Title: Method for producing silicon nitride filns
Field of the Invention The invention relates to a
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particularly relates to a nmethod for producing silicon
nitride filnms by chem cal vapor deposition (CVD) .
Description of the Prior Art Silicon nitride filns

have excellent barrier properties and an excell ent

oxi dation resistance and as a consequence are used in
the fabrication of mcroel ectronic devices, for
exanpl e, as an etch -stop layer, barrier |ayer, or
gakitde:dMethodtfor proidayieg siliseminitridofilnke/ ni tri de st acks.

Pl asma- enhanced CVD (PECVD) and | ow pressure CVD

( LIR¢IYOY thaleventien net hods primarily used at the present
time to formsilicon nitride filns. PECVD is typically
carried out by introducing a silicon source (typically
silane) and a nitrogen source (typically amonia, but
norhe ipeensiae relatgs to agasthodfr\psedicigpaliqon gritridg fiims @nd more
pl y . _fr )
B T o B o e R s B s
andporalepgriteeg(@Vdd . (0.1 torr to 5 torr) in order to

i nduce the generation of a plasma fromthe silicon
source and nitrogen source. The active silicon species

and actjve nitrogen species in the resulting plasnma
ré&@@ﬂﬁpﬁﬁigﬁéﬁ@ggﬁér to produce a silicon nitride

film The silicon nitride films afforded by PECVD

t yyiieon) nityidg dilme thaym grcelens tbatrieh pepertics @and anssesllentarxidatign
a.rrFsi Q amidd'soagg‘?}ls&#lféﬁceaﬁrg REE Y M B )écaec%ﬁ'cg*ﬁlic l@Monic
filmdensity, a fast etching rate, and a poor thernma
stdwiicts, tfgr. cxamplepag ametth tstopt laperpbadedaygy, ol REy/Diclesei layer,

OB SRR ik © 2 torT) and i gh

Plasma-enhanced CVD (PECVD) and low -pressure CVD (LPCVD) are the
methods primarily used at the present time to form silicon nitride films.

PECVD is typically carried out by introducing a silicon source (typically silane)
and a nitrogen source (typically ammonia, but more recently nitrogen) between a

pair of parallel plate electrodes and applying high -frequency energy across the
electrodes at low temperatures (about 300°C) and low pressures (0.1 torr to 5 torr)
in order to induce the generation of a plasma from the silicon source and nitrogen

source. The active silicon species and active nitrogen species in the resulting

plasma react with each other to produce a silicon nitride film. The silicon nitride

films afforded by PECVD typically do not have a stoichiometric composition and

are also hydrogen rich and accordingly exhibit a low film density, a fast etching

rate, and a poor thermal stability.

In contrast to the preceding, LPCVD uses low pressures (0.1 to 2 torr) and high
temperatures (800°C to 900°C) and produces silicon nitride films with a quality



tenperatures (800C to 900C) and produces silicon
nitride films with a qualitysuperior to that of the
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present time silicon nitride is typically produced by
LPCVD by the reaction of dichlorosilane and gaseous
anmoni a. However, ammonium chloride is produced as a
by-product in the reaction of dichlorosilane and
gaseous ammonia in this LPCVD procedure: this anmoni um
chl oride accunmul ates in and cl ogs the reactor exhaust
lines and al so deposits on the wafer. Moreover,
exupdriondo tHRCYDtheesihvonl ogide Silink gradutedby REEVDW Atahe prkent

siJicon.nitride film.growth an as ' t hernal ..

b et PR i, 5 SHEHC E“}dﬁfegi ?’H ePﬁ%Pbg F?H gg’te reaction of
ashichtoraéiRele Whd Basebils siaohis.t HoWevef, adirhdri@n chiokidé teproduced
films, a method has very rece ntly been devel oped t hat.
prés duBeBragpet @fie aeackipyaf dichipgosiiang @ ensepusaawARA n this
W VIS pRc B RE: Qs S rfddBurk! SRIBridS auiulatcs GR afld ElbgSc reactor
precursor. This nethod, however, suffers froma
prexhanshdiwds exdcasdalepenits ofnt the waleh| Megeavet, eekisiibgvbPCVD
d h nt s, .of I.he ' .
ncerbRioby Sy AEmarRERifiely sfiltgh AP AR BRSRA apdhas g et
altba@mal budge.dibyrddni e redideochis Wdrthl bedget tassdciatedl with the
substantial .reduction in the life of the exhaust

