WO 2006/ 136741 PCT/ FR2006/ 001495 Method for formng a
dielectric filmand novel precursors for inplenenting
sai d nethod The present invention relates to a process
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of succeSS|ver deposited |l ayer 20 may be
di stinguis - the first t%ge of deposition or FEQOL
depusityg orf eessf@lﬁqlaﬂqtf%n t dNteddesest t iadgauits, for
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ents_of the field-effect transistor type
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CHerd,s B t BEcqh8hY, tﬁ%u%ﬁﬁf35$Eﬁgféfonﬁgwaégygfhav1ng
: - the second type

each,transisto C.

dé‘po%ﬁl?eo or° %Eéﬁb ]&P@E)o&nt i"Oh- donshess FHCEREEEVRg lavers
netrnasordkt aafkeel.ectri cal i nterconnections between the
various electrical contacts, especially

sem conductors produced during the 35 various steps of
tﬁ@f@%@%raypetwb depssi t 0ONn stnte saliselyi ndepeaitag, layer

ga&kjggg%r ndhildhgpase of the fabrication of
ran

om access nories, the capaC| tors
- the first type of deposition or FEOL deposition

essentially consists in depositing a multitude of
successive layers in order to create active components
of the field-effect transistor type (deposition of
photosensitive layer, masking, exposure to uv

radiation, cleaning, doping of the single-crystal layer

~ depending on the type of transistor produced, then

deposition of the electrodes, then deposition of the
electrical contacts on the drain, source and gate zones
of each transistor, etc.); and

- the second type of deposition or BEOL
.deposition consists in creating a network of electrical
interconnections between the various electrical
contacts, especially semiconductors produced during the
various steps of the first type of deposition, but also
in creating, in particular in the <case of the
fabrication of random-access memories, the capacitors
needed for recording information in digital form. In

both these types of application, the aim is essentially
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needed for recording information in digital form In
both these types of application, the aimis
essentially WO 2006/ 136741 - 2 - PCT/ FR2006/ 001495 to

depoo0ayaa7aic and/ or el ectxi<cal |y conggeyFRE006/001495
| ayers, to deposit dielectric layers having a very | ow

ldit%l e%éﬂo%ig:on%%fglﬁe@arﬁépgrt h@f&c%?fggfigngcongucting
ayers, and to epOSIt barr’ er Iayers, Inp rtrcular

f dRYBISreVient4eRPH F f AsfbACEAle Lh¥ckrewbavimgers very low
|Qﬁ%ﬂ@dﬁ%idMﬁﬂhéﬂﬁhﬂﬂséEHﬁéﬂfH&”tﬂé@@ré@n&@@ﬁfﬁédlayers,

dielectric or conduycting, are etched using Iiqui
cREM cdi% GePFEdeo e dtuct ¥ ¥fi e ithbePagticular for

desievahlte nbod itfifers ietrchime tithdel spdeClayers 10r Theterally

' [ iall I t he,, :
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SECONUCCBEQL) tanye oftdepdsi tsdngendiisiuined clbewicald or
19515060,8258,bg Al eghalt bon  dengLlyqof gLRE GHAEU E8r  the
and correspondingly their data progessn ng power in a _
sR&CPénJah® SfaSEeECkdVene, it is necessary to reduce
t he di nensions (thickness and | ength) of the

[ E}er connect lines, thereby enabl i,n% themto be
brdGght? 26 Qloset Y OUet Fer ~ RaPhd&Iddvi FGlat Sl U, the
pavidded ichoweferdidipdcttdve: dilelyeetsr i €nl ayiess ddwd of the

p
S r.at,e, t ne :h . the electrical connections
o FRRRAbe(rBlL)  Rpee e Ao NS o8 BR S Bnek0 S ek
circuit, which layers are also called ILD (interlayer

25,di; g6 hkC ) He Vi€l g A% o1 e%r%ﬁ_a%r@f P}a@dcil'gﬁi s and

net al I nt erconnects | ying wt one horil zonta
pFar&eaPondhBadyr c iheitwni ¢xtd aypFecapeiabso Realdred in 2
| MRal(kpt emeet sthadi @ eqbiivgk, | after s havRdsiproviesd reduce
OhFLoCpiaoREgBEEt | 3sheen. Loner el epLiie §OmSLam)
| hstkatbonecheliees,t wherale iyl drineshdmato abe brought
CL8S5Es oGrilitior, s 20RNE syl oy SIS NL | By e
cbaperent t@fatt hehe dielectric layers that separate, on
the one hand, the electrical connections of . two
successive layers in a vertical plane of the circuit,
which layers are also called ILD (interlayer
dielectric) layers, and, on the other hand, the metal
interconnects lying within any one horizontal plane of
the circuit, which layers are also called IMD
{intermetal dielectric) layers, have improved
dielectric properties (even lower dielectric constant)
in order to provide sufficient electrical insulation
between two connection lines that are closer together,
but above all to reduce the time constant of the
interconnect circuits (the capacitive component of the
time constant has a lower value the lower the
dielectric constant of the dielectric, but on the
contrary a higher value the closer together its
electrodes).

