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WD 2004/ 077543 PCT/ US2004/ 002210 1 METHOD FOR

PRODUCI NG HYDROGENATED SI LI CON OXYCARBI DE FI LMS
WORHBEBRY RIS ON [ 0001] This invention is a nethoBCT/W82004/002210

produci ng hydr ogenat ed siliﬁon oxycarbide (H SiOC) 5

films having | ow dielectric'constant. The net hod

conprises using plasm-assisted polynerization to

MR D o S T BRI AT SRR v GRRBIDE s

resulting films are useful in the formation of
sem conduct or devi ces. [0002] The use of chem cal
vapor deposition (CvD)BESCRIBIUO Si 02, Si NC. H or
nduct or
00015, o8t et o PR RTS8 bz o)
films l%i\)n?g‘ﬁw diSliebik cohfiftaghb hetbd ctb?ﬁﬁr L& dif ﬁﬂé%@aw%
hyl - cont ai ni ng sil anes such as trlnet yl'silane as
polymbeeatloail te a;¢asts@dyqlm stliwee @mpoudt enntaahng/aatpcnst dmasismtedcsmcon bond
roc |caII rise ci ng the gaseo
to proffieRtfg il ol rﬁfﬁ%@%ﬁﬁ@?@f&%ﬁ-}ﬂ b rmafioR SheiRppyctor
devicds€active gas into a reaction chanber containing the
sem conduct or substrate. An energy source such as 15
[0002] heTheaise of clpndeatevapordiepesitibh €CVBRGH produtees e 8NGOS or SiC:H or
silicon-containing material and reactive gas thereby
SiC:Orlé shihtfilmg on serhivendieparsielvices fiofn dilieont duintaifiing Meanéridfs Rh as silane

- SIiNC. H r Si G H or_Si n the sem conduct or
(SH iy, prbesieais TR g mid sty Py lsponfaipE Silapseeh primethylsilane
I 1 arried out at Iowterrperatures
has be%&?tfs@f 4%]?1%%‘5 Chrmigt mvée%psgmpmeésq%mga S eoprise :
| f .
T Sy T —

a reacnﬁqchandme oontaiaingithe mmeomduetcﬁls&bsttlrat& aAn energy source such as

resi st ance- capaci t ance_( RO l.ay associated with the
thermal;qr plgsmaiipduces s erctirn r1?§tW€‘ﬁB\th Bl eramtaiping magerial and reactive

gas thgjeﬁﬁf fish ﬁhg gne ﬁl%%e%(;szg?ﬂ sle Hih £ ?jﬁ%tf %?Oz,WH%? SlC.H or SiC:0:H

mater i a twee acent con ors

on the%@ﬁ?doﬂﬁﬁ&or devid®! 'ﬁa{sﬂL d Hhin@d Bbmilal baé.’; ghgﬁdgﬁgm (FECVD) is

ctric constant I'n the range
typicalipearried vet at Ipe ltemlltetratwds)(<5 Q) theirdty malting PECY D tiiitable means

k<2,5 e ano ous car bon al l oys, fluorinated 25
for Pr%‘ﬁ’r‘ﬁ&ﬁ@ﬂ%“@‘éﬁ%ﬁ?ﬁséll" AdgR filnasep seFRifenILtos §e G- si | i con :
I u
1000307 V9 o Ay Ui B C8 m AITRE B e SR R B Bl ee RO)
delay a)s‘sbﬁmtedi e4rthesirdigt iaterdonmpetions Lﬁe@ﬁlo&b@tﬁuﬁ@ﬁ@dldléctﬁ@%re
al so been showmn that it is difficult to obtain good

requireghfos 5035 isatigemateriplshistwgenagiacenicondectorst JYhife magy candidate
film nﬁ'f‘e?glsl &ist with relative 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.
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formthe circuit interconnections. It is proposed that
this probl emcan be overcome by the 30 use of a
WO e@ai715e3 gas conprising a silane conpound havP@mQUs2004/002210
strained silicon bond environnment. The approach is to
create a carbon based filnmw th sone m ni mal Si
content. WD 2004/ 077543 PCT/ US2004/ 002210 2 The
resence Qof .the . Si £ QK i: : [ ‘
Tho e REREFR o BRI of 1 S5 LRRRR! oS8 e on
film suMideS WhidkRmPyRSs adheen@onGgarddas af alleafonahitfacastiofound in a-
surface as is found in a- CH, and a-C F: H and Tefl on
C:H, andzes€dF :Hianddeflpobawd fibms. Patent No. 6, 440, 976 to Wang
et al. discloses the use of a Si-OCin-ring cyclic 5
[0005] ﬁlU.San’umt g_reelé;mwﬂ@ ¢o Rpmgred 21 distloees the maet ¢fonSieP-Q inf-iihgreyclic
aving a dielectric constant , Of .1 . . 5.
siloxang @weggsorr%nwdém the; fpgwt&noqﬁﬁt fglﬁblg&i‘fihfge?s awﬁCchnCO%st%nt» k, of less
thanz%m)rphous SiC filnms have been described in U S
“Patent No. 5,011,706 to Tarhay et al. This patent
[0006] diT3elues eﬁsiﬁp{fa_i@maaesﬁn famihdanerphomsBiCnfilmsshave dtémdesofibed in
am)é}ohous silicon carbide on the surface of 8rti cl es

