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WO 2‘_004/ 077543 PCTI US2004/ 002210 1 METHOD FCOR

WEehi4eh e HYDROGENATED SI LI CON OXYCARBI DE FI L
DESCRI PTI ON  [0001] This invention is a met hodr S ps2004/002210
produci ng hydrogenated dro ehated silicon ox carbide g

Ygy (HSQ) 5 filnms having |ow dielectric
ri ses usin | asma- assi st ed

e nethod co
NE@}“@{?&%%} @GIN@&EYDnﬁQQENAa‘EBI g&?@OWMBIDE FILMS
containing at | east one strained silicon bond to
produce the filnms. The resulting filnms are useful in
the formati on of sem c PESCRIPTIGORVI ces. [0002] The

f .chenmical vapor deposrtron (CVvD) to produce
o

€ )
(000" GFhis ryantion fra reptbodifesprodustng hysrazeae! sitionn biyawebide (H:Si0C)
' 0 . ' om si l,i con-,cont ai ni.n .

s R GO CHSRT , Th Moo ppippiSeristha e ossisted
polymeridution ko gatte dyEEORlane *BpERENYdmARRbA: i ili

such as_tri net(fwyyl sil ane Ras been di Sc| {)Hggtg)r%#ﬁ?l%g&sﬂlconbond
to produce thefilmsc dhe wapbingddmesire usefaljin dredbreatidn/gf seaidonductor
devick@Pri se introducing the gaseous silicon-containing
naterial and a non-Si containing reactive gas into a

0002fcaThe Ok offth apak akpy t@q;ﬁ ' [ GNC- .
[ slﬁbst rate. Angi’ﬁfeéﬁler gy} géoﬁl}i_rsggms ch )g[g]p%gdhgﬁgg%’l S%IrC'H or SiC:H or
SiC:Heb B InRGHCRMidonBuéBRAGIVIQR @%E&E@&.E&ﬁammggangatgﬁ%lF Such as silane

silicon-containing nateri al reactive

(SiH g dstinathyl grthositicete CBHOS), nidmetyl-chstainhigsilahéssueh aStiRethylsilane |
SINC.CHor SSCHor SSCOH on the sem conduct or

 has beg discloseinstherarte flemical vapreniepasitiormyrotesdenypichilp Somprise

. ECVWD) is typically.carried out at |ow tenperatures -
mt"“f‘E‘E%gafﬁ%Péﬁ °H§RP‘¥?§“’%@@F§“§?§I}§ 3 B09-8i srudaiBing repctive gasinto -
606k e : . . | |
areacsem_ conﬁglﬁg%r devtim(:: g%ﬁ&g%&l&g%gé?&tﬁ{ h‘&t‘ ﬁﬁagﬁgﬂgﬁ §P°h as
thermaley plasmainducestheiredction detweenehesiticorcedntaining material and ﬁeactive

gas th%rlgﬁgfﬁtsﬁl%flg Pg&’g %ﬁé@tﬁ: .e F{gﬁgw%%ﬁgé;pﬁ&%ﬁ?q@i&{ E}r giC:O:H
on e S P B s e S RCVD) i
CcuBREERG o AL SN bl AR bl mn

for proldlagiag mg :lg]f;ﬂasﬁtfﬁﬁﬂﬂ SlmsAsDiitdiRlub®E B6viséss Wi th
10003155t bRty 40 manamive fmelstiom et eammsitance (RC)
R o Al e T e R
requirediforuscds ixplgtioningeridls betweeh aljAE&s coRARore OWhile!thad)ASndidate
film mgt!erslgls ggigtnwisﬁtl] ?gl\gtive dielectric constant k, in the range 2.5<k<3.5, few have lower
permittivity. Among the materials with k<2.5 are amorphous carbon alloys, fluorinated

amorphous carbon alloys, and forms of porous silicon oxide.

[0004] The typical amorphous carbon alloy films have been shown to have inadequate
thermal stability, often decomposing at temperatures above 200°C, It has also been shown
that it is difficult to obtain good adhesion between carbon alloys and the metal films used to
form the circuit interconnections. It is proposed that this problem can be overcome by the
use of a reactive gas comprising a silane compound having a strained silicon bond
environment. The approach is to create a carbon based film with some minimal Si content.



that it is difficult to obtain good adhesi on- bet ween

W&y 00loAkds0ys and the metal films used to formpdhe
circuit interconnections. It is proposed that {phl {U52004/002216
probl em can be overcone by the 30 use of a reactive

gas conprising a silane conmpound having a strained

silicon, pond environnment. The approach_is to create a

The peesepesrighe eipliomsthedormatemal anaivedti-&rilesne of silicopoxide on the
T t
fin ARG, RACCH eSO WA QORaREY oo TR ERAE Bl il in o

C:H, &id a-CohHatddeeflon bhded filfds| m surface, which inproves.
adhesi on conpared to an all carbon surface as is found

[OOOSLn 188, Ratkht N1 6,430 876 1600 el 6f. |d§§31c}§t@§ﬁ]g ubd bf® 51-61@% Jnng cyclic