The ever increasing constraints imposed on _ the
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tinme constant has a | ower value the |ower the 35
dielectric constant of the dielectric, but on the
contrary a higher value the closer together its
eWoc20odgdR6 78 1e ever increasi ng constrapOTEFREPO6£L001495
on the WD 2006/ 136741 - 3 - PCT/ FR2006/ 001495
eleget:rtfre@'av NLELLPRORAL Loy wma(d;eane ppper exBEgr BEOL

he |ntegrate clrcuit € above)

Péééﬁtpf ﬂh&j%&¥QQﬁﬁﬁqdmﬁlRQRﬂﬁuﬂ&ﬁﬁcﬁ#0$ﬁbgh@%srecently
bekag tBRdBpcr tEARPReChAS1beRLAGEH rBLYRISRUMAS g made.

i nterconnect netal owing to its better electrica
conductivity. This has led to the adoption of a new
nEbpbedepbabti@epmaaeaSSaluﬁhﬂgmmhas iSncékb@ﬂnéct metal

S e" hn| dur a_trench,.i.s
crea%‘gd&}{?31 %ﬁg IingTH: 8°8Fu§thlty TS has
pﬁ@ﬂoé@hsth@v@dpggnnnomﬂbhntnewsm@mahMﬂenDsitxnmhprecess
tﬂ@ﬁn&"hﬁ%ﬂMtf%‘“&%%ﬁ@&w'ﬁg a@u?flggﬁéggﬁﬁgs'tf@ghnique

process. Mreover, fil car bon-d

sARFEBA  4BigR| de) %ﬁ%ﬁ¢RMNAﬁ déﬁ@aﬁgéb By athe Selective
reptacagent 0pHd® sasidiltGon didxirdesHSeeo s ¥E O88) Ywhich
aﬁfdle ectrlc | the FEIJ‘§7$rlayer dj el ectric and

gffret al ﬁlel BEPI ¢ of1LR i ntegPEfed vsing an

Cellevttod2poBindabhypreckkst he ai mof | owering the

di el ectric constant of these |ayers further,

di el ectrics having a porous structure have been

i Mpreauesd. Sidmsdi efecbiP€ files depobsphedobgd silicon

cbgmie@l FAPOhodenpsid i PN ucEUD)a s ”Oﬂé;é‘l&@&ﬂ&ﬂ@d f%f the
ilicon and oxygen, have a 25 dielectric constant

aBbULCAN AIHELAR niFEt P SUERUS the 261 eRBRLPFELIC 1n the

CQﬂﬁé@mhy@E sHicd ders $9dasntermetailn diddtktric layers
?ulatlng B Egrtles whil e reducing their
r c [

RHed® dhﬁ%Fﬁﬁlg | ow di el ectric constant, or
lowk filnms, that is to say those made of naterlals 30

, h?!éggl ,qiﬁh%ﬁtr%%ecogékﬁnt:ff iq;sréﬁ n éhenag%gfectric

produced’ i n many ways, I'n particu dopi n _
sEpnebanbxicde tiasde olgyudre KUQahasrs@xﬁiaﬂtnﬂﬂ&ﬂhaVlng a

porous structure have been introduced. Si0, dielectric
films deposited by chemical vapor deposition (CVD),
from a compound of silicon and oxygen, have a
dielectric constant of about 4.0. The aim is to lower
the dielectric constant of said layers so as to retain
good insulating properties, while reducing their
thickness. Films having a low dielectric constant, or
low-k films, that is to say those made of materials
having a dielectric constant of less than 4, may be
produced in many ways, in particular by doping the
silicon oxide with organic ligands so as to obtain
films having a dielectric constant of between about 2.7
and 3.5. This approach, in which terminal organic
ligands are used, that is to say those not connected to
~the network of the molecule of the final material,
leads to the number of oxygen bonds ({(or "bridges")
between two silicon atoms of the -Si-0-Si- type being

reduced, which therefore reduces the cohesion of the
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films having a dielectric constant of between about

2.7 and 3.5. This approach, in which term nal organic

35 ligands are used, that is to say those not

coHmen0Ry 13674the network of 4 he nol ecul ecef/rrRheoki/bal49s
naterial | eads to the nunber of oxygen bonds (or

" by g?ss%ru9€%uce \M)éﬂ#éﬁg gfnﬁeg Sthe t%ereductlon

t ype being e reduces
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C RintbaStddI Gl L 1@ @HQSEO%&GQMﬁgl3Hdﬁ%¥§ktotﬁéégdH%Ehgﬂlcal
in theéﬁ?chanlcal properties of this type of materi al

c SFFRSET 16 P FRoSe 1R CSlont O HoREGE LN tiREs et e c RHAFEAP L Ve
priepemts esfar e her i intalyrheedpr e&e&b}lmg tfg_r@msuﬁéﬁ‘zéﬁthﬁgtlng
rs o he int.egrated circuit fromdel amnatin
lﬂiru%ﬁgl herﬂﬁél Or!Lngsglpr es8*R&FPFed Gttt iRl EN

ntst - tie ﬁ@brléabmanaahohheoflrthet circuit

(qhﬁﬁh&%a1UECE@Eh%ﬁ c@?l'sgbfgs fnémpln or oot lng %Hother

i mportant parameter to be CONSI
16T@Ca ey iRAFAYRFRT | §ot ke pesspbieredi stererodicing the

i mtlémealtrltcerl%yea:sstlrﬁtﬁees ;.la@sﬁl@létéﬂﬁ?s@éﬁcef okh€nternal

terlgﬁ ¢! nstitutin gfllm npst of
&ECtronfi ¢ S Fﬁ@@ﬁrel is ?ea?@&uﬁFugeteﬁﬁer&h@remBFerlal
aD@mmirﬁmiungA@ﬁBSfthmﬂmdim @ssenbl y1esteoniedstiieture

Tkt alg kel il 0 MR g LE ssorc.

gper wor K an
far erite yasrengivo Jtshewol@qif f éhentmaxgaislon including

CQ%Ef'%hﬁﬁh%n T@h%s%&%%EeS @hgajgﬁﬁgégurﬁthErk and the

nmechani cal, stresses t hat nost ~ bri

| ByErech&iks yEiHesy oﬁ@kltSﬁ |Hfererentinp guposi tto their

thﬁi&ek@ﬁtkéiﬁghsﬁbﬁ”§eefﬂﬁéﬁeﬁf§ presentdstatd® a major
processes: chem cal por deposition process