U.S. Pant pica 89 1.706 émhaex gt @hdihisaten| dpsslosercsibed of forpyag a

. chem cal [ . . Si L j, [
conin Tl RO SHERIHEF PP O ARLEYRLRS by g,
enhanct®cliindi¥hld@apér d¥pbsiaen.f The plicasivglivagod @mpstises @ silicon containing
permttivity films of hydrogenated silicon oxycarbide

+ cyclobygngs| asma assi st ed pol ynerization of a cyclic silane

ooon SRS EEBEE R BTl PR e

. permittPFiS IS sHE hirioBeddtd dEliedn Sydm@URIARaknsd dssis®d polymerization of a -

_ oxycarbide (H'Si OC) having low dielectric permttivity
cyclic silane atrspoundeontapring atlaatt pne seginebnibenn inddevi ces. The

jonos B RTBS G (5 R AR TR B RhE BB bk sicon
oxycarEﬁEEH%@@ AR¥ial v BieRlcti ©RshittinRy 6h kdbshatds, tferdbly
bond ("cyclic Silane conpound”) and an oxygen

semicoprustoridavipegaBhe mitthed comprises e plasmaassistisd Rl Epedzatiog of a
. constant and are particularly suited as .interl r .
renciv BE O COmTPORBG T SEh P B sl RuiRef e e sained
ilicon HBhA By bR siROOdsapHchdy MPSLHRILA pfovidifg Bad XBieRé Bifeh
. 1c0nfi ng gn ssl}bstratg. Ty%l)i cal (g]%tk%gt Fat es1 ig)%?:l ude but ar'c:eVea
low digledtrit constant| andare particobmiysuited asinteslayertdieectries. qui d

crystal devices, a ligh 1tting. di.ode di ay. .
(000915 veien B Jasiethod i s E ey g Bigey prarvic
films oh!XbSERitd) qglpfcgf s&i%t%jcé‘scineﬁldtz gt 4rk BBLGRBPTI, $8AicbAGctor substrates,

pl asma assiste
liquid crystal devices, a light emitting diode display device, and an organic light emitting
display device. The method for producing the films comprises the plasma assisted
polymerization of a reactive gas mixture comprising a cyclic silane compound having at least
one strained silicon bond (“cyclic silane compound”) and an oxygen providing gas.

[0010] By “semiconductor substrate” it is meant to include, but not be limited to, silicon
based devices and gallium arsenide based devices intended for use in the manufacture of a
semiconductor components including focal plane arrays, opto-electronic devices, photovoltaic

cells, optical devices, transistor-like devices, 3-D devices, silicon-on-insulator devices, super

lattice devices and the like. The semiconductor substrates may contain one or more layers of
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25 polynerization of a reactive gas m xture conpri sing

a cyclic silane conpound having at |east one strained
wadooors4bond ("cyclic silane conmpound”) and aPCDX§ZPE#002210

provi ding gas. [0010] By "sem conductor substrate" it

Is meant to include, but not be limted to, silicon

based devices and gallium arseni de based devi ces

.. inhtended fopr use in th . .
wiring.« B omtoneRbie SnbBiranBL TR B Bafrrpei e fopmpton of
anyvd%#ﬁﬁ@&k?CtroniC devi ces, photovoltaic 30 cells,

i cal devices, transistor-like devices, 3-D devices,
[0011] siCyictiosilar-dompeladsare these cempoungdsarherg ene graporgsilices gtoms are

ME TSI e R
strucmféh WWfch %leggﬁlﬁlsm AORA GL-RF oSS Aridl @cﬂﬁ)ﬁ? ahBOhHR a minimum

ose substrates prior to the fornmation o any Wring .
of thre¢ sybatitien{ A6 jvhexend atdeast bumel tho systinmst atpmstarplicand each ring
conmpouynds wher e one _or re.sil.ic atons ar.e. -
must gl IR @B O BER a1 ERGIBICs G GYFieang pOBpRIRSS inekyde silison-

; ' i i ' i n-2offalri cBbhexanes,
contaidff R HicORBARLAME I (hehilhct, slboneobta et et
sila-5-gpitofd, Alidha Rdidiene, bi-oyahicroonfpotihdsmndselatadi matenals.at ons

wherein at | east one of the substituent atons are Si
[0012]2NSk 1864 Borithiffhg GFbISbutdfds WiBinbad €lliedh aspdacluds compounds