Pat ent No. 6, 440, 876 to Vn di scl oses the
siloxans pran:tlrsar Simutdiim thei formatjo ofta ﬁhn Lbriana dEletc sarstant, k, of less

than 20frrpound in the forrratlon of a filmhaving a
‘el ectric constant, k, of less than 2.5. [0006] The

S
o0ne) s AEXRIARMRD S hul G M AN ) B n
U.S. Patawhbip. 8,01 18706 TrTshpeadtedt THisgelcns disclaseset heitiodiof forminga
form ng a _cont|nuoys coating.of anofphous sjli con

continpayszogingaf Fperphonssilicongrarbife pa thesusice,p es by piasesd
" enhan&ld&kmilal ¥ ‘BHFHS&Rﬁﬂt rl:heEﬁ@al Q'%gdg}cg@g g%sgg‘:lllg%%ntmmng

conprlses con co aining
+ cyclobasel osed is a nmethod for pr odu0| ng | ow dielectric:

permttivity filnms of hydrogenated silicon oxycarbide
[0007]bbi£lo§e§i ﬁéﬁbcfito?ﬂom{n&r@ﬁ Hl%l@éﬂl@ﬁbfﬁfttl@tv@ﬂ‘rﬁé (bffh &ﬂoé@@t@d silicon
C,or‘rgoun cont al ni ng at “least o strai ned A ll at least one
oxycarkighay PlafdMEISRS BERTCAEHRY o 4 SORT SURTEUPRR R P
stxame& &ﬂﬁén g&130Sint dr@ speed, f h&ﬁb fserow@BdOﬂtlﬁumgl hapdr dgerititre dethod for

producmw hcv’ 10 nen(a)t)e(%/l és:lfic:%g )??}S:ar 1de Iﬁsmq C%%Flé 1’? P? Iang;gldlugl glgl gne

conpound cont ai ni ng at Ieast one strained silicon

biatreduirts  fedtiveRaomysgare opfrtj’m'sﬁl'g i) aggalid silaoe @ompound
.deposi ti on chanmher,_ conta cp ‘a substrate,and inducing
containing atlesst ghe Heandsticpm o e@ ) 2R PX YR PEYATIBG 886 LiRP

depomgﬁﬁ/ S ﬁ dtﬂhﬂg aS@ssudle zﬁ‘ldtxﬁmﬁfoai 145 &ioRbetrlen e ARAE

: rein there 18 a controll ed anount of oxy?@n present
silane clumpongd aixkoxyeae pioyidinggaspt o vérdeerature df2SYA t

S0 T R0 S PaR R

provid@a 6lrh @n SheZsub§tRMO&ImpM sty l@l&@geﬁrﬁﬁﬁkdns c:ﬁbdil’eidahd()gén having a
producing thin filnms of hydrogenated silicon

dielectgx gangiapt Mdhe range of 2.0 to 3.2.

[0008] Also disclosed is a method of produéing thi_t'} films of hydrogenated silicon oxycarbide
(H:SiOC) having low dielectric permittivity on substrates, preferably semiconductor devices. The
method may comprise the plasma-assisted polymerization of a reactive gas mixture comprising a
. ¢yelic silane compound containing at least one strained silicon bond ("cyclic silane compound") and

an oxygen providing gas. These filrhs may have a low dielectric constant and are particularly suited as

interlayer dielectrics.




(H:SiOC) having |low dielectric permttivity on
substrates, preferably sem conductor devices. The
nmet hod may conprise the plaspa-assi sted pol yneri zation
of a reactive gas m xture co%grising a cyclic silane
conmpound contai ning at | east one strained silicon bond
("cyclic silane conpound") and an oxygen providing
gas. These filns may have a | ow diel ectric constant
‘and are particularly suited as interlayer
. dielectrics. 2a [0009] Further disclosed is a nethod
[0009] f mﬁh&r&m&émg ah)iﬂfh@@ ghragredictiz| iydoperatcy Giichi deychibidesilon on
st RS G oty B Bt R oe SR LTRG loo Srflafi B aRg taui
crystal dbeivéscedightaiigig diedr displaygledicoded i Sfysﬁlaﬁlllﬁé\ﬁméié“g ‘ﬁﬁ&“yaf}ﬁ" ice.

The met‘ﬁ&g Plpl%dll.lcllt he ﬁfﬂstrﬁdyrbgmgh&Rh@Maﬂ%Vdsﬁﬁcd poljR&eridRioh @d a k@ttive
u0|ng

e the "
g x|y SPRBTH R P g ke PRt dFaé’ngsﬁ‘ﬁ?ﬂ & g“‘éd“:
mmnea@x@hmﬂ)ﬁﬂhﬁﬂ@gﬁﬂﬁp@ﬁﬂﬂgﬁﬁVlng at | east one strained
silicon bond (" cyclic silane compound”) and an oxygen

