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of the CVD reaction apparatus. WO 03/ 046253 PCT/ EPO2/ 13869 2
nitrogen source. Active silicon species and active nitrogen species in the generated plasma react

with each other to produce a silicon nitride film. The silicon nitride films produced by PECVD
generally do not have a stoichiometric composition and are also hydrogen rick. As a result, these
20  silicon nitride films have a low film density and a high etch rate and are of poor quality.

LPCVD, which does not employ a plasma, is used in order to deposit high-quality silicon
nitride films. LPCVD as it is currently practiced uses low pressures (0.1 to 2 Torr) and high
temperatures (750-900°C) and produces silicon nitride films of a quality superior to that of the
silicon nitride films produced by PECVD. Silicon nitride films have generally been produced by

25  this LPCVD technology by the reaction of dichlorosilane (DCS) and ammonia gas. However, the
existing LPCVD technology requires fairly high temperatures in order to obtain acceptable
deposition (film formation) rates (= 10 A/minute) for silicon nitride films. For example,
temperatures of 750 to 800°C are typically used for the reaction of DCS and ammonia. In
addition, the reaction of DCS and ammonia produces large amounts of ammonium chloride,

30  which can accumulate in and clog the exhaust plumbing system of the CVD reaction apparatus.



A nunber of silicon nitride precursors have been introduced for the purpose
of obtaining satisfactory silicon nitride filmdeposition rates at |ow

t enper at We3/0kxachl or odi sil ane (HCDS) is one exanpl e ofPCIEPh2/MSeTUr SOrS.
HCDS produces SiCl2 at relatively |low tenperatures by the reaction Si2Cl6
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HCDS, being a completely chlorinated disilane, has a high chlorine content, and the Si—Cl

bond is also very strong. As a consequence, the chlorine content in the resulting silicon nitride
film will increase as the reaction temperature declines, and it has been found that the chlorine
20  content reaches as high as about 2 atom% at a 600°C reaction temperature. In addition, HCDS
also leads to the production of large amounts of ammonium chloride just as in the case of DCS.
BTBAS has an activation energy of 56 kcal/mole, with the result tﬁat its silicon nitride
film formation rate declines drastically when the reaction temperature is reduced. It is estimated
. that its film formation rate drops to a quite small 3 A/minute at a reaction temperature of 550°C.
25 The same problems appear when the aforementioned prior art precursors are used to

produce silicon oxynitride films, which have the same physical properties and applications as

silicon nitride films.

Problems to Be Solved by the Invention



of silicon nitride and silicon oxynitride filnms by CVD technol ogy, wherein
said nethod provides acceptable filmformation rates even at | ower

t enper at We3amts3 s not acconpani ed by the production of PeTgPozmMsent s of
ammoni um chl oride. 5 Means Sol ving the Problens The first aspect of this

i nvention provides a nethod for produciqg silicon nitride filns by '

chem cal vapor deposition, said nethod being characterized by introducing a
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substrate and 20 forni ng a silicon nitride filmon the substrate by
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at a reaction ure.” The second aspect of this invention provides a
met hod for prioduitngpet bf RAn@XHOM ploviles a hickHHR thypref@Lalicondfle films by
deposi ti ?lgin cpar acterized by introducing a hydrocarbyl am nodi si | ane
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substrate and WO 03/ 046253 PCIT/ E 02 13869 4 formng a silicory oxynitride
filmon the substrafierdiy reacting the hydrocarbyl am nodi sil ane conpound,
ni trogen-contai ning gas, and oxygen-containing gas at a reaction

t enperat ure. each R is independently selected from the hydrogen atom, chlorine atom,

and —NRI(RZ) groups (wherein R1 and R2 are each independently selected
from the hydrogen atom and C1 to C4 hydrocarbyl with the proviéo that Rl

15 and R2 may not both be the hydrogen atom) and at least one RO is the
—NRl(Rz) group

and a nitrogen-containing gas selected from the group consisting of ammonia,
hydrazine, alkylhydrazine compounds, and hydrogen azide into a reaction chamber
loaded with at least 1 substrate and
20 forming a silicon nitride film on the substrate by reacting the hydrocarbylaminodisilane

compound and nitrogen-containing gas at a reaction temperature.

The second aspect of this invention provides a method for producing silicon oxynitride

films by chemical vapor deposition, characterized by
mmtroducing a hydrocarbylaminodisilane conipound with formula (I), a nitrogen-containing

25 gas selected from the group consisting of ammonia, hydrazine, and hydrogen azide,

and an oxygen-containing gas selected from the group consisting of NO, N20, NO»,

02, 03, H20, and H>O2 into a reaction chamber loaded with at least 1 substrate and



5 Enbodi nents of the Invention This invention will be explained in greater
detail in the following. This invention uses special conpounds as

precur sorwofoa4@sl i con nitride and silicon oxynitride (c®CT&EPn2/vashy
referred to below as silicon (oxy)nitride) in the formation of silicon
nitride filnms and silicon oxynitride films (collectively referred to bel ow
as silicon (oxy)nitride filnms) on 10 substrates by thermal CVD technol ogy.
The silicon (oxy)nitride precursors used in this invention are
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PCT/ EPO2/ 138 reaction w th hexachl orodi silane includes, inter alia,

met hyl ani ne, SeRCAMOFRINtEAe prrewisons @sed indbip iysylienarn Bydreearbylapingdisifinge, and
vi nyl amceﬁpo{fﬁq%mm{&hagﬁ.ar byl am ne used can take the formof a single
nonohydr ocar byl am ne or m xture of nonohydrocarbyl am nes. However, the
use of a single nonoh cg{ byl amtye is preferred viewed fr t he
perspective of ease o production; and the use of ethylam e is even nore
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15 NRI(RZ) group and at least one group RO must be the —NRI(RZ) group. R1 and R2 in the —
NRl(Rz) group are each independently selected from the hydrogen atom and Cp to Cy4
hydrocarby! with the proviso that R1 and R2 may not both be the hydrogen atom. The Cy to C4
hydrocarbyl includes vinyl and C1 to C4 alkyl such as methyl, ethyl, propyl, isopropyl, butyl, and
tert-butyl.