| iRFRACten fayliGen HEFAE i RARFROGrhaD VY ireRe %@ae@w@aﬁi that
Nigrbdudss §iliddMBnifride Tm8 B9 rbdc¥ing @RARHnRL KRh GORBRIBERIsIIAL Bed

| ow chlorine content) at excellent growth rates when

t 198 ar skigom; mitiide amgsarsar. Urhds method ofovesyenygnigers §EoCa prmounced
t [.Ski f r .
QR B AP S bl Gl By BT R0 4R of cp torine
ugeckentMat leadehl drbdikilans e Silicosicbythmingnparidesamp radoupodiced rby

the. formation of silicon nitride fil ) have ..
+ AR peuuBin froul asubpialrediedon if e e Ot St ines.
| IPiRAlkySMis Mah&T nGRovidd goodRiliebn Bitdid<CRlhsThilgh 4B4ity,Ssood  step
produced by flowing trisilylam ne and anmoni a over )
s Aexerpga wtio,Aoweshinstnei conignt) 9t Pxaslentigrovrihtraies when éreetiqaation
2 térﬂ]?émt'u&h is?'il.o+ Ce?&ngl'e,t r6b6k?iﬁfl!>11t Mkt PRRAGRAcL ¥uffer from a
reacting trrsilylanine wth a nitrogenous

pronounced deterioration when a reaction temperature < 550°C is used.

Methods that use trisilylamine as a precursor in the formation of silicon nitride
films by CVD have recently been disclosed. Thus, a method is disclosed in Patent
Reference 1 in which silicon nitride is produced by flowing trisilylamine and
ammonia over substrate. A method is d isclosed in Patent Reference 2 in which
silicon nitride film is produced by reacting trisilylamine with a nitrogenous
compound such as an amine. Since trisilylamine lacks chlorine, these methods are
free of the problems noted above that arise due to the ge neration of ammonium

chloride by-product.

[Patent Reference 1]
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chloride by-product. [Patent Reference 1l]United States
Patent 6, 566,281 Bl [Patent Reference 2] United States
Pat ent 6, 630,413 Bl Disclosure of the Invention
Problens to Be Sol ved by the_Invention In the case of
nmethods in which t risilylamne is reacted with

ammoni a as in Patent Reference 1, it has been

recogni zed that the rate of silicon nitride film
gridwited StatesrPateat 6,669,381 Bl and that as a rule the

resi stance to etching with hydrofluoric acid solutions
is also not high. While a high rate of silicon nitride
f i[Poec@Ruférbnde] Obt ai ned in the case of nethods in

whi ¢ch trisil¥l amne is reacted with am ne as in Patent
Rdfited ptatesPatent 6,4304413Bh f ound that the resul ting
silicon nitride filmincorporates relatively |arge
anounts of carbon and th at the resulting silicon

niDis¢losure ofithieIgventidnr goes oxi dation in air. An object

Ofprb Gl IMENE R o ERRLASG, 15 t0 provide a method

f rtde filnms by vapor

deposition that, while enploying trisilylamne as

precursor,  ca roduce sjlico. n nitride filns that

et seqlues o t&s%‘é‘i‘lﬁeé%maﬁﬁ‘f ih appgogss aggin Patent

r eRRérbvR! 1y id &Wb%@rﬂ&@é?{i}iéﬁ&ﬁat%@ra’t@bﬂilid&' Mtridk GHm Pr&WhIs
e

rates. Means Sol vi ng Problens As a result of =
exeletigly tow agdthat gna irdadhe resistanes teotehing with rhydredluprc acid
sid] i 5L b sl Do bsd L A 06: .
prsé)kﬁl}?@sog, ;ﬂ%‘%g&l %f\giel'nt orlﬁ% %Igl cl{)\r/az"l? é% S? %?%‘ﬁéeg or%rgglthdls
obtained in the case of methods in which trisilylamine is reacted with amine as in

Patent Reference 2, it has been found that the resulting silicon nitride film
incorporates relatively large amounts of carbon and th at the resulting silicon

nitride readily undergoes oxidation in air.

An object of the invention, therefore, is to provide a method for producing silicon
nitride films by vapor deposition that, while employing trisilylamine as precursor,
can produce silicon nitride films that exhibit excellent film properties and can do
so at relatively low temperatures and relatively high growth rates.