Exanpl es of cyclic silane conpounds include silicon-
representatt i thie gy | obut anes, sil i con-cont ai ni ng

cycl opent anes, silicon-containing cycl ohexanes,

R385 -5Ryipr o[ 4, 4] nona- 2, 7-di ene, bi-cyclic conpounds

and |rellat ed materials. 10 [0012] Silicon-contai ning

%%plobuﬁgggs W th one silicon atominclude conpounds
raplese by the formula RRSi-CR 2 R 2G-CR 2 15
Where each R is independently selected fromthe group

Where easisR $¢ indepenflertiycretegted fronh thergroep censisting pfhydragane fuorine, and

radi cal s havi.ng.1 or nor car bon ,at ,and, eac i
hydroqaapisTaRGRA PRYING 4105 B1asg Cerppy AP g <8t cgﬁg‘??te?%%‘ﬁé{ felReted
from 1Y ?r{g)ﬁﬁ ganﬁﬁ%l'&fﬂ&%g&pm b GRhoh AR Hahing!l dFRide carbon

carbo atons. Typically any hydrocarbon radicals wll
atoms Hbgpécallytany Aydracdrbon mlinats. witidrave sl aagl cerboRgiterse f ior example,

si.|l i con-cont ai nj cycl oput anes i ncl ude t he, par.ent

useful ééWﬁwﬁata&m%wb%gmg%\%Pu%fElﬁ@&éfmé’ﬂan %‘}"1% ‘&f’?\‘}%‘%e
such as 1,1-difluorosi] acycl ohut ane, .

(H2Si@3 ek angd| derivateves sesthasdnkrdi uorosilacyclobutane, 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

R,Si— CR’y
R’,C — SiR’;

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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1, 1 -dinmethylsilacyclobutane, 1, 1
-et hyl met hyl si | acycl obutane, 1 -butyl silacycl obutane,
W@ 20b4/0atisnet hyl si | acycl obut ane, PCT/US2004/002210
3, 3-di et hyl si |l acycl obut ane,, and
3, 3-et hyl nopyl si | acycl obut ane. [0013]
Silicon-containing cycl obutanes with two silicon atons

dervach 4% SRR SUSBERIEKAL, Mo b TN R tan,
1,3-dineshyb-1(pdisilagciobuidns dr i- bmgmmbgmmsylacmu@mnmbem 1,3-

ful silicon- contalnln cycl obut anes i ncl ud
disilacy gﬁy cg

BiANe.op %y 11, 3-dasilacy %%Q%@11%H3M1lacyclobutane and
24{ﬂn%8%é§9§§_ mc 6&&%&94/002210 4 derivatives such as

TUor o- 1, 3-di si |l acycl obut ane,

[0014] 1-Tietabyde sllaaydkbtﬁifdxﬁ%d@l@@ﬂisﬂﬁ@clobulane as well as their derivatives are
1, 3-di met hyl - 1, 3-di si | acycl obut ane,

known mlaier@ﬂmdmth«}d&fﬂzr theltipse %@9@ pestutonmdn the mtf‘wr eyargple, the

prepara% é g?‘ g%éﬁd?g#g%n@?rgﬁrlg ggycklrg lzég}f]c Ob%é%%sby l%ﬁle ﬁ%til?urh? hydride
reductl&x % d@ﬁc’!ﬁﬂe@ b9 OYLaahe, 3. AGh. 5('31{6?& Wolcoptiane (19%7).0014] The

above silacycl obuthne and 3- d|S|IacycIobutane as
[0015] wéMtherapyckihe edempmmSVEQU®re known naterials and
nmet hods for their production are known in the art. For

exanpl e, the preparati@gn™f 5| acycl obutane from1, 1
-di chl orosi | acycl obut an )t hi um al um num hydri de
reduction is described by J. Laane, J. Am Chem Soc.

89, 1144 (1967). [0015] o Her cyclic silane conpounds
include 10 CSO (CH3)2S1 CH3 15 2 R2Si IgR R 3

(CH3)ZSL—_

\
CH,

LR
Rl
3

- [0016] The reactive gas mixture used to produce the H:SiOC 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. If too
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 (SO»), typically

nitrous oxide. The amount of oxygen providing gas is typically 0.1 to 10 volume parts
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20 [0016] The reactive gas m xture used to produce the

H SIOC filnms also conprises a controlled anount of an
wo@z2ygen7sps ovi di ng gas. The oxygen may be cont r pCT/@82004002210

the type of oxygen providi.ng gas used, or by the

anmount of oxygen providing gas that is used. If too

much oxygen is present in the deposition chanber a

oxveen b0 X ST RS SELELATRLAY oy hBRE gl 02 07
volumea@ @f okyien pa@sding gas pdr viohaneparkof dyicc sityrgedmippund. One
) present in the deposition chanber a silicon carbide
skilled 113 theargiwiH bs abledp eendireietoyming) the ampuntgf oxygeR prpviging gas based
r oduc 14 L OV J i ncl ude, but

on the &Peégﬁ%&ﬁl h‘llootglleddlll% %%a%@ glééﬁf"gpé)ﬁ ?%Oﬂgzlo @%ﬁfz& oxide, nitric