20 Compounds in which each R0 is —NRI(RZ), R1 is the hydrogen atorﬁ, and R2 is C1to Cy4
hydrocarbyl, that is, hexakis(monohydrocarbylamino)disilanes with formula (II)

((R) HN)3 - i - 8i - (NH (R) )3 D

(each R independently represents C1 to C4 hydrocarbyl) are novel compounds and are preferred

compounds within the scope of this invention.

Hexakis(monohydrocarbylamino)disilanes with formula (II) can be synthesized by

25  reacting hexachlorodisilane (Cl3—Si—Si~Cl3) in organic solvent with at least 6-fold moles of the

monohydrocarbylamine RNHj (R = Cj to C4 hydrocarbyl). The monohydrocarbylamine for



each other using at least 6 noles of the latter per 1 nole of the forner.
However, the use of a |arge excess of the nonohydrocarbyl am ne over
hexachl orwoiosiok@se is preferred for the purpose of i nhi biPCITrEPO2/S869
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The reaction between hexachlorodisilane and monohydrocarbylamine is preferably run at

20  atemperature from —30°C to +50°C. In general, this reaction will be run by first bringing the
reaction solvent to a temperature in the preferred range of ~30°C to +50°C, introducing the
monohydrocarbylamine into the reaction solvent and dissolving it therein, and then gradually
adding the hexachlorodisilane, for example, by dropwise addition. The hexachlorodisilane can be
dropped in either neat or dissolved in the same solvent as the reaction solvent. The reaction is

25  subsequently run for 2 to 24 hours while stirriﬁg the reaction solvent and holding at the
aforementioned temperature. After this period of stirring, the reaction solvent is heated to room
temperature (approximately 20°C to 50°C) and stirring is preferably continued for at least another
10 hours. The hydrocarbylammonium chloride, a solid by-product, is then filtered off and the
solvent and residual amine are distilled off in vacuo. The resulting

30  hexakis(monohydrocarbylamino)disilane can be subjected to additional purification by fractional
distillation.



5 by the weak Si - Si direct bond. Hexaki s(nonoethyl am no)disilane is a
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compounds (I), the hydrocarbylaminodisilane compound (1), nitrogen-containing gas, and

20  oxygen-containing gas are admitted into a reaction chamber loaded with at least one substrate
(typically a semiconductor substrate such as a silicon substrate) and a silicon oxynitride film is
deposited on the substrate by reacting the hydrocarbylaminodisilane compound, nitrogen-
containing gas, and oxygen-containing gas at the feaction temperature. As with silicon nitride
film deposition, the nitrogen-containing gas can be selected from the group consisting of

25  ammonia, hydrazine, and hydrogen azide. The oxygen-containing gas can be selected from the

group consisting of NO, N20, NOy, O3, O3, HoO, and HyO».

When the oxygen-containing gas also contains nitrogen (NO, NoO, and/or NO3y), the

nitrogen-containing gas need not be used and the ratio between the hydrocarbylaminodisilane
compound and the nitrogen-containing gas admitted into the reaction chamber during silicon

30  oxynitride production is preferably 1 : 0 to 1 : 50. When the oxygen-containing gas does not



containing gas is preferably 50 : 1 to 1 : 10. The overall pressure within
the reaction chanber is 5 preferably maintained in the range fromO0.1 to 10
Tof f, andwDe/0s@axti on tenperature is preferably -300C t ®@CTBPC2/13Bh%e

hydr ocar byl am nodi si | ane conpound (1) can be vaporized using a bubbler or a
vaporizer during silicon (oxy)nitride production according to this

i nvention. The bubbler can conprise a sealed container filled with liquid
hydr ocar byl am nodi si | ane conpound (1), an 10 injection conduit that injects

carrier gas.into the hydracarbyl am nodi sil ane conpound .in the eal ed
cont;inerPl%%ﬁkgg?gga’g@nﬁ@$&m%%ﬁgb2@hk@%@° 98@82@@%§P§#inodisifane

conmpound, .~ 1. Zed;. rained.i.nto the carrier gas ipjected fromthe
o et kRSl Rl S MR g R s er i e SoprEBARY 10 116 ¢ he
seal ed cifntlaieither casecthé eetis rithi etwepakd Hﬁﬁlocamwngﬁadmwhaaé)rﬁ?&inaiahaeﬁygen-
conmpound intqQ the reaction chanber. At its downstreamend this feed 15

condui t CBRMAMS asitrre{iratly fhel tvb: Heathe oradlipasssene withirsthe eerstiprachambenisd
pressur 6, :¥-f.Ri he; I B8’ b Lntained at consta r
Cpec 1 durbhplnbiin STUBSAR IR Do 1Y Ton GlFRe KRBy fROR iR
Conpany -800°€ tv@S@ADA vaporizer fromthe Lintec Conpany, for exanple, can
be used as tl’ﬁﬁ\@ ori ger. .The . hydrocar bﬁl am nodi si | ane conpound is

vapori zed usi cyrapRinadisilansrompgurd ) pan heampetized using adwhbleeera Fi gure’ 1
cont ai ns; ﬁgpg&ﬁ% ik Al : action
apparatugﬁaefl sui %%k?gyggéggkﬁkgﬁk%?ﬁ?ﬁgﬁﬁﬁ%ﬁﬁﬁ¥®%£%€§'2H§$%¢B%?%@ucing
si | i con compyiymi saaledeonthinenfilledRhith [y hedrotdrbylamimpdisAndsodPoind @shiat ed in

Figyre 1 .s.provided with a CVD reactjo 25 chanper. 11, a supply source 12
f or HP he ‘W&%i-"glcca?%‘g}ietg?ﬁ RISAH SPTish %anBWﬁE%%@r‘e%@@mlae%}aaP RMPpndpR the

i nvent i @Baledcdhtdifed ARIA-2CREH Snidid thad RS VHOR df o SAWI4rSinddisilaRB dofpipRRLY source
14 of dilution as, such as an inert gas, that Is Introduced as necessary.