[0010]p r ﬁﬁggefwlng?xgcﬁ%%mg u1¥ is ﬁ%&ﬂ% goo ﬁgiﬁﬁfp ofgdltilﬂp Bd fl El%d tb ts111con

based #ASQHE aflg shNiam zﬁ&kfiudl%dsb& dAevicsEmtdded T ade ﬂﬁmleciﬁ&ufacture ofa
i ntended for use in the manufacture of a

semlcomdmtonmmlmntsamdpdmg rfotsal iplenicadiayy opteeelbctyinan éeupfﬁaphotovoltalc

s, G IR o P ULl 08 e, spe
Iattice 3é ibdsQRd IﬂEbS #ﬁﬁts‘&h\gﬁiﬁ £ subSHRES mdyAddntif of€ ¥t AR%e 1ayers of

the 11 sem con uctor substrates may contain
one or nore Iayers of WD 2004/ 077543 PCT/ US2004/ 002210
3 wiring. The sem conductor substrate may al so be
t hose substrates prior to the formation of any wiring
| ayers. [0011] Cyclic silane conpounds are those
conpounds where one or nore silicon atons are
-.contained within at |east one ring structure that does
not include an oxygen atomin-the ring 5 structure.-
Such conmpounds nust have at | east one ring and each
ring nmust have a mninmum of three substituent atons
wherein at | east one of the substituent atons are S
and each ring nust not contain an oxygen atom
Exanpl es of cyclic silane conpounds include silicon-
cont ai ni ng ‘cycl obut anes, silicon-containing
cycl opent anes, silicon-containing cycl ohexanes,
sil a-5-spiro[ 4, 4] nona-2, 7-di ene, bi-cyclic conpounds
and related materials. 40 [0012] Silicon-containing
cycl obutanes with one silicon atominclude conpounds
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represented by the formula R2Si-CR2 |. R2CCR 2 15
whSi@nsaRth R is independently selected fromt rﬁ%ﬁﬁ%&mzm
arbo

~consisting of hydrogen, fluorine, and hydroc
radicals having 1 or nore carbon atons and each R is
i ndependently selected fromthe group consisting of
hydrogen and hydrocarbon radicals having 1 _or nore .
wiring; aFhsovemieendustor Subsirata may adgeyberthosecuhstaies priggite thesfoppation of
hav% 1 to 4 carbon atonms. For exanple, 20 useful
any W8 ‘8% -cont ai ni ng cycl obut anes i ncl ude the parent

[00115 333{@“@ Siadk AR SR Wt ARBsd cnifans WBdreaid of Bdr¥ Silic¥®atoms are

as 1, 1-diTluorosilacycl obutane,

contaipedratithin atiléastyne riip stamere thet deadinotiveltidsiahazygénodioman ¢he ring

1, 1- et hyl net hyl si | acycl oput ane,. . o
struchijrey, Gugh é?mawéﬁ Bt G e o0 FiRg eRY £ash T8 TRgieYE pgoinimum
of thred sﬁb%tﬁ&?ﬂo?ﬁé ?ﬁéf@ih%@lgaﬂ' Yhe R substituent atoms are Si and each ring

3, 3-et hyl propyl si l'acycl obutane. [0013]
must 18itlcontain amokygematom. Clxdnyiies afgsliostldnetovmmuhdipolugde sitison-
contail_ %@%ﬁpﬁﬁn@% g;n-g%@.glr'e rgecgge}r(])t ed o sesté q?pr{;éz)%ﬂn@gr il a cp%lghexanes,
) i ' ' xanpl e,
sl o B A b e

apent conpound 1, 3-di si| cl ohut ane and

10012508 iRy SeHBTEE bR b EE b SehE PopRReE comepuats

represéntdd By frelfBfdh| uor o- 1, 3-di si | acycl obut ane,
-methyl -1, 3-di si | acycl obut ane,

1

1p3sidingrhyl -1, 3-di si | acycl obut ane,

1, -let hyl met hyl -1, 3-di si | acycl obut ane, 1-butyl-1, 3-
disiT acE//cI obut ane, 2, 4-dinethyl -1, 3-disilacycl obut ane,

2R Mi-eCRy3 - 1, 3-di si | acycl obut ane, and
2,4-ethyl propyl -1, 3-di silacycl obutane. 5 [0014] The

o V6 +Si - di. si c ‘ .

Vhere SR 15 nBHALAT SRR Iirtlys ok Y M08 Juoring, and

hydrogaeidmaddichle hatihg il ror priceel tmbom atoarseankreavh RY is inflepeadentlyrselected
le, th . .

from ﬂ?é( grgﬂp gonsisﬁ%g of hydrogen and hydrocarbon radicals having 1 or more carbon

atoms. Typically any hydrocarbon radicals will have 1 to 4 carbon atoms. For example,

useful silicon-containing cyclobutanes inchude the parent compound silacyclobutane
(H,SiC3Hg) and derivatives such as l;l-diﬂuorosilacy;clobutane, 1-methylsilacyclobutane,

1,1-dimethylsilacyclobutane, 1,1-ethylmethylsilacyclobutane, 1-butylsilacyclobutane, 2,4-
dimethylsilacyclobutane, 3,3-diethylsilacyclobutane, and 3,3-ethylpropylsilacyclobutane.
[0013] Silicon-containing cyclobutanes with two silicon atoms include compounds

represented by the formula
R2Si—CR’p
11
R’2C—SiR’9

where each R and R’ has the same meaning as described previously. For example, useful

silicon-containing cyclobutanes include the parent compound 1,3-disilacyclobutane and
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preparati on of silacycl obutane from

