ' I Repared from 2

SPealkiR of G Y eIERRIF OFb IHModdign PRI NGl otrum
absgr |on bgr% at a t 1000-1100 cm’, a Sﬁ%ﬁ%%%%gr? p%ﬁ(lsat

T e aﬁ&%ﬁbﬁ%ﬁbm@apsﬂaﬁsza’éwséo ERiPgRhe S
smateliHmpigptiometkoattalbit 20600 rt thT ke solaliot® o™ is

mt%aatﬁ%&ai 0. uRIHARE B HHRGAKS 3TEAMRASHN] m@n pogke
of th SlCO film are presente%&ln Table 1 herein below. Fl%l)ﬂ’e

preSatte IR (EcPATRA FPTRRSFEVR KA pRepaferdhis film

fromrealso shown in Table 1. As particularly illustrated in Table 1, the integrated area of C-
H peak of the ultralow-k film is 40% of the Si-CH, peak, while it is only 2% of the Si-
CHj peak in the SiCOH film. This is & clear indication that the ultralow-k film contains 3.
significant amount of a secondary CHy (hydrocarbon) phase in addition to the SICOH
phase. Another characteristic of the FTIR spectrmn of the ultralow-k film is the sph'fting-
of the Si-O peak into two peaks at sbout 1139 em™ and about 1056 em’™’, as particularly
illustrated in Figure 5.

Table 1, Relative integrated intensitles of ¥TIR absarption peak

MATEREAL: | CHISIO (%) SIHSIO (%) SICH/SIO (%)
SiCOH 2 7. 5
Ultralow-k 10 0 4
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mixture of (I'MCTS+He)+CPO in accordance with the present invention.
The spectrum displays the. Si-O, Si-CH3, and C-H absorption peaks, as
in Figure 4. However, the Si-H peak is missing the intensity of the C-H
absorption band at about 2900-3000 cm-' is much stronger for the
ultralow-k film than for the SiCOH film shown in Figure 4. The relative
intensities of the CH, and SiCH3 peaks as compared to the SiO peak for
this film are also shown in Table 1. As particularly illustrated in Table 1,
the Ht8gBledy area of C- H peak of the ultralow-k film is 40% of the

Sl-%@@ﬁdﬁzﬁlf&“&%ﬁbﬁﬁ ﬁ%%é’ﬁe@%ﬁ N 196 BICOR MR, erature
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phhasmmﬁem;emmof hbeuEKﬂ&ipemHm%th@TM@FsWogt&lﬁ@rlSThe
the splitti Q s.atabout 11 mJ an
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inteAsfy rﬁ%’i%ﬁf?@%i@nwgﬁsf@mw retpy I BresSi Gehabout 150

- SIWEIR (POMVBICH ISP oS SQRR df @é’ Hralawok R ndread %’W}B‘@er is

2 In.thi I ribed in E le 1, but'th
e LR B3 S e e 6 e and
careBRItBom @rﬁéhmcbmgﬂr@]—{“éhasvﬁecwﬂmngaspﬁé foat theprastitrecaftor 10
ab%@@g&gegtamgg%@qg@g&%]js container. The ultralow-k film

according to the present invention can be deposited by first establishing

gas flows of TMCTS+He and CPO to desired flow rates and pressure, i.e.,

at aboangled seem of TMCTS+He and about 50 scorn of CPO and about
2006 kbR RRUST 5 JhSK WERRAL AR AL ARV ARG RN A 00
period_of- about 10 minutes, The Fir%gwer angﬂt emgg oW are then Giwe Oﬂfhe

turnS S A S AR RO Bh PPFEm I‘f?‘aﬁ ﬂPf@%ﬂ&)Pﬁ?@%t@ﬁoﬂ@ ramﬂor
annealed hgudbddivbadysitaxamplesdrate of at about 5 mi/min and the CPO is fown at

a rate of about 900 scem and the pressure is stabilized at sbout 3000 mTorr. A total RF -
power of about 600 W and a low frequency power of about 300 W ars applied to the
reactor. The ultralow-k film deposition is performed on the wafer at each stetion with the
wafer moving to the next station after a preset ime interval. The wafer is removed from

the reaction reactor after passing the last deposition station, and annealed as described in
Example 1.

In the foregoing examples, the plasma was operated in & continuos mode. In Example 4 -

herein below, the plasma is operated in 2 pulsed mode.