The CvDVereaEed avd erprsinredtinte theocargeragas mjqtadfrate thevinjebtiancondwiy enthe ont ai ni ng

gas sup -15. when silicon gxynitri is to be oduced. . The

react i o%&%ﬁgﬁg@gﬁﬁ%ﬁgﬁeﬁo}lgﬁ%‘g? gri?x’gh?\%f’ﬁeﬁr‘?ﬁnﬁﬁ’ﬁﬁ@dlfﬁ‘{sft VERMEIZEYr pose of
30 heat hpgrotabyih@imdpRdifd RhpoYR etk irRtisEOMaTRE UL RAERedt 9&?&1%' fg&i . A
susceptor s heated in the case of single wafer processing. WO 03/046253 8

PCTA EP0 Spndsgipomppniqsies seitfiethe C lheeachi qheaberl. OFhedppperatitesind Préshurastithit thel i n
Figure Leaidd\@ntdidePrluSt be maintained at constant or specified values.

A Direct Liquid Injection System (DLI-25) from the MKS Company or a VU-410A

vaporizer from the Lintec Company, for example, can be used as the vaporizer. The
hydrocarbylaminodisilane compound is vaporized using the vaporizer and fed to the reaction
20  chamber. |
Figure 1 contains a block diagram that illustrates one example of a CVD reaction
apparatus well suited for execution of the inventive method for producing silicon (oxy)nitride
films.
The CVD reaction apparatus 10 illustrated in Figure 1 is provided with a CVD reaction
25  chamber 11, a supply source 12 for the hydrocarbylaminodisilane compound (HCAD) according
to this invention, a nitrogen-containing gas supply source 13, and a supply source 14 of dilution
gas, such as an inert gas, that is introduced as necessary. The CVD reaction apparatus 10 is also
provided with an oxygen-containing gas supply source 15 when silicon oxynitride is to be A
produced. The reaction chamber 11 is surrounded by a heating means 111 for the purpose of
30  heating to the specified CVD reaction temperature (batch processing). A susceptor is heated in

the case of single wafer processing.



introduced into the reaction chanber 11 in the gas phase due to, the action
of a bubbler. The HCAD supply source 12 is provided with a seal ed

cont ai nerw023/04d28% is | oaded with liquid HCAD. An injectPCA/EPONtS6Y 122 i S
inserted into the sealed container 121 in order to inject 5 carrier gas
into the HCAD | oaded in the seal ed cont Eél ner 121; the carrier gas is
injected fromthe supply source 16 for the carrier gas, e.g., nitrogen,
across the valve VI and mass flow controller MCL. After its injection

into the HCA gﬂgl-g [.& r e
pressure- conﬁnoflg\%aslgiv %aimrl\ Oap‘[b eaEu‘Sielr(\)e1 a%ﬁ??%“ﬁ%%%%é@ ¥nto the
r eact i oninttodwdedrintd the wactmnehaﬁllsa 14 emgergaPplast Gucinesdtivd of 8 blibierl iThe LI .

Al t hough %sho inthe figure, .at least 1 10 substrate gﬁ%&l cally a
sem condd %?Fézémﬁ‘ﬂé%d with joyspalephcantaiagr 131 ghat jsdoads lignid he
reacti OnHC%@”mhéécﬁon EoRiMith 25 Qs 29 tet RS W AkERd é&ﬂé&ﬁé& 129 \Aﬁfeﬂo inject

boat - | oaded) can be present. l\f trogen-containing g g., amion| a,

i nt r dduceadri¢rrgasnintd the HEAD deaded omtha kel gdgcogames UPR lthe éamlerr(gas k3njacedEBmithe

val ve V2 an& t he S L ow.controller MFC2 and |nto t he reactjon chanber i
|t hroughPP ego}"icﬁgg E‘ft S SATFPT 895+ S YHRECPTESS thesvalyh YD anbmassdlovheangrolery v
can be | mrcduerd ibigRroandihdiERD SRHICABRAY AR s ARIQTRohHPRLA! Ve

V3 and the nmass fl ow'control M-C3 and |ntot e Treact
t hr ough Rressufc-goatrpBvatvedPV ed intcnthe life LDand évintrodiced mtmglegmuombhaﬂiber $1. A

introd d duri t de fil
|t r oducgse e R SreRsttofhiing Lo eyt i b thesSer st bostre val ve
V4 ard tsustradO(timedlyTal seivi eaaidiet suBdtrabeth Qs”gsmgﬁn%ui)g{?at Gk O}tnkarggﬁ{%

through the line L4 and the line L2. The outl et romt e reactl
11 is coaebeeHl. biromhletol 258 sulbsbrates (@umlaslr@va@?(i)oait-lpwmmbmmmat us 17. Th| S

waste gas tr par at us 17 functions, t for exa

by- product s :I% nr%ogigat eas Aut &Fr ﬁfnmoélﬁdlstlﬂtmcgﬂfﬁ‘gﬁo’?’ the, pifrggen- aél?mﬁg%ﬁ enent
f rom t hesupylgiseurce 13 2&0RMBS FANEVS GRS e niss floR BARSIRE MBCY Md/BtoBNe raBgh PUNP
PM are connected in the |line L5. The various gases are introduced into the

reacti orf WH?Fb’érthlollghﬁh?éﬂﬁrI@ssure within the reactl on chanmber 11 is

db { ht t t
oy oder ] bed s ATHEioR EES Rich 8 RARGCCE 0pBhcl Mo BY RGP IR Hiber! &9 by
t he opersapplpsowte 1hgcroBulipovaiMd VY Eh Dk Oe2 Aw %oﬁ@feﬁmﬁﬁﬁﬁﬁto%é td€tion

oper at i on %he contajner 121 is heated to, for exanple, 50C to 80C, and the
hamber 11 through the line L3 and the line 1.2.