‘ﬁoéoﬂ} gglgro& I acycl obutane by lithium alum n}”&wzoomamc

reduction is described by J. Laane,
Chenl Soc. 89, 1144 (1967).4[0015] O her cyclic silane
conpounds include 10 c o (CH3)2'S- Lq CH3 15 2 R2S
0016] The reactive gas m xture used to

deﬂVﬂBV%ﬁ}@b ag hé,%ii t@ﬁu@mrh% -digilaeycddimpanies baneshyl dohlisikéyeibbutane,

i Ry AR, R o B R BB ars>-
dxsﬂa@blobﬁtahél@ ARy 3-HABRI DAL, 26 HR3- 1 1LalsilhdyclbHRithme, and
t oo much ox en 1 s pr esent I n the ep03| tion

24%@9@&1%@11% ugptiede filmwith a stoichionetry

| ] be duced d the di
too14f FhCaceghincelibvbnd i | At rudPRutat sscwall & b fesiyatives are
knowrOei@dals lafd
OWTAUBHELs d RICARIED for Rt DRIARASLD KRS ARG Roreidhiff] he
prepar@t@qucsdg@@ﬁ)bu{aw o Ot ydiehlompsitadydiohgtage by fitliimm|aluiainum hydride

reducty fsEfiftny ). Laption AmnbbPosod PLbidiSDa.

[0015]pe®ﬂ1ét9fbﬁcsﬁﬁiéc%ﬁ:{g Hﬁds%%ﬁ e (S®), typically

nitrous oxide anount o oxygen providing gas is
typically 0.1 to 10 volu ts WD 2004/ 077543

PCT/ US2004/ 002210 5 ox@ﬁ@w di ng gas per vol une
part of cyclic silane comound, alternatively fromO.?2
to 7 volune parts of oxygen providing gas per volune
part of cyclic silane conpound. One skilled in the
art will be able to readily determ ne the anount of
oxygen providi ng gas eggfg _on the type of oxygen
provi di ng gas and thé on conditions. [0018]

QG her materials nay be pre g\in the reactive gas

m xture. For exanple, carrier CRgses such as helium or
argon, dopants such as phogghlne ‘or di bor ane, hal ogens
such as fluorine, hal ogen#&ontaining gases such as
SiF4, CrF4, C3F6 and CAF8 or any other nateri al

!-..-._..
Rl
Rl

3

. [0016] The reactive gas mixture used to produce the H:Si0C films also comprises a

controlled amount of an oxygen providing gas. The oxygen may be controlled by the type of
oxygen providing gas used, or by the amount of oxygen providing gas that is used. Iftoo
much oxygen is present in the deposition chamber a silicon oxide film with a stoichiometry

close to SiOy will be produced and the dielectric constant will be higher than desired. If too

iittle oxygen is present in the deposition chamber a silicon carbide film with a stoichiometry
close to SiC:H will be produced.

[0017] Oxygen providing gases include, but are not limited to oxygen, air, nitrous oxide,
nitric oxide, carbon monoxide, carbon dioxide, peroxides, and sulfur dioxide (SO5), typically

nitrous oxide. The amount of oxygen providing gas is typically 0.1 to 10 volume parts




Wwhabodf,9¥;des addi tional desirable properties b h}%@oomozzlo
fil'mmay be present. [0019] The reactive gas m xirure
can be introduced into a de@dosition chanber containing

a substrate, preferably a sem conductor substrate,

wherei n the pol 3{rreri zatjion of the cyclic _silane

OxyEERFHPHdNG caarewlvmeprrbel ¢xslia rilaneponipoppd aeprdivelydrona (0.2 to 7
ol fekts B BRdcbr SRR B fer YORUEL o Bl PERBUARERA. One
skilledlirethe attroill beeblktta iéad(ly de@rfinetthe aBodntdf oxbaspeviding gas based
enhanced chem cal vapor, deposition (PECVD) is
on thefype ef exygeq providing gas and ihe denositioacopdiforhat can be
- . i i,ndustry. [0020] 1. PECVD t he .
rooto} BN IoesHiET ko Be bbbt IRSLIE o BBk iy g, Oirer

gases Bloh¥thefill o argbfedopRhB $UBIS adpiestphine SH EiboRMRCRASEMs¥aYh as
conprise energy derived froma variety of sources such
fluorir@§ halop&tEdritsinthi pabRsgeibas SiFgCCF TR ahd C,Fg of 88y bihet MAterial
radi o frequency or mcrowave range, |asers or
that priogides additibred desirablRpeosdrliys forthé Glm athyibe grésenn!| asma '
deposi tion processes Is the use of radio frequency
[0019] ( The fekdtivd gns MR ddklzpn by intidocadiate e d¢pbsifort chamber CpyINIB2r gy
at noderate power : densities (0.1 to 5 watts/cnR).
substrdlé)prefpmblyf 2 senficamluetor yybsprates whereih the pobumarizatione the cyclic
silane QGO FREboL B DTGB DG SeRE B Bt e pETIBHS herhe
. f P
flm cdfpet80Byctbech, A3 htboflond dgpefhdiis T1GY dieiddtlo Bonstant 2.0
to < 3.3)] -ThaskilOénbhndBdCTheMEEE vAfoR defoNoP(PETND) isYiréfefred due to the low

