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invention generally relates to ultra |low dielectric
constant (k) films, methods of fabricating such filns
and to electronic devices containing such filnms. Mre
particularly, the present invention relates to

mul ti phase, ultra low k filnms for use as an 15
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Background of the Invention

The continuous shrinking in dimensions of electronic devices utilized in ULSI (ultra
large scale integrated) circuits in recent years has resulted in increasing the resistance of
the BEOL metallization as well as increasing the capacitance of the intralayer and
interlayer dielectric material. This combined effect, in turn, increases signal delay in
ULSI electronic devices. In order to improve the switching performance of future ULSI
circuits, low dielectric constant (k) insulators and particularly those with k significantly
lower than that of silicon dioxide are needed to reduce the capacitance. Specifically, low
k insulators having a k value of less than 4.0 are needed. Unless otherwise noted, all k

values mentioned in the present application are measured relative to a vacuum.



However, these dielectric materials are generally not

thermal |y stabl e when exposed to tenperatures above
WQRROEGRBENT whi ch renders them usel ess during PCT/US2004/008195

integration of 5 these dielectrics in ULSI chips which

require a thermal stability of at |east 400C. Typica

prior art low k materials that have been consi dered

for application in ULSI devices include polyners that

contain silicon (Si), carbon (C) and oxygen (0), such

as methyl siloxane, nethylsesqui oxanes, and ot her

organi c and i norganic polyners. For 10 instances
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20  The ability to fabricate a low-k material by a plasma enhanced chemical vapor
deposition (PECVD) technique using previously installed and available processing
equipment will thus simplify its integration in the manufacturing process, reduce
manufacturing cost, and create less hazardous waste. U.S. Patent Nos. 6,147,009 and
6,497,963 describe a low dielectric constant material consisting of Si, C, O and H atoms

25  having a dielectric constant not more than 3.6 and which exhibits very low crack

propagation velocities.
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conposed mainly of C and H and having a dielectric

constant of not nore than 3.2. 5 Utra lowk filns
whaoois108p495 di el ectric constant of |ess than 2. 7P¢ENN2004/008195

preferably | ess than 2.3) are also known in the art.

A major problemw th prior art ultra lowk filns is

that when integrating such filnms in ULSI devices, the

integrated filnms exhibit poor nechanical strength.

Generally, ultra low k filnms have a nmuch | ower elastic

nodul us and hardness as conpared with filnms with k

val ues of approximately 2.7-3. 10 In view of the above
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of the present invention. It is a further object of
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| east a second phase that consists essentlally of C

and H atons. The multiphase, ultra low k filmof the
I5present invention, mhlc‘“WQﬁﬁﬁﬁlgﬁﬁﬁWﬁ§@s atonms of Si,

C, 0 and H, has a stronger 3 WD 2004/ 083495

PCT/ US2004/ 008195 6, 347,443 and 6, 479, 110 B2.
It is therefore an object of the present invention to provide an ultra low dielectric

constant (k) film having a dielectric constant of not more than 2.7 which also exhibits
improved mechanical properties such as improved elastic modulus and hardness.

20
It is another object of the present invention to provide PECVD methods for fabricating

the ultra low k films of the present invention.

It is a further object of the present invention to provide a method for fabricating an ultra

25  low k film that comprises at least two phases, i.e., a multiphase film, wherein the first
phase is comprised of Si, C, O and H, i.e., a hydrogenated oxidized silicon carbon, or
carbon doped oxide, CDO film (henceforth called SiCOH), and at least a second phase
that consists essentially of C and H atoms. The multiphase, ultra low k film of the

present invention, which mainly comprises atoms of Si, C, O and H, has a stronger



It is a further object of the present invention to

prepare a nultiphase, ultra low k film that contains
WO 2000/08340F - Si zed pores or voids, which are on PE&EUS2004/008195

der of about 0.5 to 5 about 20 m. It is yet another

object of the present invention to prepare a

mul ti phase, ultra low k film which has a dielectric

constant of 2.4 or less, an elastic nodulus of about 5

or greater and a hardness of about 0.7 or greater,

whi ch val ues are greater than existing ultra low k 10

films. It is yet another object of the present
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15dielectric cap | ayer

Tt is still another further object of the present invention to provide methods for

fabricating a multiphase, ultra low k film in a parallel plate plasma enhanced chemical

vapor deposition reactor.

20  Itis yet another object of the present invention to provide methods for fabricating a
multiphase, ultra low k film for use in electronic structures as an intralevel or interlevel

dielectric in a BEOL interconnect structure.

Tt is still another further object of the present invention to provide an electronic structure
25  incorporating layers of insulating materials as intralevel or interlevel dielectrics in a
BEOL wiring structure in which at least one of the layers of insulating mat erials is a

multiphase, ultra low k film of the present invention.



formed of different materials for use as a reactive
ion etching nmask, a polish stop or a 5 diffusion
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achieved in the present invention by utilizing a

met hod whi ch includes one of the foll ow ng

alternatives: at |east one precursor gas conprising

sil oxane nol ecul es containing at |least three Si -0

bonds; or at |east one 10 precursor gas conprising

si |l oxane nol ecul es containing reactive groups that are
sensitive to e-beamradiation. In accordance with the
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20 at aI F5 ﬁardnesg §F f’rom about 0.3 or greater. The elastic modulus and hardness are

25

typically measured by nanoindentation techniques, and these properties generally

decrease as the dielectric constant is decreased.

The multiphase, ultra low k film of the present invention may be formed utilizing one of
the following three embodiments. In the first embodiment, the multiphase, ultra low k
film is prepared by the steps of: providing a plasma enhanced chemical vapor deposition
reactor; positioning a substrate in the reactor; flowing a first precursor gas containing
atoms of Si, C, O and H into the reactor; flowing a second precursor gas comprising
mainly organic molecules containing atoms of C, H, and optionally O, F, and N into the

reactor; flowing a precursor gas comprising siloxane molecules containing at least three,
5



WO 2004/ 083495 PCT/ US2004/ 008195 filmon the
substrate. Optionally, the deposited filmcan be heat
WO ec@angdnt a tenperature of not |ess than 30BCX/U82004008195
time period of at least 0.25 hour. The first
enbodi nent of the present invention may further
i nclude the step of providing a parallel plate reactor
5 which has a conductive area of a substrate chuck
bet ween about 300 cnR2 and about 800 cnR, and a gap
bet ween the substrate and a top el ectrode between
about 0.1 cmand about 10 cm A RF power is applied
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25  In a third embodiment of the present invention, the multiphase, ultra low k dielectric
film is prepared by the steps of providing a plasma enhanced chemical vapor deposition
reactor; positioning a substrate in the reactor; flowing a first precursor gas containing
atoms of Si, C, O and H into the reactor; flowing a precursor gas comprising molecules
containing reactive groups that are sensitive to e-beam radiation into the reactor;

30  depositing a multiphase, ultra low k film on the substrate; and curing the deposited film
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containing reactive groups that are sensitive to
e-beamradiation into the reactor; 30 depositing a

worzdoiogdrase, ultra low k filmon the substrat ePCEHOS2004/008195

curing the deposited film 6 W 2004/ 083495

PCT/ US2004/ 008195 include the step of providing a
paral l el plate reactor which has a conductive area of
a substrate chuck between about 300 cn2 and about 800
cn2, and a gap between the substrate and a top
electrode bet ween about 0.1 cm and about 10 cm A RF
power is 5 applied to at | east one of the el ectrodes.
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nmul t.ipha ltra lo k.material of the present
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being in intimte contact mnth the first |ayer of
insulating material, the first ?lon of conduct or
beilhg prese lieentio i g dieqtedioi aprelagiromic strectire mdich has layers of
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embedded in a second layer of insulating material which includes a multiphase, ultra low
k material of the present invention, the second layer of insulating material being in
intimate contact 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 of conductor and being
embedded in a third layer of insulating material including the inventive multiphase, ultra
low k film, the third layer of insulating material being in intimate contact with the

second layer of insulating material.

The electronic structure may further include a dielectric cap layer situated in -between
7



low k film the third layer of insulating materi al
being in intimte contact with the second |ayer of

WO pauiosi4pfg material . 30 The el ectroni c struct BCBUREY4/008195
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further include a dielectric cap layer situated in

-between 7 WO 2004/ 083495 PCT/ US2004/ 008195 further
include a dielectric cap |layer situated in-between the
second |l ayer of insulating material and the third

| ayer of insulating material. The electronic structure

may further include a first dielectric cap |ayer

bet ween the second |ayer of insulating material and

t hdughertinglad aaéaelect@h chpButrastitnatgd irabetwead the amﬂnﬁlag'&%ﬂiﬁlsulatmg

L N RCOIETE A -~

be isdhdecd fieht Hiclairkicap LR8r Kk EER the tdcbaPRYE Itk Biting material and the
SI|$%£P oxinitrjide, silicon carbon nitride (S
51 efthizd fayes ofipyulgting miaterish ad @ secoad diclastrichenp dayer on top of the third

reﬁ&ﬁgbpﬁﬁuﬁg&g&agﬁmng Ta, Zr, H or W silicon
carbide, silicon carbo-oxide, carbon doped oxi des and

their hydrogenated or nitrided conpounds. The first

o0 BRSSO S SHA b S50 A SR SRR SEARS on

f | yoznuﬂnay,@ﬂmh Zuboh hittido\Gi O, esftRtorf et Silisbd higRR with the
or SI|I§PH nitride or_dgped varieties of these

getgrg meta] bging J ap&gsHi or B{;g@coqﬁ@b@eeﬂhmmaﬂ)o oxide, carbon
St HHﬁéM)@deg%}id Eﬂé[ﬁ}py@fogbﬂb@édﬁ%]ltﬁgééc&ﬁéofug@ Oﬂletfﬁ* {an§ he second

| ayer of a dielectric materia eposi on at ea St
on éleéﬁcﬂnwpdmmahh@selwcmdrﬁbm theespme fgroupsnﬁ dieldcnty materials. The

L t t th |.ud
i T e R R T TSI R
| neﬂt}mkd mgtermlts esiut:lahs PG ot BRS@STIR eﬂcﬁoﬁﬁrsﬂ'uctﬁﬁsfﬁéypﬁhh%nclude a
B | a r ang? %ectrlc dlffu5|on barrier |ayer on
5 of CBFIS Bt G EE 14 GCRitHe Tt AeRSRINOHH 2 Iask a9 of the second and
| ayid layd O f MlsBltih@Rbferial THE élHétFonﬁ@éfchﬁﬁ%Hﬁ{{' Gl R8s

first 20 dielectric RIE hard mask/polis ayer on
t opiclgetricayes oademiof thy sqconsk layersd linstlatigg materiel foa bise @ a RIE hard

T PN T e I R

t he ric
dl héllrdcnnaSk/@oH%I}Estblalaylerrmhd(élmidnﬂisnusﬁlmhﬁﬁﬁﬂleﬂﬁch@@a st

SNV MO R TTASI NG TCAK

S eﬁl@féﬁal, a first dielectric RIE diffusion barrier layer on top of the first dielectric polish -
stop layer. a second dielectric RIE hard mask/polish -stop layer on top of the third layer
of insulating material, and a second dielectric diffusion barrier layer on top of the second
dielectric polish-stop layer. The electronic structure may further include a dielectric cap
layer of same materials as mentioned above between an interlevel dielectric of a
multiphase material and an intralevel dielectric of an ultra low k film of the present

invention.



dielectric polish-stop layer. The electronic structure
may further include a dielectric cap 25 |layer of sane

woredoe/083bs as nenti oned above between an i nt er PEI/ER2004/008195

di el ectric of a nultiphase nmaterial and an intralevel
dielectric of an ultra low k filmof the present

i nvention. 8 WO 2004/ 083495 PCT/ US2004/ 008195 These
and ot her objects, features and advantages of the
present invention will becone apparent fromthe
foll ow ng detail ed description and the appended
drawings in which: 5 FIG 1A is an enlarged,
cross-sectional view of the present invention dual -

phase terial. FI 1B i schemgtjc representation

o e Fhilbhobis B epdedaR BEGOL HaoTeoRb e PG avi become
10 a@parbireirddh EREBHowRY ABhil QN deféftion RNAER PPLfREd MawiddsGh which:
2 is an enlarged, cross-sectional view of the present

Sinvention tri -phase material. FIG 3 is a

Cl 986" BRE d:00 ke EMCOLoclili DEGAAMC LN O PR bikce

pl ate chem ca position Teactor.

an nemdréml.ged, cross-sectional view of a present

i nvention electronic device having an intralevel
dielectric layer and an interlevel dielectric |ayer

f oG A s d d2Bem#By fepieSsffion UE the FardoW dovhlehiBiruéQrdd1%he frst phase
is an enlarged, cross-sectional view of the present

10j nétheipsesert iavantion dealpbeseemagedal. of FIG 4 having an

addi tional diffusion barrier dielectric cap |ayer
deposited on top of the nultiphase, ultra low k film

of FiG.e presehtgeadnuesstiecimnalbew bGthepréssntdfnvenriba g @fhase material.
cross-sectional view of the present invention

electronic structure of FIG 5 having an additiona

Rl EIG.e 1d arasss/spélonslhiél 6Pthe bRk&f invehtiGparhlfy Blatdmbtal vapor
dielectric cap diffusion barrier |ayer deposited on

15t o ferspitioR&eastiti sh- st op | ayer

20

25

30

FIG. 4 is an enlarged, cross-sectional view of a present invention electronic device
having an intralevel dielectric layer and an interlevel dielectric layer formed of the

multiphase, ultra low k film.

FIG. 5 is an enlarged, cross-sectional view of the present invention electronic structure
of FIG. 4 having an additional diffusion barrier dielectric cap layer deposited on top of

the multiphase, ultra low k film of the present invention.

FIG. 6 is an enlarged, cross-sectional view of the present invention electronic structure
of FIG. 5 having an additional RIE hard mask/polish stop dielectric cap layer and a
dielectric cap diffusion barrier layer deposited on top of the polish-stop layer.