Means Solving the Problems

As a result of extensive investigations into methods for producing silicon nitride
films using trisilylamine as a precursor, the inventors discovered that the aforesaid
object could be achieved by the use of two or more amine -type compounds of a
specific type as the nitrogen source that is reacted with trisilylamine. This

invention was achieved bas ed on this discovery.
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This invention was achi eved bas ed on this
di scovery. More specifically, this invention provides a
nmet hod for producing silicon nitride film said nethod
bei ng characterized by feedi gg gaseous trisilylamne
and gaseous nitrogen source conprising at |east two
am ne -type conpounds selecte d from am ne-type
conpounds with formula (1) NR 1R2R3 (1) (Rl, R2, and
RMarcespeafitally nthispiometdion |pyosddsecmettiod famprbdudmgoslicoarmdtrige
I --hydrocarbyl.). i.nto,a reactipn chanber that .holds at
| 8y “BR Flhoa! pifs uftatFafen BY AP Ghockiiy S oPFipdond
Orgascdiusl nRtogke 8GiirccOfontpris i Sdt &k Etway arhi@a Clyb& gothpdinds selecte d
trisilylam ne and said njtrogen source. Advantageous
Efffete eamgrtypsomnevessyighomada(vent i on enabl es the
production, \gi'g%datively | ow tenpergjures and at
rel ativelly hi gh grovvth rates, of silicon nitride filns
that exRi,R ank®é|are each inddpandsntipeeleited fromhysdesieniand C 16
Siy) OhE L fi.l m.pr [ r j t he
Rl Lk ffreptio T BTl ERERACUBRI MY
hyfdinoihg uilidod Aitiidt A @6 seidt ataldayt oo eSsubstiatel e k@oting the
oxi,dﬁ’ﬁi on even, upon exposure to the atnosphere. Best
%’i‘m%‘}dr%ﬂ‘%rjfgtr@f? SPHES| nventi on The present

i nvention is desggid@bebill IFRaIRhedBRtibn her ei nbel ow.
The invention is directed to a nethod for formng

siThecisentionr enables j then psedugtien; bt yetatizellyyloyy (emmeratures and at

q i t h ‘ . T
ety Hier GEPH BE, SSRT et ALRE P SEREL RelfF & fim
a peopertioen Imiadditide, pilieaunittide dihdl predaded hSAccotdahceawith the
E”tlliﬂrj% glgﬁla‘gﬁﬁ%ig‘%tsist%g@ tE)Ie%c 1Sng ty Ily%ﬁ) uo;ig\gcigl g‘nJ‘ gssentially

does not undergo oxidation even upon exposure to the atmosphere.

Best Mode for Carr ying Out the Invention

The present invention is described in greater detail hereinbelow.
The invention is directed to a method for forming silicon nitride film on a substrate
by a vapor deposition technique such as CVD. The invention uses trisilylamine
((HsSi)3N, abbreviated below as TSA) as a silicon nitride precursor and reacts
TSA with a nitrogen source that comprises at least two amine -type compounds of
a specific type. The nitrogen source used by the invention to form silicon nitride
by reaction with TSA in the vapor phase comprises at least two selections from
amine-type compounds with formula (1)

NR'R’R? 1)
in which R', R% and R? are each independently selected from hydrogen and C 1
hydrocarbyl (this at least two amine -type compounds with formula (1) is referred

to hereinbelow as the “designated nitrogen source”). The hydrocarbyl represented



a specific type. The nitrogen source used by the
invention to formsilicon nitride by reaction with T
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sel ections fromam ne-type conpounds with fornula (1)
NR 1R2R3 (1) in which R1, R2, and R3 are each
i ndependently sel ected from hydrogen and C i -
hydrocarbyl (this at |east t\go am ne -type conpounds
with fornmula (1) is referred”to hereinbel ow as the
"desi gnated nitrogen source"). The hydrocar byl
representedby Rl, R2, and R3 in fornmula (1) nay have a
cyhyl RG RSy anh B rin (f@tmda ¢ tmayhbeava ao¢yct1c anchau (sttmhn)cham or
struc be nonexhaust i.vel
e oY sk B Spl 2T EBGE ke R gk et
mﬂiﬂ|propy8 Qbptaplyl, 1s@pﬂ>p§rlqmuty1kqmtbﬂty)1,, 1s¢1ﬁt3t1ydnd témbutyl) pmlyl
Anmi ne -type conpounds w th fornul a can