WHCBR TR sRE FW%§hﬁ%ﬁﬁ§§'oFtFﬁ§S&|ne R9F di FITRFS sidhgnemost
25 ri DVDMOS R yetret mnametllyy ithiel dner—(4¥R)0C tletfeanet hyl cycl o
tetrasil oxane (TMCTS) and octanet hyl cycl ot etrasi | oxane
(OMCTS) type:

To deposit ‘these low-k $SiOC layers, there are presently

two processes:

- the chemical vapor deposition process, which
uses precursors of the dimethyldimethoxysilane
{DMDMQCS) , tetramethylsilane (4M3), tetramethylcyclo-
tetrasiloxane (TMCTS) and octamethylcyclotetrasiloxane
(OMCTS) type:

CH,
QCHE ) CH 3 cH Q__\SE’OHa
£ R g ~
CH, s;—cH3 CHa-s. ~CHg 7] o
Jsi-o” CHy
GCHa CHS C%H%
DMDMOS 4Ms CMCTS (D4)

- the spin-on deposition process, which uses
siloxanes to form films, such as methylsilsesquioxane
(MSQ) or hydrogen silsesqguioxane (HSQ) in a suitable
solvent.
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QBB CH3 OC CHB3, "CH3 GB - S -GB &Hs -1 -(,H

s CH9'o Si / ~CHy O0OGH3 CH 3 CH, CHa DVMDMOS 4MS OMCTS
(D4) 30 - the spin-on deposition process, which uses
siwox20@s/136T4r m fil ms, suehsas net hyl sidca9s@RI060D1495
(M5Q or hydrogen sil sesqui oxane (HSQ in a suitable

sol vent. WD 2006/ 136741 - 5 - PCT/ FR2006/ 001495

During deposition of the netal interconnect |ayers and

of D{RENG| eerraybiant pat theparetial ahdt ésobmtect htéayers and

l Soﬁoﬂli‘él MBS CNEGASSA Vi h o a'séga%regs'alnda iéﬁfhﬂ@yw‘?ﬁexﬂf it

5SS C ca%led an etch-stop |l ayer) for stopplng

passage of ERRnfEaFSSahYi F@ é‘%pﬁ?ﬁo%ﬁcrﬁ n@h%\nl é%‘ﬁr of
de$Us|té@hhh@$eqm&ntéyc@nst©p ofagakg efrel- Sb@@pb@ﬁér the

refractory_ insul ating rial
a{i ecglégi g“gltelfﬂligg%ons urrﬁn%%/ aﬁgﬁP §fnvﬁl"ﬁn%?1wi§€) a layer
obiﬁtlféﬂﬁvﬂl%ﬁd nevless@scnhby aver age difel E&H:icﬂl etchnastapt lafyer.
the i reclddipilayes st hys separating ty J]?att%lng material

i nterconnect |ayers. At the present t| e
eEEVEF ed@t 0 HEdGCE e AmTattect pEc @dimsttantSof which

t Imaﬂfﬁf? ﬁi@@réﬁy@i Sthee%ﬁl%(idt i23/d Y%ﬁﬁé?ﬂojsdéscogg§ant of
ect e, prese nvention 1s to |

parhtl cugé?ﬁ CFEé Tal BiSper EFBATBFIRfle TP metal

dlledtancrqmldcaye'lras_[empeci ally lowk layers, used in

particular as interlayer dielectric layers or as

intermetal dielectric layers for said BEOL el ectrical

i Atter EBANSRESRNBf tihe cohpdrenesdebvamreidnt egr ateetlice the

Cidi@uidat rhQ: Solwg stthe+t echi cal ppr %blegEERugt%%ategagers,
25 the present. invention consists in using préecursor
o@speCLal y SiC layers.

The object of the present invention is to improve
particularly the mechanical properties of the
dielectric layers, especially low-k layers, used in
particular as interlayer dielectric layers or as
intermetal dielectric layers for said BEOL electrical
interconnection of the components of an integrated
circuit. To solve the technical problem thus stated,
the present invention consists in using precursors of
layers of dielectric material containing at least one
carbon atom and at least two silicon atoms, the carbon
and silicon atoms forming a chain of the -Si-C,~Si- type
with at least one carbon atom linked to two silicon

~atoms, where n is greater than or equal to 1,
preferably less than or equal to 5.

According to a first embodiment, it will be possible to
use precursors of the alkoxysilylalkane (R'0);(Si(~
CR%)H—Si(ORﬂ3 type, in which formula each radical R!
may be chosen from hydrogen or a carbon chain, for
example of the alkyl, aryl, etc. type, with a number of
carbon atoms between 1 and 5, preferably 1 or 2 carbon

atoms, such as for example BTESE



10

15

20

| ayers of dielectric material containing at |east one
carbon atom and at |least two silicon atons, the carbon
and silicon atoms formng a chain of the -Si-Cn-Si-
t yioe 200i6/11 3@741east one carbom -atom | i nkedTyPR2BO6/001495
silicon 30 atonms, where n is greater than or equal to
refqrahl t e I A ihg to a.
. }oélt% ¢t E’;o&ﬁ)s%?l '%%F%I 9’&3 oy fc%)}?ml_%[ ?181%9 9 402y,
pEddGEddrs ofemee BE k%x@lzsﬁslrylfd’h@(adee@RCO)TSQSIC(OH%I'@RI and
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gfsen fron1h drogen or a carbon chain
e% IQ¥e R aF R | %%%ﬂs RYeduE§Pe Wikt HhE npRBERTSOLS
obf aareb@mla&orai&tbetv\een 1 and 5, preferably 1 or 2
carbon atons, such as for exanple BTESE WO
2006/ 136741 - 6 - PCT/ FR2006/ 001495 (bis
( Bricetrldxgs itioy |gn adtheen egmiadd freemiuy at et 0) @&t TH2- Ebldsists
Sk t Lip th di.gl ggtr t_an
tl%gor%e%lﬁlam ca J{'alptj'rzonfnoejh| esesof ﬁ g(rhe EJs(l}:ot q%ﬁta%gﬂgkg it
| REF&V-Ed Coér HWHC@W%%WWJ@JI:\Ctl@y@r@cgmbasnlng
5r@hgtshearm | Bhod&h - cApeendiing to-anobher ogmhadi "ept i owing
Eventlon consists in using cyclic nolecules,