Oxygen-containing gas, which is introduced during production of silicon oxynitride films,

can be introduced from the oxygen-containing gas supply source 15 across the valve V4 and the
20  mass flow controller MFC4 and into the reaction chamber 11 through the line L4 and the line
L2. _

The outlet from the reaction chamber 11 is connected by the line L5 to a waste gas
treatment apparatus 17. This waste gas treatment apparatus 17 functions to remove, for example,
by-products and unreacted material, and to -exhaust the gas after abatement from the system. A

25  pressure sensor PG2, a butterfly valve BV, and a pump PM are connected in the line L5. The
various gases are introduced into the reaction chamber 11, the pressure within the reaction
chamber 11 is monitored by the pressure sensor PG2, and the pressure is brought to its

prescribed value by the opening and closing of the butterfly valve BV by the operation of the
pump PM.



HCAD feed system which conprises the Iine Li, is preferably heated to a
tenperature higher than the bubbler in order to prevent dew formation by

t he HCAD.wPBiog#@5®2 contains a CVD reaction apparatus that PEAEPIAE38sANE
structure as the CVD 5 reaction apparatus 10 illustrated in Figure 1, with
the exception that the CVD reaction apparatus in Figure 2 contains a
different HCAD feed system Those el ements that are the same in both
figures have been assigned the sanme reference synbol and will not be

consi dered agaj, i | .ai ... The reaction.apparatus. .20 iJlustragted in
Figure 2 is pfﬁg\%ggaé}%c?hlthaeC@%%@F%@rls%f&e rfqrggarﬂﬁlg’ﬁ)rég??hgéﬁﬁﬁ er gas
sour ce 1GIQeB $ad saaemSehich Conptisee thé lind I, 1srere@BIytHagrel k818 tchmbbrand® nfsRer i S

i ntroduced it@%O t he gas- phase regs\gn for the HCAD filled inliquid formin

the seal B8 tgbibhiex it ordor toprgyept degsformatioadmtbe HGAR.he carrier gas functions

to nove the | kgui AR, OB J 22 and the mass fl troller
MFC21, thr ougﬁ%yte? {i‘i ne {‘gg aﬁ%&lllaﬁtaé&{r%tgs %ﬁ%%alﬁ ?geesrameﬁr.uct&gararsﬁl\é\érﬁg s from
the carrrectigeppsausd® ilhGtated in Pgarels withrtbelgleeptin thitie CYD reddios Rppurans hes
fromthe, l] anddé% i ntroduced into the vaporizer 21. The carrier gas

li.ne L21,
and 1iqu lﬂéﬁé cpgtamsa dideredidHe AP desdwsigap dhpseslemanty thet 31e shesgmierin both
vapor i zefiodds h , : ' Qr i .and
ist ransp%lkzrt %d%b%%{ ?Sﬁ?eéﬂgg{rhr%isgggggaf%g?%%gﬁaﬂl Eﬁlﬁ&l?l!}lﬁte%%S%gﬁﬁﬁi%galﬁ flﬁ(?er %lguced
into the reacTho@VPhaadtien apfaratih20 illusteaté P Higurp L éf proaidey whtdatvagorizr 20C t 0
-250C in._order E%O revent reliquefaction or dew formation by the HEAD. 20

Exanpl esCHHIeE 3 CHATICL SALOLFEHEPasSs aggpssdhevaleY hiand thioughdhe bna ldd ng

" U8, VRS g ok L R0 Al e e

hexaki s (¢antrieari2d| dite presslires exeated by HieAD)ridPend fanetioma o noed thediquiieHC ABcic3H

| vent and led to QC for t ion. An .ethylanin | utig
o epar ety NaYPAgR fifhSindiny Gruolft MFEEL G0t heilGa s e i tharwspatirero) <
pent ane. 21He@atibl £ Fdnbihk aBRict 8- sBulde 16 afko PRsds MRSl AR ﬂﬂﬁm%r&f&h&h' S

ethylam ne solution. The resulting reaction sol ution was thereafter
stirred fom the FnsukZl, and Sintaerucedioto tho vapomizin 10 @468 ES gdCanddudPBCATZ869

addi 14 on 5 . hours at roomtenperatur 20Q) . The ethyl anonj um -chl ori de

by- pfrgod u@%“’&m‘écs?g e ﬁ}ee"raB%PZc‘???i alygre tﬁ‘_é “b@ﬁ&%??é*)z%%i{q 9 %r‘%@ﬂl B QEEe0 %G | | od

out in vaube HEADsGapbei¥ed WAS is tRRkRIrRE Yrifhith&bfrier o Wrough the line 1.23 and is
introduced into the reaction chamber 11. The line .23 is preferably heated to 50°C to -250°C in

order to prevent reliquefaction or dew formation by the HEAD.

20  Examples

This invention is described in greater detail in the following through working examples,

but the invention is not limited to these examples.