s d’@&’lf ARd PRpY b ASRSP ¥R EPTBRPUAR I ol éwaaﬂweéaﬁ%@cally
di ehpirhQMy eamﬁlaﬁlgEh{bYIbﬁe@h BmifD ERLRYlaafd) etnnféu@ia!me

am ne, and ?rl et hyl'am ne. ze conbi natfon of anmmoni a
witénogthylatine, divitnamingpandcisiethylamdng. STha combinaetiere df ammonia
d%uhg nl%tﬁeq' AI'u‘ 1S qﬁ’g?ﬁéﬂqu:‘ﬁﬁﬁ elS \@ﬁljgﬁentgg e éd’]% t%o %Inérce
d ashﬂgrthé aﬂn‘tﬁnzttfoﬁ@é Am&uiaceith ﬁnhdtlmnmﬁb s and@eﬁ niore préferred
produced according to the invention on a substrate by
degferniedy g"g‘ﬁlﬁﬁg"geTSA and gas -phase desi gnat ed
nltrogen source into a reaction chanber that hol ds at

| east one substrate (a sem conductor substrate such as
a Sligancuifridsufiln rigpegdugert aecerding gy theh vemonapr) a substrate by

d%éé&%ga%ﬂqﬂrag%gggﬁl@%‘ ﬁﬁ&‘se dAﬁnéﬁz{gng J}]lgggénuéoh%% i85 fedllion
deﬁambd thdthieoldsn etr keadd i dnd tsubstraga smycdfmducttmt suhduna:teduch as a

S GUIPE Srie) apd PR G doA 804 S s SRR FoEe. An incr
el dintio@ bas dan M6 ifréductd hSANRNEY REeskdl9 od A8dikAat R inert

nitr ogen source.
dilution gas may be introduced independently from the TSA and designated

nitrogen source or may be introduced after it has been pr eliminarily mixed with

the TSA and/or the designated nitrogen source.

The pressure within the reaction chamber can be maintained at 0.1 torr to 1000 torr
and is preferably maintained at from 0.1 torr to 10 torr during the reaction between
TSA and the desi gnated nitrogen source (the CVD reaction).

The CVD reaction under consideration can generally be carried out at 300°C to
900°C (CVD reaction temperature). The CVD reaction temperature generally
denotes the temperature of the substrate on which the silicon nitride is formed or

the temperature in the neighborhood of this substrate.

While the TSA flow rate will also depend on the size of the reaction chamber, this
parameter is generally from 0.5 sccm to 1000 sccm. The TSA and designated

nitrogen source can be delivered into the reaction chamber generally at a flow rate



The pressure within the reaction chanber can be
mai ntained at 0.1 torr to 1000 torr and is preferably
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reacti on between TSA and the designated nitrogen

source (the CVD reaction). The CVD reaction under

consi deration can generally be carried out at 300C to

900C (CVD reaction tenperature). The CVD reaction

tenperature generally denot e§ the tenperature of the

substrate on which the silicon nitride is fornmed or

the tenperature in the nei ghborhood of this substrate.

Wratiee of the faider ftd dw latigreofil 1 10 & $0 ZGQ,pEmdproduqeﬂn dilmiterals to
the .r actt an chamber genera

Frgieact e it Rp el gn nsalieh BTG ERBdBurGRE G now

Nirhte @glﬁma@uhﬁﬁzooanmbsethel FhAVRIveitd, BiitGeridd @0 bE€lédnOFich when
chamber %enerall, at a flowrateratio of the former to

t ke flow e opthe designated pjtrqgen sopyge isrlgss thaoH)ictipesithg FA flow
t eREASTHSSIARPY @G0 e PERLED fﬁHFéaﬁ'b@ 2GRNPP ST AO NGB Red

t he desi gnat ed ni trogen source flowrate is no nore
thnmpgzocmltqenﬁ@wuh@ mgos foff olv:r Ht 40 1but200.ethgreby oengbling the
Si | of i an

it Bl 84, BB phoolicl 5% Phil S ERAGR b now

r ahte rat'Hs of Bi: 2Q 19 t: 100 araparticuldtlytprefefredaduced fil m can be
adjusted at TSA : designated nitrogen source flow rate
ratios of 1 : 10 to 1 : 200, thereby enabling the