Example 4

In this example, the deposition is performed under conditions similer to Exemple 1, but
the plasma is operated in a pulsed mode, i.e., with a duty cycle of about 50% and &
plasma-on time of about 50 mseo to about 100 msec. After removal of the wafer from
reactor 10, the wafer with the deposited film is annealed as described in Example 1.
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Example 3 In this example, a reactor containing 6 deposition stations is
used. The temperature of the wafer chuck is set at about 350C. The
TMCTS precursor is carried into the reactor using a liquid delivery system
at a flow rate of at about 5 ml/min and the CPO is flown at a rate of about
900 scorn and the pressure is stabilized at about 3000 mTorr. A total RF
power of about 600 W and a low frequency power of about 300 W are
applied to the reactor. The ultralow-k film deposition is performed on the
wafdss dewstit srdtio fovegtingexsvefiss, odihysttheharaexpsigtionaiidedric

preggﬁ,_;{gg_@ ﬁl{ﬁé\fg{ I heywates dﬁ:&%ﬁ&‘?ﬁ’?%rom the reaction reactor after

passing the last deposmon station, and annealed as described in
Example 1. In the foregoing examples, the plasma was operated in a
coniinw@yk grode. 1i Example 4 herein below, the plasma is operated in a

pul mode. Exam IS e the.deposition |s rforme
undﬁr%(j:lgn rlljéé asglcr:ﬁgiC ‘EE: gﬁ%f ?h%‘“ﬁ%&ﬁ%& S [Eé%%%ﬂ%tﬁe wafer
pulsei® rmﬁe 1fdhravgh Pasauvyl&ydléauﬂ@mmmgfdw&r blamgta-gus. timéhis

of ahoit RO PFES ?&Q@Ma%p%ﬁﬂrﬁ@%%ﬁla%ﬁ@ TSW%&rﬁ%r%?n flow

reactor, 10, the wafer with the deposited film is annealed as described

ExahHBIS SF % FORE! de SERBel? AERISSBRIGHHE LHERRIS LD IoRInAsRR 2o Rrs is
prepiaxetithal/endialboirit2 £ 3 Stantsinahestanie Dhialpyb < daialoifon gas

2.25 Example MQ@ example, according to Figure 3, a wafer is first
prepared by introducing the wafer into reactor 10 through a slit valve 14

and pre-etching the wafer by argon gas. In this wafer preparation
prommﬂ\@f@hfﬁm@%aﬁé@nm ad:alptiadBPtiand thesieandiowus. co,

B L e,

pom@?%ﬁaawlmg@ﬁegh@mwlamh@ﬁmw@é tofffirst establishing gas flows of
TMCTS+ CO; and CPO to desired flow rates and pressure, i.e., at about 20 scom of
TMCTS+ CO» and about 10 scem of CPO and about 100 mTorr. A RF power is then
turned on at about 15 W for 8 time pe:ﬁod of about 50 minutes. The RF power and the
gas flow are then tumed off. Tﬁa wafer is then removed from reaction reactor 10.

To reduce the dieleciric constant of the deposited films and to fiirther improve thelr
thermal stability, i.e., to make them stable at temperatures greater than 300°C, the films
are post annealed to evaporate the volatile contents and to dzmemsmnaﬂy stabilize the
films. The post aanealing process can be carried out in an azmeahng furnace by the
following steps. The furnace is first purged for about 5 minutes (vnth the film samples in
2 Joad station) with nitrogen at & flow rate of sbout 10 liters/minute. The film samples
exe then transferred into the furnace reactor to start the post annealing cycle of heating the
films to about 280°C at a heating rate of about 5°C/mimite, holding at sbout 280°C for
about 5 minutes, heating at & second heating rate of about 5°C/minute to about 400°C,
holding at about 400°C for about 4 hours, turmng the furnace off and allowing the flm
samples to cool to a tentperatire of below dbout 100°C, A suitable first holding
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The TMCTS precursor is carried into the reactor reactor using CO2 as a
carrier gas; C02 is at a pressure of about 5 psig at the inlet to the TMCTS
container. The ultralow-k film according to the present invention can be
deposited by first establishing gas flows of TMCTS+ CO2 and CPO to
desired flow rates and pressure, i.e., at about 20 sccm of TMCTS+ CO2
and about 10 scorn of CPO and about 100 mTorr, A RF power is then
turned on at about 15'W for a time period of about 50 minutes. The RF

