;stede=:L:r6. T*3=f ' " 1 METHOD FOR PRODUCI NG HYDROGENATED SI LI CON
‘OXYCARBI DE FI LMS HAVI NG LOW DI ELECTRI C CONSTANT The use of Cheﬂ}Fi% %@for
deposition (CVD) to produce Si 02, SiNC or Si i i on seri‘ct 8 or
devices fromsilicon-containing materials is jMMI/}MM[Mn the art.

Chem cal vapor deposition processes typically conp troduci ng the
gaseous silicon-containing material and a reacti \7‘@“@&5 into a reaction
chanber containi ng the seniconductor fsubstrate. An energy source such as
thermal or_pl i ndyc r I he sili ai_ni

mater al AR REh G P HE e@é@é@w&ﬁ%ﬁeﬁﬂ#ﬁéwdéﬁ%éﬁﬁﬁ%ﬁho%%ﬂ% thin
filmof Si02, SiNC or SiHOHG HEW i Elerelitf or CA¥STRET Pl asma enhanced
chem cal vapor deposition (PECVD) is typically carried out at |ow
tenperatures (<500C.) thereby naking PECVD a suitable neans for producing
di el ectric and passivation filns on sem conductor devi ces.
Sil'i con-contai ni ng R §fddl Sr | Aed e BI aP86r (SbFBS i 18hT 28VRY! o
orthosilicate (TEOCS), silacycl obutanes and al kyl silanes such as

trimet hylgiddanee SHGs, UsEH NG oetdil - cloim af himg snl asescbodproduce silicon

di oxi de (Si 02), anorphous SiNC and silicon carbide (SiC) filnms by chem cal
vapor dephsitiidesn firsork o ¢ontdentadiinikgrmekanphes s SwelPat knbwh, 465, 680

di scl oses a nethod for making crystalline Si.C filns. The method conprises
heati ng tihe sifst r fheword YPADodrRPoahbl PRePEAFEEFCEXpYBERG e substrate

to trinet id ] y _ Lecal va sition
process. RS catt R 30l gty et lefn Rt hpbn kb8

coat i ngs dddm theadtM¥Ofgas reaed | ¥ ergast Dot ShembePEbALtAGnaAgOEBAN0SI | i con
mat erial and an oxygen source. EP Application 0 771 886 discloses a nethod
of maki nFHHINCIDBIRG QLY Fylah Xales CVDABf eREFGHCEPVECHasuATxBEr Ehesmpdi si ng an
organosilicon material and a nitrogen SOﬁl’Ee. As {glem' cgnduct_or devi ce
structur é¥ e | HET T n@?‘?/ LR BP0 ReC WP elebtFi B L3R5 ant as wel | as
the integddoh i ddhanddd M PECH® +aROFIRB gaEi LABrEpQduEesd1RY nkngyn CVD
processes have high dielectric constants (i.e. 3.8 orf greater). Therefore
there is theebzbdart prooessese apldimaf etmabs Shay, r 8sNLt ornSliGwedi ehectri c
constant filns. A new deposition processes known as Lowk Flowfill produces
filnms hawewicombiwlert rdevconst aht asha <@nbBandhdschenhodlusepoa chem cal

vapor depgpsition, reaction between pethyl silane and hydrogen peroxide to
produce Wﬁfﬁl%pé@%‘{m cbh Wﬂ%aﬁ/}’n??éﬁéeg ORECREt ¢RMe, K. Beeknann,

A Ki er mgszu 4o D&l e ) Co S [ j osi hng

Techni ques, p1988 l%)}U(ﬁ/lgj CF%%dn e%ﬂc%ﬂgp%%%eﬂ?ﬁgggngﬁggg % gg%y%%) .mglélg\?/ever,
thi s process pesiidiasy adiwhe st ahdatitd GV sysaeipnt Bélmseoaf a | ower
stability oxygen_source_(hydrogen peroxide) and generates water as a