FIG. 7 is an enlarged, cross-sectional view of the present invention electronic structure
of FIG. 6 having additional RIE hard mask/polish stop dielectric layers deposited on top
9



FIG 7 is an enlarged, cross-sectional view of the

present invention electronic structure 30 of FIG 6
whaooisfogp493idi ti onal RIE hard mask/ polish stop dPe&l/@81004/¢08195

| ayers deposited on top 9 WD 2004/083495

PCT/ US2004/ 008195 Detail ed Description of the

I nvention 5 The present invention discloses a

mul ti phase, ultra low k filmthat has inproved el astic

nodul us and hardness, and net hods for fabricating such

films. The filnms disclosed in the preferred

enbodi nent contain at |l east two phases, in which the

first phase is a "host" natrix of a hydrogenat ed

oxi di zed silicon carbon erJ consi sting of

Si, C OandHin 5’6@6‘6‘5 O%éﬁbog‘j)ﬁ B¥%brk. The

other phases of the nultlphase low k film 10 of the

i nvention consist mainly of C and H atons. The
5 MulThé prese¢ invehtioradisadusek a friuliipbagey ultpdew KlHingtbhgs improved elastic

gD lgle Y u@anfigal 5 %) L& ?neﬁlr ?s/ go%g richti srug%\ﬁ}g?Q )Thgqithﬁls disclosed in the

MU b tdfiaise@nboditheénd cdniwm lat fehdtmvo f)hatsbée ipwhichthe ﬁmtadma ism "host"
has a dielectric

2. T o AERP e CHOPES EHAFR RS R (S I 00 ne of S, .
@J%J'Hl?{ g*f a 8RRt bOided 8RR  Thd ﬂﬂleﬁ?ﬁh%éﬂéﬁﬁénﬂftlphﬁs{éMOw k film
bou

greater. Even nore erably sa
10 nu lof ﬂphwatlom Pansist mointoffG rd Hatonss. dhepulinbae, Bndewkitilm may

ab &1}%@5 ggt{;ts? B:ng j?cg 20041 p(%e%or s&l 90%%»(%5’@&@5 f?)fZIO nanometer in

and ness rom about
or dismeeat er. The present i nvention further discloses
vari ous nethods for fabricating a 20 nultiphase, ultra
Iom;k filmusing a parallel plate plasma enhanced

g%r%o@et tﬂéﬁﬂtuphgs%p@l%%v@ R fl@aT R preddaf i@vdrtiog havmdielctric
dual -phase material of the

15| n\cenﬁttarm of ot redveviraniahow?. 7, prifeplgfE got @P‘@r eas%"g’Btlt D elastic
vi ew%@gf g];llnoru%t7 o Elaeﬁfér 198 8'h§rdl‘?less P Bbom eﬂ%htr 1.% o¥e&br. | Bven more

enat ed~oxi di ze i con carbon materi al
( Sl[%ﬁab]ymaidudmlngh&,,ulﬁ lo@ lafilin ksi arﬂlglectugvgms@qap@ pfmot more than
bonded netwo

o rPROW =/ 28 © stleﬁﬂgdqu%quﬁbglhtte % &F %rrgétgré Pﬁ%isgt)f ROk about 0.8 or
ST IdGhUT GhObrdsbif idvehiién ﬁtﬂﬁ&&lmdﬁossdﬂ@mms mefHots fot fricating a

20  multiphase, ultra low k film using a parallel plate plasma enhanced chemic al vapor

deposition reactor.

Referring now to FIG. 1A, a dual-phase material of the present invention is shown in an
enlarged, cross-sectional view. The first phase 100 is a "host" matrix which is a

25  hydrogenated oxidized silicon carbon material (SiCOH) including Si, C,O and Hin a
covalently bonded network and has a dielectric constant of not more than 3.6. The

covalently bonded network structure of the first phase is shown in FIG. 1B.

Referring now to FIG. 1B, the solid lines represent covalent bonds between the Si, C, O
30  and H atoms. This is a random network, so that no fundamental repeating unit exists for
10



Referring nowto FIG 1B, the solid Iines represent
coval ent bonds between the Si, C 0 30 and H atons.

wabkeg/o8x9Rn random network, so that no fundanenP&l/US2004/008195

5

10

15
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25

30

repeating unit exists for 10 WD 2004/ 083495

PCT/ US2004/ 008195 the network are shown as "0" and

are | abel ed 102. The carbon at ons in the network are
represented by "C' and are | abeled 103. The silicon

atonms in the network arc represented by the

intersection of four lines and are | abel ed 104. The

oxygen atons, 102, |lie between 5 2 atons of either C

OF thSinetvioBlE Ale@Rowdh 441101 dolderd labsled PI2ahe carbomat cewscio et network are

oo b L LA SR B AL 81 B rgreprescni
anﬁmﬂ“ iR ion OF hlhés%a%% 1aB@EET 0AIThE Bk dRR atonkC | 02 €S between

ty o pores of nanoneter size, i.e., from
0. 3 atoms2f eltler Coord®ret er i n di aneter. The covalently
bonded netmork structure of the first phase, also
called the "host" matrix, is shown in FIG 1B.

Ref gaiddnghithif tel fiest phaseds thel seqind phasel 106 f ﬂm:vpremmenvmnltlom filtra low
the present inventjon is,shown

cr biasiab i ateong PBSRE cTR Sratiaf AL o508 955 o guliphase
h{) aleal B ih u@es%ﬁnﬁlﬁsﬁ&@%ﬁh&@ 0P Nirdnees sk iieG @om 0.5 to 20

on naterla consi sting of Si, C 0 and H
[ nnmonmmym énmleger b?ﬁhﬁj@yah:gﬂy\b@nde@ ngtvwg{wtﬂ@tuae of the first phase, also

S{S% tr| cpnsbg 1s§¥wﬁgﬁFﬂ?r% than 3.6. The

iTs ase has been shown above in
FI G 113 Locat ed MAthIn the first phase is the
second _phase 105 of .the pr ion ultra

R eRTHIE kOt he tLrReF VIBR SB s e epiPb b fytioB s fhowm inan
' ngﬁﬁtsgb&) RrdbkIsE@iohAWidw "BleSTrbthase 0O is€ et rﬂi"ﬂﬁﬁ @hich is a

consists 20 essentially of Cand H atons an
m hycﬂrpgan@ieti_\}mdfzeé silisen pirben Mg AESErOK) %@Slsvné’eof SigG.dppnd Hina

0.5 1 r

O EA BB ph RS Bl 2o BReBbl it .. T
phagecti® ¢f thefiri@hagerhas bedn shewnpeoverie §lGAS. Loeatedwillin the first

t ha be descr di srupti.on h .
e e O3 ] P AP AR e i
m lphés@ hos 6f 1B bRkt inkhtibhilga ldwR Iﬁialtéiﬁl Thd ecomt phaﬁ aonsists

the third phase consists of C and H ato

and
nmu |e§sepj1lal](y|qf ¥ ame I-b@;p@ apd a gaultiplicity of pores (r)‘%s a nanometer size, i.e., from

0.5 to 200 nanometer in diameter.

In an alternative embodiment of the film of this invention, a third phase 107 may be
present as open regions (or voids) that may be described as a disruption of the random
network (FIG. 1B) of the first phase of the multiphase material of this invention.
Alternatively, the third phase consists of C and H atoms, and a multiplicity of pores ofa
nanometer size. The size of the pores may be larger than the pores in the dual- phase

composition. Specifically, the size of the pores in the third phase is from 0.5 to 100

nanometer in diameter.

11



nanoneter size. The size of the pores may be |arger
than the pores in the dual - phase conposition.

wep@aiogiseanl |y, the size of the pores in the thpPeTUptvasans195

is fromO0.5 to 100 nanoneter in dianmeter. 30 11 WO
2004/ 083495 PCT/ US2004/ 008195 havi ng about 5 to about
40 atom c percent Si; about 5 to about 45 percent C
fromO to about 50 atom c percent 0; and about 10 to
about 55 atom c percent H 5 More preferably, said
films have about 10 to about 20 atom c percent Si;
about 20 to about 35 percent C, from 15 to about 35
at duiingpbowtSrib abqut 40 dtoationerc@ Si;mbatnduto ab&ut 48tperdest C; from 0 to
per, t n _an exanpl.e fil roduced according to

P heBF et poftad g urit 1048 FE 55 SoBa percorp .
percent Si; 28 percent C, 24 atomc percent 0; and 33
aton1c percent with a density of 1.55 .02

3 gr Afete Prgderghly ngs @lﬂeschaug Aboyt BB abaut 2 atowit rebeutSi; et 20 to
nuIB I ent t|o

SRR PRrect Cifftm Bicalbt 13 Bbpl iR R H ARl p dBout a5
Inaummcbmm&nfﬁnbodlnent the ultra low k filmis 15
prepared by the steps of. providing a plasm enhanced
chem cal vapor depositio n reactor, positioning a

S Ul b 8%a@ngldfiknh froti@cdta@Eordiny Q(WcH%gm%nﬁd)ﬂ $ﬁe d%ﬁﬁ)%ﬁﬁ%ﬂ fs 15 atomic
m Xt ure cont ai ni ng at ons 0 , C,

107} phIcERkY & reagsnb; 24 dtomicRereens O @ﬂdo&pa’f@wmsment Igamth a density

15

20
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30

cog‘pglsgmn%a.hg&xs gyrﬁ?ﬁhﬁggglhgﬁses containi ng atomns

opti ona and 0 into the reactor,
f|OMAng a third precursor gas conprising siloxane

R R TR RIS N -

ul uﬁﬁzlhg)mée diffbhtemBodin &) 3 fRtRst chiboli@n BANHa low k film is
enbodi nt the ultra |ow k_filmcan be prepared using
a REPHSA by ihesters of oroiddiag ¢ plasse eplanged clmwﬁ H#ney depositio n

Pl A5PRr,HORABGEE 2 SRRILEFh 1E3P ordﬁmr?lgta'fﬂ{f IpEe%ﬁf;sglo gas 012gas

positioning a substrate In the feac
f | mextugsroopiamsng atgras o£Sin CaOrand §l iatcoive reattor, ﬂowmg a second precursor

gas comprising mainly organic molecules containing atoms of C, H, and optionall y F, N
and O into the reactor, flowing a third precursor gas comprising siloxane molecules
containing at least three, preferably four, Si-O bonds into the reactor and depositing an

ultra low k film on the substrate.

In the second embodiment, the ultra low k film can be prepared using a method which
includes the steps of: providing a plasma enhanced chemical vapor deposition reactor,
positioning a substrate in the reactor, flowing a first precursor gas containing atoms of
Si, C, O and H into the reactor, flowing a second precursor gas comprising mainly
organic molecules containing atoms of C, H, and optionally F, N and O into the reactor,
flowing a third precursor gas comprising molecules containing reactive groups that are
sensitive to e-beam radiation into the reactor, depositing an ultra low k film on the
substrate in the reactor and curing the deposited film with e-beam radiation. The third
12



Si, C 0and Hinto the reactor, flow ng a second
precursor gas conprising mainly organic nol ecul es
waeomsasaphg atons of C, H, and optionally F, NeE@musSmo04/008195
into the reactor, flowing a third precursor gas
conpri sing nol ecul es contai ning reactive groups that
are sensitive to e-beamradiation into the reactor,
depositing an ultra low k filmon the 30 substrate in
the reactor and curing the deposited filmw th e-beam
radi ation. The third 12 W 2004/083495
PCT/ US2004/ 008195 In the third enbodi nent of the
present invent ion, the ultra low k dielectric filmis

areﬁl steps. of providing a plasma enhanced

thefhirg 5 P iepbeithe BigSenbivew ion, thedds lavnplpfiglgctic film is

su

ga??%%ﬁ%diﬁfn@%é B SRS he g plafta Udherd tRimil St BGosition reactor,
S5r eamslctﬂpmng Iacsubsu@teanngmorpﬂewimgadirsiguecuwngm ®ntagning atoms of

nol ontaj nin active r OUpS that are ..
cerir i @ dng BB HOlRah B e ¥ r b S BRahie ol ifuprsing molecules
de posiatriiidreadtiveIgidups tHavark séisitieas etbiem satigionahe ﬂ@dh%actor
curjng.the d 05|teg filmwith e-beam_ radiation.
sedGpep! fargeeadﬁ Irg ap fhsysbstTafe andeouring thy depasied ﬁl@wﬂh e-beam
of LASidH edRRkcohd pﬁé&\iﬁ@f éé%rbn@éfyelagn ﬁqesthlh@érﬂ%rﬂént%f the present
bi functional organic nolecule. 1n the

10e mivdinfremmay bé atstiexape esebifurichiosal iganicmesledudned above,
the first precursor wutilized may be sel ected from one

~or nore nol ecules containing at |least atons of Si, C

0 dn dlel'ﬂhreé)etrﬂbdﬂrre:gtsl’m tiequésent ifvigiiof snedlord abR, thafﬁrlitq;recursor

added to the flrst recursor. 15 Preferably the first
pr é’é‘ﬂ?%‘b‘PaY Be splectq @nf‘c%rﬁ?%mq%@cugs co plaryng deagf atoms of Si, C,

at @End M ORdEME hélecildsd BXRAS, BENNS cHSRELIIBA tothe first precursor.
preferred. Exanpl es of sone highly preferred first

15 pr Seefergblyshe fiyst prggarseyiis aidexene ewitaning §i, G, Ghanddl etowisewith cyclic

R Ty —

oc tiarimiersjibranet ofl @tedasirh mobevales (OMTINE, stroBhi2d kBiad )1,3,5,7-

gg&éﬁg ll{;%;&t%ﬁé}%}%ﬁ% {]g\zgﬁg %éﬁ%b o 4t)51met%ylcyclotetrasﬂoxane

t r i(ORtdMA, ©Eb,01, 81, B | tb@aeB ey clotetrasiloxane (C 8H24O4S14), _
hexanethylcyclotr|5|onane nol ecul es of nethyl sil anes

0 i Weermgtiseyglorentpeiloxmned Cadbe®s Sigyemeylgplogrisikgmeor
pr ‘flgihrn‘f‘é?ﬁylglaﬁ)tt@&ﬁ&aﬁen flotidifag oﬁneth%sﬁﬂgs gf‘me-ﬁ%th an oxidizing agent

precur sor
such as O, or N>O or precursor mixtures including Si, O and C. The precursor can be

delivered directly as a gas to the reactor, delivered as a liquid vaporized directly within
the reactor, or transported by an inert carrier gas such as helium or argon. The first

25  precursor gas may further contain elements such as nitrogen, fluorine or germanium.