poviesrenthueangels ot ereabai2firseend #hau 0 Fevhdieranitehissoeand
from, [8REHaRSGaRIR LY bl BFREMCE BiR Sig‘ecinie Sonrsiapicof the

deposited films and to further improve their thermal stability, i.e., to make
them stable at temperatures greater than 300C, the films are post
annealggloeevaporate the volatile contents and to dimensionally stabilize

the_films. The post apnealing process can be carrie t in.an.annealin
et s e A

mirigtes it O TaeBRCSTiR pertotrardtahion panied intedbrreastcl wng COzas

rate, of 3Pg16 it i d bl samplasharadhemirangien schinte:.
the furnace reactgr to start the post annealing.cycle fHeatuT;?B he_ films to
RN PR

abothe 8EEoRtS HELHgTHE PAEBSIEROT for
-aboustablivhingtes; HeatiofTMETSe diDyland &) tratesinfaoutdE Amdmutsstos, L.e.,

afossetaﬁgg%QQ%%W_%%%Q%@%J%&R%Eéﬁ%@@m&%@%&aﬁﬁm

off and allowing the film sam{)les to cool to a temperature of below about

100ERE remt@fe s bR g P es i g rdtfpe ampns s ebprs ho timgee The.
andrabo3@0CHhwhileflavs aitahia secanstthTlding fte s petaiune vabiba the
between about 300C and about 400C., Example this example, a wafer

is pifeéa;%?g egéo (3880” ge in yfm‘%fgg?eg(ﬁ%ﬁ%%gtemperature is set

-at about 300C. The TMCTS precursor is then carried into the reactor

USing &O3r8i RG] Game Pladis whPopeessdié Diabouhd R6iE. aktheample 3
inleﬁto gl]geiI;M TS Pﬁg}r&ta%yer&%g%ﬂuétr%gg&%ﬁ@ according to the present '
invention can be ggpoy edﬂBy IFSt 65tabiis Ing gas flows of TMCTS+
CO2 and CPO to desired flow rates and pressure, i.e., '
Example 7
In this example, the deposition is performed under conditions similar to Bxample 5, but
the plasma is operated in a pulsed mode, i.e., with a duty cycle of about 50% and a
plasma-on time of about. 50 mseo to about 100 msec. After removal of the wafer from

reactor 10, the wafer with the deposited film is annealed as described in Bxample 5.

Example 8

In this example, & reactor includingG deposition stationsis used. The temperature of the
wafer chuck is set at aboﬁ 350°C, The TMCTS precursor is cerried into the reactor
using & liquid delivery system at a flow rate of about 5 ml/min, the CPO bei'ng flownata
rate of abont 250 scom and the pressure being stabilized at about 4000 mTorr. The CO;
at a flow rate of about 5000 scom and Oy ata flow rate of about 250 scam are admixed
with the gas mixture of TMCTS and CPO in the reactor. The addition of the CO, ;nd“Og
mixture stabilizes the plasma and improves the film uniformity. A total high frequency
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at about 150 seem of TMCTS+ C02 and about 75 stem of CPO and about
2000 mTorr. A RF power is then turned on at about 150 W for a time
period of about 10 minutes. The RF power and the gas flow are then
turned off. The wafer is then removed from the reaction reactor 10 and
annealed as described in Example 5. In the foregoing examples, the
plasma was operated iri a continuous mode. In Example 3 herein below,
the plasma is operated in a pulsed mode. Example 7 In this example, the
deﬁgﬂsmmg%ﬂ!&é&@av 1eB EREBHSSRG RAEr efhopialB, Wte peied to

plagaisiep eraiettiioypuisedicpedieod. B parithnted vhyigy Ridp bisdacstBidd0 with

and a plasma-on time of abput 50.msec to about 100 msge. After remov
o 1 ETE PGS PP DRSSt e R e a e iy
as fesciiibechitviatanyplsiby thdashito Bitiontsistioangibearsacney further be