[0018] OXtHE: m& i1 thakye 81%@@ in €y Rafivdi X hdewurd Fexaeple, datier
sul fur dioxide (S02), tyﬁl cally nitrous oxjde. The

gases seghmasrelivh ayygpandenasis siich gs gaesphige oy giberneyhajogens suatpas

_volune parts WD 2004/ 077543 PCT/ US2004/ 002210 5 i

fluoring glpgan-pemseintigragsesaich as Sikal GHe GadistandCakg OF pey efhprmaterial
conpound, alternatively fromQ.2 to 7 volune parts of

that prayides addipenalidgsiraplypreperdies othg Admpgagyt begiresept| i ¢ si | ane
compound. One skilled in the art will be able to

[0019] r Saeirtactive pay mixtere ihiatadocedtinwfa deppgiinn phambeaticngtagasg a

base n the.type of oxygen pravidin as d e .

substraigo pSsrEhlnA “ERiRTR R BT B SR ST e

silane dOhPRERA id AdddR8 réiftfol i Bhd@HoSiivh BF & filidh (R 8iB3ti&te wherein the
carrier gases such™as heliumor argon, dopants such

film coapripéxisdroger, slicah, babamend talgeny and havxlvvwadielettricaronstent (= 2.0
hal ogen-cont ai ni ng gases such as Si F4, CF4, C3F6_and

to < 3. 34 Plisgia eahgnced Kbemisak wapprdeposition (BEGY I ds pisdared; dyigde the low

esirabl e properti.es to t. j | y be present.
temper%&f?fé?ak%fﬁ%g? %%gﬁni‘} e %%gserﬁg;]?%{rng{{%tg?i ntroduced into a
[0020] d9R PEICVID theCdAs iliRfurs B RE kU Bgpadsing & tﬁtdi\%%ﬁ b@lBma field. The
preferably a sem conductor substrate, erein the

plasmap vegrinshchaproossesf contpaise paerey: deryadaiem eompielied spurces such as
! Ged e b n&eticﬁ'éetlgf %nﬁﬁ?%a??éﬁ?@ugﬁéw?rﬁ%é@x&pe rtange, lasers

.ind
clectricfsptess STHoMSE

or partitlel YGRS, GeasaDy Bémreqw depladfa BfosRioh Prodtbk eStheiuge of radio
constant (>_ 2. to <_3.2). Plasma enhanced chem cal
frequené3 00 kHe RO $0ANHR) §RECYRNaves(1 W 16710/GI8E) dhdfyyih mdierdt@power |

tenperatures that can be used and wi de use in the

densitiésTOUStorsywatkZrh D020k shériREEYEuNEE, ks Bhd piektiré, however are
reacted by passing it through a plasma field. The

generally tadlneed to decequipnzant hPreferekly desslibarge penduestbusing BEC ViR a

pove TSP b L O o g2 0 00
Confinfd, 96N §RE¥ R (13 T OWPNRorb Wi freuRAG Slasmas, often referred to as high

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

planarize a varying surface topography during CVD growth. This process is useful in the
formation of interlayer dielectrics.
[0021] The hydrogenated silicon oxycarbide films produced herein may be represented by

the general formula SiWOXCyI—{Z wherein the ratio of C:Si can be in the range of about 1:1 to

about 10:1 and the ratio of O:Si can be in the range of about 0.1:1 to about 1.5:1 with the
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or particle beans. Cenerally preferred in the plasm
deposition processes is the use of radio frequency

W@ 1@4k543 0 102MHz) or microwave (1.0 to 10 GROT/ERENgG§02210
at noderate power 20 densities (0.1 to 5 watts/cnR).
The specific frequency, power and pressure, however
are generally tailored to the equipment. Preferably

balance ﬁw&%ﬁ;q‘gg e'tggl&‘;agg o ﬂ?llg? %yx@ggéd %trﬂr% I(‘:?Qif b A%he cyclic

mkmecbﬁﬁpﬁﬁ@lure of 25 to 500C. Confi ned, Iomrpressure
orr) mcrovvavefre uency Icsrras of ten