The second precursor utilized in the first and second embodiments of the present
invention may be selected from one or more organic molecules containing C and H
atoms. Thus, the present invention contemplates instances where a single second

30  precursor, or a combination of two or more, preferably two different, second precursors
13



delivered directly as a gas to the reactor, delivered
as a liquid vaporized directly within the reactor, or
wo ec@adgav:i ed by an inert carrier gas such as heCT/uf2004/008195
argon. The first 25 precursor gas may further contain
el ements such as nitrogen, fluorine or germanium The
second precursor utilized in the first and second
enbodi ments of the present invention nay be sel ected
fromone or nore organic nol ecul es containing C and H
atons. Thus, the present invention contenpl ates
i nst ances mhere a single second 30 precursor, or a
c opidrpatic aivleehlet mtmmngmlcél, atgmemey ab kgded o thshpfr«fcgrsemmxture The
second prec rsor s 2004/ 83495 PCT/ 4/ 0
or Par g e RSP OreS EETY & i SRl g o Vot
?1? tl§%1¥}ﬂﬁtlﬁrr€&%lfr5&rtraﬁéﬁ&féﬂ 8y all fiRdrt dafee gmsmh g&lieliven or argon.
vefed directly as a gas to the reactor, delivered
5as a liquid vaporized directly within the reactor or

orte b '
o GORE Voot A0 G A sARRATHER UBBrO oMy Ming
S eh@l.‘doﬁlrés fvitbrirgheugmes portaimng G aidid atomlseduasswchw lmhocarbons
r|ng structures. co taln

CyBIE shphebeseiort G5 oSy el Wyl e Bt phenols

CY &I aﬁhﬁ&hbﬁd&ﬁer G, Nbﬂ F:cdi@:ilﬂﬂﬁﬁ ﬁyclfcy}ﬁlﬂidéarbsﬁﬁ rdore pre ferably, the
phenol s, cyclic anines, or other 0, N.or E cont ai ni n

10 cysﬂcpnd mgmrg@gn@gqge 1smp@t1ﬁycé\01(@rrpggrcychq) kgdrpear %tbmaan%ng about
g?%i cegbon lltg | Gt re?er%y Lih&dHsi & n(d?é atBHJs)’lﬁr)éf“elrﬂeS bxamples

on co al ni 6 to 12 carbon atons,
WI hi&lurale effsﬁc&bbmadlmegalso kn@vwas ioycdo[320HeptaF?.61-giepe dnorbornylene

npl | ud 5- nor,b
Srgéct}og]?@l é:-r]ql:@g? CQNIggsrbdc? egzez”ﬁ]g %%—%%I 5%8% ntBornane (also
2, Rads Qso&ﬂﬁﬂé[g ne hephHe). Kndehexasmphis Qp&ﬁin@yc{l&32. 1.dJoctane,

] hepta-2,5 -diene), norbornane (al so

15 bi @Wl@[@z Oinqneag, comneyted Bng By ds @s‘&i Ségagfiséplmﬁ 4]octane,
t rl C]¥0§||[40§J§01én} sﬁ |§5t6'é} 8&anel and ik G%E! RlitSmativelflcparai@rocarbons

ons such as spiro[ 3. 4] oct ane

s p bﬁ]ﬂhlbfhgaim ﬁ an éz casrpmr Bp1Bs Bz]yg]@ggm@ne evvdohenane anddhe like) and also

Alterpative i C r
t0C c\zhccaé?rﬂﬁtﬁ}/ IS{dB%ﬁIb(%@C%O ggﬁg g?é; 5 gyac %@)E(I%Hﬁgg tél{l%f@f Eylenes and
i Iﬂﬁ‘)lﬂ@:ﬂ thagtlbs @seds Yplibwaligy © msaFlaﬁ)nIindayob@cdnmmd in the molecules, or

containing 6 to 12 C ato benzene, tol uene, xyl enes,
20 gnapolecules %ontalmng such atoms re]tgdegi to the precursor mixture: y

Especially useful, are species containing fused rings, at least one of which contains a
heteroatom, preferentially oxygen. Of these species, the most suitable are those that
include a ring of a size that imparts significant ring strain, namely rings of 3 or 4 atoms

25  and/or 7 or more atoms. Particularly attractive, are members of a class of compounds
known as oxabicyclics. Among the readily available examples of these, are 6-
oxabicyclo[3.1.0Thexane or cyclopentene oxide (bp = 102°C at 760 mm Hg),
‘7—oxabicyclo[4.1.0]heptane or cyclohexene oxide (bp = 129°C at 760 mm Hg);
9-oxabicyclo[6.1.0]nonane or cy clooctene oxide (bp = 55°C at 5 mm Hg); and

30 7-oxabicyclo[2.2.1]heptane or 1,4-epoxycyclohexane (bp = 119°C at 713 mm Hg). One

14



the like) may be used. Optionally, O or F atons may be
contained in the nol ecules, or 20 nol ecul es contai ni ng

W@ oh/08d4031s added to the precursor m xture. ESPEDUSI004008195
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useful, are species containing fused rings, at |east

one of which contains a heteroatom preferentially

oxygen. O these species, the nost suitable are those

that include a ring of a size that inparts

significant ring strain, nanely rings of 3 or 4 atons

25 and/or 7 or nore atons. Particularly attractive,

are nenbers of a class of conpounds known as

OXx@rBicay iveition idoguiepentere pxddel{UBO)avai | abl e exanpl es of

these, are 6- oxabicycl o[ 3.1.0] hexane or cycl opent ene

oxi de (bp = 102C at 760 mm Hg) ;

/- éﬂ@ﬁfsy %BB&&MJME@%@Q& Biertiog) 106 enetitd iBxtidts a(thipd precursor or
12 at 760 mn oxabrcyclo[6 1. 0] nonane or cy

cl mmtewéhmwfdlé}n(ﬂbgompl%tsl 15 RPAERR)§S Cogffiiningat Least three,

TSRS S16 o) SRR S SRSt

PJikebén2 B04410R8HASa sipale sementiative fon the of ®r of/rbropbeutdneto about

de (CPO he f th
O o TR § g ABHE 57 Bt
a pitodse, ﬁlﬁ%ﬁ@&ﬁ( i The GOTREdCERET ]lbleyam il cethigsliment of

contalnlng | east three, preferab Si-0O q nh
Thﬂs pmswunwxo@ mvwéreﬁeuarﬁﬂprr?@eﬁ?lﬁ%rﬁd GG (tSHté‘rate

o 350 UGG AT AR O ot

t ot/mprmemmsdanef hkbyiz)nedtommanaipédnéﬂn@oxy@ab@ radrl ng to
e By TR B b R M 3 o

p r ﬁl%%ﬁ&até([‘ %d RIdh B8 Yorl dxam ﬁ?dl&lmsldlmmﬁﬁysﬁedee CTheghrdcnmsor can be
tetraneth. hosilicate (TMDS) I withi
t ctvlieradydspinesy gcatls rezpimaehvereﬂyr £ peitvansrised digeetly within

al }Hél %a{clt(ge I{eﬁ%?’an Ve Ak drigHBERA Y Bélh@D6s ar

é] on.
riet oxys ane, phenyltriethoxysil ane, %
phenyltrrnethoxysrlane Thi s group of precursors al so

g‘hg gegzgn cp t?é.}{g ﬁfﬂbg‘? o a{s%lf c§>gese ﬁ%nﬁf) }e%gte Q{I@%Q 9f a precursor

PVicny oxySI ane
p I 86 eQhixeas tHeeeol 5ordp1h9,1ﬂ§meﬂc1dbsr t!hali doyrtaasreactg;asgmlxps thagare

reactor, de_l ivered as a |i f utlhd vap ed[ c?hrcﬁocm%n FOUDS

Wi §emsﬁ1ve to e-beam radiation, typica esc ar unsa ated hy group!
containing at least 1 C-C double, triple bond or an unsaturated ring. The precursor may
be a siloxane containing an unsaturated hydrocarbon group, or it may be a bifunctional
organic molecule. Examples of reactive groups that are sensitive to e-beam radiation
include, but are not limited to: vinyl, allyl, phenyl, acetylenic groups, and mixtures
thereof, Tllustrative examples of precursor gases comprising siloxane molecules that
contain e-beam sensitive reactive groups include: vinyltrimethoxysilane,
allyltrieoxysilane, allyltrimethoxysilane, phenyliriethoxysilane, phenyltrimethoxysilane,
and related siloxanes containing unsaturated hydrocarbon groups, including but not
limited to vinyl, allyl, phenyl, and acetylenic groups. Illustrative examples of precursor
gases comprising bifunctional organic molecules that contain e-beam sensitive reactive

15



the reactor, or transported by an inert carrier gas
such as heliumor argon. The second and third

weredvatsent s of the present invention recite tPET/USHIEH08195

5

a precursor gas or a mxture thereof conprising

nol ecul es that contain reactive groups that are 20
sensitive to e-beamradi ation, typically these are

unsat urated hydrocarbon groups containing at least 1
C-C double, triple bond or an unsaturated ring. The
precursor may be a siloxane containing an unsaturated
hydr ocarbon group, or it may be a bifunctiona

or genfadiens) | lgehémdiehs, ang blss nwhocyehc bifwetigna mpd eduliatsuct &
sensitive.to e:-beam.radj.atjon. i.nclude, . but are not )
i rﬁyi;lgact?cgc_me‘,/ Fﬁyﬁ’lcr%ﬁnﬁ{lqna ngﬁf/ﬁﬂf’s g@§,Plgﬁqle ?%?6&%@ta—2,5-d1ene
ancontoetBoi@sliche) dhairelefed otdahid Shdledul 6@ oRMAMY B8reQhan one
precur sor gases conprising siloxane nol ecul’es that
coﬂmﬁﬁwﬁ@dgéﬁﬁb§@ﬁ§rﬁnﬂ@bmé%ctive groups i ncl ude:

vinyl trimethoxysilane, allyltrieoxysilane,

al lyltrinmethoxysil ane, phenyltriethoxysil ane,

ph &g precirset tambesielinered dirautg as elgadt todhsichetmg delvered as a liquid
containig unsatur.a ed _hydrocar bon groups, incl uding
butaRseed gt e oo G FRprDOrsH oY gk Hegt girer gas Such as
ac ety srgghoups. |l lustrative exanples of precursor

30 gases conprising bifunctional organic nol ecul es

10t hat contain e-beam sensitive reactive 15 WO
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204 9%’?1@)%? of’ ﬁ;yé)r%%gﬁ)cQﬂ(fe%&} ga%h #T&feg Ii%: Sl%s?fl a O%I%ﬁma enhanced

1, 5- hexadi ene, al so nonocyclic

o lcbaruicalsvaporcdepasition (Rt raghten Ehe dépoyitibh made be performed in a
bi functional ,nol.ecul es.such as._.bi .1 )
et paE Y i 6 g1 R BPE 1Rl SRR Birgictar employed in he
Or gaRét iRheciisepatdlRt fuRitie reRt®. FIRB RMAd& a simplified view of a
unsat Haéfd C-C double or triple bond. The precursor

caR¥Blelperts FEFSD trrriect( fr arocessigg S0P sup walarethet wry be employed in
dekievRELAk iBPerfioh THY %s pYeRRQbk 2RANGLRRES |n¥o Wb} ﬂ()s‘{ljjg(ﬁlgh the gas

reapt pr,. or transpor ed' by an Inert carrier gas
as dispridiutiomplete G4, whic seseparttad fiomahe substrate eberkt12 by a gap and

AT SRS LS SIS, B PR SRURISES o e

depsirite ohudkel®eand erapanifited tettle bubsRate 22. For practical purposes, all other

parts of the reactor are grounded. The substrate 22 thus acquires a negative bias, whose
value is dependent on the reactor geometry and plasma parameters. In a different
embodiment, the RF power 20 can be connected to the GDP 14, which is electrically
insulated from the reactor, and the substrate chuck 12 is grounded. In another
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
frequency and one at a high frequency. The two power supplies may be con nected 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 r ate, pressure in
reactor, and substrate temperature.
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conti nuous node or in a pulsed node. Preferably, the

PECVD reactor enployed in the present invention is a
w@anoalog®bs pl ate type reactor. FIG 3 provi des BCT/US2004/008195

simplified view of a 15 parallel plate PECVD reactor

10 for processing 200 nmwafers that may be enpl oyed

in the present invention. The gas precursors are

i ntroduced into reactor 10 through the gas

di stribution plate (GDP) 14, which is separated from

the substrate chuck 12 by a gap and are punped out

t hrough a punping port 18. The RF power 20 is .

c odistendedubtweenttieiop ahé betiane welsieldha reaginy apd Zrispretentsdhe distance

the substrate 0 ' t her

20 eﬁ‘ﬁ??’stk%?(’pt%ailz ?fetg%{eg%g%{éf tg‘?{é’ ngléfg&%ﬁ%bs?ﬁtfszt%f ate 22

t hus acquires a negative bias, whose value is

dependent on the react and

t .pl
5 pat baveEmsocesvaEiaior FURTOHES RS SRRRTIION MEoTRE f il g the RF
iC ﬁj@({}?& e ﬁ?%cr‘étgg of @e bRBuGER, thd readldt pRRsduse ldehE Ribsabiy

ated fromthe reactor, and the substrate chuck 12
i stegperanded]t shouldhe emphasizedtwtithedihricating methpd Accepding to the

el ectrical power L . . ' t .
B S YR P s 01 G d i
f 1 SeyHemE Wyitldini@itly defined privah eomtitians! Bilen fareqpuered yiffmeht

one at a high frequency. ,The two power_ s lie be
10 cogeamst e eRdsT §3ed girerth PO et PR rORpIER SRay not
el Eﬁé&%wh%@gﬁt&ﬁk @ahadi ment, the RF power

supply can be pulsed on and off during deposition.
Process variables controlled during deposition of the

lowk filns,ar . ' . AR
s G s
t epfeg bAthe sebstrAe WRIOENEHDEB4B&1t BAT tipS200aho0 08BN ", and preferably

di stance between i h 0 d bottom | s t he

15 o BEPGT SRS P POLERT 0D B aTes ARe ™ e it and the s
t oﬂisﬂ@lujcioﬁglafer(ﬁr t_?_ﬁ%[é%ﬁ’éde@ bdiiientabputour raaad about 10 cm, and
substrate 22. 5 e main process variables controlled

duptefigatly biefpisst showh | Hrearesiabpel7 dnf MR RevEerifappied to one of the
POYRLwodel Gt %r?cﬁ(eﬁ@ﬁ @V@ffn 4B PIAEHT 38 hBout i1 BRI AkdPreferably at
p e subst | d be

ressure and rate tenperature. It shou )
enpbwas il 266 MHiAL Atlve ffeghericy siclavg | ABh pdweicerorapiipeplly e applied at

20 32 Ss%l?%ﬁ%ﬁg«%g%gget fﬁﬁﬁ?"”%ragp é Xlé‘“g (gpial%%i?éceqec%dy H zl ﬁ&*)&%eﬁsity of 0
to 1.5 W/em?.