Inchisiog denasiios siatiensissat.Jhciomprralueobihe wafer
chu k{;?dsl%g[ at about 350C. Th}éSﬁTMCTS precurgg is carried into the
reactor using a liquid delivery system at a flow rate of about 5 ml/min, the
CP® haginthHewnatalirate i about2h0meemabelifd preassilive Heigy-k
sta 'Iizec(iﬁ t-%gout Q00.mTorr. The CO2 at a flow.rate of 4 999
see%ml]mash ata oe\’/lvmr}gtaé" o Jd%%?t 8%%%1}1 %‘r/g\%lgﬁﬁf% ﬁlE\%)rvél)"tzht e gas

mixdislecaicTMETSsdnasciho whane ddaforctharagiithlefinaicasdicaria &
02 ypixiue staRlizaytheplasma-anthinprovasdenfim uioumitotedaiabt

high frequency 23 RF power qof ut 600, W and a low frequency RF
- pONBT ARG SR AR ihoc 1 (e R b e TSI i erofoe
depssitioly isigesfomped ointhélwade rdmsachasthititaiovithdithestvicsfisrback-end-
mogmg,%gﬁrg&ggét@g}qgg@gm%mtdg%gnterval. The wafer is
removed from the reactor after passing the last deposition station, and
the wafer may further be optionally annealed as particularly described in
Exdmpiechhbreindboraidsiragicdahormeal sretitiptp iR PAYpiovetsmbaye
alsqe Maegh iR Siabllizs Mlalow:k.fims.. 186/ HiRsapiained AR ding e

the present invention, are characterized by : ,
wings of Figures 1-9, It should be emphasized that the examples of ﬂ;e electronic

* structures shown in Figures 6-9 are merely used to illustrate the inventive method that

can be applied in the fabrication of countless electronic devices.

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 Hmitation,

Furthermore, while the present invention has been particudarty shown and des;:ﬁbed with
resPedt to a preferred embodiment and several alternate embodiments, it is fo be
appreciated that those skilted in the art may readily apply these teéchings to other

possible variations of the present invention without deperting from the spirit and scope of |

the present invention.
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dielectric constants k less than about 2.8, and are thermally stable for
integration in a back-end-of-the-line (BEOL") interconnect structure;
which is normally processed at temperatures of up to about 400C. The
teachings of the present invention can therefore be easily adapted in
producing films as intralevel and interlevel dielectrics in back-end-
of-the-line processes for logic and memory devices. The method and
MSectronic structures formed according to the present invention have
therefore been thoroughly demonstrated in the above descriptions and in
1. A BHEPRENEBHACSRY INSAhRIgWEsId Sl SHOME L6 € BRRASH N MRsing the
examples of the electronic structures shown in Figures 6-9 are merely
Plsed to illustrate the inventive method that can be applied in the
providifzhea céaipnaciriteunctd Shatecit oaim daeiossion RGN presser invention
positioR®% BesRdeseiibesdranitysiatiye manner, it should be understood that

_ the_termlnoIE(J)ﬁg1 used is intended to be in a nature of words of description

flowing &l SR T AR ASMPEYRASYHIGR VWRHe TRSSHESRIG Ry Hageactor
flowingeérepattiedacynshprenuestd desceilvepriith cegpecttolaquietewitid ring structures

havind®NROSHNeNLBRR FRYQLR pRTRRgRodigents, itis to be appreciated
that those skilled in the art may readilyﬁa{gﬁi%these teachings to other
t

deposiiag QY EHTBRIGHASG P e 5t 88t AR YROLELepRamE FroRTdHReres on said
substragirit and scope of the present invention. 24 CLAIMS: 1. A method for
fabricating a thermally stable ultralow dielectric constant film comprising
the  steps of: providing a plasma enhanced chemical vapor deposition
2 The(B%CFé)é‘gﬂﬁ;top% moﬁif?f&'%?%ﬂ?ﬁﬁw%tgﬁﬁqpé’éVD reactor; flowing
mixingesfidfitararsosq gecvrtipaisingrcyati®sgesane molecules into said
PECVD reactor; flowing at least a second precursor gas comprising

organic molecules with ring structures havin%C H and Q atoms into said
3. Thep @{}‘E’S’ @%&ﬂgﬁa ¢claim ™1, wherein said PECVD reactor is of a parallel plate type

reactor.

CLAI

steps

4. The method according to claim 1, wherein said film is optionally heated after deposition at a

temperature not less than about 300°C for at ieast about 0.25 hours.