25 Synthesis Example 1
Synthesis of hexakis(monoethylamino)disilane (HEAD)

Pentane was used as the reaction solvent and was cooled to 0°C for the reaction. An
ethylamine solution was prepared by adding ethylamine (70 g, 1.55 mol) cooled to 0°C to the
30  cold pentane. Hexachlotodisilane (26.9 g, 0.1 mol) was gradually added to this ethylamine

solution. The resulting reaction solution was thereafter stirred for 2 hours at 0°C and then for an



Results of analysis 5 1H NVR (C6D6, 500 MHz): S = 0.61 ppm (broad, -NH), S_
=1.1 ppm(tripl>/et, -CH3), S = 2.95 (pentet, -CH2) 13C-NWR (C6D6, 125 MHz):
20. 7 ppmWOd3BE233 ppm (- CH2- CH3) A signal assignable to tReTSP/ISHU was
not observed in these NVR anal yses. Figure 3 reports the analytical results
(spectrum fromQW (me < 250) (Et = eH yl in 10 Figure 3). Wile the
Si-Si bond was present in a number of fragnents, for the sake of sinplicity
assignnments are given only for main peaks. The chlorine content of the

synt hesi i ° oNn hr omat ogr.a . Was no

g)r/eat er ? ﬁ%ﬂﬁfdﬁ‘%gbﬁgéfé{%- IﬁgE %eﬁ#% @%gé%oilhr?_tet_ a’?ﬂ&“ﬁs&&ﬁ%@ﬂ%w
esti mat edilteraf ofitand GheGrentine Eneneqhiylagqhe w@ﬁ_ﬂﬁﬁﬂéd &ﬂlierJao‘ﬁbJ Q@.@{girg%b'% filmA
ili jtri T s deposited in this exanple on a si

zlemI gggdg %‘ngm‘ét-@%- 20 using a CVD reaction apparatus that had the

[ [ [ he HEAD
same str Refulis@f amlysie CVD reaction apparatus in Figure 2. The |
synt hesi zed in Syn}tshesi s Exanple 1 was used as the HCAD;, ammopbnia was used

as the ni Hlfngr(O@D@,tﬁiOfMHB):QaﬁD.@l%n{‘{b%a‘agﬁfs?% %?ﬁ%@ﬁi@@&éﬁ%{, irzs@_f 0 985,

o , i m
The conditions |isted below were used to produce con n i i1m
The line L23 ﬁﬁﬁte@e@fﬁﬁ to 110C during -deposition. 25 HEAD gas flow rgte.
5 sccm ammonia gas flow rate: 50 sccmcarrier gas (nitrogen) flow rate: 60

it Ai i : 0.5 Torr reaction chanber
e ot e el T8 R 236 O € fépmﬁ@@«‘kﬁﬁm/ 046253 11
i ol i L fil ith .a thickness o was
EbC;r;iEEgg/ %\:)82%3%2%@&1%?%& 8tstﬁéa§§1abolnflgéa\[,§\1ntop?]§iemeéHhthﬁ?etsl?f %YP‘??I deposi tion
rate = 20 A nifigued)repdihithe sidlytioaltedlts (dpdeinin) MMM mALIPASI (k2819 in

[ [ o, apal ysis by Auger el ectron spectroscopy.
Sil. IEd\I 1 1%&%5?.' %ilte the Si—Sy bond wa% presgnt in a number of fragments, for the sake of simplicity

assignments are given only for main peaks.
The chlorine content of the synthesized HEAD product, as measured by ion

chromatography, was no greater than trace levels. The melting point of the HEAD product was
estimated -about 10 C.

15
| Example 1
-Deposition of silicon nitride film

A silicon nitride film was deposited in this example on a silicon semiconductor substrate
20  using a CVD reaction apparatus that had the same structure as the CVD reaction apparatus in
Figure 2. The HEAD synthesized in Synthesis Example 1 was used as the HCAD; ammonia was
used as the nitrogen-containing gas; and nitrogen was used as the carrier gas. The conditions
listed below were used to produce the silicon nitride film. The line 123 was heated to 110°C
during -deposition.
25 HEAD gas flow rate: 5 sccm
ammonia gas flow rate: 50 sccm
carrier gas (nitrogen) flow rate; 60 sccm
pressure within the reaction chamber: 0.5 Torr
reaction chamber temperature; 550°C

30  vaporizer temperature: 110°C



Usi ng conditions that were otherw se the same as those |isted above,
silicon nitride filmse 5 were fabricated using reaction chanber

t enper at WO30462500C and 525C. Silicon nitride filns wer ®CoHPa/m869 at
deposition rates of 10 AAm nute and 15 A/m nute, respectively. Exanple 2
-Deposition of silicon oxynitride film210 A silicon oxynitride filmwas
deposited in this exanple on a silicon séni conductor  substrate usi ng a CvD
reaction apparatus that had the same structure as the CVD reaction

apparatus in K . HEAD t hesi in t hesi s, Exappl.e 1 was used
as the HCAD; %%%O%@n&ggﬁﬂgel aatzl}/c{l]cﬂ%ssﬁﬁ(ﬁdjo’éé’ms%ﬁﬂ@ﬁﬁ??\50%%?"“8}39593@@ was
used as trésaltdsiligmmitidn il tepesitih reR S 208RAniRY, 0NN sNESH HERH FAS hiig carrier
gas. The conditions |listed bel ow were used to produce the silicon

oxyni tri ¢gemppdition it SN nacchtlngnasmiipss b Auger bldldfFoslsechgscpppduct i on.  HEAD
gas flowrate: 2 sccm ammonia gas flow rate: 50 sccm oxygen flowrate: 1

sccm 20 carri &singsonditipnstbggevdre bthemwisethe sarbi@assthose lispdassw, ilivar Kirldetihas
reactgonw%hea{arlger: LigdTarr. 1 action chanber tenperature: 550C vaporizer
t enpet at Ura: APHReeCAistg Teadion Shamier fsrarers s pfp §0S Cand 528 ¥n eSilicaprnitride films
appr oxi mateed ybtzn&0R BrNa s ! [ t ] as a result
(silicon" oxynitride féligl m élgg%glbﬂtq?g%yn?g{%%g&ggW%‘lﬂlged?lg?é&ﬁﬁlys silicon
oxynitride filmhad a conposition of SiNO.4200.35 according to anal ysis by
Auger el ectron spectroscopy. Advant ﬁ(ﬁou% Fffects of the Invention 30 WD
03/ 046253 12 PCT/ EP02/ 13869 As has beeA™8E<cribed in the preceding, this