bypr oductS&iht €PN De IMGESFT abl B ACeRnFeBhALBLBE BavPEésdlspAngBleet of

this inventy I 81,0 Provi h ) [ di ri.c _constant
thin filegme kit ’aw%%gﬁ%?tyﬁ%o‘gf’%%%6§%§§F§dqgfﬂ{>?&nS%E%%&F%?’de by
chem cal vapo e i t4 This in i (1 aj o} met hod of producing
thin fil nk%lﬁg r(c-f_§ rrgczean% 38103 %?%ﬁ?%%ngggécggb?gé&gwgl&}gﬂg\ﬁ ng | ow

di el ectric constantgh&nisabst raéenyl peeheaank igSeml aarduebopréaucees. The
met hod conprises the plasma enhanced or ozone enhanced chem cal vapor
deposi ti onibicen rébexidn MikPul e eoapphsuagSaNCabkil sédatannicagbdideane and
an oxygen providing gas. By controlling the anbunt of oxygen avail able
during t heS¥@actibng deposhenvra progess depobiationpisskngwhydnogée, silicon,
car bon and oxygen i s produced. These filns t))(pi cal I{ the a diel e%tri o
constant V3. G F FERPLhd Urd- phrteREI ar F§° AP Ped 185 1PRESr PaffEfFDod

di el ectrifoy . nJiP gl EMeDLL P RETEBENE1 1R52 n%@%&%a%@fh il g
hydr ogenated silicon oxycarbide filns on substrate;, preferably

sem conduecdat iy bshe aswsst dhee neo diod. f oo poodaci. ngntihe heirlkes teanpri ses t he
chem cal vapor deposition reaction of a reactive gas m xture conprising an
al kyl si | SFFEPRFNANC % yTjePS pFabe dF Agt Hasehh¥l el A2PRe 1BmBu st a8RagEy gen
present during the reaction is controlled. By "sem conductor substrate"” it
is neant to include silicon based devices and gallium arseni de based

devi ces intended for use in the manufacture of a sq conponent s

i ncludi ng focal plane arrays, opto-electronic devi gmmmmwm@mlt aic cells,
optical devices, transistor-like devices, 3-D devices, SI “on-insul at or
devi ces and super 1 July 2002 4 00002+



| atti ce devices. Sem conductor substrates include integrated circuits
‘preferably in the wafer stage having one or nore |ayers of “ﬁrHQ$w£5002
integrated circuits before the application of any nmetal wring.

hydr ogenated silicon oxycarbide filns produced herein are represented by
the general fornmula Si", OxC~i ~ where w_has a value of 10 to 33, preferably
18 to 20 atomic % x has a value of 1 £o 66, preferably 18 to 21 atomc %
y has a value of 1 to 66, preferably 31 to 38 atomc % z has a val ue of
0.1 to 60, preferably 25 to 32 atomic % and w+ x + y + z = 100 atomc %
The hydrogenated silicon ~axycarbide filns are produced froma reactive gas
m xture %@i@{i!csdlngca%bxmd@ﬂdsqq{@tcﬁ{ A Sdd ?n%ﬁnﬁ%}%ﬂi@étygéﬁ gr 9yhdsRg gas.
Al kyl -contai ning silanes useful herein include nmethylsilane (CH3SI H3) ,

di net hyl siilsalesEsCd3ri2Sitde) of nakiret iG] | ameet (GBI BSnHhe CVD of a
tetramethyl silane ((CH3)4Si) and m xtures thereof. Preferably,

tri met hylrsialcarnere gaenpliogted-dherampr i A icprdn cdbrganaswblitonf makggeali s
present in the deposition chanber. The oxygen may_be controlled by the type

of oxygeRTt G APRPFaSUFEE or By ARRLEFRIAHRD of Bk g&B° pAoFdPAgSgas t hat
I's used. rrJefthto%ﬁ JE GNP NS Cpg?e%lgre%t%% Btgh%ﬁ?fﬁ'b%f 8$OEQ§ ‘f(regg?lﬁ' Icon