F‘E‘ﬁ fi%particul ar make it possible to produce
porous dielectric layers containing 10 rings and
chosen §spe0| ally from one of tlﬁ following famlies:
1) 11) Rss~ X 2 RSsiAui2gi 15 [11) g2 2 si

R22Si §| 2 EE
B EE".]_, B ’ Q
rl, L

ITIT)
x?,
Si
r \l _RZ
B?asi Si
v K“Ri
Iv)
R
\
8i
R r Bl— p
‘“m-ti—//j
Zﬁ/ﬂ
\
R
V)
R
R St
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/
R Si
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R RR 20RV) 2 :x: 2 WD 2006/136741 - 7 -

PCT/ FR2006/ 001495 R, Rl, R2 being chosen from

hydrogen, linear and/or cyclic carbon chains, such as
atWtbykoobdiles74aryl chains,-etc-, or al keotfer2086/001495
According to the invention it wll be preferable to

choose nol ecul es such as "doubl e-DVMDMOS" (formula | in
which R = Hand Rl = -0-CH3). Mre preferably still, R
wRr | Be cRos&eimdonrhreehol bengn@me Hlinemg oznd/oxr

lByéQl@en@éﬁboﬁn %h%ﬁthrOQﬁnﬂfﬂwﬁﬁ' Ng IGNOSEPME TR  aryl
rally, an al koxi de or an am ne.

CPH@FnFrgﬁﬁas' PBr EEOX§GSﬁ -as G, Me or H nmay al so

be chosen. t hese nol ecul es contaln at | east one

car m, 15 twe siljcon.ato Pr ef er a
t%ggggﬁgﬁgcdiest %ornﬁ%eéﬁﬁ%nofj: gi qia prefera%l% to
t hheesdi medsicodsls §tur<1h:t@|$e"doubllaSDMEM@E"by(ﬁol]:tmula I in
MheeH! & Sty ugtyrgrly)_ @9@11165' n'n@&re Frle%@)c‘fgb? Carlbll R

Si-CSi chain (wmth the p033| severa

avoms B&t beretnd rem é?tftﬁrs§ollqvmrsgtc_yzﬁ@l@@ of, —CH; or in

- thegerdimansizangll @Gy erf Iy thigodan rfﬁird)xﬁn @f—CH3 or,

pores in the filns ob ned, thus ensuring both ch

R o PRaE Ly ML RSP BT R AT OB W RE L gands
t €omi Rl @ldylagraupsMandr ai yenyy sh s fhe acthoseduct i on

in the dielectric constant. 25 These vari ous

precursors may for exanple be synthesized by reacting
dhthl dresid yheheculsh Crontiaim hgtr d@aarsltontsne haweimgm atom

beadseefUEhcaSs ACEIN ERECRE . blﬁr%‘% EJllg 3 e molecules
di.chl orosi] yl ene source nmay be hexac ro ane or
form a ring or a cage (a three- dlmen31onal structure,

illustrated by the molecular structure IV) containing
at least one Si-C-Si chain (with the possibility of
several carbon atoms between two Si atoms). This type
of three-dimensional molecule favoré the formation of
pores in the films obtained, thus ensuring both much
greater  structural cohesion than molecules with
terminal alkyl groups and a very significant reduction
in the dielectric constant.

These various precursors may for example be synthesized
by reacting dichlorosilylene: -SiCl, with hydrocarbons
having n bonds, such as acetylene or butadiene. The
dichlorosilylene source may be hexachlorodisilane or
trichlorosilane. It may be formed either at high
temperature by decomposition o©of hexachlorodisilane
(HCD) or at low temperature from a solution containing
for example a tertiary amine as catalyst (such as
trimethylamine). The synthesis of the molecules of
formula I will for example be carried out in two steps:
the first step is common to all the molecules
according to the reaction:
SizClg (or a mixture of polychlorosilanes) + ethylene
= Cl1,8i- (CH=CH),-SiCl,,
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30 trichlorosilane. It may be formed either at high
tenperature by deconposition of hexachl orodi sil ane

(HCD) or at |low tenperature froma solution containing

f WO eoadglleeddtlerti ary anmi ne @s- cat al yst PCTUFR20066/001495
trimethylam ne). The synthesis of the nol ecules of 35

f%%@%&@ehé” | Hut 9k 8XANP! fefBegaI T OUt | 'H1 to this

steps: thé first step’is commn’to ecul e
at@¥Brdi R§ t 6SERE LPBacBLERTISNICLEO( tha msmnar epmnuple

paliyehlbetesiihaees). +-sthyl eneacd C1ESkn( GFREHR- B@R, 1n
WO 2006/.13674 ] FR2006/ 001495 acet yl ene