5. The method according to claim 1, wherein said fiim has a dielectric constant of not more than
about 2.8,

6. The method according to claim 1, wherein said film has a dielectric constant of not more than
about 2.3.

7. The method according to claim 1, wherein said fiim has a dielectric constant in a range from
about 1.5 to about 2.5.

8. The method according to claim 1, wherein said film comprises:
between about 5 and about 40 atomic percent of Si;

between about 5 and about 45 atomic percent of C;

between 0 and about 50 atomic percent of O; and
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depositing a film comprising Si, C, 0 and H and a multiplicity of
nanometer-sized pores on said substrate. 2. The method according to
claim 1, further comprising the step of: mixing said first precursor gas with
an inert carrier gas. 3. The method according to claim 1, wherein said
PECVD reactor is of a parallel plate type reactor. 4. The method

acco rding to herein said fil optionally heated after deposition
betweear} gkﬂ% %r?\]é‘/aé[g%%ﬁ 5%0'15:% OC for at least about 0.25 hours.

5. The method accordlng to claim 1, wherein said film has a dielectric

9. The%&%@f‘éé&fomﬁm@@élﬁ@ﬁ‘ Rpeut ge&p@is-ﬁBQH@%EQ@faccording to claim 1,
ein sajd film has a dielectric consta t of no# mor

ooV FARHAREEANY P . ARE S SHRPIT S REREH Ao 200 o
and ahshSehein’ sanshg @drohetwernuthe SubsiBisuands Bami@qﬁmﬁ@@ta@@@ramt 1em
and ad8€lednand, wherein said film comprises: between about 5 and about 40
atomic percent of Si; between about 5 and about 45 atomic percent of C;
between 0 and about 50 atomic percent of O; and 25 between about 10
10. TharmaetisolaBsrainifcqienednfloh By, @rmiisingeaiieraricording to claim 1,

heat tﬁéﬁﬁ'ﬂ@rs‘émmﬂ%f‘g EQ%&&%{L@E I%PHIgHéG Rapiek Heted @é«c@fr@ﬁmﬁ'& ;?é'hod and
area of a substrate chuck between about 300 cmZ and about 700 ¢

heat trgghing §ajd HEVR ehiBRPSIRIKIRROtHRYES { B%%P@@HB&@%&\R%&S&B%”LH i”&ﬁwp@”"d
said sencthdboetkdemelll; Theemeathoshiadost ding peréddim 1, further comprising

a step of: heat treating said film at a temperature not higher than about

300C for a first time period and heat treating said film at a temperature

1. TheoMeries AFEATEELCIBBI br WRSIEBNERIthREpRIbHME period is at least about ten

times that of said first time period.

12. The method according to claim 1, wherein said cyclic siloxane is selected from the group

consisting of: tetramethylcyclotetrasiloxane and octamethylcyclotetrasiloxane.

13. The method according to clam 1, wherein said cyclic siloxane is
tetramethyicyclotetrasiloxane.

14. The method according to claim 1, wherein said organic molecules comprise species of fused
rings including ring structures that impart significant ring strain, wherein said ring structures that

impart significant ring strain inciude rings of 3, 4, 7 or more atoms.

15. The method according fo claim 1, wherein said organic molecules are cyclopentene oxide.

16. The method according to claim 1, wherein said step of depositing the film further comprises
the steps of.

setting a temperature for said substrate at between about 25°C and about 460°C; and
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said second time period being longer than said first time period. 11. The
method according to claim 1, wherein said second time period is at least
about ten times that of said first time period. 12. The method according to
claim 1, wherein said cyclic siloxane is selected from the group consisting
of: oeramethylcyclotetrasiloxane and octamethylcyclotetrasiloxane. 13.
. The method according to claim 1, wherein sajd cyclic siloxane is,
setling &S RRRGCETOPA SROYEHR 2hal i o MUGFocPRE Coeig 00 Vet 1

wherein said organic molecules comprise species of fused rings including

17. THANASHC LS RoRgtArERAH SIGMECANEHRL SRR NHCHHD $RIGIENGrther comprises:

_structures that impart significant ring strain include rings of 3, 4, 7 or more
setting figw Lates for Raith His P IR fiP FONaEiALO YR ShsH a5tabRy%ARO0 scem.