oxide filmwth a stoichionetry ¢ duced an e

di el ect r imd x2 Q1% @VmpHildidee dH ghefarideil desh negk e EXxaPhes 8f no¥¥668n
provi di ng gases are ;fir, ozone, oxygen, nitrous 1 July 2002 oxide,
nitric oda¥&Ecgnd m xtures thereof. Preferably, nitrous oxide is used
herein. The anount of oxygen providi as is typically less than 5 vol une
parts oxygen provi (ftsnggedés oﬁbcfu%o?ﬁrfggf)gﬁ BT %ﬁ%g%o%fﬁ?ﬂ?ng si | ane;

pr ef er abliye =@ 1l tna 1% 1 QI HETRI 23T d St 01 ¢ OXY IS F 0Nk 0w8Y10a8 PRE Vol ume
part of al kyl containing silane are used. Cane skilled in the art will be

abl e to rdeddidri tqetadt ihee fiiHan dverone of mpoytremt pr obi bhagegadubadedyon t he

type of oxygen providing gas .and the deposjtion, conditions. her nmaterials

may be_p%éﬁ&ﬂ d%?tﬂﬁ? § A it %4e?¥ﬁl%x%ﬂ$?E?nEﬁrgﬁe?‘gasés such

as hellug,0lg,iqar,) doRas AU @ Rlosoh Nfe0 HhPObRIE.cbaLOgRRS such as
al that provi it I e

fluorine or "any ot her materi des ad on desirab

properti esmtteaitaies fiHam regsdier piresksw . dildibecentt | vengasnti Xilme.i SA

i ntroduced into a deposition chanmber containing a substra&e, preferably a
sem cond %o AR iR PIRAEIF tHOYR RS | boW et TkeWt  he” al RYPIEERSaI ni ng

e e PIRRALIIE Ui e e GReai ni &
il mon D euaety el 4 RS o MR PR e 108 oleh 2 °nfFRBR, ' Carbon”

and oxygemsedd: hasendicall alfdsr | deonst oot Béadt boRrbéesseAn the substrate.
Any chem cal vapor deposition (CVD) nethod which has a substrate
t enper at Hedhfl 9idsng e S00OIRy prRresEde Tenpeedieaeea Gebhvér derad 500 C

are Lypi cally, ot sl abl, f ot S5 RNOHEL 961 2U0R T BLERnah!, PRI T OVl &1
Kiermasz; Low Dielectric Constant Oxide Films Deposited
Using CVD Techniques, 1988 DUMIC Conference Proceedings,
2/98, p. 311-318). However, this process requires a non
standard CVD system, the use of a lower stability oxygen
source (hydrogen peroxide) and generates water as a by-
product which can be undesirable in semiconductor devices.

An object of this invention is to provide a method

for producing low dielectric constant thin films of



havi.ng al um numw ring. Plasma enhanced chem cal vapor deposition (PECVD)
‘i svpeferred due to the low 1 July 2002 6 tenperatures that ﬁ@ﬂ % Hsed
and its wide use in the industry. Ozone enhanced CVD nmay al so '@{ 8 In
PECVD, the gas m xture is reacted by passing it through a plasma field. The
pl asmas used in such processes conprise energy derived froma variety of
sources such as electric discharges, electromagnetic fields in the

radi of requency or m crowave range, |asers or particle beans. Generally
preferred in the plasma deposition processes is the use of radio frequency
(10 kHz to 102MH2) or mcrowave (1.0 to 10 GH2) energy at noderate power
densiti es (Ohgdrogeratedasilicohoxparbiih by shemichl vapbr deposition. power and pressure,
however are generally tailored to the equipnment. Preferably the filns are

produced using PEGNR ifdenfioR p¥RAindo 2@ethod dOPddWina thin 65646 of 1 to 10, 000
mrorr (0.0133 to 1132.2 Pa); and a tenperature of 25 to 500C. Confined, |ow

pressure (1- forr) mcr to as high
density pl as ﬁﬁ@?g%%edtfg&g g}%&ﬁ%ﬁfd&wﬁ?géﬁﬂﬁ\ﬁﬁ que%%{?tcgi%cﬁrotﬁ%%%ﬁgi n a
process whi ch hel ps planarize a varying surface topograph uring CVD