Heneungegy
bFFAGTENe, bEhzene ' EREUTPESRi ngSPECLRPs BYpe opPotential
reamﬁudat&scﬁodlBgnt@e@h&1&@ﬁ&hﬂ@lmqpnl@f molecule;

dICh|OEg%I|%|%%% % { r%gct é%ffhthe ogd e of

general, all unsa ura speC| are potentl
cﬁ@éﬁ@&ﬂ@slﬂoﬂu§§ﬁﬂ@@5|Z|ng thls type of nDIecuIe t he

secends st epuicuppanidic t9 LigdyPe Pl [MIGAM;e (ci-ch),-

qguestion: Cl125 (C}tC$% Sid2 + MeOH
(Nbé}é@l‘ﬁeém&@ﬂzm%?@e%ﬁ/ei withoR no|fé‘6et)|fe | with R

= ONE}SCT_iOCfGl@IS 25(1@-159!) Zﬁ@}& l*oﬂ_lwéfhgqh% e (&H= é:H

ecul e | wi = H); an

Cl12 Ecﬁg‘go %}S%i%lé gp‘én@? atal¥st azfl%zs,u-

(CHEM:Q- SrifiAeCH [ £arCIpol et ul éspeymﬁ h BitzlMe)k. 1-|9 [t MesSi-
I bl ent

(o ey o g N Gy Pyt Wi S™MePhoa. 11
bei ng possible for this fluorinated eqU|vaIent to be

used tpsf Oél‘lﬁsbo"\"ﬂfoiéime 204 n geperal . @ PergPforinated
skilled.in thfﬁart wll find all the |nfornat|on
yn

nEEHEA2LE Synt hRSi AXAMREe VariodSH-pHoduREE )i nWwiftdy this
exanhbe, thet publdieat i opobyiBiwel | fend tglﬁjéenbﬂﬂﬁrslnated
0 3438, 9 968. .25 According to the
|n§8ﬁfﬁg%n§ %8 BFOESEgeg %8rph&°wc§n% §fSi-ons meet
the need, for a person skilled in the art, of form ng
alhmd% éfﬁﬂfuén§e£§¥ﬁrs@3&ﬁ@& in the art will find all
the information needed to synthesize these wvarious
‘products in, for example, the publication by Atwell and
Weyenberg, J. Am. Chem. Soc., 3438, 90, 1968.

According to the invention, the processes and the
compositions meet the need, for a person skilled in the
art, of forming a thin insulating layer having
excellent electrical and mechanical properties and also
high uniformity. The films deposited according to the
invention are produced by vaporizing a source of low-k
precursors consisting of one or more precursors for
generating a vapor source of said precursors and by
delivering. the vapors of these precursors into a
deposition chamber in which = the precursors are
thermally decomposed and/or decomposed by the use of a
plasma, forming a film of the desired composition. The
film is formed on one or more substrates in a single
formation step without a subsequent heat treatment

necessarily being required. The low-k film that results
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excel l ent el ectrical and nechani cal properties and

also high uniformty. The filnms deposited according

to the 30 invention are produced by vaporizing a

SO @O0&/ U3BNIL precur sor s-consi sti ng obcPRER2006P001495
precursors for generating a vapor source of said

PReCWHS% anth PYn 96! inver i §gs 1 %éeﬁpss%igﬁes%o as to
er n | C

precursors into a deposition cha "t he
pPédEr SorsC%r ees3kagheFivalrep tdedonpiyeirand/ bhe precursors

degeapased iy ghadse Ar ddepbaSiEng F O 998 £hbmyat; req
nggqe i.red conpositi The filmis formed on one or

n. : :
SPPATds Fﬁcﬁrg?ﬁgl etO f §fiPat FBMCBEARMWi Thbht be in
subsmddenphheat, t feat nerimphecessariduideii@edds edr a

T filom t hat - resul WO 2006/ 136741 - 9 -
P@?‘ﬂéﬁ?%gé)/w&% &E h%ré?%oﬁ]r\?moﬁ Hade sﬂﬁevedjets’i rYeh as a
cbiypescairben . .-sdtes prechayer aihowikedklagdaus rest inliacted
al;, r r-sor ddin.t roee .
o B e R g o 5 21 P8 2 p  PLeation o
a¥8af8i nd St o MISULGRENtAHH Werthelled 5 Pefarehphdse, This

f oupexampkie pAddigbprecsr seaken a;ddguighsol UbpeBition

of .a_precursor in sol,vent,, such as a hydrocarbon.
TRESPPSEur ¥BFEn Gui HOBRAAEIPE | APecPBATLPAL oORE At A
vapesisnati ot sybkemrddwe bt e ofompmgéﬁathmmygfless than
heh .l ur. dc olled beforehand, This 10 0
V208 PR g R o A o AR T O ER v BrEvden ovc
chafberivhefe t mrafepedili onbesweanri 0O ataral  400°C.

PoeEsBRa10f, t ROr 8REmOE » 1 101dr {GQNES %th' %Ss%fe for
20 ascals% and at a tenperature generally between 0C
aﬁag§5§€§a5 éter ah G R IREN 206C afRpPapbEions rate. In
Optheralll y, btibe shanbescd Ssf oM ded Widdhed Rladdma ikor 5150
Sk @ificantly i,ncr asigg thetde%03|t| n rate. In .
geREFIPUCEHL HE° neles SaPPry F180c Snt SPs @ s° reac
iwﬁtbd@hedgnanmrmh&;dammstd@neaﬂuﬁﬁﬁﬂpfﬁf@%?bb%rBachg an
Lt h st r r, IS _cor t ant fera ejin

:%kggagngi2|#dﬁggéﬁ%p?nggéﬁaﬁg?ongg£§5té?n¥ébbr#ygrogen
hparegéfe, pateshaes arechol-s, etc.). According to the

“invention, the filmis deposited by a

According to the invention, the film is deposited by a
CVD (chemical vapor deposition) technique, such as the
PECVD technique or the thermal CVD technigue, these
being well known to those skilled in the art, starting
from at least one precursor, by itself or in
combination with a reactant, preferably an oxygen
source. In general, a person skilled in the art will
optimize the precursor source by lowering the

dielectric constant (k) as much as possible while still

- maintaining an acceptable level of mechanical

properties.
Preferably, the precursor is a molecule containing one
or more carbon atoms between two silicon atoms. Even

more preferably, this molecule is cyclic.