invention enables the - depoddpb&ifioRbf Slidoh @Rnitrletdinde and silicon
oxyn'itri de films by CVD technology at satisfactory filmfornation rates

even %_t ~low tenperatures and does so w thout being acconpanied by the
-deposi tion of |varﬂ§ili%8?? H}Wn?tnﬁé finS Wiy Hép%@}téﬂ" lln%lls g}?aimplc on a silicon semiconductor

substrate using a CVD reaction apparatus that had the same structure as the CVD reaction
apparatus in Figure 2. The HEAD synthesized in Synthesis Example 1 was used as the HCAD;
ammonia was used as the nitrogen-containing gas; oxygen was used as the oxygen-containing
15 gas; and nitrogen was used as the carrier gas. The conditions listed below were used to produce
the silicon oxynitride film. The line 1.23 was heated to 110°C during production.
HEAD gas flow rate: 2 sccm
ammonia gas flow rate: 50 sccm
oxygen flow rate: 1 sccm
20 carrier gas (nitrogen) flow rate: 60 sccm
pressure within the reaction chamber: 0.5 Torr
reaction chamber temperature: 550°C
vaporizer temperature: 110°C
A silicon oxynitride film with a thickness of approximately 2,000 A was obtained in

25  about 100 minutes as a result (silicon oxynitride film deposition rate =20 A/minute). This
silicon oxynitride film had a composition of SiN, 0.4200.35 according to analysis by Auger

electron spectroscopy.

Advantageous Effects of the Invention
30



. o L . o L £i1'm vas
5 Exanple 3 Production of silicon nitride filmA silicon nitride _
deposirr}t)ed in this exanple on a silicon sem conductor substrate 10 using a
CVD reactworesappaas at us that had the sanme structure as thePCVEPOZES69 on |
apparatus in Figure 2. The HEAD synthesized in Synthesis Exanple 1 was used
as the HCAD, no nitrogen- containing gas nas i ntroduced, and nitrogen was
used as the carrier gas. The conditions Yisted below were used to produce
the silicon nitride film The line L23 was heated to 110C during o
product i on. 15:dfabBodifesttistif e proctdme SEETHEAGGL Slapf el MoboAgE e 10X
rate: 15 sccm@‘frgssure w thin the reaction cha earb. IEIgr {J)ﬂﬁg@;g it i de
téfiige pad silieon oxBOIGideviiimo by £B7D teehisto gt dt s tis fablRCARD fhmslibr RRR oPéd &t
i ' about . 1 A was obtained in about 150 minutes as

filmwt [ckness 0, I o]
aI resul ? o‘?é%&%eg%%r%% f‘?‘?ﬁﬁoc?é 5¢ iwllth?‘ﬁiﬁg’giW?W@%&Yih%ﬁémm@nﬁqf Hrgriatagunts of
Accor di ngntmorfugehlogiiect ron spectroscopy the Si to Nratio is about 1.5
Brief Description of the Drawings 25 Figure 1 contains a block diagramthat

illusfrates an exanple of a CVD reaction apparatus that can be used to

[ [ [ ' [ illustrates
carry out the invention. Figure 2 contain bl ock diagramthat i
anot%er exanple of a CVD reaction a P“e?feug that can be used to carry out

the invention. Figure 3 cont aimubﬁ@mﬂgoﬁggﬁaéﬂmof t he .
hexaki s(nmonoet hyl am no) di silane 30 synthesized in Synthesis Exanple 1. WO

03/ 046253 PCT/ EPO2/ 13869 13 5 10 15 20 10, 20
A silicon nitride film was deposited in this example on a silicon semiconductor substrate

10 using a CVD reaction apparatus that had the same structure as the CVD reaction apparatus in
Figure 2. The HEAD synthesized in Synthesis Example 1 was used as the HCAD; no nitrogen-
containing gas was introduced, and nitrogen was used as the carrier gas. The conditions listed
below were used to produce the silicon nitride film. The line 123 was heated to 110°C during
production.

15 HEAD gas flow rate: 1.5 sccm
carrier gas (nitrogen) flow rate: 15 sccm
pressure within the reaction chamber: 1 Torr
reaction chamber temperature: 450°C
vaporizer temperature: 110°C

20 Asilicon nitride film with a thickness of about 1250 A was obtained in about 15 0 minutes as a
result (silicon nitride film deposition rate = about 8 A/minute). According to Auger electron

spectroscopy the Si to N ratio is about 1.5

Brief Description of the Drawings
25 Figure 1 contains a block diagram that illustrates an example of a CVD reaction apparatus
that can be used to carry out the invention.
Figure 2 contains a block diagram that illustrates another example of a CVD reaction
apparatus that can be used to carry out the invention.
Figure 3 contains the mass spectrum of the hexakis(monoethylamino)disilane

30  synthesized in Synthesis Example 1.



11 12 13 14 15 16 17 21 22 111 121 122 L1-L5, L21-L23 V1-V4,
V21-V22 PGl-P& MFC 1- MFC4, MFC21-MFC22 BV PM Reference synbols CVD
reacti on Wppana2es CVD reaction chamber hydrocar byl am nedirgiPbamse{ HCAD)
supply source nitrogen-containing gas supply source dilution gas supply
source oxygen-containing gas supply soyyce carrier gas supply source
waste gas treatnent apparatus vaporizer seal ed container heating means
seal ed container carrier gas injection conduit

Reference symbols
10,20 ........... CVD reaction apparatus
11 ... CVD reaction chamber
12 ... hydrocarbylaminodisilane (HCAD) supply source
5 13 ... nitrogen~-containing gas supply source
14 ... dilution gas supply source
15 .. oxygen-containing gas supply source
16 ........... carrier gas supply source
17 . waste gas treatment apparatus
10 21 vaporizer
22 e, sealed container
111 ... heating means
121 ... sealed container
122 ... carrier gas injection conduit
15 LI1-L5, L21-L23 ... line "
V1-V4,V21-V22 ... valve
PG1-PG2 .......... pressure sensor
MFC1-MFC4, MFC21-MFC22 ........... mass flow controller
BV ... butterfly valve