[0022] séﬁh@ g Prastugesl harein maydiesetarying hidgiesseant s éla%g peigknesses

c ci e
of 0.01 1y oy bE FRSELFEE I MAPIE LR BABECSHMU Dy e fims
have a (A¥RnIEBMOS 1o $nPr ocess is useful in the formation
of interlayer dielectrics. [0021] The hydrogenated
[0023] siAn adyantagsy tethé imbthofd; dfitkis pneation o the lkility Wdylhj@lcceSSlVe growth
represented by the general fornula Si C%Ft wherein
processehto prathics nfltiRysi stowtureseof §i0phH: Y@k pmdbnr Sibdl forexampls Si0,
about 10:1 and the ratio of O Si can be in the range
/H:Si007Sia8 Qi (SiC-HVHISiOC /8l ] byl inkiehsing oh délbting/fhe 209 d¢rDpt6Gidithg gas
PCT/ US2004/ 002210 6 bal ance bei ng hydrogen. The C: Si
at the appx‘d[pﬁaﬂe?elrﬁeydllrﬁ@l thy C¥V@ pragesse dt o prafreedoTJirodwieidiscodet tdyers by
silane conpound. [0022] The fil s, produce
StOPPmEéh‘%erqarCWaﬁ oy acjaapt_\}ng@e ARouRTsygen oy nng.qaé thereafter
y be produced by the
resumntﬁ% hl(wél}ga %?'gg?rs @‘;Vyg%glrj?tdlhge &lg/ﬁ%t erﬁa;t ively, the films 5.

[0024] haMtR felms pesdtRed Berein, Budtotthe Bovd ditBetriidashn\aregsividul tyesuited
to the nethod of this invention is the abiljity to link

as interdayer disksiclyiss it epmirondyietos drfegrgted sirgyis Manulagiyringipghuding, but not

limited ) g HEfé %ﬁn‘&/p%%%ta :déi %%ﬁ?g?' @%@?&E@Q@\%@H@L&ngs, The
films pfd'&ﬁlf:@diﬁér&ﬁ Hake Qﬁie@’éc'tﬁ@cdﬂ@fén@l%@ﬁﬁ 2[r10\d 312 Nite@@BiveBt> 2.2 to <
he appropriate time during the CVD process. It is

2.8. preferred to produce discreet |ayers by 10 stopping
s flow adj ustin t he

t t] t
- 100251y, s Gty g o e iR e plet e PRkt R BTG Rlied YH/EE e may
' more r&%ﬁg%@éﬁ’sﬁaﬂd ReQfWG@iohhe next layer. [0024] The films

produced herein, due to the low dielectric constant,
are particul arIy suited as interlayer dielectrics in

sem conduct or i ntegrat MM@_ manuf act uri ng
i ncluding, but not i gate dielectrics,

Exampl getal and intermetal dielectrics and passivation
L v WS P LTSN i

| oxide, ﬂ]lgb? @%%t"fay)f‘elsﬁ f%r—ggS' o Smounts) was introduced into a capacitively coupled

parallel plate PECVD system at a deposition temperature was 350°C. The power, pressure
conditions that the PECVD system was operated under are 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 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 1.
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2.8. [0025] The following non-limting exanples re
provided so that one skilled in the art may nore

wo e@diolpazinder st and the i nvention. 20 EXAMPLESPCExSI004/@02210
1. Areactive gas mxture gonprl si ng
di met hyl si | acycl obut ane (DMSCB) and nitrous oxi de,
N20, (See Tables 1 for gas flow anpbunts) was
i ntroduced into a capacitively coupled parallel plate

Table 1 ;?a\fnpﬁgﬁﬁw?éﬂ@s%ﬁ%gsﬁbﬁ:ﬁ”ﬂ grperature was 350C. The

—__riat-ona-

D ISASAANE y P C ZJT  CUTIUT C1 OUTiS Tal L 11T rLUVJDyS( CTIrl
eR/Jﬁglpoperat ed under |are given/in Table 1. Keki-athebs*
309€d as a carrie as iph runs 1-111-14 and 1-15_ The

fli e f D vwadreris as | the substrate.
Run Tth%g%}Aﬁ%&er*;ﬁéXsﬁ Bi\ha:i gi%%s RmasiurRl dn YasegteposBTEd
ID i | rﬁ‘@“é CERY |(peem)i ﬂqmmﬁﬁ)was measured after
1-1 ne 4 1T gpere13neai 3| 194 PRG3GOUn 4 1 '\@5%10' entoRnd
12 0 3 13007 Y00 ) de”,f’fbf 1878 '552
13 Jood) oz peis bt edosl, hoazih 3665 TL4Pa]
1-4 DVBGB bas¥l $|1530 H3®i | ns 371 elhyd 935 :
1-5 350 £ RUMBWM@r ¢s85 Powed, | DVSCB 1929 [Hd 9Dk Z.7I4(DJt (ﬁ)r(hl)lo
1-6 (wat3) (szon] soem|(socl~) RhatigoRl 15086 -2.89®D [ 02057
1-7 AM § gl- 1 3903 001@,@0 125 15 32BY3h3 4150338 868383 0103903
18 J00 2091 o™ £ 05T] OeBROR 43335 26080 [T 00
199 god o138 [ Xéé ] 5%’;;::::13 QL 48l 2545 , o .06327

A
1107 6 % 28040000 430146801 [5036] 23453l3150/572:6507 |3 003300
1-112100 30 183® 1.3065 (276883 0. 039@82 [1.4186] 2.838 - | ..0.0546
1-12 1 300 100 50 1110 {1.4087( 2.793 0.1935
1-13° 1 400 100 50 844 [1.5154 3.041 | 0.1039
1-14: 5 400 50 350 |. 100 | 4943 - 11.3741] 3.101 0.0750
1-15 5