According to another aspect of the invention, the
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CVD (chem cal vapor deposition) technique, such as the
25 PECVD technique or the thermal CVD techni que, these
being well known to those skilled in the art, starting
f mem2ato 6/a3%t74ane precur sor, 1gy-i tsel f opciprr2006/001495 -
conbination wth a reactant, preferably an oxygen

8%& %ml Jg§Q§r§£51faHsrsoﬂlchlb%ggp%&girﬁdggh%hermal or

t he precursof Sodrce
dlpélaéétar |eé<C@¢r<’rl§3tlam 0z hwish possubsatwhated carbon

Stenlalin MRIJHRIIMNING 3 RGEEP tqgﬁef$§ﬂeln9£rﬂgﬁf§9% Q%?c1es

properties. 35 Preferably, the precursor
cGROEAPATAG Yo & BRS¢ R IRIE ZRIOHE et fleen inbermediate

sispiecd e satcia ey m&@rmzef erabl YoadnHrs &®4£CUlHhbSher
cyclic. Accordlj;g(i o an er. aspect of .the invention,

t A8 \iB 26/ 138 edptH FRIB0EGG£ET5 2 1iiecufiering
i sha dEsbranetiwhi cdmfde@wpdsae&}by ftiker. milPrelferaba§’l;TH the

eé% Hakh! Orfc?f}ﬁilr{ agt ¢4 \9%) I?l a&#ngaggr ﬁte%%lcar silicon
chain (containing n bo Cﬁ srmed
spéemss videht BRWENGE Slebords, drdfls abbydt d)efczmme the
uct=er reestigte BosReci £5 sEoRhalR Ngh &, Car b@nco s i b98ng.
i,n (\M; t her Ilngar or cyclic) linked t
fq‘lléon $8W§, darr ff'lll@sf abPi ciafi oﬁb*éfilflﬁ@ I‘éi?\ﬁk have
f mle&haﬁliefaer qrﬁlqpertﬂi%s cafpensed lo?maag taletc afifm& ChBt Ained
ct the silicon, atons wi ve, af | east one
gggﬁ %ongabecause THETo @-@“ﬁoucb?rgtwgsogﬁﬁ’onﬁje?gle
thanda.C-C single bond. This allows lowk filns to be
obt ai ned that have nechanical properties inproved

over the filnms obtained from a chai n of carbon atons
cBREAPRFRGLERI 18I At lechlorrisde 36t Hoed hebavee thetfe do not

mebaedl 8s A8afdr bedopbonavihal 918641 ac0dd QI ePhich

at ons_have cul ar structure which is very
stft a‘iﬁ@fﬁi‘llaébg&t F MY QePﬁ’rSﬁtllﬁﬁera ofthgnc lages & Sic

etishdstaep ¢tch hetBROirpathe oBEONE pat€gbaEt @the 20ntegrated
CLEGH] ¢ .

Preferably, the low-k SiC precursor is a molecule

-containing one or more carbon atoms linked to two
silicon atoms, but not containing oxygen. Even more
preferably, the molecule is cyclic.

Preferably, the carbon atoms forming a carbon chain
connecting the silicon atoms have a double bond {(in so
far as a C=C double bond is more difficult to break

than a C-C single bond), thereby making it possible to

~achieve high mechanical properties in the resulting

films more easily.

According to another aspect of the present invention,
the low-k S8SiC precursor will be a disilane not
containing oxygen, which decomposes by thermal or
plasma excitation and reacts with an unsaturated carbon
chain (containing m (pi} bonds) to form intermediate

species containing Si-C bonds, preferably to form
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Preferably, the lowk SiC precursor is a nolecule
containing one or nore carbon atons linked to two
silicon atoms, but not containing oxygen. Even nore

2WPraerea /874t he nol ecul e 13 eyclic. Ppergrabbye/bbesos
car bon atons forrri ng a carbon chain connecting the

51 H1Go M 5 ou in so f.ar as ,a C=C
Zlollﬂibl e kgii)Hnl n%j%eﬁgl ffP%ﬁF?gpg:ﬂér eak %ﬂf%an O(lf‘ ctr @
sicr?gﬂhé’rboﬁ]a?,lnt Hemrdis@ neki myoi ts pbbesdml @tpms,aom:weg the

hifglh Mechanicalf RiRPeyitd es i) the resulting filns
nore easily. According to another aspect of the

present invention, 35 the lowk SiC precursor will be

a Adicgirlcimey ot oro®ndtathant r@smrg,enthémmheﬂﬁﬂ@ﬂpeéﬁt@y to
ex0| tatiion _and_r eact

e s P LART A S n TCEBREai hT Y rﬁt%“? BEREETtigned
f precdumsefedieade tepethes W®mtaﬂhlﬁ@e&e—Cph@ﬂdﬁsors for
prLetenahl tfb&DE”HWQI%QQQ/%BQF%é% lrhe nvention also

/| FR2006/ 001495 1 nternedi ate eci es contaj Al ng a
célel%é‘ﬁeét &R dhea novgrlh & oshigitn of skedm & -t wo si | i con
at ons, durl ng the fabrication of the SICfilm 5
A&%mdi n one oif r aspect, .the invention rel ates

St né* neqjeoént FTtl} aY8r BOF6r @ afigmderstood with the
ab@denﬁntl:ﬂ'rmefcbllmvamg sm»reSnmlm:ky cerhibed Lisen 0 §hese b% way