molecules are cyclopentene oxide. 16. The method according to claim 1,
18. THOSRRIRGAISLELRRRY d6Pasiing el ushar CRMRKSES RRICOS O im further

setting a temperature for said substrate at between abou{3 25C and about
COMPIASHC; and 26 setting a RF power density at between about 0.05 W/cm2
settin@fidvabaias 200NBersdid Itgdhie melduntbactdrdingdo elaiot &, svberendsaidut 1000
scem. Step of depositing the film further comprises: setting flow rates for said

cyclic siloxane at between about 5 sccm and about 1000 sccm. 18. The

method according to claim 1, wherein said step of depositing said film
18, Therthethodngprseingdttinglowirateseszid saidsaiemrganieporiiegubasdatim further
comprgiwveen about 5 sccm and about 1000 sccm. 19. The method according

aim 1, wherein said step of depositing said film further comprises:

. | :
seting A IS SEHE Vit POV PEREAS APDUIBEN SEGINFORT SHPRFRTor

about 5000 mTorr. 20. The method according to claim 1, wherein said
20. TREMEHIRPISHRGRAIL I HINer, LORINTSAT" step of depositing said film further
comprises;
sefting a flow rate ratio of organic molecules of cyclopentene oxide to cyclic siloxane of
tetramethylcyclotetrasiloxane 1o between about 0.1 and about 0.7.

21. The method according to claim 1, said method further comprising:

27



setting a flow rate ratio of organic molecules of cyclopentene oxide to
cyclic siloxane of tetramethylcyclotetrasiloxane to between about 0.1 and
about 0.7. 21. The method according to claim 1, said method further
comprising: 27 providing a parallel plate plasma enhanced chemical
vapor deposition chamber. 22. The method according to claim 1, wherein
asma in said PECVD reactor is run in a continuous mode. 23. The

- pl T
providing & Bef At S g B B e NGtk FaRTAS ARARCERRFBRICVBM R or is

run in a pulsed mode. 24. A method for fabricating a thermally stable
22. ThArRINGH U sampisiagiiesierzl, Praiding RaralIBLRGIS FBSor is run in a
_ plasma enhanced chemical vapor deposition (PECVD) reactor;
Contmﬁ?)%?t@ﬂﬁ?g a pre-processed wafer on a substrate chuck having an area
between about 300 cm2 and about 700 cm2 and maintaining a gap
23. THAGHLARIY %@Mﬁ%ﬁoaags.a ORRISEHIGSRENEST) B3 DANKABRY 2 puised
10 cm; flowing a first precursor gas comprising cyclic siloxane mo?ecules
into said PECVD reactor; flowing at least a second precursor gas
comprising organic molecules with ring structures having C, Hand O

24. A RIGMS RPELAERARGRGAMSHRLLEK Tien St WalaERRAneihad for

) fabricating a thermally stable’ ultralow-k film comprising the steps of:
Providi@ ORI P BEF AR PIATE'R B ARSI ANERHER CEAHISRREHINES G VD) reactor,
positicténositicrr{PECI40 wetactor;2 2Bptsitiortingkdadigrannses tastreda sboik300 cm®
and aesw%_@rarﬁf%@%wmnﬂgowg%o@Né&ﬂ@é@%@:ogn&@%oe%%wgde hetween

maintaining a gap between the 'wafer and a top electrode between about 1
abou’gérﬁrﬁﬁadé’g%&g%‘;@?n; flowing into said reactor over said wafer kept at a
ﬂowingaripﬁr@tewermmabd sin@agcin dilakmne Q8 preceasicPERYMfauactor;
flowinGY&l15calpXPRg 3ha ok fAls RelveshARau SREAR AABRY $80%ing structures

havi s&cm, and a second precursor gas of organic molecules at a flow rate
AViIng b (e D BIRTE 3

depositing an ultralow-k film on said wafer.