The deposition conditions utilized are also critical to enable a successful implementation
of the deposition process according to the present invention. For instance, a wafer

25  temperature of between about 25°C and about 325°C, and preferably of between about
60°C and about 200°C is utilized. A RF power density between about 0.05 W/em?* and
about 4.0 W/cm?, and preferably between about 0.25 W/cm? and about 4 W/em ? is

utilized
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geonetry with uniquely defined growth conditions. Wen
a reactor of different 10 geonetry is used under the

waledouogRoyr omt h conditions, the fil s producedP@EHYSIV04/008195

achieve the ultra low dielectric constant. For

i nstance, the parallel plate reactor according to the

present invention should have an area of the

substrate chuck of between about 300 cnR and about 800

cn2, and preferably 15 between about 500 cn and

about 600 cnR. The gap between the substrate and the

gas distribution ate (or top electrode) is between
abdui¢curpol gasne-and. 1\&56% etyper ﬁbovéﬁd;ccm ped @troablqpouemm preferably
ab 0

ong)lé{v%e]e%1 Eﬂé&dpz ggctn?%gﬁ %fd@ 8 lsulétﬁezm@ %‘ ?/\538% Iglﬁ% flo‘i'i ate of the
VHZe@mnd padsotsbr dds, diiZCPaAnbktweal z&foﬁfﬁ yecat andabowtt50180 86&cm, and

S opPrRAPRAPBiE AR £ scim 31 e CLME Srdt wiized cEhea flow rae

RF olp ehe&hird ﬁecﬁ@oﬂgﬁ@ ieR Bﬂ’&iah@ nféhe%ﬁfeﬁ e8Raifing 3t Eg%ﬁﬁree Si-O bonds,
density of to 1. . The ep03|t|on con

ut iepipkeyed &y fée &irs emb@qhme@fanf theprsmbrmemcmus beyetnkbout 5 sccm to

[ n f ordi to.
E‘g{?%{r{ggg(ﬁ%écﬁlh \\;Vétgt ffé)%ﬁra %‘P\?#}e&h lgn c(::t’ie)m?o a ?(?d: %gm OI}%'IG t%n‘d

teppsumbummbeﬁgbmﬂmhghbqhdhﬁaﬂSC and about 325C, and

10preferably of between about 60C and about 200C is
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utilized. A RF power density between about 0.05 Wcne

angh thaRedsnd 4mBodiefiPor ¢ rza,rlgf
0.25 Wen? and about 4 W ne’élﬁm t‘ﬁﬁteé%sﬂv%%teoftheﬁrst

20D HEIULS, mTWﬂ@hr%mé@ut @s@@ua@oa’oograwoo @ccgn,,and preferably
ng@eetgﬁoo\ﬁ?%gsﬁﬁ%tl ggoﬁt%@ &Q&ils@*ﬁ% ]’@-gegr :f’c%@gh%s QW rate of the

prefera tween ouft sccm an
i sseeond pmelcrsor@aa erg,a@?@,ﬂietvm abowr\§ scahend hbdu 60,08®6RAL and

15 0 BHE0Y b6 Sen i 3nton rabhn df POsenBen asbaRe g3 fow ratc

s c efitha itdrdaftediirsol 9as) 08, Hekbules cdﬂtéﬂuhg Bhctiv é‘? ofAShitlaB¥ensitive to
r at of the third precursor gas, oxXane

mof SEU E¥iztA: erPYRY T the seeand emhoéenegr ofhp pregent invention is
enpdiR¥&Hatont § Elférdc to: ﬁoutqmgdcﬁﬁ %th%fﬂ&\/@?at%&\%gé}} 10 sccm to about

invention i s between about dccm
500 sccm being more highly preferred

In the third embodiment of the present invention, a reactant gas flow rate of the first
precursor gas, e.g., TMCTS, between about 5 sccm and about 1000 sccm, and preferably
between about 25 sccm and about 200 scem is utilized. The reactant gas flow rate of the
second precursor gas, i.e., molecules containing reactive groups that are sensitive to e-
beam radiation, employed in the third embodiment of the present invention is between
about 5 sccm to about 1000 scem, with a flow rate between 10 sccm to about 500 scecm

being more highly preferred.

In some embodiments of the present invention, He is added to the above -mentioned
mixtures at a flow rate between about 50 sccm and 5000 sccm. He may be added to any
18



about 1000 sccm wth a flow rate between 10 seemto

about 500 sccmof the third precursor gas being nore
whe@hlog34ps ef erred. 10 In the second enbodi nent PGF/US1064/008195

present invention, a reactant gas flow rate of the

first precursor gas, e.g., TMCTS, between about 5

sccm and about 1000 sccm and preferably between

about 25 sccm and about 200 sccmis utilized. The

reactant gas flow rate of the second precursor gas,

e.g., CPO between about 5 sccm and about 50,000 sccm

and 15 preferably between about 25 sccm and about

10thePECSAde macter.uti | i zed. The gas flow rate of the

third precursor gas, i.e., nolecules containing

reactive groups that are sensitive to e-beam

r aflitgfai RActaBRS QYR datk 6f fhreravennin@atiost thetiteeainttodaments where

present invention is _between_about SCGC
5 1080 isseseshs wparHorea® PP APR RS SHk P u%l@ﬁotsacfab A jptal reactant
50 as ow}ateee(')f"ggs Hgﬁﬁ‘rs&ls ahdaéh BE 8fcqhic €mbe@mlehts tWherd M fsthsed as a

nent of 't resent invention, a reactant gas
f I cnmelagas iofpreferablyf ﬁorstabomﬁé@m@? 5(5)955601@ g., TMCTS,
bet ween about 5 sccm and about 1000 sccm and
preferably between about 25 sccm and about 200 sccm

I SPitdringRy the}’ﬁﬁ pli@aﬁbﬁﬁlihz@am gdchof t}attmcbémbddanememm durther be
precur sor .., hol ecul es cont ai reactive

10 gr woiesl W%&Oa Apa gzgﬁgq g5 ghthe dirgt asg sgeQu 1;3 s 55 may be mixed
e nR)ltB erl ﬁlré bt ¢, St dh %‘T‘E@\f’ Di&RtRr TR M dition of CO , to the

|nvent| et ween ~ about sccm to about 1000 scc
Wi fitst prefcimsw asatoaxrtaegm enthg @d@@@mf ©OapioumiEwg o§ £6m and O, to the

e pabsen A PUR o BECYD BB o SIROFIRDSy Gfecton plasma

- MaNghi Qﬂeﬂnﬁ&aabp(&nmmpmes ﬂlefulnlfwml@t o thefilne depositaiuin t5O
seem and 5000 stem

0 an 18
15 zogmst;stsw@qn@%sgmseg’éy@éﬁ Hsh ety ety e gmount of
Wit a&ﬁ% 25 LW 1abButa000 8&nh) REE thoSOprefetdblyefeh about 50
of tﬁe hree enbodi nents where

scem to about 500 scem. When a mixture of CO, and O, is admixed with the first and
second precursors, the amount of CO, admixed may be from about 25 scem to about
1000 sccm and the amount of O, admixed may be from about 0.5 sccm to 50 scom.

20  More preferably, the amount of CO, is from about 50 sccm to about 500 sccm and the
amount of O, is from about 1 sccm to about 30 scem. Alternatively, a mixture of He and

CO, or He alone may be substituted in place of CO; in the above embodiments.

Reactor pressure during the deposition process between about 50 mTorr and about 5000

25  mTorr, and preferably between about 100 mTorr and about 3000 mTorr is utilized.

It should be noted that a change in the area of the substrate chuck by a factor, X, i.e., a
change from a value in the range between about 300 cm? and about 800 cm 2, will change
the RF power by a factor, X, from that previously specified. Similarly, a change in the
30  area of the subsirate chuck by a factor, Y, and a change in the gap between the gas
19



5 He is used as a carrier gas is fromabout 25 sccmto
about 10,000 sccm A total reactant gas flow rate of

w@aw48Beur sors in each of the three enbodi menPCT/MREN€008195

He is used as a carrier gas is preferably from about

50 sccmto 5000 sccm Furthernore, the first precursor

utilized in each of the third enbodi nents may further

be 10 mixed with CO2 as a carrier gas or the first

and second precursor gases nay be mxed wth COQ2 or a

m xture of CO2 and 02 in the PECVD reactor. The

addltlon of CO2 to the first precursor as a carrier

g avillde asgogiatedarith vehasee Bop fastoraY i intthe gasdfowa@Rs dnch Biat

d {he
g)trt C)c;us F?} § %&1 Q&‘. If%% ngﬂ?(fznl ﬁeggs'sﬁ(§1§ rébflglrgr 1S 6?66\13% arga of the substrate

t h e‘eﬂéECWIBacrlsadnvuiuabmHstramrlmvle and the flomi tafk 6T thy g@es £16r to one

When CO2 i1s

sited.on the 15 rat
ad ﬁ?@%@{{% POSHRR stationy k& i}' 510&@% gpdtotal gawer input to the
ampédtor@fe m%h%ﬂy Bt membalsiHepdsiticittdRoh it e r%fpc(?c?'
sccm and nore preferably from aIr)Jout 50 sccmto abou
500 sccm When a mixture of CO2 and 02 is adm xed with

{ P A e SERRRM ALCRUT SR Req BIE, AIPHN OB it

ad mxe from about ccm
an dbefoneuraiergwntg ﬂlfthﬁﬁntagmmepkomymg ETHe stdbilafaton p&ce’@s can be

o TR R R Bhes S bt e
amsast 0.29 hdde. Mi)ré ﬁ&!ﬁrﬂh? Yhe énn%é’lﬁ@ ik ﬁeMH P f&?a%g] annealing step

Alternatively, a m xture of

nmaft ftb@utsiﬂsls@ut@ Al 4$Q%’Cgﬂom@mepewb¢twem@oamhours and about 4

e [

o DO TP RabiAAh BooBEEAR G bElb el 1F  HFBE Rbiisl Annealing

mTprqcessanttrrmemmarcsaaﬁoye bhtu‘#\é@)?(ja Bichstthek @l salbdlity of €@ films obtained
Cm 30 %t{ln IR lélt |.O ; It qslhoulad be lrs1ot (ted % hat ;

a changes °n T RE élltg]é’ Wyt ntﬂéngﬁb‘g‘ll 4P aRiFR{dS i tya temperature o

f ambtdéss tliﬁn 4008C., It & nofdan €ni§ £6Hb LY pleddnt ifVehil JARIG further
bet en about 300 cn2 and about 800 cm 2, w Il change

t hEedpge tﬁ ech: constaptiad the nyultiphagey Lthaigl-o\xpk gigleoiyis|fijm of the present
S pﬁﬁfbﬁtio%dDm%éﬂﬂe fl’i@z!ltXrea&éﬁh 889 Qndl&uy}%ra%%eﬁrs ﬁanx%dtf{gl)m the organic

substrate chuck by a factor,
gaprepasee ewnpmmngg@ignd l@n@@Q@M&@B&éﬁE) may thermally decompose and

20 qur/ %J?g 9814/\(%9(? 1]1‘1?0 nﬁéﬁer moﬁaﬂﬂggvs Sgb%ieerf% e\éwf.ﬁd{%ﬁ)ére ﬁlem Optlonally,

25

30

further developments of voids may occur in the film by process of conversion and

release of the molecular fragments. The film density is thus decreased.

In an even more highly preferred embodiment of the present invention, annealing is
performed utilizing two heating steps. In the first heating step, the film is heated at a
temperature not higher than about 300°C for a first time period, and thereafter, in a
second heating step, the film is heated to a temperature not lower than about 300°C for a
second period of time, where the second period of time is longer than the first period of
time. Preferably, the second time period is at least ten times longer than the first time
period.
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previously specified. If a nultistation deposition
reactor is used, the area of the substrate refers to
we@awh/083gs vi dual substrate chuck and the fl ow PEL/ES2004/008195
the gases refer to one 5 individual deposition
station. Accordingly, total flow rates and total power
input to the reactor are nultiplied by a total nunber
of deposition stations inside the reactor. In each of
the three enbodi nents, the deposited filnms nmay be
optionally stabilized before undergoing further
i ntegration processing. The stabilization process can
be etbogiarehtsrafle: frygseahingetitionge atring steprfplovat the demfsitinnbf the

| ess .t riod of a | east

nodI s SR oy P TRab et ot s Rpae adiation for
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p I ageoCuliay ent.i o ®sdintenfsUE bBah cmmegiig ®Brfbidd under vacuum.
di el ectric constant of the nuitlﬁhase ultra | ow k
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0 ptmoméetnlscy re@icat ab thes tmaymque Dflﬁlle Ifymdmdcﬂqs oséonarbgt aﬁjﬁsﬂlngythe e-beam
onverte e rel eas
P SRS PEF b N iR TR POy b Bl B0 BT b Eesf ormed
V Oiwdkhin iy topcatlie mltiralld%ekfﬁurhm by process of conversion
and release of the nolecular fragnents. The film
15denS|ty is thus decreased. In an even nore highly

pr ehemuaPheseriaeR ik Mihs bh@inkd §§ ARt priANERYdnPBn Rrocess are

annealing is 25 perfornmed utilizing two heati
st elp?gactfrrrzed he diglectnic dpastents gf k%P, and hes thérmally stahlea‘mauocess

gr%tﬁ)'imﬁ %%Le 1n[9<9£ dgtet%tlﬁﬂ[lc %&bﬁ lf'l‘é)rmﬁp Cplo%csseﬁ at

f|r eri od, er ea
he aimpe@tuﬂ’eemf ot the5 O?CE nifirthetig@t etHe frmltfphh&mﬂaﬁ aéwi k €iln®have

| ower abo 300C.for .a..second period of 4ine,

20 NG ST PR GO Ran P g GPLoF L TP ghd may even
fi pSbel®RN0OUmA THelARipIRES RPN Ymeth 8 caﬁ%i)éi‘oﬂe'bg%asﬂy adapted
period is at |east ten times longer than the fir
t i Heproducggrmelgphase, ultra low k films as intralevel and interlevel dmlectrlcs in

BEOL processes for logic and memory devices. The multiphase, ultra low k films of the
present invention are also characterized by having improved mechanical properties

25  including the improved elastic modulus and hardness mentioned above.