CULSQr d|eletr|cl ers.
P%geﬁt ?lo%§L so reﬁqpat%g fovel ot ot %‘F’u’é?al Y’HuCh
8she@sTHe BRY&APNeA Widw befrmarre theagrytedderistadd with
mhtg %B%lo%bdl%&e&@elﬁoﬁkgmﬁﬁ@Leéﬁ @Y, gg%é | ment's

gi ven by way non-limting exa etog r'with
the figure, which shows a sectlonal vi ew of an

|mhegﬂaiEquu&éwttwﬂtBlngﬁeL&§y¥§&&0%&lfﬁﬁﬂSwh@ekt%. on

FE CL parts ure, the single-crystal
18@2 WE pVGﬁlo\Wﬁl ch Sﬁe vEFRBESSIRBSt r aiéFht or Gheir

vmnherhennecrtat ergbnhiet s anbtidieiivepr Dhgeki ard ayebduced
aLg EéggHggdt%% %%Rﬁ?%%ﬂﬁ§ %h%ﬂﬁEQEl é%%aé@d glrcult all
Int grate Clrcul

he upper layers beyond the stop layer 8
representing the BEOL part in which the electrical
interconnects between the various circuits of the FEOL

part are produced as explained above.

Produced on the - single-crystal substrate 1 is an
integrated circuit, represented for example by 2, on
which the drain contact (3), the gate contact {(4), the
source contact (5) and the interconnects in the
horizontal level of this circuit, which interconnects
are represented by (6), have been shown schematically.
A vertical interconnect (7) made of tungsten or copper
connects, in the sectional view shown in the figure, a
connection (6} through the stop layer (8) to the upper
interconnect level (9} in which the copper connection
(10}, seen in Cross secticn, extends in fact
perpendicular to the plane of the figure and is itself
connected to the connection (12} at the upper 1level,

then to the connection (15) and then to the connections
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of the upper |l ayers beyond the stop | ayer 8

representing the BEOL part in which the electrica

i nterconnects between the various circuits of the FEOL
PHOL 2806 /u3Edded as expl aiFnad above. 25pPrggreede@001495
the single-crystal substrate 1 is an integrated

Ci ﬁ%U'tlsfepz"a‘ese@tled §@f SXAMPLE A2, E&P%P{‘Q{%‘%t N8 the

draln confact ate ‘contact (4

c6RT&ERL( S)OW‘%JF@ i h% %} céRnddrss uppqmel@t)eh@@mz@m abart
| e¥ekhef itnfiegyrGiteeUidirathiitch i nterconnects are
represented by (6), have been shown schematically. A
vertical interconnect (7) nmade of tungsten or copper
cBehoeks, ﬁhEtWEKE@@iiDﬂﬁér&bﬁﬂé&bOW@vbﬂsthﬁ figures, a1o,

negtion op, la 8 t upper,
32@|n%%ﬁcon%g%ﬁﬁpévf%gkﬁgkl Wﬁt%%yf%%é % %gf Tf 99
céAnecBBen 3010) 4lseemticn cwbdshseskpematext engpeirn metal

f ashneperReRdi Gy ary 4,0 Sihe H{m&&% %) ﬁi&lﬂégea?g hS o

|tseIL connected to the connection upper
| 8P8IFRSIy héY tT°aHe bnAERt idéﬁ'l@ﬁ)rl%d&tm tpiqtheas 21,

ceppectd,onsd W 20066136741 mn 12 sePC%EFE%@QﬁﬁpQﬁﬂgény one

8, 7) _bef or erm na he
gi YF%V c&ﬁﬁéc??oﬁi?§8 %?%p ﬁeiﬁﬁb et n ¥F Enﬁﬁﬁwﬁﬁﬁtthe
ofwbhetiopt éguyatred 3d ragud t33,5 thmee_hsx hen vebié OUSwer part,
| pLerggnnach J & |55f§1%§ P §V1§bng g%cl% lo%6getween

respective stop ayers
41W0et%ucﬁﬁﬁéhvge&ﬁ%ﬂ%@@b@beﬁqnﬂaﬂ iogemeonnerns i hayers

vaﬁa%bétbe@tehz ANl pne a
I LD di el ctrlccxgiers$§ﬁ%%ﬂg%m%j§%§§%§#l%3yugﬁ a8 44,

2%5 266 230d| F RRYC oY MR s ddrleRfrdfe la¥sm| SOsupth to

asléotr&maﬂm&eﬂdﬁﬂéﬁﬁ tyé ngobglweasn ddieri ¢y 8bARections
Mﬁﬁs 30 and %3 there is, in the lower part, an ILD
d|e e

c?rlc Iayer4P0r prOV|d|ng i sol ati on between two
successive horizontal copper interconnect |ayers 15

afg hetvegn  h, 1 conn 0 dewal J,s as
45, 46aaﬁg gﬁ ?% df@é fi c ygﬁ sGgs IMD
bayers are produced for example u51ng the same Si0C

dielectric.
The stop layers are in general SiC or SiN layers.
The invention relates to the formation of these

interlayer dielectric layers or ILDs and to the

formation of intermetal dielectric layers or IMDs.
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electrically isolate the copper electrical connections
such as 44 and 45. 20 In the exanple shown in the

figure, the ILD and IMD |ayers are produced for

ewamRioo 6/4i36F aihe sanme Si OC 1di el ectric. pdngFrRE006/001495
| ayers are in general SiC or SiN layers. 25 The
invention relates to the fgpogticon of these