referred to as high density plasnas, can be conbi ned

tempergjures thatRan be aggdandywids eise i themndusirg pr ocess whi ch
hel ps | anari ze a varying surface topograph ring
[0020] dmpﬁé}‘féﬁkhﬁ gasmr@reﬁﬁlb'aee@@cteg&ﬁ PRENEELFRHeh ﬁla{“ﬁ%ﬁé}& The
plasmdk Qe JubiprodesdeNingy dodipeise dlbrgl datved 86m a[vBRAGE sdirees such as
hydr ogenat ed silicon oxycarbide filns produced herein
electricndischarpes,apechoampaeticifjelds methg eathio fleqiencyot miGowaxEyddpe, lasers

. rein the ratio of G S can be in_the range of about .
or parh\é\fg cqs. Gsaerelly prefertsddin Shplaging depsitiongrogetess theusein radio

: f abouyt 0.1:1 t boyt 1.5:1 with the WO

frequeng ol Kkl tor EOAMGHZ s snisa oAl iod OgHakenerBEatagoderate power :

.. hydrogen. The ££.Si ratio is typically determ ned by
densities (@ 1 &0 Sjwatt{omy)o Ll fpecifje freguensy, nowvet aadrprrssie, hayepren are
3 r I "
generally{fired IF o ot EAoRicib Tl Binire bR BBusgne PRGVR ata
power afZ0BY 0D W Ostegatt ¢l {oNK),000 Rd@r@hnd Hicmpeiary ofas to 500°C.
Alternatlvelly, the films have a thickness of 0.5 to

Confineg, vppressure (1-5 mTorr) microwave frequency plasmas, often referred to as high

density plasmas, can be combined with a RF frequency excitation in a process which helps

planafize a varying surface topography during CVD growth. This process can be useful in the

formation of interlayer dielectrics.
[0021] The hydrogenated silicon oxycarbide films produced herein may be represented by

. the general formula 8i,, 0, CyH, wherein the ratio of C:5i can be in the range of about 1:1 to

about 10:1 and the satio of O:Si can be in the range of about 0.1:1 to about 1_;.5:1 ‘with the



[0023] An advantage to the nethod disclosed nay be the

VeD 20040974 | i Nk successi ve growt h processes torOTWSRIDE/002216

mul tilayer structures of SiQ2, H SiOC and/or SiC H for

exanple Si02 /H S OS2 or SCHH SiOJSiCH, by

i ncreasing or deleting the oxygen providing gas at

- a
balan%?:g: T éiP eg' grﬁ% uS(;ig'a H li]fayer S %ngt%o%g:i ﬁ%ﬁ (H:the oyelic
silanercompbinde gas flow, adj] ustl ng t he amount of oxygen
rovi ding gas and thereafter resum ng the reactlve

[’0922’436@1%9 Pedpseddisean Ry deetvaryiggethickpessos ) Fiimg hayingghicknesses -
or 00RO EFIAThE Bl e B AR5 S RARDNL, o sl

are p y sui

have asBitkaes dd055ab 30 mgr at ed circuit manufacturing
i ncluding, but not limted to, gate dielectrics,

{0023} pn sivetagd togha chethaitdiseined @by beihe kgl wiliclssusmdivpaswhvat i or i
coatings. The_ filnms produced herein have a dielectric

procesgesiepaefuce multiinyes stuctgrasef §iQ@, H:SHPE€ apd/ar Siet] fos example Si0y
to 2.8. [0025] The following non-limting exanples re °

/H:SiQE/8i0 HedSiCoHHN8I0OSEC 3K itlyl incteasing drededetingrthy oxygeneroviding gas -
readily understand the invention. EXAMPLES Exanple 1:

at the apprayaiatd twae dasngthetCNR prosess. | Bisygeferred to produce discreet layers by

dlmethIsHa cl obut ane Dl\/ISCB nd nitroy oxi de
stoppl.q@téer y Q% aﬂﬁp%;ag ( ) gﬂ:@[gqu)‘o g gas-and thereafter

gguﬁ pled ,parallel plate
resm&%% ?Wq geposn i1 &grat ure was 350C. The-
[0024]p mﬁlnﬁr;ﬁém& herebi)dué tcmhs hb\h alielédtﬁc Eafshdnt, ars pamc\mﬁy suited

operated under are given in Tablel Hel i um was ed
as mteré@ead@&cwéﬁn spamicppductpsdntegratedicirenit namfmglg mﬁbldmg, but not

timitcth, $55 EErc PPER BT et TR o A AR s, The

films pfddut@d hebBR Hveh ardlédute coRBmk 3 tofélg)m maﬁl%fﬁswél} srz 2t0<
iTms were anneal ed for one hour in N2 anbi ent” and

2.8, 400 C foll owing netal deposition. The process

ditions and results are in-Tab 1.. WO 200: 77
+ [0025] p%%e B HepJumiting exaypples 1€ p 5@ hat pr d'rtmay
3 tenp = 350 C Post-anneal K* Run
a0t a@%s %’t‘t"ﬂ @BRE@EB’T! 120 He Dep
EXAMPLES
Example 1:

A reactive gas mixture compnsmg dimethylsilacyclobutane (DMSCB) and nitrous
| oxide, N2O, (See Tables ! for gas flow amounts) was introduced into a capacitively coupled

parallel plate PECVD system at a deposiﬁon temperature was 350°C. The power, pressure
conditions that the PECVD system was operated under arc given in Table 1. Helium was
‘used as a carrier gas in runs 1-1, 1-14; and 1-15. The films were formed on Si(100) wafers as

the substrate. The refractive indéx (R) was measure on as-deposited films. The dielectric
constant (k)was measured after the films were annealed for one hour in Ny ambient and

400 °C following metal deposition. The process conditions and results are in Table 1.
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ID (torr) (watt) (seem (seen) (seen) Alar Rate B$
‘§§85%F%ﬂ§ 300 150 125 75 3239 1.4 2.528 0.0283

#3878 1878 1.5021 2.651 0.0988 1-3 3 400PQBHS§@ﬂm”1W
3665 1.4661 2.677 0.0920 174 3 300 115 50 1777 1.4955
2.602 0.1161 1-5 3 300 85 50 1929 1.4991 2.740 0.0110

1-6 3 250 100 50 1468 1.5036 2.593 0.2057 1-7 3.8 300
100 50 1803 1.5035 2.683 0.0390 1-8 2 300 100 700

. Table 16 B8artiplé 83BDRIKIR bked 4ICOIHFIRs.300 130 50 1626 1.4978

Déb foftlp 0. 0632 | 1- 10 B 400] 130 [50 2315 1.5%155 2.650
%5@%0 1-11.| 3 300[ 100 [700 7482- ].418§ 9gsann9aldéﬁ6
TTZ 13 ‘mg% T 0140872 79% 01 =3
Rual( OP8Y) POWeHDMSEBEH,®. 0He (J: 1089 }{glzl 4oo
ID. 100094 Ruibitfihdcrd) kQL@ertl0r F- 15 08 50 %

2892 1.5p18 2| 583 0 mERH o of_neasur Kis
11001 Boon | 308xanbi® D 128gm#r dt BR39) {aldi ¢ H.528 g 0283
1-2pil oddced Bﬁﬂnig DNECB #s jdescrli b&8 ith3Edant.e51 ¢x09P8S
1-3t hat 3ni ty aps | oxde] (3R0) way 8685 Ysaekl| n 4.6F7 1 ¢agiooye

1-40§S ™ Xt UBGg |11 1520 &5¢7- | EXATDPIFE 97 4d Uz&’o "Tﬁlsl
15 s o3t - i“fﬂah:ﬁ?&@i 4991 2,740 X20.0110
1-6plt 0 3n1 1394, Qﬂrﬁm 0 oo | 1408 [1:5036] 208937, had2057
1-74] 35568 0. 1180% | 00> |3 Sfod 150 [ 218932 11350357 3 25688, 2710.0390
1-80] 1622 |C20® [5 1900 [500@q 287 [ 176841343380 @.€RB9| 0.2420
1-9 3 [300] 130 | 50 1626 [1.4978] 2545 | 0.0632
1-10] 3 |400 [ 130 | 50 2375 [1.5155] 2.650 | 0.0330
1-11.] 3 [300 ] 100 | 700 7482 [1.4186] 2.838 | ..0.0546
12| 1 {300 | 100 | 50 1110 [1.4087] 2.793 | 0.1935
1137 1 [ 400 | 100 | 50 844 [1.5154 3.041 | 0.1039
1-14: 5 1400 | 50 | 350 [ 100 | 4943 [1.3741] 3401 | 0.0750

1-15 5 400 100 | S0 | 100 { 2692 |1.5218] 2.583 0.1234
* The error of measured X is +0 / -10%. B

Example 2 (Comparative)
a-SiC:H films were produced using DMSCB as described in Example 1 except that nitrous .

oxide (N20) was not used in the reactive gas mixture.

Table 2. Examples of DMSCB a-SiC:H films.
Dep temp = 350 °C Post annealed K*

Dep
lPressJPOWer,IDMSCB: He Rate | RI Kavg STD

(torr){ (watt) | (sccm) [(sccm) (A fmin)

C2-1 3 12001 150 | 200 | 140 [1.7106] 4.350 | 0.1633
C2-2 3 1400 | 150 | 200 | 273 |1.7375} 4.271 | 0.1612
C2-3 5 | 300 50 80 | 287 [1.6146] 3.919 | 0.0239
C2-4 5 | 200 50 80 125 11.6172] 4.044 | 0.1137
C2-5 2 | 400 50 80 | 580 [1.7749] 4.357 | 0.0458

C2-6 2 | 300 50 80 | 376 |1.783( 4.474 | 0.1114
* The error of measured K is +0 / -10%.
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C2-4 5 200 50 80 125 1.6172 4.044 0.1137 C2-5 2 400
‘§8 @‘8’02%3 1.7749 4.357 0.0458 C2-6 2 300 50 80 376
7F 4%4 0.1114 The error of neasured K i sPCT/US2004/002210
+01-10% WO 2004/ 077543 PCTRUS2004/ 002210 8 Exanple 3
i Films produced in Run 1-15 of Exanple 1 and Run C2-4

of Exanple 2 were analyzed for conposition using
Rut herford Back Scattering-Hydrogen Forward Scattering