The electronic devices formed by the present invention novel method are shown in
FIGS. 4-7. It should be noted that the devices shown in FIGS. 4 -7 are merely illustrative

examples of the present invention, while an infinite number of other devices may also be
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20 WD 2004/ 083495 PCT/ US2004/ 008195 enbodi nents of
the present invention, a curing step follows the

waolewamsi4pdn of the nultiphase, ultra | ow k fiP@T/US2004/008195

Preferably, curing is perfornmed using e-beamradiation
for a time period of fromabout 0.5 to about 100

m nutes at a tenperature of fromabout 5 350C to about
450 C. Exanple conditions are the use of e -beam
energy between about 1 and 100 keV, and a dose of

el ectron radi ati on equal to between about 50 and about
5000 mcroCurie / cnR. Preferred conditions use e-beam
ener gy betwe en about 2 and 30 keV, and a dose of

at i t 0. between, about. 100 _and
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adiligs usefid s GMPetshisteg. (T Tahsing thndassified top

ace and

pr.esent invention process are characteri zed

10d| TP e oHioE a2 MP progeps iy eondpetechen thy o region of
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st aiQ 3604 mﬁftgﬂ:ﬁ SSultda 16 %r @kl ﬁ ds%ﬁgnvéfrﬁuoﬁ i€ (Qe?)ng 364 on top of

structur e
of thpfistaysECinsFating evatasiak34 drdeheriiist feghvasd ,mettdlBBa The¥irst layer of

K fullsluﬁ?mg %%?ena%f %1(1ta{1 %e s%%b ygNmeﬁa o%gﬂgr ﬁ,Bél %#agq%yltg@@ndoped

I $ nor nm y proces era

vel OCl

be vlmétm\s!voﬁ.&eée]mﬂﬁeﬁals Tdi%nyfuﬂhbﬂ quinasie idsilatthg ﬁﬁ&nﬁﬁt had gaultiphase,
scan t $e easi |y adapted _in producin

15 M H‘é{ P& Isdhangipttng }w@@lﬂhﬂgﬁ@h@wce%ﬁfaﬂowed by etching

| NGAA b B3Rl t@f Rl/&CA P
and nenor Iv@;d ew!yc esdlls %ﬁ%ds{r%r%(} t?fggﬁ%séﬁ tra ;{r&’ées%(&?fh% first

of cqrrdélctob
P Y PR R OSSR, 85, DS 08, B

gre4ﬂ Isicayied ol A sepoad taiystmfmdhpl@se rultzaeldwhy film 44 is

multlphase ultra low k ﬁlm 38 and the first conductor layer 40. Th e conductor layer 40
may be deposited of a metallic material or a nonmetallic conductive material. For
instance, a metallic material of aluminum or copper, or a nonmetallic material of nitride

or polysilicon. The first conductor 40 is in electrical commu nication with the first region
of metal 36.

A second region of conductor 50 is then formed after a photolithographic process on the
second multiphase, ultra low k film layer 44 is conducted followed by etching and then a
deposition process for the second conductor material. The second region of conductor
50 may also be deposited of either a metallic material or a nonmetallic material, similar
to that used in depositing the first conductor layer 40. The second region of conductor
50 is in electrical communication with the first region of conductor 40 and is embedded
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The el ectronic devices fornmed by the present invention
novel nmethod are shown in FIGS. 4-7. It should be

woodoasibat t he devices shown in FIGS. 4 -7 arBPCTEREIY008195

illustrative exanples of the present invention, while
an infinite nunber of other devices may also be 21 WO
2004/ 083495 PCT/ US2004/ 008195 I n sone enbodi nents of
the present invention, a dense region at the top
surface of the inventive filmcan be forned by

adj usting the e -beamradiation conditions. The dense

5 region of such a filmis useful a CVWP etch step.
Thimuliiphase,véiva lewy k fibn ikdn ditiopasel CQIIbfpff waththeaimst lagst dfénsulating

05tk 30 b LB 0S¥ S AR5 A ot i

si llow dufilgLib st hﬁfa&v&?dlelSctﬁb HieriaQwHile Pheecédilay &t iof ifs@Rting
substrate 3 an_jnsul ating mat er al | ayer 34 is first

S orRALEH Ak th The PRIt liB oK Al shath Am grtishyelradcan nterlevel

t hefi@édiric. ABdsBd oﬁ1 tHeY 5w @ﬁé?&%%@cdn&aﬁm&?lgﬂ&et lpﬁ‘fl Edv%%tﬁlm

region of netal 36, a multiphase, ultra
of supreiop fnsuleting Pmp@‘m ¢amrbeiaghidequidyi thefirsomstlefinglyertI8eand the
fir W ating material 34 and the first
reéé%ﬁho Sﬂmﬁé y?% "The first layer of insulating
material 34 may be SU|tany fornmed of silicon oxide,

de, varieties of these material s,

| t
O5r FAGics PSR EES B B RS\ R e A0 Hil 8t COThE of elecimonic device
rru b isRAS L FI&54, Wik Hdhl a8 Waditibhdl me%tri gf) Ea?% ép%@f@e%jbetween the

in a photollthogra hy process f
a &sthénsetagng maiesiel lageri 38 and piwsaeccmd msmlatmg mateﬁtfaﬂ layela44CIWIBe

r t tor er .40 carr,
o RS ot SO P S 5 . e
| S mtd@ eﬁllcbteobﬂhlyrldb pﬂfasmay ﬁ:aiaaﬁﬁash iteiwa el thy %ﬁ%&tory metal being
ﬁ‘;ir xiess O\éﬁ %/1 theflrst mul tip
Py b SHGPB gar errbemithds @GNbrsﬂvcgpéarb@oomde
Th (|Cow, rkﬁ‘lﬂ@ﬁdi’rr hyldedRhat8d c#BpdiBds. B8e I8ROl Qféleg{ncacap layer 62

metallic material or a nonnetallic conductive

mafwetiens as pgiffusiondiagiins dayen forwreyventing ditfesion of the first conductor layer
al it ReQbcond i tald

nitride o rco sﬁfﬁ%gw?m?ﬁﬂg% A9 u%%% erala%s iegpeciplly into
elé&mﬁﬁéahd&bnnunication with the first region of

20metal 36. 25 A second region of conductor 50 is then

25

30

formed after a photolithographic process on the
Another alternate embodiment of the present invention electronic device 70 is shown in

FIG. 6. In the electronic device 70, two additional dielectric cap layers 72 and 74 which
act as a RIE mask and CMP (chemical mechanical polishing) polish stop layer are used.
The first dielectric cap layer 72 is deposited on top of the first multiphase, ultra low k
insulating material layer 38 and used as a RIE mask and CMP stop, so the first conductor
layer 40 and layer 72 are approximately co -planar after CMP. The function of the
second dielectric layer 74 is similar to layer 72, however layer 74 is utilized in
planarizing the second conductor layer 50. The polish stop layer 74 can be deposited of
a suitable dielectric material such as silicon oxide, silicon nitride, silicon oxinitride,
refractory metal silicon nitride with the refractory metal being Ta, Zr, Hf or W, silicon
23



second nul ti phase, ultra low k filmlayer 44 is
conducted foll owed by etching and then a deposition

w@e@am8E9$ or t he second conductor material. TheCEHESmNH008195

10

15

20

25

30

regi on of conductor 50 nmay al so be deposited of

either a nmetallic material or a nonnetallic material,
simlar to that used in depositing the first

conductor |ayer 40. The second regi on of conductor 30

50 is in electrical comunication with the first

regi on of conductor 40 and is enbedded 22 WO

2004/ 083495 PCT/ US2004/ 008195 nultiphase, ultra |ow k. )
f i pakish stop deyenedmmesision inbigEt ongiCRH; ferlayens P or #§.eA segond dielectric

54 T L BREP R 0 4y mrri

| oM 4hithinthé sananpurpdseal evel diel ectric nater|al whi | e
the second layer of insulating 5 material, i.e., t he
mul ti phase, ultra low k film44 is both an intral evel

anﬂfl?{lho'tﬁgr glidrRMe lembgdlﬁieﬁ%ff thEprefap ﬁx%lﬁibntelﬂe%h{)ﬁl‘e’ de\l?ce 80 is shown

ectric constant of the miltiphase, ultra |
f i inAIG. %Llp@m dternate @mbcndlmgntparo@;@nttqnablawrk&é Oédml@trwnwynal is

B T NN T I

| et BPAnEde lI‘hé ﬂﬂﬂatbvdﬂdﬂdaﬁteﬁ@ve‘sdlﬁiebtrﬁrlaﬁe@ 44 fiained fof a multiphase,
el ectronjc dev wn, i.n El G ut with
e A s Ghe YA & @2‘[341 i herefers daWéB Plout ipistlqs ficlectric

t NGyerfgalanli ah Hﬁl‘éie@&l' dl&eé'fHE Piifl‘:ﬁ% at QH@Eouﬁgar? et RE vReRand
insulating material |ayer he dielectric cap | ayer

6 2inteagpnhect St Araiddjtidnel diiision barrigplegeri 98| is Stk é@OSlted on top of
#1' G onerr e'lec c lﬁilérlﬁofhe A’Hdit{o'nglgjenéﬁérﬂﬁ&ﬁﬁe VA taﬁﬂequgte

A si'l'icon ni ractory
ﬂeéxﬂ}i:odhﬁem glecﬂ:dina' struckire 86dis that dﬂﬂecstnd: lagafﬂmeaxsbasdlﬁ RIE etch stop

S s e A B e L T g b 2
ad&nefcteﬁ@@bmdid%le%tséleeuﬁﬁjwﬂaﬁé@pecﬁ% lajad861 i ONs as a
diffusion barrier layer for preventing diffusion of

the first conductor layer 40 into the second

i n§tﬂi {aﬂ@teﬂﬁfe%n&lﬁlduhéﬁfﬁng glrde %Htaﬁct}(;}ﬁc étﬂ%.[r e bR s layers of

especrally into ayers 20 Ano

al maﬂamtgemamm ds mbmievelf ortiﬂxterlwebélehcmcmmwwm structure that

el 1%81&1[185%' 1§:re %re(;/clescs%d zé)rmcond%cto ing sulbn[rate which 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 the insulating material wherein the second layer of insulating material
is in intimate contact with the first layer of insulating material, and the first region of
conductor is in electrical communication with the first region of metal, a second region
of conductor in electrical communication with the first region of conductor and is
embedded in a third layer of insulating material, wherein the third layer of insulating
material is in intimate contact with the second layer of insulating material, a first
dielectric cap layer between the second layer of insulating material and the third layer of
insulating material and a second dielectric cap layer on top of the third layer of

insulating material, wherein the first and the second dielectric cap layers are formed of a
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FIG 6. In the electronic device 70, two additiona
dielectric cap layers 72 and 74 which act as a RIE

wora@k/0833gs CMP (chem cal nechani cal polishing) Ppol/USivo4/008195
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stop layer are used. The first dielectric cap |ayer
72 is deposited on top of the first nultiphase, ultra
low k 25 insulating material |ayer 38 and used as a
RI E nmask and CMP stop, so the first conductor |ayer
40 and | ayer 72 are approximately co -planar after
CWP. The function of the second dielectric |ayer 74
is simlar to layer 72, however layer 74 is utilized
nﬁh@bﬁmapﬁzﬁmgﬂﬁwénsecond conduct or |ayer 50. The
pollsh stop layer 74 can be deposited of a suitable
dielectric material such as silicon oxide, silicon
ni $tili 8er Aickdagosmmdimértts ofkhe pRSent éfveaitdroinyludeiradiectronic structure
S|I|con nltrlde wi.ith the refract net al

Zr Whigh hag laygrs of insylating mafexigh as HELe, ggqugterleve?idl%%c&ac’s in a wiring
PW@% ﬂ@lﬁ&&% }'])rQ-%L'do%&& Eéiﬁmbﬁﬂﬁﬁné’ﬁﬂ@@ﬁé tHaPhhsiairst region of

SICH or SICOH for Tayers 72 or 74. A second dielectric
| apetal amqudnd blel @@ﬁlemer@ﬁ msgbtmg matpaial @é‘@mem off gonducsor

U BES Yl 0S840 BOTIRLAES Bhocn kW, A EREADGERTR it the

anot her alterna
pr ﬂﬁ;emyeﬂ dhnesnlatiog nateeial, tenfict @eivn @ﬁ c@ﬁluctsr shmelactrical