interlayer dielectric |ayers—or—LDs and to the

formation of internmetal dielectric layers or IMDs. WO

2006/ 136743w=1 1331 PCIL FRROOBAPO01495,,C &l be Aused to

lowk dielectric Iaggn that can be used to separate
netal FPRPEFESANBETES] (IR SHhITER S duk? N T 5l ¢hbar during
fabri caheon ofabptegrabad ci bguitsineharaetari zedikhuits,
that said.l L. rises_SiC and/or SiOC and is :
obtain%égf?gﬁggﬁggggs%non Nath, S ort3Siht aciMRgI5es  Sic
| east @né/oSi-Eh@SiéUhhidﬁ wherénad? firoM0 & Teest one
di el echrbeulkaver AnliahiiRd 10 eLakin dne CRALRCLEILZRL:,
in that at |east one precursor 1S 0O t'he !
al koxy¥PPy¥Ealkané-(R1O) 3(Si(-CR 2) -Si (ORI )3 type,

in which forrmula each radical R may be 15 chosen from

hydr og or a carbon chain, for exanple of the alkyl,
a¥y|, EBE, gﬁﬁi? iR a - 2AFitber®Sf é%ﬁ%%ﬁjat%ms.Clalm 1
bet weenhdrantebizptefier ablay a2k dleakicash®pBEOMBsoBULE of
as for anmpl e, BIESE , (bis(triethoxysilyl)ethane) of i
for mil SACEL q?ﬁ%%ﬁé%‘}% (o%m?sﬁééﬁé%&& (OR™) 3

C2H5. BYPThe Hielvdtitati ¢ fcayerlaas celchi neddinat! &k'm hay be

(charactgbiegd iedokhab,Rlrag@ast ANe PrEeGSMl  chajn, for

conprises a_cyclic no containing t .
25 bon8%X2f{RéPe ®f ? the galiwd . di eFgéeriettaydiyRes with a

cl ai meflumBeel @fMc3rbon atoms between 1 and 5, preferably
1 or 2 carbon atoms, such as for example BTESE
(bis(triethoxysilyl)ethane) of formula (Et0Q)Si-
CH,—-CH;-S1 (OEt)s3, where Et = C,Hs.

3. The dielectric layer as claimed in claim 1,
characterized in that at least one precursor
comprises a cyclic molecule containing the $i-C,-8i
bond, where n 2 1.

4. The dielectric layer as claimed in claim 3,
characterized in that the c¢yclic molecule is

chosen from one of the following families:

I) I1)
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characterized in that the cyclic nolecule

is chosen
fromone of the followwing famlies: 30 |) |

) RL B
Sit Rs2 S's R-S3-R WD 2006/136741 - 14 -
P@D RROEYE/EYA95 [11) 2 -Sii4H22Si Sim Bér/F¥PoBs/B01495
Si- Si-.. R us~5R VVRR S i \0O 1RS R

10 R, R%,1\R2 being chosen from hydrogen, |inear and/or
cyclic carbon chains, such as .alkyl chains, aryl
chains, etc., or alkoxides. 5, @#he dielectric |layer as
clained in claim4, 15 charftterized in that the
cyclic nolecule is double DNDEag of formula | in
which R=Hand Rl = B2,5:-0 -26. The dielectric

| ayer as clainmed in claim4~~20 tharacterized in that
R is an al kyl radical,

Iv)
R
\
rS:A.\\
Si
R -, R
a3
£
R
V)
R
R st
B
<
1
R Ro

R, R', R? being chosen from hydrogen, linear and/or
cyclic carbon chains, such as alkyl chains, aryl
chains, etc., or alkoxides.

S, The dielectric layer as claimed in claim 4,
Ccharacterized in that the cyclic molecule is
double DMDMOS of formula I in which R = H and
R' = R® = -0-CHs.

6. The dielectric layer as claimed in claim 4,
characterized in that R is an alkyl radical,
preferably -CHs;, and R! = -0-CH;.

7. The dielectric layer as claimed in one of claims 1
to 6, characterized in that the carbon chain
connecting the silicon atoms contains at least one
double bond. | |
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preferably -CH3, and RL = -O-CH3. 7. The dielectric

| ayer as clained in one of clains 1 to 6,

characterized in that the carbon chain 25 connecting

t wo Sioloisyaserisans cont ai ns-ag sl east one é@%?kﬁob@?éougs
WD 2006/ 136741 - 15 - PCT/ FR2006/ 001495 8.

precursor nolecule, especially an SiC or SlOC

precursor nol ecul e, of general formula:

QSO HR' PoA3scrcmolttule; GhspeSiabigHan9.s#C or Sioc
prOcesérE@ErEQE”hege@uQEel%%tgeﬁekgxe%o?ﬁ 16l.ai med i n

one of "claims 1 to 7, charactérize Raf“t he
precursor is vaporized to forma source 10 of

vapori zed precursor, whi@kG-8itak#En into a vacuum
deposition reactor in whi #rate, brought

bef orehand to a tenperaturg T, WE:placed so as to
forma dielectric film sired final
conposition. 15 10. The® s asﬂblalned inclaimo,
characterized in that nirtr &fR/ or anot her inert
gas is also injected into the reactor 20 11. The
p%oce53 as_clainmed_dn claim,9 or characterized in

at oXygBRCFSS8l s&On; 5F§GWQH(? tqﬁ§%%ﬁﬁ%%ﬁ SHA¥RT as

to formlanm8dOCnl ayer .of claims 1 to 7, characterized in

that the precursor is vaporized to form a source

of vaporized precursor, which is taken into a
vacuum deposition reactor in which a substrate,
brought beforehand to a temperature T, is placed
sc as to form a dielectric film with the desired

final composition.

10. The process as claimed in claim 9, characterized
in that nitrogen and/or another inert gas is also
injected into the reactor.

11. The process as claimed in <c¢laim 9 or 10,
characterized in that oxygen is also injected into
the reactor so as to form an SiOC layer.