growt h. Thi sSystaesrelsraplyetegrioconductRpdevisetalng metiod; MPrses Bf PHs®Rect ri cs.
The filnms produced herein nmay be of varying thicknesses. Filnms having

t hi cknesses efhddcéilortarof®enhamoal/chemiqal wahor depdsitiannd ameadtiod nuikturdi s
invention. Preferably, the filns have a thickness of 0.5 to 3.0 um One
advant age t 0cbMgridins it MikyBéMiAieSilaiddnditikypéd provRlikpgade Bys used as the

oxygen providing gas, the filmconposition and properties remain

essentially th ve | ni trous oxide
in the react%%etrogggt#lgx Egrmelt ‘lgfsog(gfg%nm |(g:t?al%td %&Qg&?gﬁ?ﬁm@%ﬁ{o& 4.5:1 vol unme
parts N20 to met hyl -contai ni ng silane),.. Anot her advantage tqQ the nethod of
this inventi 8FPcEss afilm eamprising hyslrogem Siign, sardpy andpxygen 19ptedwedes t o
produce rnultilayer structures for exanple of Si02/H SiOC Si02 or

Si C. H H: Si OCTHe<e. filimsyypicallydmye aglickectdetatstangofl hé ooleygamnl gue pattidiulaglygas at
the appropriate tinme during the CVD process. It is preferred to produce

di screet |ayggigdoy iSb2RRE BRIdcARksr €active gas flow, adjusting the amount of
oxygen providing gas and thereafter resum ng the reactive gas flowto

produce the next.l.ayer. The .fi]|ns ced e |.ow,di el ectric
Constant . are. painiRYEigp POtan: [RmBEBYE pa e RodEue R AEhs

sem conductor integrated circuit mapufacturing such as gate dielectrics,
prenet al and OXYRaENdHES o bekate, Rrsterably ﬁﬁ’gg%‘?‘\%ﬁftpbwbéﬁétﬁ-nﬁ@ methads i | ns
produced have a dielectric constant of 3.6 or |less, preferably, 3.2 or

| ess, nore pfafreodioing tBe flmos cdrasrises theahpingsl Bpot Hertositiongeacsikhbf ed i n t he
art can understand and appreciate the invention taught herein, the

fol I oWl ng exanpliRSgAnexREEARHEHIng ahalkyaimleeandlamx3peh pRARRIAEIsVe Exanpl es
1-2, dielectric properties were neasured using

met al -i nsul at or sem, conduct gr s _( Exanpl 4-9) and..netal -] | at or - et al
capacitors (ﬁ%ﬁﬂﬂ gang?t Oﬁﬁgﬁ;na?rle eél?éfén '%‘?aéeaft-l% 1S con}f&ie& ?YZOOZ 8
Measurenents were perfornmed i pmedi ately after the netal gate deposition
(top el ect r odemicongduslgnsupsnted it 1pmeani to ishude sHicen baged dewices spdagalliym ne
tenperature range of 350 to 400C. Relative permttivity, K was calcul ated
from t he capasenide baped devices iaweddedfor fisd imthdinehufestsre dflacemicandsctar e shown i n
the tables as sccm (standard cnB/mn.). EXAMPLES 1-9 A reactive gas m xture
conprising t Ebrﬂﬁéﬂ&ﬂsﬁh&lﬁ&iﬁg EotMBhlaRd SrraYs! mzatéldeﬁbﬁeldéﬁe@s, pRAbPSitalc and 2 for

gas flow anounts) was introduced into a capacitively coupled parallel plate

PECVD system ysing. thermal |y oxidi,zed (0.1 Si.02) .silicon ers coated
with 0.5 um ﬂéifso?&lfﬁr‘gevéﬁeFi %/%‘ﬁls\i?%?‘l@?geglgeﬁ’ ﬁ?lﬂetsngﬁ‘ﬂg‘isr 1o h[g\'ﬁg D system
was operated at a power of 350 W pressure of 2700 mforr (359.69 Pa) and

t enper at ur e 8eviceS@Cd spRAri um was used as a carrier gas. The dielectric
constant, growh rate and filmstress (conpressive) results for Exanples
1-9 are in Tables 1 and 2. The conposition and density of the filns
produced in Exanples 4-9 are in Table 3. As can be seen in Table 2, even
when the anount of nitrous oxide is significantly varied, the resulting
films have essentially the sane conposition and properties. 1 July 2002 9
Table 1