FIG 7. In thi ernat e odi nent, . an, ad

| espERmigConyd e P GGt § oL OB fagis in
di Midiieg cBB&téﬁ‘cﬁ@&ijwitH ﬁié' fﬁfEt'lB%oﬁfo &ridadtord AMEE eftfeddBd fh a third
two separate |ayers 8 The intral evel and

| nlawn oéwnla@n@n@temal ¢he tbyé tayguoftiprubme snateriakis ipiigapse contact
L0 e P Pl T, L e S i
[ nmnhiphmj uldh ddvek tﬁﬂm cof tteypeeseBGnadntiph demxsmﬂum at lézet aveanf the
via 92 a .épterc t 94, A%badditional di ffusion
baisePt an 5@@ 2GRS PP ?W%Wmﬁ sited on top of the

upper dielectric layer 74. The additional benefit
provided by this alternate enbodi nent el ectronic

st Btk elierealonaiascrabpdimentemelide pe clegijenic gpichie whieg haglayers of
R 195@{1; %teﬁallé REANE OB ALRE Hieférctric@‘ir% @9{1@%& HRnhk

contro he conposition of layer I S
seinelmtlexth pre-powsied eervicomdustih@ertbistrate yhat\msm firesnegion of metal

| agn%ed%ed in a first layer of insulating material, a first region of conductor embedded in
a second layer of insulating material which is in intimate contact with the first layer of
insulating material, the first region of conductor is in electrical communication with the
first region of metal, a second region of conductor in electrical communication with the
first region of conductor and is embedded in a third layer of insulating material, the third
layer of insulating material is in intimate contact with the second layer of insulating
material, a reactive ion etching (RIE) hard mask/polish stop layer on top of the second
7layer of insulating material, and a diffusion barrier layer on top of the RIE hard
mask/polish stop layer, wherein the RIE hard mask/polish stop layer and the diffusion

barrier layer are formed of the multiphase, ultra low k film of the present invention.
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Still other alternate enbodi nents may include an
el ectronic structure which has |ayers of insulating
wordoa/8®bs as i ntral evel or interlevel dielectrPCHUBWOH008195
Wiring structure that 20 includes a pre-processed
sem conducting substrate which has a first region of
netal enbedded in a first layer of insulating
material, a first region of conductor enbedded in a
second | ayer of the insulating material wherein the
second |l ayer of insulating material 1is in intimte
contact with the first |layer of insulating naterial,
anmsmlh@ng‘ haptsrialp @egm@nlem or gerivet Gelesisics W agvisme sireciyre that
THALCEHL Modthdef bl ofidiofihe bt 10l B! Ale reBiof 8F R
r ]él con i ele I'cal communi ca
W éﬂﬁbédﬂed fnl arﬁﬁst lﬁﬁéjlofﬁ imsofatiog nuiteciah i faa:tdegmn ofemnéuttﬂ@tbmmdded in
a third |ayer_of insulati wherein .
5 1t Ferond BN QS E oyt VHRes pntshas PRttt yifhfBe it Layer of
c oﬁgﬁﬁﬁng%ﬁtgnilhﬁe $184 988ort YRR d&tor if Mkl ediridad coBinehic&lon with the
first “dielectric cap | ayer between the second | ayer
of fitshenglomtof meptabes ssepnd regiog of pendupior & qlepjrigal ggmmuni cation with the
at | ng,
ont i s RN o P SaeB R Bl o e bR, the third
vvhl%lyeﬂ of ifidolatihg pateriahid it heinseccmthctivéh el[dseccmddaxrr bfinsulgting

| are for 0 4 2004/ 083495 PCT/ US2004/ 0Q8195

10 71 Pieph 6N R Sa ot S FGET PT BB 27 PErRGE B insulating
enpai-aE B igst Affilslon Hafes $fer bMRIYE iy TirkteiEUAed &Ask/polish stop layer,
electronic structure 5 which has | agers of insulatin

mat sgcoad REEhardmegk/polish sénp [ayrr ot off theythid daster PE@SL}I?’F% material,
W rﬂcf]ags 85’%4 (H]%é‘f&?%&rﬂglt 1a§é}cinl"tg§ of fhe REdond RPE ﬁﬁ%‘?ﬁask/g}ghsh stop

sefm conduct 1 ng substrate t has a first region '
melagér, whhedﬁhdmmhadﬁmask@ohﬂmp loyer$ m;ijhathffmglon barrier layers are

i f f dded
15 Cobemnd PEgEP Ui GRioP ] MR Sn o St B "

intimate contact with the first |ayer of |nsulating
material, the first region of conductar js

el 86l piteppltermtearbAdimenis PHle RISSHT LRETHPR gleluﬂs@%ﬂe%@mc
el ot ?ﬁé%g%fse& ﬂéﬁlﬂﬁg%&% Eéjﬁltrﬁlté%l ot fhtdrlvel dielectrics in a

el ectrica nication with first region of
c owdhingg steuctarecksimgargoritient desgribed mtldrdlfﬁdy abenediut Birther includes a

20 Imr; i,ec l ncgg ay t erfﬁaﬂ ;mtt ecf&' 1t11|t1%1¥a%F hn%% apl%g ul Ql?)ms of Si, C, O

e Co nt ac Seco n
of and 8 Wltadtéd thEdhenhiifterlead dickctcf1hyes had axbmtra]eedsl dheit;&mnc layer.

formed of the
The present invention novel method and the electronic structures formed by such method
have therefore been amply described in the above descriptions and in the appended
25  drawings of FIGS. 1-7. It should be emphasized that the examples of the present
invention electronic struc;tures shown in FIGS. 4 -7 are merely used as illustrations for
the present invention novel methods which, obviously, can be applied in the fabrication .

of an infinite number of electronic devices.

30  While the present invention has been described in an illustrative manner, it should be
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mul ti phase, ultra low k filmof the present invention
deposited on at | east one of the 15 second and third

wo aye083403 i nsulating nmaterial. Still other alPE&r/ns10e4/008195
enbodi nents i nclude an electronic structure which has
| ayers of insulating material as intral evel or
interlevel dielectrics in a wiring structure that
i ncludes a pre -processed sem conducti ng substrate
that has a first region of nmetal 20 enbedded in a
first layer of insulating material, a first region of
conduct or enbedded in a second Iayer of insul ating
medeseriptionwatheththimsof limitafioinat e contact with the first
| ayer of insulating material, the first region of
conductor is in electrical communication with the
f i Fathefa@iepRhidd thapteabnt idvestianing beagﬂasmibbﬂ in temobs of @ preiferred and

el ectrj cal njcation. with the st reqi of .
5 Coritrel SRmARET RO R it he aprrats 2y bfsegpTea 2 the art wil
| NgUbiRf 4 é Y BBLeEdcBings I \RhdrHokHb18 Fati AVAE othe LeHticHs! NG
materital " I's in intimte contact with the second | ayer
of insulating material, a reactive ion etching (Rl E)
hard mask/ polish stop Iayer on top of the second
71 ayer of insulating material, and a diffusion barrier
| ayer on top of the RIE hard nask/polish stop |ayer
wherein the RIE hard nask/polish stop |ayer and the
diffusion barrier layer are formed of the multiphase,
ultra low k filmof the present invention. 30 25 WO
2004/ 083495 PCT/ US2004/ 008195 insulating materials as
intralevel or interlevel dielectrics in a wring
structure that includes a pre-processed
sem conducting substrate that has a first region of
netal enbedded in a first -layer of insulating
material, a first region of conductor enbedded in 5 a
second | ayer of insulating material which is in
intimate contact with the first layer of insulating
material, the first region of conductor is in
el ectrical communication with the first region of
netal, a second region of conductor in electrica
communi cation with the first region of conductor and
is enbedded in a third | ayer of insulating material,
the third layer of insulating material is in intimte
contact with the second | ayer of insulating

27



10 material, a first RIE hard mask, polish stop |ayer
on top of the second |layer of insulating material, a
wo oogtosHps f usi on barrier layer on top of the fPeBUSRDEN0S8195
hard mask/ polish stop |ayer, a second RIE hard
mask/ poli sh stop layer on top of the third |ayer of
insulating material, and a second diffusion barrier
| ayer on top of the second RIE hard mask/ polish stop
| ayer, wherein the RIE hard mask/polish stop |ayers
and the diffusion barrier layers are 15 forned of the
nuL%@ghase,,ultra low k filmof the present invention
st i MhatoVhelpioyist er nat e enmbodi nents of the present
i nvention includes an electronic structure that has
| ayers of insulating material as intral evel or
1i ntler I eviemettiod|of farmingsa inmltiphase) wlir dove tielectricroenstbnrtifll&rcomprising
Ztotbygélgﬁscribed i mredi at el y above but further
i nclude® & 20 dielectric cap layer which is formed of
3a nmul ti phase material including atons of Si, C 0 and
H situat ed between an interlevel dielectric |ayer and
4an i nt r Aosigning sybstrateiin a playmp enhanped hemdicsh vapon deposition
5NOVBEC hodiand the electronic structures forned by
such nmethod have therefore been anply described in
6t he above descriptions and in the appended 25 draw ngs
of FIGSg.1-7. shoul d be enphasi zed at_ the .
7 exanpl ed) ooflz & %fg}sﬁ?ré:%%ﬁr 847 ARATIRPS ﬁtzoérfsé’ggﬁ&i(gand H into the reactor;
8structures shown in FIGS. 4 -7 are nerely used as
9iIIustr tions for the present invention novel nethods
whi ch, SSVIAIeFoRdRIFCUROT SRTIqupUIsing orgraic mplepded ¢apfrining mainly
10 Of afing J¥id AR iddd PG Eachr: €l ectroni c devices. 30 Wile
the present invention has been described in an
ITj|lustrative manner, it should be 26 WD 2004/ 083495
PCT/ US2 [.ption.r.at her than of ..
12 P ot T prebB36! SRkb R DB ateAPiePon spopipine at teast
13 hathrbe®r0 desdsrindoahk feactbennd of a preferred and 5
14several al ternate enbodinents, it is to be appreciated
that those skilled in the art will readily apply

15these t eawbiings rm@t%qfak@hu&qs&ik@hﬁl b Sspag of the
i nventions. 27 WD 2004/083495 PCI/ US2004/ 008195

—

2. The method of Claim 1 wherein said first precursor gas is comprised of a single

2 molecule containing atoms of Si, C, O and H.

1 3. The method of Claim 1 wherein said first precursor gas is comprised of a mixture

2 of'molecules containing atoms of Si, C, O and H.

1 4 The method of Claim 1 further comprising adding He to the gas mixture.

1 5. The method of Claim 1 further comprising adding CO, or a mixture of CO, and
2 O, to the gas mixture.
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VWhat we claimis: 1 1. A nethod of formng a

mul ti phase, ultra low dielectric constant film
w@erpisrdfg 2 the steps of 3 4 positioni ng aPCT/US2004/008195

substrate in a plasma enhanced chem cal vapor

deposition 5 (PECVD) reactor; 6 7 flowng a first

pr

ecursor gas containing atons of Si, C, 0 and Hinto

the reactor; 8 9 flowing a second precursor gas
conpri sing organic nol ecul es containing mainly 10

at

ons of Cand Hinto the reactor; 11 12 flowing a

third precursor gas conprising siloxane nol ecul es
2 cofit &) MiangHaatomeast 13 three Si-O bonds into the
reactor; and 14 15 depositing a nultiphase, ultra | ow

Kk

filmon the substrate. 1 2. The nethod of Caiml

1 wher ei nTisanethdd 68Cajin 6oiltesain sgydisildxenecio mpy tlsesdloainea

Si
1

ngle 2 nolecule containing atons of Si, C, 0 and H
3. The nethod of Claim1l wherein said first

1Pr ?.C Ur e HeBod §f CRIR ! wiREIR baid cyali¢ lslls@ne & wRfected from the group
no

2 me

co
th

2
1

2

DWW

ecul es containing atonms of Si, C, 0 and H 1 4. The
tdnsigting oftbtzmethyleyrletpieesilexamsr despmefhulgnslorgnisslesng.ne

3 983 ﬁlé?lﬁé}?cé%éﬁr%go%, %Mcﬂfoﬂil@k{ﬁeé(x% ﬂg%%@ert}gkarzck%trésﬂoxane.

or a'mxture o
e gas mxture. 28 WO 2004/083495 PCT/ US2004/ 008195
gl ' CTheOmt?tﬂgd '6% aa?nqﬁ ‘wherein said first precursor gas is

tetramethylcyclotetrasiloxane or octamethylcyclotetrasiloxane.

10.  The method of Claim 1 wherein said first precuréor gas further includes elements

of nitrogen, fluorine or germanium.

11.  The method of Claim 1 wherein said second precursor gas comprises species of
fused rings that impart significant ring strain, wherein said fused rings includes rings of

4, 5, 7 or more atoms.

12.  The method of Claim 1 wherein said second precursor gas co mprises

cyclopentene oxide.

13.  The method of Claim 1 wherein said third precursor gas comprises siloxane

molecules containing 3 or 4 Si- O bonds.

14.  The method of Claim 1 wherein said third precursor gas is selected from the
group consisting of from tetramethylorthosilicate (TMOS), tetraethylorthosilicate
(TEOS), vinyltriethoxysilane, allyltrimethoxysilane, vinyltrimethoxysilane,
allyltriethoxysilane, phenyltriethoxysilane and phenyltrimethoxysilane.
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1 7. The nethod of Claim6 wherein said siloxane is a
cyclic siloxane. 1 8. The nethod of Caim7 wherein
W@ a00d/083483 i ¢ sil oxane is selected fromthe groR@QI/UR2004/008195
consi sting of tetranethyl cyclotetrasil oxane,
decanet hyl cycl opent asi | oxane, 3
oct anet hyl cycl ot et rasi | oxane,
trimethylcyclotrisiloxane and
hexamet hyl cyclotrisiloxane. 1 9. The nethod of C aim
1 wherein said first precursor gas is 2
tetranet hyl cycl otetrasil oxane or
2 ocloanefilyy bégrcdeppstiomsi | oxane. 1 10. The net hod of
Caim1 wherein said first precursor gas further
i ncludes elenents 2 of nitrogen, fluorine or
1 getérani Tim mathdd of Thém rié theckin faidhait trediinghe aeameslaightep

second precursor gas GOnpri ses Les of 2 fuse
2 ¢ P RGOTPRGE 1 FRREIE ghI IR AT DI, G B 4tE PRGPBRLoest 0.2
3 sajlfused rings includes rings of 3 4, 5, 7 or nore
atons. 1 12. The nmethod of Caim1l wherein said second
precursor gas conprises 2 cyclopentene oxide. 1 13.
The, nmet.hod M i. i d.third.or
! cofrt o bt mhgd bR 13RHeRR A Eh bl SHUIS Rlog o teps,
2 0 Bhhadh.ink fikd.stephhe filh bdctated tCh wmpetatwh ef vatrhighar than about 300°C
third precursor gas, .is selected fromthe ou
3 ottt e e Ay aps BRI eaiee & FiRiiRyature of not less
4 t efhRgbdhY BOGI RS h kéoal 8m3 peri&&here the second time period is longer than
vinyltriethoxysilane, allyltrimethoxysilane,
5 vi tglfestitima pesiegdsi | ane, 4 allyltriethoxysil ane,
phenyl tri et hoxysil ane and phenyl trinethoxysil ane. 29
WD 2004/ 083495 PCT/ US2004/ 008195 2 low k film after
1 depdsi t Timethod 6f Cllive 1nfetthardowpriGhge-redd cutieg sicmybipbase, ultra

heat t ti ' | i t 2 f d o
2 ¢ ek st bt CrBeaS Priithsd s iegpBahy hEEGmAbef 35p-c o
3 at abdRR830°0.fPa tithe pEHSS of fok dbout N enifdte hosbodt 36D Mirinekb

wherein said heating treating is perforned in two
st eps,

1 19.  The method of Claim 1 wherein said PECVD reactor is a parallel plate reactor.

1 20. The method of Claim 19 wherein said parallel plate reactor has an area of a
2 substrate chuck between about 300 cm? and about 800 cm’, and a gap between the

3 substrate and a top electrode between about 1 cm and about 10 cm.