Ex@ggkﬁh 5 Scattering Spectronetry) The results of this
an_be seen

a Ssis. a ven i_n _Tab C
¢ Rl Protued kol 1b o4 agaple.h 216 R oL AIOR sisre analyzed
for coy %HBE QSlﬁg ﬁ{epfgfé% %5@( séa &E?ng o%aleﬁpfn&:{srh lS etr (lon

age cu

. Scattefing SPectfomietiyheThe ﬁsﬂtd'bﬂ thisRnalpsis ateqd¥@0IR Tabld 33 nAs can be seen by

density at 1 MW/ cmwas | ess than.10-10 A/onR2. As can
ﬂleseﬁé“]g;een by these results it is p033| ble to produce

i ncreg% @&gﬁt n%l 0S" @%0&% g&fﬁf ona ﬁg}s%&é@ﬁ 2-8iCO:H film

. the le%a&n‘%éﬁf 8&1@&2 ‘sj(%l{l%gﬁeéx r eacli:t% | \&% adglsc :H film the

m Xt ure, cqQ dInEh|SI| pent ane ( DMSCP
leakagﬁﬁﬂnﬁ‘i‘ttqeﬁﬁ atéi\fg{gcmme es? %abl §m4 for ggs fl o?m

anpount trod

AR e 09 s by e rsnltt i ispraile o arotise s Sydng i eckage
cmenﬁ&&ﬁﬁf%ﬂ%ér@ﬁ@&ta&%ﬁ odhas 370C. . 20 The power,

pressure conditions at the PECVD system was operated
Uretedddioralgiowparion, atH60eH dandlalSiThE filnSivade brddukedbusing

| . r.e for on Si (100) wafers as the substrate. The
mmeﬂﬁ@?‘ﬁﬁ%?f%- index (RI) was neasure on as-deposited

filnms. The diel-ectric constant (k)was neasured after
the filns were anneal ed for one hour in N2 anbi ent and

OQ C follow ng netal deposition.
A reactive gas mixture comprising dimethylsilacyclopentane (DMSCP) and nitrous

. oxide, N2O, (See Tables 4 for gas flow amounts) and argon, Ar, was introduced into a

 capacitively coupled parallel plate PECVD system at a deposition temperature was 370°C. .

The power, pressure conditions that the PECVD system was operated under are given in -

Table 4.
The a-SiCO:H films were formed on Si(100) wafers as the substrate. The refractive

index (RI) was measure on as-deposited films. The dielectric constant (k)was measured after
the films were annealed for one hour in N ambient and 400 °C following metal deposition.

The process conditions and results are in Table 4.
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2004/ 077543 PCT/ US2004/ 002210 9 Tabl e
vgZ(Jr(r)gflléF'cve%sg\gof di et hyl si | acycl opent ane ( DVMSCP) k}’&grégszowmozzm

a-SiCOHfilms. Dep Tem = 390C Post-anneal K* Run
Press, Power, DVSCP I\I20 Ar Dep RI Kavg* STD |D
r sce see (sc Rate 4-1 9 850
Table %oﬂ" ésl%ftsﬁ}ﬂm@lzgsﬂ&csg niangGIMECP3 based wSIC R BOAilzDD
250 125 12792 1.5014 2.514 0.171 4-3 9 850 200 200
Depllstnpi20%38C 1. 5087 2.285 0.132 4-4 9 850 [200 25PPdSaGnneal KK+
RuanE:fés% inz&i’ DRESTH | 0840, zme erfriggp of r;tqasurega{gg*s STD
D 1% t gclmi e xture { -
cgm_?rl c|Qng gl hy )si %%c?f/l I g&enyartgljnDﬂl\fECP) anfd
IR BB - OIS 7 P N TR /0 MR M P SR TN
42 piovn 4 B20em|A007 dehadd0t | gi2h enddbAr o Mekl43r2614 The171
4-3 n&ner . §5@ssur%0cond| 200ns | 16hat [t1RO6PEQULFE87st 2885va$ 0.132
4-4 qer at ¢@50ndgr208r e gi 26 i n13@bl ¢ 199510 |Titwn9a- [ 6591 | 0.090

*The ok BEmeRuced Rig®0/ ool (100) wafers as the substrate.
The refractive index (RI) was measure on as-deposited

Exam;%_ke“ The dielectric constant (k) was msasured after

Beaénfeogqs Wﬁﬁg %gql';s%g%é@iqﬂ? e Ig?c n ngc )netmdal?ellum

He, (S
L L
plate PECSﬁI)SMStem #tresdepobitipn Temperatu A0S F765C - The patver, [ifeshurd conditions

that the(lggﬁ? SYStE%‘E?ﬁOI{eg%ﬁﬂ%Dg@ g$$en§% vg;, SID 1D (ton)

The a-SiC:H films were formed on Si(100) wafers as the substrate. The reﬁ'actlve

index (RI) was measure on as-deposited films. The dielectric constant (k)was measured after

the films were annealed for one hour in Ny ambient and 400 °C following metal deposition.