Pra@utdv Qfte htid FdrMh¥Mat Measteo” Seline ?g@ ehn ﬁ@unda_%&npnsm 8 the

desi gnated nitrogen source flow r rati os of
t clesignatadygtragen souice iscugt gritigal ubisgeneselly Thi0 fo Wy lrgldenore

3) éfgrafnﬂlrls | h? 684 . ! 18R5he %}y‘%lﬂ'@g&eof the/ B o?g%%ﬁﬁ%ltth another

npri si he deS|gna rogen source 1s
C ranfihe& @ipe cbmpourfd the aamadnliay: dther ahﬁné aypOcompbuad flowwite ratio

preferably is 1 - 2 tq 1 : 1. 1n the specific case of
P HEPREERY 1 B0 i BTt i Boipd: compound.
the ammonia : other am ne -type conpound flow rate

ratio is preferably 1 : 10 to 10 : 1 and nore
prigkdneghdilntion gas introdycgd intoe the reaptien chaber g negessyni of desired

:jg:gafl ?oggg ShglecReciB of A6 dr Mot NS fioMERET ALK Qb as

nitrogen and rare gases such as argon.

Neither TSA nor the designated nitrogen source used by the invention contain
chlorine, and their reaction therefore does not result in the secondary production of
ammonium chloride that has been a problem with the prior art. The use in
accordance with the present invention of two or more amine -type compounds for
reaction with TSA provides a significant improvement in the rate of silicon nitride
film growth over the rate afforded by the reaction of TSA with ammonia alone.
Moreover, the silicon nitride film afforded by the reaction of TSA with at least two
amine-type compounds in accordance with the invention exhibits an excellent
oxidation resistance upon exposure to air (essentially no oxidation occurs), which
is superior to that of film afforded by the reaction of TSA with only a non -

ammonia amine-type compound such as trimethylamine. The silicon nitride film
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can be a single selection or two or nore sel ections
frominert gases such as nitrogen and rare gases such
Nei t her TSA nor the designated nitrBPgQERP2005/054064
source used by the invention contain chlorine, and
their reaction therefore does not result in the
secondary production of ammoni um chl ori de that has

been a problemw th the prlog art. The use in
accordance with the present invention of two or nore

am ne -type conpounds for reaction with TSA provides a
significant inprovenent in the rate of silicon nitride
f iaffordpdobyt Eheoreestionhef T8Aewil fabrchsd thy atrfie %mccdmuods in

TSA th

{ it Rt iteBGL B SREG o B, Fisirtate el sbhinfob
amyd®fluyRe £Admadndavantigd@RBr Gappets Wsdléetivh ecteliMg Npdso Rfilm
exhi bits an excel |l ent OX|dat|on resi st ance upon

epsRdigHen tyneretstie c5een srckhl 35y theRs apRFU AU IR ﬂ&ctea?tgyl of TSA
Wh i twoor REAhRE t?ﬁe éd?xﬁ;ou&is ih bé Bt BhEOwH 8- pR¥erdthvention.
reaction of TSA wi onl'y a non - ammoni a an1ne -type
compound such as trinmethylanm ne. The silicon nitride
fi rded by the reaction of TSAwith at |east two
#@neJL%§pe conmpounds in accordance with the invention
al so exhibits a high resistance to etching by
hydrof | uori.c .acid and adv. oys sup orts
séi’@eﬁe@e %eweﬁaorbﬁgfiescpﬁ?%%%ﬁw&ﬁwﬁv n&OR &t Kimited by
efth@etRan®iléd as these appear due to the reaction of
TSA with two or nore am ne -type conpounds in
accordance with the present invention. Exanples
ExaRl.gs of the invention are described bel ow, but
thrs—anentlon is not limted by these exanpl es.
Exanple 1 Silicon nitride filmwas produced at

RGBS ¥ BroRgat el BChb R0 By BdrPoerERg o on

SAilgds suBit@td REld in a reaction chamber by delivering T SA gas into the

reaction chamber at a feed flow rate of 0.5 sccm, ammonia at a feed flow rate of
40 sccm, and trimethylamine (TMA) at a feed flow rate of 40 sccm while
maintaining a pressure of 1 torr in the reaction chamber. The silicon nitride
deposition (growth) rate was measured during film production and was plotted
against 1000 X the reciprocal of the reaction temperature (T in kelvin (K)). The

results are plotted as line a in Figure 1.