mode

25. A method for fabricating a thermally stable ultralow-k film comprising the steps of:

providing a parallel plate type plasma enhanced chemical vapor deposition (PECVD) reactor;
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and about 1000 sccm, while keeping a pressure in said reactor between
about 50 mTorr and about 5000 mTorr; depositing an ultralow-k film on
said wafer under a RF power density between about 0.05 W/cmZ and
about 2.0 W/cmZ ; and annealing said ultralow-k film at a temperature not
less than about 300C for at least about 0.25 hour. 26. A method for

posi’tio];ﬁl Og%/i%%igf%r%ﬁhae %%h¥a§é%WScHl%‘nrg\}%w'é(nﬁlrrgg %%R{%éﬁngb%]ﬁ %%pcsmef:and about 700
providing a parallel plate type plasma enhanced chemical vapor

cm?, aﬂéﬂﬁ@iﬂ@ﬁ‘m)%@%;t%ﬁﬁiﬁﬁiﬁ@a&@fb?'@ﬁ@%@@%@%ﬂw 1 cm and
about h@g an area between about 500 cmZ and about 600 cm2, and

fowing |G 2IRING 2,020 Retueen. e waler,and o lop. plectiade belueen 800Uk ooy
m-and about 7 cm; flowing a précursor gas of a cyclic sifoxane Into Sai
400°Creaunosersssidiwalialikepodre abmimratiesbbremeababblsOC andabout 1000

scem, 2RAU 2006 bR HMYLFHSLSNRERIAPAILERCE: 33t AROUERALSCHBUt 5 scem

and a second precursor of o:%anlc molecules at a flow rate between about
and aBeyt IO SHEaNAUIE T56RIBEH RiFRE KB dDiNg b BRI LPENVPERiAFRY e, M T orr and
about béd@esroabout 100 mTorr and about 3000 mTorr; depositing an

depos%k'r‘i%%ﬁéim-%tﬁ% WAL AHRAEH G REFIO WL SRS WREH 8bQHto 05 wiem?

cmZ ,and about 0.8 W/cmZ; and annealing said ultralow-k film at a
and algyt SQWFE vA8ss than about 300C for at least about 0.25 hour. 29
annealigTS2ALOAKNM/ I filECHK R | Erate MBIFANT A THER (Ao K S OERCI T BA&EsY Bltout 0.25
hour. OR INTERLEVEL DIELECTRIC IN A SEMICONDUCTOR DEVICE AND
ELECTRONIC DEVICE CONTAINING THE SAME A method for
fabricating a thermally stable ultralow dielectric constant film comprising
26. A Skthadferfddrcatioms theanpeiialielipaterslbanki Gah vapquisideposisieps of:

providg{% %g%zﬁglllﬁlgg R}B‘é 'Eﬂas%?ﬁ‘&ﬁk‘?&%&&‘ %H%'ﬁ‘:%éf %BHF Qﬁ%gﬁlgﬁ ?F(E%%’B}Vrga):ior
positioning a wafer on a substrate chuck having an area between about 500 cm® and about 600
em®, and maintaining a gap between the wafer and a top electrode between about 1 cm and
about 7 cm;

flowing a precursor gas of a cyclic siloxane into said reactor over said wafer kept at a
temperature between about 80°C and about 200°C at a flow raie between about 25 scem and
about 200 scem and a second precursor of organic molecules at a flow raie between about 10
scecm and about 120 scocm while keeping a pressure in said reactor between about 100 mTorr
and about 3000 mTorr;

depositing an ultralow-k film on said wafer under a RF power density between about 0.25 Wjcm?
and about 0.8 W/em?; and

annealing said ultralow-k film at a temperature not iess than about 300°C for at least about .25
hour,
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disclosed. Electronic devices containing insulating layers of thermally
stable ultralow dielectric constant materials that are prepared by the
method are further disclosed. To enable the fabrication of thermally stable
ultralow dielectric constant film., specific precursor materials are used,
such as, cyclic siloxanes and organic molecules containing ring

SUOIRWES VDDA [ D MASYE IMATEsHDXBNEANE RYTRAEHERE OR
OxidgNAIgRLEVEL DIELECTRIC IN A SEMICONDUCTOR DEVICE AND
ELECTRONIC DEVICE CONTAINING THE SAME

A method for fabricating a thermally stable ultralow dielectric constant film
comprising Si, C, O and H atoms in a parallel plate chemical vapour deposition
process utilizing plasma enhanced chemical vapour deposition (“PECVD”) process is
disclosed. Electronic devices containing insulating layers of thermally stable ultralow
dielectric constant materials that are prepared by the method are further disclosed. To
enable the fabrication of thermally stable ultralow dielectric constant film, specific
precursor materials are used, such as, cyclic siloxanes and organic molecules
contalning ring structures, for instance, tetramethylcyclotetrasiloxane and

cyclopentene oxide.

Fig 1.
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