400 100 50 100 | 2692 11.5218] 2.583 0.1234
* The error of measured K is +0 / -10%. E

Example 2 (Comparative)

a-SiC:H films were produced using DMSCB as described in Example 1 except that nitrous

oxide (N2O) 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
Run ID Press,|JPower,[DMSCB| He Rate | RI | Kavg STD

(torr)|(watt) | (sccm) [sccm) ( A/min)
C2-1 3 1200} 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 [1.6172] 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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1-8 2 300 100 700 7608 1.4333 2.604 0.2420 1-9 3 300

130 50 1626 1.4978 2.545 0.0632 1-10' 3 400 130 50
wQ@3m3/01758355 2. 650 0.0330 1-11 3 300 100 700 FdBRS2004/002210
1.4186 2.838 0.0546 1-12 1 300 100 50 1110 1.4087
2.793 0.1935 1-13" 1 400 I00 50 844 1.5154 3.041
0.1039 1-14 5 400 50 350 100 4943"3741 3.101 0.0750
1-15 5 400 100 50 100 2692 1.5218 2.583 0.1234 * The
ryor of measured Kis +0 / -10% 5 Exanple 2

nparative) a-SiC:H filnms were produced usi ng DVSCB

FRnAPE6ducb® th Riin EXSHHEXahpRXE it Rih @2-Nbf Eiisple Q%ivéde analyzed
(N20) was not used in the' reactive gas m xture. 10

for confpmbitien 2sinERawhsrtsd BaclohsRriag-SlydregeniHorgardicattening-350'
seaterfigpeyn e e o EEER wBRE s ENEST: HuPoR iy bRscen by

these résaltd 3 200 150 200 140 1.7106 4.350 0.1633 C2-2 3 400
150 200 273 1.7375 4.271 0.1612 C2-3 5 300 50 80 287
The letBag: Qte&nddORBY wagalsa nicag@ed 50 bath filps. Fog thepa-3i(AH film
0.1137 C2-5 2 400 50 80 580 1.7749 4.357 0.0458 C2-6

the lealagB00rra0 detsity7s 1MV/es vasless than 104 Afwme.eFerghe afSiC:H film the
measured Kis +0 / -10% WD 2004/ 077543

Exam

| lakag FGHeHEA0R) OPRIDuPyREThE: 20 Ademfr oduced in Run

-15 of Exanple 1 and Run C2-4 of Exanple 2 were
aadayi e deen by these results it is possible to produce films having low leakage

current density with increased C:Si ratios.
For additional comparison, a-SiCO:H and a-SiC:H films were produced using

trimethylsilane (TMS).

Example 4
A reactive gas mixture comprising dimethylsilacyclopentane (DMSCP) and nitrous

oxide, N5O, (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 Ny ambient and 400 °C following metal deposition.

The process conditions and results are in Table 4.
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4-2 Pymethyesy I acygh opentaqge ( ) | apgoni 143034 |9X41de. | 0.171
4-3 \5“ KS@:‘R} Tabbpy 4 TO:LA 1563‘”’ TO58Y S| 1308747885 | 0.132
4-4 $Sc 6@;?3,,1 @ﬁcm SR ‘I4}U 2.559 | 0.090

Ot

Theeﬂ%ﬁﬁféﬁ%ﬁﬁeé%\ﬁsm?/?ﬁ@% 20 The power, pressure
conditions that the PECVD system was oper at ed under
5 Exampkr® given in Table 4. The a-SICOH filnms were forned

omre&t(xibig% miRfues SoragridifiedisetsiisiRtfclopdntane §DMSCPMd helium,
index (RI') was nmeasure on_as-deposited fi|ns. The

He, (SegiTableck for ga%ﬂwgtamwm‘(Sk m@twéagqslr iatp ?mp@ﬁlth:lbréonplP@rﬁarallel

pte PPED ABREPH SEORRE IR AR, S0 o800, 0o cpiins

that th@EbVB%%tEﬁl wdstogefatdBihdRr 4re g’i@en i a¥le 2004/ 077543
PCT/ US2004/ 002210 9 Tabl e 4. Exanpl es of

10 dhaetH I filme erolvened ae S((Ilﬂ@(wf}feb‘ﬁéhﬁ subsfratey ihe rqﬁraﬁtwe
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The process conditions and results are in Table 5.

15

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

Dep Temp =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 | 3.946 | 0.162
5-2 192 700 150 300 2746 1.7158 | 3.662 {0.114
5-3 192 550 150 420 1288 1.7352 | 4.137 | 0.087
5-4 192 700 150 420 2690 1.7407 | 3.868 | 0.169

*The error of measured K is +0 / -10%.
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WHAT IS CLAIMED IS:

1. A chemical vapor deposition method for producing hydrogenated silicon
oxycarbide films comprising

introducing a reactive gas mixture comprising (1) a cyclic silane compound containing
at least oné strained silicon bond and (ii) an oxygen providing gas into a deposition chamber
containing a substrate and inducing a reaction between the cyclic silane compound and
oxygen providing gas at a temperature of 25°C to 500°C;

wherein there is a controlled amount of oxygen present during the reaction to provide
a film on the substrate comprising hydrogen, silicon, carbon and oxygen having 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.