Comparative Example 1

Silicon nitride film was produced on sili con substrate entirely as in Example 1,
with the exception that nitrogen was introduced into the reaction chamber at a feed
flow rate of 40 sccm in place of the TMA. The rate of silicon nitride growth is

shown by line b in Figure 1.
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anmmonia at a feed flowrate of 40 seem and
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while maintaining a pressure of 1 torr in the reaction
chanber. The silicon nitride deposition (growh) rate
was nmeasured during film production and was plotted

agai nst 1000 x the reciprocal, of the reaction
tenperature (T in kelvin (K))3 The results are plotted
as line a in Figure 1. Conparative Exanple 1 Silicon
nitride filmwas produced on sili con substrate

erid mey he asicistoozomithe resultsireorteden Kigare 3t thonise bigiwo amine -

nitrogen wa nt r oduc he.reaction anb
£ bt PP GPBIoRR G IUA) s e TR SpiEe GRAMBR L T
I Prévi@ds asdubbtatial hprov e ik Fate D siliovnniaydd filkeglowitover
F| ure 1. As may be understood fromthe results
?ateelarovlﬁeqcbsg% &se of qnbhya pregongy asthgynifpeenesource (femparative
c%%[hdls ihegyoni a and TMA) as the nitrogen source
(Exanple 1 I'ine a) provides a substantial inprovenent
in the rate of silicon nitride filmgrowh over the
rgl. 8 Rioyi ded by the use of only a nmonia as the
niﬁt—v%g%errsour ce (Conparative Exanple 1, line b).
Exanple 2 Silicon nitride was grovvn on silicon
Q%%trate nareactlon cha usi ng thefgllovvlng]jg
0BRSSO HANE QS Blical TPBSFHE 3 B TEHFEB FAPTPSHSIng the
T%lg‘blg%vo\,qj RactdnRon@Bssanmoni a flow rate: 20 seem TMA

flow rate 20 seem pressure in the reaction chanber:
100 torr

< CVD reaction conditions >

TSA flow rate: 0.5 sccm

ammonia flow rate: 20 sccm

TMA flow rate: 20 sccm

pressure in the reaction chamber: 100 torr

CVD reaction temperature: 500°C

The resulting rate of silicon nitride growth was 102 A/min. The obtained silicon
nitride film was exposed to the atmosphere for 1 week, after wh ich time the
oxygen concentration in the silicon nitride film was measured by Auger electron
spectroscopic analysis. It was found as a result that there was almost no oxygen in

the film. In addition, the carbon concentration in the film was < 5 atom%.

An etching rate of less than 1 A/min was observed when the obtained silicon
nitride was immersed in 1% hydrofluoric acid. The silicon nitride film obtained
according to the present invention was therefore confirmed to have an excellent
resistance to etching with hydrofluoric acid (refer to the results in Comparative

Example 2).
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1 week, after wh ich tine the oxygen concentration in
the silicon nitride filmwas nmeasured by Auger

el ectron spectroscopic analysis. It was found as a
result that there was al nost _no oxygen in the film In
addi tion, the carbon concentPation in the filmwas < 5
aton? An etching rate of less than 1 AAm n was
observed when the obtained silicon nitride was

i mrersed in 1% hydrofluoric acid. The silicon nitride
fid.m obt gi n according to the present invention was
t#éﬁ@?gﬁgjgggfirned to have an excellent resistance to
etching with hydrofluoric acid (refer to the results

i n.Conparative Exanple 2 nples 3_and 4. Silicaon

ni YiRGaReniride fmypre depesye tl%sag %.Sﬁ@e (YD eaptionesgpgitions as in
r §8GHIpRN 2.CBRint IHRES cRingleh ERAAEPLARLG tdberdtirel RESBO°C and
exanpl es using reaction tenperatures of 490C and 480C.
TH8O0? Gt Tdhe afite oF bilicammnitride fild grdvith wag 20 \Mmmmﬁhezlbrwrww and
I n ! h‘? %'&ﬁl{ﬂe{n tﬁg %a%telac% 18 é()tﬁ' (q] ﬂ%,t Q chggn OP{hSSe ventlon
case. I's con d that executron of tnre rnven

ca®an pfdw\ﬂecbaugadtd)@fsﬂibbm hitridd filnt growith é\rdndiet&nﬂemugés)w lbw as
even at t eratures as |l ow as | ess than 500C

cdfigdhans SgPExanple 2 Silicon nitride filmwas
deposited using the same CVD conditions as in Exanple
2, but in this conparative exanple using only ammoni a
atComrrarative Exasple? 40 seem i n pl ace of both the 20 seem
TMA and 20 seem ammoni a. The resulting rate of silicon
nitride filmgrowh was 11 A/mn, which was no nore

t Idlicoahmtride dilve was elepdritbd asingg distsame VD icondibiaizyak én Pxample