The process conditions and results are in Table 5.

Table 5. Examples of dimethylsitacyclopentane (DMSCP) based a-SiC:H films.

Dep Terap = 370C Post-anneal

: K¥
Run | Press, | Power, | DMSCP | He, Dep RI Kavg* | STD
D (torr) |(watt) [, (sccm) |(sccm) { Rate

(A/min)

5-1 |75 850 150 300 | 5634 1.7744 1 3.946 | 0.162
52 192 700 150 300 2746 1.7158 | 3.662 | 0.114
5-3 192 550 150 420 1288 1.7352 | 4.137 | 0.087
54 192 700 150 420 2690 1.7407 { 3.868 | 0.169

*The error of measured K is +0 / -10%.
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11 CLAIMS 1. A chemi cal ggr deposition nmethod for
produci ng hydrogenated silicon oxycarbide filns
conprising introducing a reactive gas m xture

¢g2@$ksing (i) a cyclic silane conpound containing at
ne strained silicon bond and (ii) an oxygen

providing gas into a deposition chanber containing a
substrate and i nducing a reaction between the cyclic
si |l ane conpound and oxygen providing gas at a

1.4 ghrspigalyeporsieposion wetbod ©or priiueiai hydieseratddssilicon oxycarbide

fﬂﬁ@%%&@h&ﬁ? anmount of oxygen present during the
reactfon provide a filmon the substrate

c omputraiungg laychictige gas msixhire ormprosangdn @mﬁc sﬂ@t@&nmbamm g
a . diel ct ic constant in the.r e of 0 to 3.
coR T HAERTERT S ERBE U AR D SR e PR o
deﬁbditﬂﬁﬁchﬁﬁﬂ’!&%d)ﬁf&lﬂlﬁg a S®s@5ik Ad bt B Seddtion PetGRASIME tidlR
of silicon-containing cyclobutanes silicon-containing

Sﬂef}f‘cqoap’@wﬁfbﬁ@soxysm pr@mntgcﬁfw at nicApespas oheXsrias00°C;
si | %V_}éreglp{h%f%[lé %’h xﬁﬁf}l@ﬁ %xélzuf}' o 'ag?(%fcglg)‘?esght u%%]ﬂaecr ct10n to

conpoun e met as cl ai Inc
provhée il dxr theishbstetecompaoising hiydroger lsécbr,daftroormd nygen havmg a

dielectric constant in the range of 2.0 to 3.2.

2. The method as claimed in claim 1 wherein the cyclic silane compound is
selected from the group consisting of silicon-containing cyclobutanes, silicon-containing
‘cyclopentanes, silicon-containing cyclohexanes, sila-5-spiro[4,4]nona-2,7-diene, and bi-

cyclic compounds. -

3. The method as claimed in claim 1 wherein the cyclic silane compound is

O

selected from

(CH3)ZSi(:L

CH,
2
R,Si— -
LR
Rl

3
where each R is independently selected from the group consxstmg of hydrogen, fluorine,

and hydrocarbon radicals havmg at least 1 carbon atom and each R’ is independently




(CH3)2S~- CH3 2 Res R 3 where each Ris

i ndependent |y sel ected fromthe group consisting of
hydrogen, fluorine, v and drocar bon radical s
having at | east 1 carbon atolfiand each R is

i ndependently 12 selected fromthe group consisting
of hydrogen and hydrocarbon radi cals having at | east
one carbon atom 4. The nethod as clainmed in claiml
wherein the oxygen providing gas is selected fromthe
group consisting of oxygen, air, peroxides, sulfur

I oxi de, carbon nonoxide, carbo i oxi.de, pitrous
Seg%ef%efg% Hhegreun ngRinget %@r%amﬁtsﬁ aepon cpdiatiiping at leas
o @AtdnlatoMper ein the cyclic silane conmpound is

di met hyl si | acycl obut ane and t he oxygen providi ng gas
is nitrous oxide. 6. The nethod as clained in claiml

wher gi ' , ' ' LR .
Tangs T84 abilaRa g Ayl Pokblch SO0 ARk Dy iy,
selectlddromi thetgh@ipasonsistingalf ogygegenr, pemxides nglfgadioxids, carbon

i ncr aseg or. decreased during.the reaction between the
LR % © ?%%BX§8ﬁw€ﬂﬁ&X5ﬁ&n?ﬂ&“°8%93en provi di ng gas

to produce a filmcontaining successive |ayers

selected fromthe grpup_consisting of Si02, H Si CC
and 3siThepnethod as claimed in claim 1 wherein the cyclic silane compound is

dimethylsilacyclobutane and the oxygen providing gas is nitrous oxide.

6. The method as claimed in claim 1 wherein the film has a dielectric constant in

the range of 2.2 t0 2.8.

7. The method as claimed in claim I wherein the amount of oxygen providing gas
is increased or decreased during the reaction between the cyclic silane compound and the
oxygen providing gas to produce a film containing successive layers selected from the

group consisting of Si0,, H:SiOC and SiC:H.