1



10

15

20

25

30

WD 2004/ 077543 PCT/ US2004/ 002210 11 WHAT IS CLAI MED
I'S: 1. A chem cal vapor deposition nethod for

w@ewdocismyy hydrogenated silicon oxycarbi de fiP@BUS2004/002210
conprising 5 introducing a;feactive gas m xture
conprising (i) a cyclic si}ane conmpound contai ning at
| east one strained silicon bond and (ii) an oxygen
Br qhb dhidpish DA 14iHeA iR cHRR 2 Hek QR ¢ €6ilarfeQBhRPoBANS stlected
substrate and 1 nducing a reaction between the cyclic

from silane conpound and oxygen providing gas at a
tenperature of 25C to 500C, wherein there is a
control |l ed anpbunt of ox /present during the
reaction to provide 10\a N pfon the substrate
conpri sing hydrogen, silicon, carbon and oxygen havi ng
a dielectric constant in tthe range of 2.0 to 3.2. 2.
The nmethod as clainmed in claim1l wherein the cyclic
sil ane compound is selected fromthe group consisting
of siIicon-containing:HXBsbbﬂtanes, silicon-containi ng
15 cycl opent anes, silic0On-gontaini ng cycl ohexanes,
sila-5-spiro[4, 4] nona-2,7-diene, and bi-cyclic
conpounds. 20 25 30 WO 2004/63%543 PCT/ US2004/ 002210
12 3. The method as clainmed in claim1 wherein the
cyclic silane conpound is Selected from CSO (CH3)2S
CH3 2 R2Si IgR R.Si—
2

Rl
Rl

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

hydrocarbon radicals having at least 1 carbon atom and each R’ is independently selected
from the group consisting of hydrogen and hydrocarbon radicals having at least one carbon

atom.

4. The method as claimed in claim 2 wherein the cyclic silane compound is a silicon- -

containing cyclobutane.

5. The method as claimed in claim 4 wherein the silicon-containing cyclobutane has

the formula
RySi— CR’,
R’»C—CR’p

where each R is independently selected from the group consisting of hydrogen, fluorine, and
hydrocarbon radicals having at least 1 carbon atom and each R’ is independently selected
from the group consisting of hydrogen and hydrocarbon radicals having at least 1 carbon

atom.
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10 R 3 where each Ris independently selected from
the group consisting of hydrogen, fluorine, and
whyenocssbon radi cal s having at | east 1 car bonP@er/oa20841002210
each R is independently sg{ected fromthe group
consi sting of hydrogen and hydrocarbon radical s having
at | east one carbon 15 atom 4. The nethod as cl ai ned
5 NTHé fleMod WELiRled it aﬁu&x %Hefelﬁ AN HABRHRHg Fcl8butane has
I I'1con- contal ning cycl obutane. 20 5. The ne%hod as
theﬁnnmﬂalned in claim4 wherein the silicon-containing
cycl obutane has the formula R2Si - CR2 R 2C - CR 2
IHSikelGR’each R is i ndependently sel ected fromthe
group Fonsisting of hydrogen, fluorine, and
hydrocarbon radical s having at |east 1 carbon atom and
R ﬂ§2lndependently selected fromthe group
consi sting of hydrogen and hydrocarbon radical s having
where eath RégsideperkRhilp BeleddDfivmIbe Y¥oup @Brdifihgstdhydrogen, fluorine, and
PCT/ US2004/ 002210 13 6. The nmethod as clainmed in
hydrocarbm r@dmamwmgﬁtﬂenét agie |j eashnnciomandicach Ry is|indapendeantly selected
for
from thg B o e o B Vil B e, F o
atom. Of hydrogen, fluorlne and hydrocarbon radicals
having at | east one 1 carbon atom and each R is
independently selected fromthe group consisting of

?l'gls %E%E)OA;? ocﬁ%lme 458 (rzlgl%rf 1 ehdelrecn‘ril I’[hf: cp \élelrl1 9ro%d1 g gg's is %elected
from the group consisting of oxygen, air, peroxides, sulfur dioxide, carbon monoxide, carbon

dioxide, nitrous oxide and nitric oxide.

8. The method as claimed in claim 1 wherein the oxygen providing gas is nitrous

oxide.

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

dimethylsilacyclobutane and the oxygen providing gas is nitrous oxide.

10. The method as claimed in claim 1 wherein the amount of oxygen providing gas is
in the range of 0.1 to less than 10 volume parts oxygen providing gas per volume part of

cyclic silane compound.