Exanpl e No. 3M5 (sccm He (sccmN20 (SCCm K (M MK (400C. post netal

‘anneal,) Gowh Rate (/mn)Stress* (MPa)1l 003801203. 63. 653561

C21002602403. 43. 1 to 3.4153128 C31001403603. 22. 8- 3. 0361553 C *tJuly 2002
conpressive stress Table 2 Exanple No.3M5 (sccmHe (sccmN20 (sccmK (M S)K
(post netal anneal *) Gowth Rate

(A m n) 41003801 203. 23. 162451002602403. 13. 0207661001403603. 13. 1483071 0010040
03. 02. 9551 08100504503. 13. 06076 * thred cycl es, one hour soak each,

ZUU- 35U- ZUU' (: ., 2UU-4UU-2UU'C:.., 200-400-200C. Table 3 Exanple

No. Thi ckne Lol ' ; :

g/ cnB40. 05 it Bbyibes SRS ATR Sup S AEYACRUO UGBS bifouis proferblyin. | 10 101
.3671.100. 180. 290. 330, 2Q1. 36B1. 220. 180.%170.. 340. 2]t1' 3t6 COVR I%A‘fl VE EXAMPLES
1-2 Using t %“@gﬁ&é‘aﬁFB@@%P@@ PLPORE JaYRET oWiing of Jtrale! S RE M xt ur e
conprising trinethylsilane and oxygen 1 July 2002 10 were used in the

pl asma enhathe epplication ebdnyungiat WHivgosi ti on. Results are given in Table 4.
The resulting filns were essentially Si02 filns because of the high anount
of oxygen The hydrogenated silicon oxycarbide films produced herein are represented by

the general formula Si,0,CH, where w has a value of 10 to 33, preferably 18
to 20 atomic %; x has a value of 1 to 66, preferably 18 to 21 atomic %; y has a
value of 1 to 66, preferably 31 to 38 atomic %,; z has a value of 0.1 to 60,
preferably 25 to 32 atomic %; and w+x +y + z= 100 atomic %.

The hydrogenated silicon oxycarbide films are produced from a reactive gas
mixture comprising an alkyl-containing silane and an oxygen providing gas.
Alkyl-containing silanes useful herein include methylsilane (CH,;SiH,) ,
dimethylsilane ((CH,),SiH,) , trimethylsilane ((CH,),SiH) , tetramethylsilane
((CH,),Si) and mixtures thereof. Preferably, trimethylsilane is-employed
herein.

A controlled amount of oxygen is present in the deposition chamber. 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 SiO, will be
produced and the dielectric constant will be higher than desired. Examples of

oxygen providing gases are air, ozone, oXygen, nitrous



used in the reactive gas m xture. Table 4 Exanpl e3MSHe02KK

" (400C, G owmt hStress*No. (sccn) (secm) (sccm (M M post net al Rat e( pr%a‘n?-(%ﬁé

) (A/ m n) C1100440604. 6- 145660 TC21003801205. 8-248171 T 1 = tens ey SS
COVPARATI VE EXAMPLE 3 This exanple is Exanple 3 of EP Application 0 774
533. A reactive gas m xture conprising 6 sccmof trinethylsilane (TM5) and
523 sccm of nitrous oxide was i ntro%uced into a capacitively coupl ed

paral |l el plate PECVD system using si’licon wafers as the substrates. The
PECVD system was operated at a power of 50 W a pressure of 1000 mflorr and
a t enper at uogidef nigd0Ride el mixtufGOhereol nPrefraghbly.dtiousoxideisusedr gas. Due to
the high anmount of nitrous oxide (N20) being used, the resulting filmwas a
Si 02 film hefeidUlTie &R8untbE ol @daovidinghbadypiesllyplesiaah S Foliwel ganat ed