1 21.  The method of Claim 19 further comprising the step of applying a RF power to

2 an electrode of said parallel plate reactor.
1 22.  Themethod of Claim 1 wherein said depositing further comprises the steps of:
2 setting a temperature for said substrate at between about 25°C and about 400°C; and

3 setting a RF power density from 0.05 to 4.0 W/cm 2,
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2 wherein in a first step the filmis heated to a
tenperature of not higher than about 300C 3 for a

wo eogo84psre peri od, and in a second step, the PCT/IB1084/008195
heated to a tenperature of not |less 4 than about 300C
for a second tine period, where the second tine period
is longer than 5 the first tinme period. 1 18. The
nmet hod of Claim1 further conprising e-beam curing
said multiphase, ultra 2 lowk film said e-beam
curing is perforned at a tenperature of from about
350C to 3 about 450C for a tine period of from about 1
Zni sttty vatstnsiforsan! festrie@issor gasiay betyieen peaui Scah al aiont 1000
31 whgpein said PECVD reactor is a parallel plate
reactor. 1 20. The nethod of C aim 19 wherein said
parall el plate reactor has an area of a 2 substrate

chugk between, apo 30 n2. an bout. 800 cnR2, and a
16 e S S ot L b A oR0N B e sesepgioes fho step of
2betsegiap fakhutes bf SHd 88nERB4sol QaLANbelwedh -abdit FHRLBAH 50,000
of Claim19 further conprising the step of applying a
3RFESFEer to 2 an el ectrode of said parallel plate
reactor. 1 22. The nmethod of Claim1l wherein said
depositing further conprises the steps of: 2 setting
la t28 rrEe rIe %%héfdmf @a’gﬁl whhsmrsaikieiegésiiiﬁg ﬁmﬁhdér @hpuikesdbdstep of
t y . it t
20 g i 33 3 i oo o v B bout S scem dnd et 1 000
3 PCEEddn2004/ 008195 2 setting flowrates for said first
precursor gas at between about 5 sccm and about 1000
3 sccm 1 24. The nethod of Claim1 wherein said
1depgsi t iTAE nfddBCIARMPHLGER sLilQesdsRih %n{léﬁzégl&éllsepps]%e step of

flow rates of said second precursor gas a
2 abefinga pregsuad tyisaid ®#EGHD Rastocanbetive@h abduteés0mwTdroshdafbout 5000
d aj wherei n said depositing further conprises the
step O 2 setting flowrate of said third precursor
gas at between about 5 seem and about 1 000 3 sccm

217. The method of Claim 1 wherein said first precursor gas is

2 tetramethylcyclotetrasiloxane and said second precursor gas is cyclopentene oxide.

1 28 A method of forming a multiphase, ultra low dielectric constant film comprising

2 thesteps of :

3

4 positioning a substrate in a plasma enhanced chemical vapor deposition

5 (PECVD) reactor;

6

7 flowing a first precursor gas containing atoms of Si, C, O and H into the reactor;

8

9 flowing a second precursor gas comprising mainly organic molecules containing
10 atoms of C and H into the reactor;

—_
ok
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1 26. The nmethod of Claim1l wherein said depositing
further conprises the step of 2 setting a pressure

wo 0004583485 PECVD reactor at between about 50 miPCT/US2VA4/008195
about 5000 3 niforr. 1 27. The nmethod of Caiml
wherein said first precursor gas is 2
tetranet hyl cycl otetrasi | oxane and said second
precursor gas is cyclopentene oxide. 1 28. A nethod of
formng a nultiphase, ultra |low dielectric constant
filmconprising 2 the steps of : 3 4 positioning a
substrate in a plasma enhanced cheni cal vapor

13 dethotsire powitive t¢ phevDyadigmotivp thereadtor | owi ng a first

14 Precursor gas containing atonms of Si, C, 0 and Hinto
the reactor; 8 9 flowing a second precursor gas

15 CONpr i sidpgsifig Amultshgs) uliratow &dillvesn the sttatraienand 10
atonms of Cand Hinto the reactor; 11 31 W

16 2004/ 083495 PCT/ US2004/ 008195 13 that are sensitive
to e-begm [ LRedtionl4 15

17dep05|t|nékgﬂ%ﬁ%?ggdgggpwﬁ?fﬁg low k filmon the
substrate and 16 17 curing the deposited filmwth

d|a 2 j i ;

1 gah 11 PSRy chiftas e il EIORR Bleelid R BRSS! S o single

2rmh1@rdd{11e c@ﬁtatrmgmmgs af $ine, cofand;H C, 0 and H. 1 30. The
nmet hod of Claim 28 wherein said first precursor gas is
conprised of a

1 30. The method of Claim 28 wherein said first precursor gas is comprised of a

2 mixture of molecules containing atoms of Si, C, O and H.

1 31 The method of Claim 28 further comprising mixing said first precursor gas with
2 He.

32.  The method of Claim 28 further comprising mixing said first precursor gas with

2 CO, or a mixture of CO; and O,.

1 33 The method of Claim 28 wherein said first precursor gas is a siloxane containing

2 Si, C, O and H atoms.
1 34 The method of Claim 33 wherein said siloxane is a cyclic siloxane.

1 35. The method of Claim 34 wherein said cyclic siloxane is selected from the group
2 consisting of tetramethylcyclotetrasiloxane, decamethylcyclopentasiloxane,

3 octamethylcyclotetrasiloxane, trimethylcyclotrisiloxane and hexamethyleyclotrisiloxane.

1 36, Themethod of Claim 28 wherein said first precursor gas is

2 tetramethylcyclotetrasiloxane or octamethylcyclotetrasiloxane.
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2 mxture of nolecules containing atons of Si, C, 0
and H 1 31. The nethod of Claim28 further conprising
worRoodogp4sRi d first precursor gas with 2 He. 1PGRUSZN€008195

met hod of Claim28 further conprising m xing said

first precursor gas with 2 CO2 or a mxture of CO2

and 02. 1 33. The nethod of Cl aim 28 wherein said

first precursor gas is a siloxane containing 2 Si, C

0 and H atons. 1 34. The nethod of C aim 33 wherein

said siloxane is a cyclic siloxane. 1 35. The nethod

of Caim34 wherein said cyclic siloxane is selected
1 fr3m t hEhgmetlpd oPClaimgB stheirip #pid first precursor gas further includes

tetranmet hyl cycl otet 1.asi
2 actsheTn gt afbEsn ERpiEy Ry
~octanet hyl cycl ot etrasi | oxane,
trimethylcyclotrisjl oxane and . . .
1 heXrmet Bt B9EPeef EnaR avheroin soidgscond promupe g GYRgSss ecies of
2 28 b eifthatdindark kibaificRit GGk, ¥RSein%aid fused rings includes rings of
tetranethyl cycl otetrasil oxane or
3 oc#anEtdnytary etooiset r asi | oxane. 32 WD 2004/ 083495
PCT/ US2004/ 008195 1 37. The nethod of C aim 28
wherein said first precursor gas further includes 2
1 el sgrent Th@etholl 0O Ghim 28 lwierdimenidsecgnd preoirsongad c@Bpristhe
nmet hod of Cl aim 28 wherein said second precursor gas
2 cofysiopsaisne pEidr-es of 2 fused rings that inpart
significant ring strain, wherein said fused rings
includes rings of 3 4, 5, 7 or nore atons. 1 39. The
1 metthod Ghe Metotop Slajnas avheraimpaid hid weruior &g a pilygue molecule
co hses .2 ohen j : ] ot
> & RS i 0GP QTR LG ey B9 sl 8) B 1RCIsBl consising
3 si bbxayiealiy) genyleaceRylandandwixtwectheneef. gr oups of sai d
third precursor gas are selected fromthe group
consisting 3 of vinyl, allyl, phenyl, acetylenic and

1 M Xt ur esht heieabf Clirhbs wWitteeifeid 8trdgfredtl i gasi8 selbvesdefrom the
said third precursor gas is selected frqn1th% ) .
2 group consisting of vinyltrimethoxysilane, allyltriethoxysilane, p enyltriethoxysilane,

3 phenyltrimethoxysilane and siloxane containing 2 unsaturated groups.

1 42.  The method of Claim 28 wherein said third precursor gas is selected from the
2 group consisting of silanes and siloxanes containing vinyl, allyl, phenyl, or acetylenic

3 groups, and mixtures thereof.

1 43.  The method of Claim 28 wherein said third precursor gas is selected from the

2 group consisting of silanes and siloxanes containing unsaturated hydrocarbon groups.

1  44.  The method of Claim 28 wherein said third precursor gas is selected from the
2 group consisting of bifunctional organic molecules containing more than one

3 unsaturated C-C double or triple.
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2 group consisting of vinyltrinmethoxysil ane,
allyltriethoxysilane, phenyltriethoxysilane, 3

W@ b@apsi4pi met hoxysi | ane and sil oxane cont ai ni NECRUS2004/008195
unsaturated groups. 1 42. The nethod of C aim 28
wherein said third precursor gas is selected fromthe
2 group consisting of silanes and sil oxanes contai ni ng
vinyl, allyl, phenyl, or acetylenic 3 groups, and
m xtures thereof. 1 43. The nethod of C aim 28 wherein
said third precursor gas is selected fromthe 2 group
consi sting of silanes and sil oxanes contai ni ng
4ns &toyp snoasistingdfdcabiediens; d dpisentadiend AL, 5-Tileadivat, ackyofic

| ' g thi . [ | ect ed
T on Bt S b bR R B or gani ¢

nol ecul es contai ning nore than one 3 unsaturated C-C
1dog1 l e triple. 33 VWO 2004/083495 PCT/ US2004/ 008195
2 §Poup dE5Hted of -l 28 rthencegpeisiag heatregting seét] mpbiphase, ultra

21, Joh XA fREdegiRANE! i ¢ 3 bifunctional nolecules and
bi cyclic bifunctional nolecules. 1 46. The net hod of

Claim 28 further conprising heat treating said
f1 osition,,

mul ;i ph | t.r 2 | kK f.lm r de 1
1 47he SR R i B e P B e B o seied e
2i s parforaeden b itdigpesitaR o2 npitedsahae3n0at fér 4 @HP pERldWrat Rhst 0.25
ot |less than 300C for a time period of at |east 0.25

n
33 H8WSs. 1 48. The method of O aim 46 wherein said
heating treating is perfornmed in two steps, 2 wherein
inafirst step the filmis heated to a tenperature of
I nott8hi glde methed od6daim 4800@reiB sdid heatingitresting is perfarareddn fwo steps,

and.n.a. s S the fi.lmis heated.to .a
2. oSmef PSR S R {0 ¥eple O S 358 g tham bt 300°C
3 s e mndisi tiree periddpand inasentkepshe Gid i heRdRE & itdbdrfure of not less
4Io er tQ}gog %?e first. time geriod. 1 49. The net ho

of UEPZPATA80\hEX 8isFropsl Hmedennd: Wheneths spsond time psriod isdemger than
5 101iel firBiSimepdriager than the first time period.

1 49 The method of Claim 48 wherein the second time period is at least 10 times

2 longer than the first time period.

1 50.  The method of Claim 28 wherein curing is performed at a temperature of from
2 about 350°C to about 450°C for a time period of from about 1 minute to about 300

minutes.
1 51.  The method of Claim 30 wherein said PECVD reactor is a parallel plate reactor.
1 52.  The method of Claim 51 wherein said parallel plate reactor has an area of a
2 substrate chuck between about 300 cm* and about 800 cm?, and a gap between the

3 substrate and a top electrode between about 1 cm and about 10 cm.
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1 50. The nmethod of Claim 28 wherein curing is
perfornmed at a tenperature of from 2 about 350C to
W@beusasOC for a tine period of from about 1 PETUSH04/@08195
about 300 3 mnutes. 1 51. The nethod of C aim 30
wherein said PECVD reactor is a parallel plate
reactor. 1 52. The nethod of Caimb51 wherein said
paral l el plate reactor has an area of a 2 substrate
chuck between about 300 cn? and about 800 cnR, and a
gap between the 3 substrate and a top el ectrode
bet ween about 1 cm and about 10 cm 34 WD 2004/ 083495
2 PCa tIS201i4/00 68d 95 allel plete edagiet.r ode of said parall el
plate reactor. 1 54. The nethod of C aim 28 wherein
sai d depositing further conprises the steps of- 2
1 Sebii NgTAe iethpe baC 14 28 arhesdn chid démbitiap durtiter cmnmemhe steps of:
about 25C and abqut 400C, and, 63 settin wer, o
2 demsiiinga ferpaiatire risaid substijehbstwesn ghou W3 S0t 49p°C; and
d RBSto /&HPther conprises the
3 %&&ﬁ?%ggﬁ@%ﬂ;lﬁ%% r at e?% said first precursor
gas at between about 5 sccm and about 1000 3 sccm 1

56, The th d.o \
1 usSher TBompe SbCRE Hodfhrsf ShE bRy cHARS SIS meptep of
28 ab&nﬁgﬂ@w @Iat@er RE $HiG Afst GREUBST gaetat/\MWe@mbuut FBscamchnd labett 1000
50,000 3 sccm 1 57. The nethod of C aim 28 wherein
3saﬁﬁm@ep05|t|ng further conprises the step of 2
setting flow rates of said third precursor gas at
bet ween about 5 seem and about 1,000 3 sccm 1
1 Th &6 rret Fbe methodioA ChaiR @ Srherein paid dprpsitiap duther ﬁ‘ngl‘&ﬁeﬁ Hhgrstep of

e ste
2 ¢ PE Sng ﬁgxéz e s o sat@est%condfprécgﬁg :r@gs fgfe?ﬁ glgdélt g%g% t§1?65ug 50,000
33 R¥@dr. 1 59. The et hod of C|a|n128 wherein said
first precursor gas is

1 57.  The method of Claim 28 wherein said depositing further comprises the step of
2 seiting flow rates of said third precursor gas at between about 5 sccm and about 1,000

3 sccm.

1 58 The method of Claim 28 wherein said depositing further comprises the step of
2 setting a pressure for said PECVD reactor at between about 50 mTorr and about 5000

3 mTorr.

1 59. The method of Claim 28 wherein said first precursor gas is

2 tetramethylcyclotetrasiloxane and said second precursor gas is cyclopentene oxide.