20 PM ....... pump



line valve pressure sensor mass flow controller butterfly valve punp WO
03/ 046253 PCT/ EP02/ 13869 14 Clains 1. Method for producing silicon nitride
films by wbeaioe@b3 vapor deposition, characterized by i nt PCUHEPOZILS6Y

hydr ocar byl am nodi si | ane conpound with the general formula (R0)3 - Si - Si
- (RO)3 (1) wherein each RO is indepenqgntly sel ected fromthe hydrogen
atom chlorine atom and NRL(R2) groups (wherein Rl and R2 are each

i ndependently selected 10 fromthe hydrogen atomand Cl1 to C4 hydrocar byl
with the proviso that RL and R2 nmay . hoth be the hydrogen atom and at
| east one ROis the -NR 1(R2) group a i trogen-containing gas sel ected
fromthe group consisting of ammonia, hydrazine, alkylhydrazine conpounds,
and hydrogen azide into a reaction chanber |oaded with at least 1
substrat e anbMegloddprpradnaingsiliqonantride filhsley ¢liehrivad narton dejsashivhy amctYized by

i roncti on' unant BB R LA Fne EOPR R oy R hogr et oy

charagterized in that ghg hydr@cs | am nodi si | ane conpound is the
conmpound (1) in whi ch(ea hh%o gsa{% NRL1(R2) group, Rl is théll)hydrogen 20

atom and R2 is Cl HBefeth hydrocarbyl. 3. The production nethod of claim1l
or 2, in which the hydrocarbyl am nodi silane conpound contains

hexaki s( et hyl am no) di shdhemeis i péndeﬁfl?%é&%ﬂ%@%%?@%%ﬁﬂl{)ﬁ% A0, of

cl ai s 1_ to 3, characteri zed_ in that the _rm! ar ratro _
an nodi si ane: compoundagndrARE 9efs ANk K ia $6%d B GBS b Qs
from the hydrogen atom and C to Cy4 hydrocarbyl with the proviso that R1

, 2
10 and R~ may not both be the hydrogen atom) and at least one RO is the
—NRI(RZ) group

and a nitrogen-containing gas selected from the group consisting of ammonia,

hydrazine, alkylhydrazine compounds, and hydrogen azide into a reaction chamber

loaded with at least 1 substrate and
15 forming a silicon nitride film on the substrate by reacting the hydrocarbylaminodisilane

compound and nitrogen-containing gas at a reaction temperature.

2. The production method of claim 1, characterized in that the hydrocarbylaminodisilane
compound is the compound (1) in which each RO is the —NRI(RZ) group, R1 is the hydrogen

20  atom, and R2 is C1 to C4 hydrocarbyl.

3. The production method of claim 1 or 2, in which the hydrocarbylaminodisilane

compound contains hexakis(ethylamino)disilane.

25 4. Production method according to any of claims 1 to 3, characterized in that the molar ratio
between the aminodisilane compound and nitrogen-containing gas introduced into the reaction
chamber is 1 : -0 to 1 : 50; the total pressure within the reaction chamber is 0.1 to 10 Torr; and

the reaction temperature is -300°C to 650°C.



chanber is 1 : -0to 1 : 50; the total pressure within the reaction chanber
is 0.1 to 10 Torr; and the reaction tenperature is -300C to 650C. WO

03/ 046253WB@FLERSP/ 13869 15 5. Production method accordi n@Cr@Erany3sed cl ai ns
I to 4, characterized in that the hydrocarbyl am nodisilane conpound is
entrained as a gas in the carrier gas by.injecting the carrier gas into
the liquid form hydrocarbyl am nodi si |l ane conpound and is then noved through
the feed systemand fed to the reaction chanber. 5 6. Production nethod

accordi ng t o5amgddtios hthee abcdrBin 1o Etﬁ)a(;f‘%ﬁﬁtlrﬁg '13(?% c!hQraEtQﬁ%edt ilq%hat

hydr ocargl | am nodi si |l ane conpound is “vaporize sing a vaporl zgjre and the
vapor i zedYdRGHPHeRmedistsnerrotipoincisentainpbasgas sn theearriepyadcytihie hé he feed

syst em apgl : . T i.on._ch er. /. The production nmethod of claim
6, char ag%él%fgaeséﬂfnﬁbﬁﬁqaéfﬁ% h\ygfoog?ﬁ%%’ pinadisilang @BPHOHn andyi§ thegpeved tlyoughof
60C to 2@@Ceedsystemonhdded rtheiabixg daeBEdi ng to any of clainms 5 to 7,

chara terizgglj n that the feed. systemis maintained at a tenperature of
25C td - 250 F§odustiopmethiod acepsding i ayd eldimy! tod, shgractbrizeidan et thet 0 8,

wherein § i 2 i . it.h from.l to 250 sem conduct or
subst r at ez&%%aﬁ%?%ﬂ&ﬁpﬁlgﬁgg gﬁlgé‘%ﬁol% 9%%5%?3“ 0 2 VARSI Ayt RoREse produci ng

si |'i con bydrecarbylateinpdisitme bympbueri is len e (HERMShE £RA systh A EHSs %h%ed by
i nt roduc'%ggﬁoa klll)c{dgocar byl am nodi si | ane conpound with t¥|e general formula
(RO)3 - S tongaim ?IRO)B (I') wherein 20 each RO is independently selected

from the hydr qgeprqaheiBn HEHES | .at - r oups. erein RL and
R2 are each indegfandentnl y sgcligf;l?{ie]%%?%%a?%gzeﬁ%%%@?%%gﬁlﬁg‘%é?& 4
h%/derar’ngWl{rhof@@Cﬁp@OOﬁb :hat RhR ?nngZ may not25bot h t)e t he hyd{ ogen

n .on i e - roup, a nitrogen-containin
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9. Production method according to any of claims 1 to 8, wherein the reaction chamber is
loaded with from 1 to 250 semiconductor substrates mounted in one chuck or wafer boat.