silicon oxycarbide filnms conprising introducing a reactive gas m xture
conpri sing kyl - cant ai_ni [ 1 Vi i into a
chon cal " vagBreshsp Rl bHCohian® B BEALPRoSHHERE by bR Rl 0 2
reaction between the al kyl -cgntaining,silane and the oxtg n _provi di ng gas
at a tenper &tlutodh-pyolume pags ghergenp BHCE VP F@B‘d{ Y2d amount of
oxygen present during the reaction to provide a film conprising hydrogen,
silicon, carchotiningsilary gerusedy iOng skilldd & te artiwilldhsrableotreatily3le®nning ess on
the substrate. 2. The nmethod of claim 1 wherein the al kyl-containing silane
i s sel ect ed tfid aRdUIRbHYXyRlch pRIVidiAl BB Bikébbn the@ypd fl XLt provi as

tetramet hyl sil ane and n}fg)'?t gres t%g?ﬁeof. 3. Tﬁyépetrretdgg o# cldgifgr?hgl or 2
wherein the e .oviding-gas is selected fromair, ozone, oxygen,
nitrous oxi 3@;%#’3%8&({)@(?%@&% "m xtures thereof. 4. The nethod of any of
clainms 1-3 wherein the anmount of oxygen providing gas js |less than S vol une
parts oxygen [thematagalymay bepraawt 1) Hlegseetive gas Bixtarek For exmRleni ng sil ane.
5. The nmethod of any of clains 1-4 wherein reaction is induced by exposing
t he reacti veanizs gases suchas heliywh as aronslopdite swakt dsqiosthizngr diborahgyi ns 1- 5
wherein the reactive gas mxture additionally conprises a earner gas

-sel ected fr gaoBehs subh &Y fl@diRbr ahP 88Rr Matetibl hht froVidePR/IdNH RAPAsiralle The
nmet hod of any of clains 1-6 wherein the hydrogenated silicon oxycarbide

filmhas a i fer 0. 8. The method of any of the precedin
cl ai s mher??dr{)%b%%gtrpguﬁr# rg%y %ézg/#&gérif@pr oviding gas is i ncrgased or gecr easeg
during the reaction between the al kyl -¢ontaining.silane and the oxygen
provi gi ng gasaﬁ’ﬁ Iefchve 83 mixtyre 1 1ngaduced e 2 deees ‘%Pé“!%ﬁﬂ/‘é}”éa%’égéc%/gd from
the group consisting of SI2 , H SIOC and SiC.H .A As% AUf _. AA

. A, hR A&A. Asubstiéte, praferdtilly Aemiconductor substrate, wherein the reaction between the
c{|[\|wngb] X] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] cahnglicohtaminadiand & &alged prdvidiad gNNinduced resulting in the

myz?CHT| wr mhb\ W caU] cal] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca

T . -
]QCZL%]A{F? Lg?%‘fs@i"g‘a@}aggi“g‘g’bf‘g]éi ci ai ?&‘fl‘%]éejq@gfecai C%T%%ﬂj]c?:lé %rg Ta %lgf%’a] calcalc
n ' Lyl s@nzi V Viol e
] oal oa]  AFOBE G GAECAFO LA BHPCKT CRULERPE APCH CAPBA PSR CaL) ca] cal) ¢
a]J ca] ca] ca] ca] ca] ca] ca! f Rq}

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca! $$$%$% %0%
WRE] & 888 P (@ {Hah 06 € (s bR Tarhi el ¥idagea kiol sodelccal ealia,cal cal cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] €Ca] ca] ca] ca] ca] caJca] ca] ca] cal]ca]ca] ca]caJca!)*<
Gl Bl Y R I S o e C. D, - . . .