11. The method as claimed in claim 1 wherein the amount of oxygen providing gas is

0.2 to 7 volume parts of oxygen providing gas per volume part of cyclic silane compound.

12. The method as claimed in claim 1 wherein the reaction is induced by exposing the

reactive gas mixture to plasma.
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7. The method as clained in claiml1l wherein the oxygen
providing gas is selected fromthe group consisting
w@booanytsen, air, peroxides, sul fur dioxide, carP@DNS2004/002210
nonoxi de, carbon dioxide,jpitrous oxide and nitric
oxide. 15 8. The nmethod as clainmed in claim1l wherein
the oxygen providing gas is nitrous oxide. 9. The
Tt fpd ﬁwﬁl a@lcrrﬁﬁea fh Qhigd 2 Whhs! @kRediBn WinlihedYy! APBsing
compoun di met hyl si | acycl obut ane and the oxyge
the reaqlilve\gias:hnnguxgae plasnnlat a powenad 2{eto 1000 Wheprretunoof b 10, OOO
chglned in cI i? w§, ein the anount of oxygen
mTorr, gpdyg fempsgatyieoti%e to %Le range of 0.1 to less than 10
vol ume parts oxygen providing gas per volune part of
cyclic silane conpound. 25 11. The nethod as cl ai ned
14 Thahnmlbdusetzmad irhaaiand witereh thexfigemspr dsledrio gogsant in the
is 0.2 to 7 volunme parts of oxygen providing gas per
range of d20pe-bart of cyclic silane conpound. 12. The method
as claimed in claim1 wherein the reaction is induced
by exposing the 30 reactive gas mxture to plasma. WO
2807418 fbtiddl :RGCTHitdSR 8040 2 2k reid helffim Hdven dietetteid casstant in the
claimed in claim12 wherein the reaction is induced by
range ofX9d8i2dy the reactive gas mixture to plasm at a ‘
power of 20 to 1000 W a pressure of 1 to 10, 000
nrorr, and a tenperature of 25 to 500C. 5 14. The
6! TR nashad &idMthed i Elhidh Mwherdit g readtive ghs hiixtofsadditionally
dielectric constant in the range of 2.2 to 2.8. 15.
comprigg@ aain@as-as clained in claim1 wherein the film has
a dielectric constant in the range of 2.5 to 2.8. 10
16. The nmethod as clainmed in claim1l wherein the

@aqhk YieetiRBasElaiinéd en eldihh U ivtizadih Yhe DyiiGcnated sticoRbkyqrbide
as. 17. The nmethod as clained in claim1 V\herel n the

film hap¢ dhickresao€@ 08 ke 1@ Bm. oxycar bi de

18. The method as claimed in claim 1 wherein the hydrogenated silicon oxycarbide

film has a thickness of 0.5 to 3.0 ym.

19. The method as claimed in claim 1 wherein the substrate is a semiconductor

substrate.

20. The method as claimed in claim 1 wherein the substrate is selected from a liquid
crystal device, a light emitting diode display device and an organic light emitting diode

display device.

21. The method as claimed in claim 1 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 SiO5, H:SiOC and SiC:H.
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15 filmhas a thickness of 0.01 to 10 pm 18. The
met hod as clainmed in claim1l wherein the hydrogenat ed
wa@Rloors4dxycarbide filmhas a thickness of OPGI/US2084/@2210
pm 20 19. The method as c{@ined in claim1l wherein
the substrate is a sem conductor substrate. 20. The
method as clained in claim1 wherein the substrate is
5! Bfel Hethbd 9 13iphddAH cfhim Il WhdrBin tHE¥aCon B ihd Y b% exposing the
emtting diode display device and an organic |ight
reactiveegdstrixngre ¢ coingd, 10wgpesayredaictaveave Fequdiny plasiirosbnatined with
clainmed, in claim1 wherein the anount of oxygen
RF freqyensyi 3cH#lias is increased or decreased during the
reacti on between the cyclic silane conpound and the
oxygen providing gas to produce a film contai ning
28c dessiivendualye devischatigitiefeon mfilimeprgdweg by 3 method as
. consisting of Si02, H SiOC and Si C.H WD 2004/077543
claimedgmlaimpbo4/ 002210 15 22. The net hod as clained in
claim1l wherein the reaction is induced by exposing
the reactive gas mxture to confined, |ow pressure
Y C Tawaethddr salemey iptlasmd wierdin tdediidonfcontimihg egelehayne is
) excitation. 5 23. A sem conductor device having
dimethylpidgcyelebutans.| m pr oduced by the method as clained in ‘
claim1. 24. The nethod as clainmed in claim4 wherein
the silicon-containing cyclobutane is
dis MehB v ethd ddytdinkd aéleim 4 Qvhdbein THessii®inhathtAsing cadlobdlane is
_ in claim4 wherein the silicon-containing cycl obutane
dimethylgilacyrhopemignesi | acycl opent ane.