!
1 60. A method of forming a multiphase, ultra low dielectric film comprising the steps

2 of:
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2 tetramet hyl cycl otetrasil oxane and said second
precursor gas is cyclopentene oxide. 1 60. A nethod of
wo ooomiosdyon nul ti phase, ultra | ow dielectric fiP@T/US2004/008195
conprising the steps 2 of: 3 35 WD 2004/ 083495
PCT/ US2004/ 008195 5 (PECVD) reactor; 6 7 flowing a
first precursor gas containing atonms of Si, C, 0 and H
into the reactor; 8 9 flowing a second precursor gas
conpri sing nol ecul es containing reactive 10 groups
that are sensitive to e-beamradiation into the
reactor; 11 12 depositing a nultiphase, ultra |l ow k
5t I(REGND) KeackWibst rate; and 13 14 curing the deposited
filmwith e-beamradiation. 1 61. The nmethod of O aim
60 wherein said first precursor gas is conprised of a
7singl e fRwimg efitst precurndraian corgaining ARG of Sii,, C,© afl Higtolthe reactor;
81 62. The nethod of C aim 60 wherein said first
precursor gas is conprised of a 2 mxture of
onol ecul eRwaHY 8éddhd Pradupss bpri i ~
The net hod %ﬁ d ai mq)GO fur tg ﬁgecro%:pgrsr% rg in&lﬁ%@ersﬁ'ég?t%xg%aﬁeacuve
101 resqupp that giesesitiygdo wibepm radigéon intoghe reqdier; net hod of
11 aim 60 further conprising mxing said first
precursor gas with 2 CO2 or a mxture of CO2 and 02.
121 65. Tdepasiing@dnudfipl@saiutrSRwihSinebm 18 avubstfate; ahd
precursor gas is a siloxane containing 2 Si, C, 0 and

13 H at ons.
14 curing the deposited film with e-beam radiation.
1 61 The method of Claim 60 wherein said first precursor gas is comprised of a single

2 molecule containing atoms of Si, C, O and H.

1 62.  The method of Claim 60 wherein said first precursor gas is comprised of a

2 mixture of molecules containing atoms of Si, C, O and H.

63. The method of Claim 60 further comprising mixing said first precursor gas with

2 He.

64.  The method of Claim 60 further comprising mixing said first precursor gas with

2 COj, or a mixture of CO, and O,.

1 65.  Themethod of Claim 60 wherein said first precursor gas is a siloxane containing

2  Si, C, O and H atoms.

1 66.  Themethod of Claim 65 wherein said siloxane is a cyclic siloxane.
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1 66. The nmethod of C aim 65 wherein said siloxane is
a cyclic siloxane. 36 WO 2004/083495

weOAesR004/ 008195 2 consi sting of PCT/US2004/008195
t et ramet hyl cycl ot etrasi | oxane,
decanet hyl cycl opent asi | oxane, 3
oct anet hyl cycl ot et rasi | oxane,
trimethylcyclotrisiloxane and
hexamet hyl cyclotrisil oxane. 1 68. The nmethod of C aim
60 wherein said first precursor gas is 2
tetramet hyl cycl ot etrasi | oxane or .

2 octensistihg Pitpeamethylesaotemasilarane jdeggmethyley Hlapetagilorane,

Clai.m6 r.eln.sal ' : ..
o O RO LR S BCRE RRinBR (AR cclostonae
germanium 1 70. The nethod of C aim60 wherein said

ti i d. 2
1 opbot edbemeint RECHB D et id Fit Beteho e ang ©
2 Si | BYARES1GOBALAIoRInVdrittamethyBdyclotetrapil@nd. or

acetylenrc groups and m xtures thereof. 1 71. The
net hod of Cl aim 60 wherein said second precursor gas

is si l.poxan 1 - O i af i
L8 51 AR R o A T syl bl
2 Vi Blghiesitis e hinoxyts ifluariss orgdelpdtinmet hoxysi | ane,

phenyl tri et hoxysil ane, 4 phenyltrinmethoxysilane and
sil oxane containing 2 unsaturated groups. 1 1 72. The

1 ey§od 9he fefoloPOIMA SO HRrehRbAd FAttivk QBRI SEIA s@dBd pfecursor
selected fromthe 2 group consisting of_bifunctiona

2 or gaweire selesttescliora shecgspremeansistngefrsilangs gad gilpxanes containing vinyl,
nsat,ur - [ . The met hod of
3 gﬁ%u%%&lg%&c%ﬁﬁ% Sup@hnd Fob Rl tirbrehB

ere said Ird precursor gas is selected
fromthe 2 group consisting of 1,3- butadiene,

1, 4- pent adi epe, - hexadi ene, .nmocyclic 3 bifunctd
e B BB R e TS e s
2 TherofBthB @fbuf bokdistingoB Oinf ttidthedy sit-aepdliybiingtioaadilane,
treating sald _nultiphase, ultra 2 |ow k tiln1after
3 depj'@glt{lm@fhoxygyylane, allyltriethoxysilane, phenyliriethoxysilane,
4  phenyltrimethoxysilane and siloxane containing 2 unsaturated groups.
1
1 72 The method of Claim 60 wherein said third precursor gas is selected from the
2 group consisting of bifunctional organic molecules containing more than one

3 unsaturated C-C double or triple.

1 73.  The method of Claim 60 wherein said third precursor gas is selected from the
2 group consisting of 1,3-butadiene, 1,4-pentadiene, 1,5-hexadiene, mocyclic

3 bifunctional molecules and bicyclic bifunctional molecules.

1 74,  The method of Claim 60 further comprising heat treating said multiphase, ultra

2 low k film after deposition.
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WD 2004/ 083495 PCT/ US2004/ 008195 2 perforned at a

tenperature of not |less than 300C for a tine period of
W@eookessps 0. 25 3 hours. 1 76. The nmethod of CPEi/IS2044/008195

wherein said heating treating is perforned in two

steps, 2 wherein in a first step the filmis heated

to a tenperature of not higher than about 300C 3 for

a first tinme period, and in a second step, the filmis

heated to a tenperature of not |less 4 than about 300C

for a second tine period, where the second tine period

is longer than 5 the first tine period. 1 77. The

Znet PRol@rBed ) adrmperetuim el rat fess then 3@°6nfar ¢ times pegod ofktilest 0.25

qat st 10 times 2 longer than the first time

period. 1 78. The nethod of Claim60 wherein curing is

performed at a tenperature of from 2 about 350C to

ab 45QC f Ime riod, of, fromabout 1 mnute to
oottt 3odesmabedetiin P yhorpinsaiddieRtee Bfaties & pRrBEmed in wo steps,

2wh e fedréin S BroPlel e AL AEatéBtod BRb &R oftlofhh o
reactor. 1 SOngghe met hoda of OCI ai irC)n 79 \Mower eiln% esratlln? about 300°C

3parfar ¢ Grst fmgperipd ad b1 @ sreandagicrn thelilor is Aegted iotrstemptreture of not less
achygk Betvew %gg. d Q cnP, _and.a

gap e%%vv{é en ?‘ﬁ Z&Qagsteg ubs fr}ri g?eerﬁ)g h‘gﬁgrg ﬁ)epS%g?nél gtfnrléo%eém% is” longer than
Shetthefrst tipoperidd.cm and about 10 cm 1 81. The net hod

of Caim?79 further conprising the step of applying a

RF power to 2 an electrode of said parallel plate

1r ear7t or Thd nfthod P18 PO @EinGheAicBdR0ME ?élﬁi'dfis #AbLt 10 times
depositing further conprises the steps of- 2 setting a

2t erprgcnthgn therfgpt time periadbst rat e at bet ween about 25C

and about 400C;, and 3 setting a RF power density from
0.05to 4.0 Wcm 2 38 WO 2004/083495

1 PCTBUS2 04 had8U3s Cladms@t whanginfcludng is peefornfedrat @ adnibefdtitof from

2 g r \S?é(guﬁé 96°(9t%sabg¥1t &%t’&%grna t?rgg lpjério o?" E)rrrrll ﬁ)r(])(ljlt ?n?rlljl}te t]boa%gut 300

3 minutes.

1 79.  The method of Claim 60 wherein said PECVD reactor is a parallel plate reactor.
1 80.  The method of Claim 79 wherein said parallel plate reactor has an area of a

2 substrate chuck between about 300 cm” and about 800 cm?, and a gap between the

substrate and a top electrode between about 1 cm and about 10 cm.

1 8l.  Themethod of Claim 79 further comprising the step of applying a RF power to

2 anelectrode of said parallel plate reactor.

1 82.  Themethod of Claim 60 wherein said depositing further comprises the steps of:
2 setting a temperature for said substrate at between about 25°C and about 400°C; and
3 setting a RF power density from 0.05 to 4.0 W/cm .
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1 84. The nmethod of C aim 60 wherein said depositing
further conprises the step of 2 setting flow rates of

W@ a0od/0gedNd precursor gas at between about 5 BERDSZNH008195

about 100 3 seem 1 85. The nethod of Cl aim60
wherein said depositing further conprises the step of
2 setting a pressure for said PECVD reactor at between
about 50 niforr and about 5000 3 miforr. 1 86. The

met hod of Cl aim 60 wherein said step of curing the
deposited filmwith e- 2 beamradiation is perforned
in a vacuumenvironnment. 1 87., The nethod of C aim&60

2 whesttEigrfloya rajessfpegpidfirst prepuagprigp atchepirentabeptS scemgid Abaat 1000

3

—

2

2 mradi ation is performed using an el ectron energy
betweén about 1 keV and about 3 100 keV. 1 88. The
nmet hod of Claim 60 wherein said step of curi ng the

gl ST IR R TN A

30settthgltfod rates®T said BEoNB bReE & gaga%e@%@&l AL §$&H§£&HQbout 100
step of curing the deposited filmwith e - beam

ra¥rcation is performed using a dose of el ectron

radi ati on between about 50 and 3 about 5000

m croCurie/cn2. 1 90. The nmethod of C aim 60 wherein

saxd stBEp méthodj of Oiginh be wikeosdaiedbpbsiting firthtr @mpRisksethenstep of
ot oetsire e LB B b GO St SEon and about 5000
m.greeuri e/ cn2. 39 WO 2004/ 083495 PCT/ US2004/ 008195 1

91. A nmultiphase, ultra lowk dielectric film

conprising atons of Si, C 0 and H 2 said film

hay ng ’ﬂug%@&x@& b ¢1Gint B %zth@x%fn s%%d s@%aééftcuénég% fjileh(%%g‘? film with e-

nanosi zed pores or volds,

abwat Bdistioyiseetfermednia aarad;mndmmnméntabout 0.7 or
greater. 1 92. The multiphase, ultra low k film of
Caim9l having a dielectric constant of

87..  The method of Claim 60 wherein said step of curing the deposited film with e-
beam radiation is performed using an electron energy between about 1 keV and about

100 keV.

88. The method of Claim 60 wherein said step of curing the deposited film with e-
beam radiation is performed using an electron energy between about 2 keV and about 30

keV.

89. The method of Claim 60 wherein said step of curing the deposited film with e -
beam radiation is performed using a dose of electron radiation between about 50 and

about 5000 microCurie/cm?.

90. The method of Claim 60 wherein said step of curing the deposited film with e-
beam radiation is performed using a dose of electron radiation between about 100 and
about 2000 microCurie/cm?.
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2 about 2.2 or |ess, nanosized pores or voids, an
el astic nodulus is fromabout 3 or greater, 3 and

W@ ahod/og@wsiness i s fromabout 0.3 or greater. 1POBUSZNE008195
mul ti phase, ultra low k filmof Caim91 wherein said
pores or voids have a 2 pore dianeter of from about
0.5 to about 20 nanoneters 1 94. The nultiphase, ultra
low k filmof Claim9l wherein said filmhas a first
phase 2 of a hydrogenated oxidized silicon carbon
material (SiCOH) consisting of Si, C 0 and 3 Hin a
coval ently bonded network, and at |east another phase

1 copki st 4 mudiiphage, @itrﬁoﬂd%ﬂlﬂecmc Sl ppmprisigg atopsef S1, C, O and H,

2 gg%&ﬂﬁéé? ué\%hre e t‘%’%ﬂé Iog]ﬁr %g?g'%é ? ’he%ﬁﬁ%"?&"’@ or voids, an

3 f ogla®’ yduddjofsbon g or Bearr Bebahardakisatf shouc@Adi ticars. 1
96. An electronic structure conprising at |east a
mul ti phase, ultra low k filmof 2 Caim9l. 1 97. An

] elegtr %&%ﬁ&lﬁﬁ&% Wifta Wpﬁhﬁ bﬂ@la% dl%% fno@ dBIESEPOASRNt of
ultralo I'm of Claim9l and further conprising

2 a dmusmroe@asmmamsmeﬂ@oue@pr ids ae elagtic madwusisfipm 2bag 3 or greater,
The el ectroni c. st rugt m 96 wherein said

3 qe H@’:‘% Nk On:}%’o {((?%8{ %t%% 2 an interlevel or
| nt raI evel diel ect ric of a back end-of -t he-1ine (BEQL)

Wiring structu 04/.0834 PCT/ US2004/ 00819
12 B.capllesmy) tip qf& ‘HﬁaBé‘%%gP oggf;aém Ay hegsin sajq pores or voids have a
2 3‘615&9%%&%&%% abott&5 &) Meld Whdhoflefeuct ure of C aim

wherein said nultiphase, ultralowk filmis 2 a
hard mask or a polish stop layer for a BEOL wiring

St 54 ct uh% l‘uphase ultra low k film of Claim 91 wherein said film has a first phase
of a hydrogenated oxidized silicon carbon material (SiCOH) consisting of Si, C, O and

H in a covalently bonded network, and at least another phase consists mainly of C and H

L VS R o R

atoms.

' 95.  The multiphase, ultra low k film of Claim 91 wherein a dense region at the top

f—y

2 surface of the film is formed by adjusting the e-Beam radiation conditions.

\

1  96.  Anelectronic structure comprising at least a multiphase, ultra low k film of
2 Claim 91.

1 97.  Anelectronic structure comprising at least a multiphase, ultra low k film of

2 Claim 91 and further comprising a dense region at the top surface of said film.

1 98. The electronic structure of Claim 96 wherein said multiphase, ultra low k film is
2 aninterlevel or intralevel dielectric of a back -end-of-the-line (BEOL) wiring structure.

40



WO 2004/083495 PCT/US2004/008195

2 acap or diffusion barrier of a BEOL wiring structure.

1 100. The electronic structure of Claim 96 wherein said multiphase, ultra low k film is

2 ahard mask or a polish stop layer for a BEOL wiring structure
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