-~ L/ Xt 27 by PR Ao P T P e e i G P B R 0] WRF R ] ca) cha
a] ca] ca] ca] ca].ca] cal.ca] cay cgéca] caJ.ca]ca]ca] ca! b/ CO[ 0OcON111222 333

393* 3- 3i 333havingseTipE Yaring shigsmy erljaacqhghemcah yanor dapesH]PES M) ca] ca] c”a
] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca! 55559
6: 6g6h60666E66EH8e Hue to the low

; 1<<=n5555~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cacdB! @"10%E& () - (! @

"10%6GG& () -( '109%6& () -3s10%& ()-109%:& ()-' 109 ()- b@3"10%&' ()- sY
3"10%& ()--Ss10%& ()-$10%& ()- 10G 10G 10G 910%&' () - <=>?HTuV7y&S10% & () -



10%-& ()- $10% & ()-f-10% & ()- 10 10 10! 3" 10% ()-
'KFAEUV7y&S10% & ()-S10% & ()- 10% & ()- 10% & ()- 10% & ()- f,1Q% &(-

Q dEUV7y&S810% & ()-$10% & ()-"910% & () - @ y
10% & ()- &S10% & ()-910% & ()-: &dE: / 10\ 10\ Y410% & () -

L 2@0% & ()-/10% & ()--f10% & ()-1+10% & ()-,) YI0% & ()-?xY:/ 10\y10%

h& ()- Y 10% h& ()-10% h& ()- L10% h&()- t10% h& () - $10% h& () -
10\ Q ydE: / 10\f10% h& ()- &10% h& ()- 10% h& ()-L10% h& ()-yf10% h& () - 910%
h& ()- [@E:/ 10\*10% h& () - (10% h& () - S&10% h& () -$10% h& ()-!10%

h& ()-10% h& () - @kl mzxnbC 10\ $109%& ()- 10 h 10 h 10 h3f10% h& () -1, 10%

e () @ $0phiatlrelOMAE Lz MIGHA 100 MW Kae PR endl0%! () - @
109&' ( -, mO0%& ()-Vu_dEnbC 10\ !, 109%&' () -

1098 () ;ndﬁy&w) @D@%&e( )en}mmw (quo @yl(ﬁ’lzﬁéc( )be&sisEirbC
10\, . MLO%& () -, , t 10%& %)@/ @LOY&’ (
(10% () -, 9%409%&' () IngP ()t%&ﬁ@} B@xmrelob;% FIHRAHoBR RFSSIBI 16t

10, 510%& 8( &% m% ggfg%a’ Eh O rne TG uada 1104 pEsdedfet™ & O)-

" 3" 109 & ()-
comprise energy derived from a variety of sources such as

electric discharges, electromagnetic fields in the radio-
frequency or microwave range, lasers or particle beams.

Generally preferred in the plasma deposition processes is

the use of radio frequency (10 kHz to 102MHz) or microwave

(1.0 to 10 GHz) energy at moderate power densities (0.1 to 5

watts/cm?). The specific frequency, power and pressure,
however are generally tailored to the equipment. Preferably
the films are produced using PECVD at a power of 20 to 1000
W; a pressure of 1 to 10,000 mTorr (0.0133 to 1132.2 Pa);
and a temperature of 25 to 500°C. Confined, low pressure
(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 planarize a varying
surface topography during CVD growth. This process is
useful in the formation of interlayer dielectrics.

The films produced herein may be of varying
thicknesses. Films having thicknesses of 0.01 to 10 um may
be produced by the method of this invention. Preferably,
the films have a thickness of 0.5 to 3.0 pm.

One advantage to the instant method is that when
nitrous oxide is used as the oxygen providing gas, the film

composition and properties remain essentially the same even
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deleting the oxygen providing gas at the appropriate time

during the CVD process. It is preferred to produce discreet
layers by stopping the reactive gas flow, adjusting the
amount of oxygen providing gas and thereafter resuming the
reactive gas flow to produce the next layer.

The films produced, due to the low dielectric
constant, are particularly suited as interlayer dielectrics
in semiconductor integrated circuit manufacturing such as
gate dielectrics, premetal and intermetal dielectrics and
passivation coatings. The films produced have a dielectric
constant of 3.6 or less, preferably, 3.2 or less, more
preferably 3.0 or less.

Examples

So that those skilled in the art can understand
and appreciate the invention taught herein, the following
examples are presented.