15 10. Method for producing silicon oxynitride films by chemical vapor deposition,
characterized by |

introducing a hydrocarbylaminodisilane compound with the general formula
0 . . 0
(R)3-Si-Si-(R)3 )
wherein

0. .
20 each R is independently selected from the hydrogen atom, chlorine atom,

1.2 , 1
and -NR"(R") groups (wherein R and R2 are each independently selected
from the hydrogen atom and Cj to Cy4 hydrocarbyl with the proviso that R1

2
and R~ may not both be the hydrogen atom) and at least one RO is the

~NR'®R) group,

25 a nitrogen-containing gas selected from the group consisting of ammonia, hydrazine,
alkylhydrazine compounds, and hydrogen azide, and an oxygen-containing gas
selected from the group consisting of NO, N2O, NO3, O3, 03, H20, and Hy0O7 into a

reaction chamber loaded with at least 1 substrate and



selected fromthe group consisting of NO N20, NO2, 02, 03, H20 and H202
into a reaction chanber |oaded with at |east 1 substrate and WO 03/ 046253
16 PCT/ EPOD/038889 f ormi ng a silicon oxynitride filmon t h@CIkPe2/13s6e by
reacting the hydrocarbyl am nodi silane conpound, nitrogen-containing gas,
and oxygen-containing gas at a reaction_  tenperature. 11. The production
nmet hod of claim 10, characterized in thag t he hydrocarbyl am nodi silane 5
conmpound is the conmpound (1) in which each RO is the NRL(R2) group, Rl is
t he hydr ogenfor@in@my silaiod

met hod of cl ai mhflgo or 1f%}lﬁﬂ&hﬁﬁigtﬁﬁttﬁsﬁgﬁtgg?%&:mfrﬁi‘ ﬁg?ﬁrﬁlgﬂﬁﬁﬁé ﬁﬁa&’ﬁnd
cont ai ns hexaki W@@hWChmtm)‘«IMmtalamg gad and Brygocbhtaininpgetab ath Reevndi ng to
any of clains 11 %n characterized in that the nolar 10 ratio between
t he hydrocar byl am%(g gl | ane conpound and nitrogen-containing gas

i ntroduced 1NtThe pREutRAGhERAT SHATREL, bﬁaréctenz‘éd hPth%t tﬁe ﬁ9dro££@1£ﬂ?ﬂn@&mf’1§} 10

bet ween the hydrocar byl am nodi si | ane npound e 0X contal ni ng

gas i%s 56ompduntids the coPourdn® ih Gihadh erabl@a WtﬁeWNR 3ghﬁltprﬁ fstthgﬂydrgmnber is
0.1 to 10 Torr; gnd the reaction tenperature is -3 o 750C. 14.

Pr oductiaamnaidm 1s®1%rcgllﬁar&9rb9fly of clains 10 to 13, characterized in
that the 15 hydr ocar byl am nodi Sil ane conpound is entrained as a gas in the

carrier gas Ry Thepedidtivg nidiod SRIAMEN Fas, i Hﬁl@ H?Sﬁl
hydr ocar byl am nod| si l ane_conpound and is t1 hen ?mve th?%rgylhﬁ eSﬂ?ne

syst em affi®ad centeine hexakistetiyfemeineldislane. 15. Producti on method according to
compound |5 ganngioh ne LRGBSl bPRR 1000 T3 BhRL G fotch ot the motar |

COI’TpOUI’]d is vaporized usin

hydridcartatib bmwreezdths lhbrdmealﬁplamﬁuﬂd;ﬂm& doR@RBUADMEThitrDEAUDAt i1 %&%&&ﬁ%&&m and
fed to thf reacti g chanper. 16. The production nethod of aim1l

char act éPioABg et mpgieis }a 90 il  §: the melaswatip heyween th@hxfbo@m}/ﬂmmbdﬁﬁﬁet 0

200C. 1 700n y.
char act er i zggﬂ‘lyﬁﬁdttﬁgto E%?H%? ee ﬁ%rzgls 2%55(% glmf?’lri s fr?%fhﬁttgta{ggassgfe ‘ﬁltl{’%#ﬁerP%{’Elﬁ?e of
25C to -cdBmberis 8.1 torl6dioct amhthaetdotich aperira g Boo@ws /B8Hec! ai ms 10 to 17,

wherein the reaction chanber is |oaded with from1l to 250 sem conductor
substrat es r]réﬁﬁpé‘&f’%?ﬂ n?ﬁ?@d(ﬁ‘?%QmBrto R @frcladwad O to 13, characterized in that the

15 hydrocarbylaminodisilane compound is entrained as a gas in the carrier gas by injecting the

carrier gas into the liquid form hydrocarbylaminodisilane compound and is then moved through
the feed system and fed to the reaction chamber.
15. Production method according to any of claims 10 to 13, characterized in that the
hydrocarbylaminodisilane compound is vaporized using a vaporizer and the vaporized
20  hydrocarbylaminodisilane compound is then moved through the feed system and fed to the

reaction chamber.

16. The production method of claim 15, characterized in that the vaporizsr is heated to a
temperature of 60°C to 200°C.
17. Production method according to any of claims 14 to 16, characterized in that the feed
25  system is maintained at a temperature of 25°C to -250°C.
18. Production method according to any of claims 10 to 17, wherein the reaction chamber

is loaded with from 1 to 250 semiconductor substrates mounted in one chuck or wafer boat.