2, but in this comparative example using only ammonia at a flow rate of 40 sccm

in place of both the 20 sccm TMA and 20 sccm ammonia. The resulting rate of
silicon nitride film growth was 11 A/min, which was no more than about one -tenth

the growth rate in Example 2.

The etching rate of the obtained silicon nitride when immersed in 1% hydrofluoric

acid was 8.3 A/min.

Comparative Example 3

Silicon nitride film was deposited using the same CVD conditions as in Example
2, but in this comparative example using only a flow rate of 40 sccm TMA in
place of both the 20 sccm ammonia and 20 sccm TMA. The resulting rate of
silicon nitride film growth was 95 A/min, a nd the carbon concentration in the film
was approximately 25 atom%. When the obtained silicon nitride film was exposed

to the atmosphere, the oxygen concentration in the silicon nitride film after 1 day



The etching rate of the obtained silicon nitride when

imrersed in 1% hydrofluoric acid was 8.3 A/ mn.
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deposited using the same CVD conditions as in Exanple

2, but in this conparative exanple using only a flow

rate of 40 seem TMA in place of both the 20 seem

ammoni a and 20 seem TMA. The resultl ng rate of silicon

nitride filmgrowh was 95 mn a nd the carbon

concentration in the filmwas approxi mately 25 atono

When the obtained silicon nitride filmwas exposed to
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aton?g which confirnmed a high sensitivity to air (low
resi stance_to oxidation). Conparative Exanple 4 The
at atiyg £X. o deposit silicon nitride film using
5 the sane CVD conditions as in Exanple 2, but in this
conparative exanpl e using a CVD reaction tenperature
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Met hod for producing silicon nitride film said nethod

bei ng characterized by feeding gaseous trisilylanne

a%&%% Sion bE O Be S QT Cce conprising at |east two
m—ne—%e—cvmun%?—g‘e ected fromam ne -type

conpounds with fornmula (1)

Figure 1 contains a graph that shows the relationship between the CVD reaction

15  temperature and the rate of silicon nitride film growth.
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NR 1R2R3 (1) (R1l, R2, and R3 are each independently
sel ected from hydrogen and Ci- hydrocarbyl) into a

formng silicon nitride filmon said at | east one
substrate by reacting the trisilylamne and said
nitrogen source. 2. The nethod described in Caim1l,
characterized in that the reaction between the
trisilylamne gas and nitrogen source is carried out
at 300C to 900C. 3. The nethod described in CGaim1l1 or
2, characterized in that a pressure of 0.1 torr to
1000 torr is established vCldims t he reaction chanber.
4. Method according to any of Clains 1 -3,
characterized in that inert dilution gas is also fed
to the reaction chanber. 5. Method according to any of
d ai ns 11Method dbrpredicingi siedn infiriddalm, séid methoddgimg sour ce
C O AL 0% BT AR AT Ry bR SRS e SRSk
comprising at least two amine -type compounds selected from amine -type

compounds with formula (1)
NR'R’R’ (1)
(R, R? and R? are cach independently selected from hydrogen and C 1
hydrocarbyl) into a reaction chamber that holds at least one substrate and forming
silicon nitride film on said at least one substrate by reacting the trisilylamine and

said nitrogen source.

2. The method described in Claim 1, characterized in that the reaction

between the trisilylamine gas and nitrogen source is carried out at 300°C to 900°C.

3. The method described in Claim 1 or 2, characterized in that a pressure of

0.1 torr to 1000 torr is established within the reaction chamber.

4. Method according to any of Claims 1 -3, characterized in that inert

dilution gas is also fed to the reaction chamber.

5. Method according to any of Claims 1 -4, characterized in that the

nitrogen source contains ammonia and amine -type compound other than ammonia.
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