In Examples 1-9 and Comparative Examples 1-2,
dielectric properties were measured using metal-insulator-
semiconductors (Examples 4-9) and metal-insulator-metal

capacitors (Examples 1-3, Comparative Examples 1-2).
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Measurements were performed immediately after the metal gate
deposition (top electrode) and again after one or more

anneal cycles in N, in the temperature range of 350 to

400°C. Relative permittivity, K, was calculated from the

capacitor geometry and the film thickness. Flow rates are

shown in the tables as sccm (standard cm3/min.).

EXAMPLES 1-9

A reactive gas mixture comprising trimethylsilane
(3MS) and nitrous oxide (See Tables 1 and 2 for gas flow
amounts) was introduced into a capacitively coupled parallel

plate PECVD system using thermally oxidized (0.1 pm SiO,)

silicon wafers coated with 0.5 um Al or bare silicon wafers
as the substrates. The PECVD system was operated at a power
of 350 W, pressure of 2700 mTorr (359.69 Pa) and temperature
of 250°C. Helium was used as a carrier gas. The dielectric
constant, growth rate and film stress (compressive) results
for Examples 1-9 are in Tables 1 and 2. The composition and
density of the films produced in Examples 4-9 are in Table
3. As can be seen in Table 2, even when the amount of
nitrous oxide is significantly varied, the resulting films

have essentially the same composition and properties.
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Table 1
Example 3MS He N,0 K K (400°C. Growth Stress*
No. {sccm) {(sccm) (scem) (MIM) | post metal | Rate (MPa)
anneal) (A/min)
i 100 380 120 3.6 3.6 535 61C
2 100 260 240 34 3.1t034 1531 28 C
3 100 140 360 3.2 2.8-3.0 3615 53C
*C = compressive stress
. Table 2
Example 3MS He N,O K K Growth
No. (sccm) (sccm) (scem) (MIS) (post metal Rate
anneal*) (A/min)
4 100 380 120 3.2 3.1 624
5 100 260 240 3.1 3.0 2076
6 100 140 360 3.1 3.1 4830
7 100 100 400 3.0 2.9 5510
8 100 50 450 3.1 3.0 6076
* three cycles, one hour soak each, 200-350-200°C., 200-400-200°C.,
200-400-200°C.
Table 3
Example Thickness Si H C O Density
No. (pm) atom% atom % atom% atom% g/cm3
4 0.62 0.20 0.25 0.37 0.18 1.46
5 0.83 0.18 0.29 0.35 0.18 1.34
6 0.97 0.2 0.3 0.31 0.19 1.36
7 1.10 0.18 0.29 0.33 0.20 1.36
8 1.22 0.18 0.27 0.34 0.21 1.36
COMPARATIVE EXAMPLES 1-2
Using the same procedure for Examples 1-8, a

reactive gas mixture comprising trimethylsilane and oxygen
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were used in the plasma enhanced chemical vapor deposition.

Results are given in Table 4.

The resulting films were

essentially SiO, films because of the high amount of oxygen

used in the reactive gas mixture.

Table 4
Example 3MS He 0, K K (400°C. Growth Stress*
No. (sccm) (scem) (scem) (MIM) post metal | Rate (MPa)
anneal) (A/min)
Ci 100 440 60 4.6 - 1456 60T
C2 100 380 120 5.8 - 2481 71T
*T = tensile stress

COMPARATIVE EXAMPLE 3

0 774 533.

trimethylsilane (TMS)

This example is Example 3 of EP Application

A reactive gas mixture comprising 6 sccm of

and 523 sccm of nitrous oxide was

introduced into a capacitively coupled parallel plate PECVD

system using silicon wafers as the substrates.
system was operated at a power of 50 W,
mTorr and a temperature of 300°C.°

used as a carrier gas.

Helium (500 sccm)

The PECVD
a pressure of 1000
was

Due to the high amount of nitrous

oxide (N,0) being used, the resulting film was a SiO, film.
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gas is increased or decreased during the reaction between the alkyl-containing silane
and the oxygen providing gas to produce a film containing successive layers selected
from the group consisting of Si0), , H:SiOC and SiC:H.



