Title: Method for producing silicon nitride films Field of the Invention
The invention relates to a nmethod for producing silicon nitride filnms and
nore 5 particularly relates to a nmethod for producing silicon nitride
films by chem cal vapor deposition (CVD). Description of the Prior Art
Silicon nitride filnms have excellent barrier properties and an excell ent
oxidation 10 resistance and as a consequence are used in the fabrication
of microelectronic devices, for exanple, as an etch -stop layer, barrier
| ayer, or gate dielectric layer, and in oxide/nitride stacks.

Pl asma- enhanced CVD (PECVD) and | ow -priessure CVD (LPCVD) are the 15

nmet hods primarily used at the present tinme to formsilicon nitride fil ns.
PECVD is typically carried out by introducing a silicon source (typically
silane) and arifé:tM&aB&a oS PLUdGEng Siliddn GRYY AREONI @, but nore recently
nitrogen) between a pair of parallel plate electrodes and applying high
-frequency enengyofss Rssuiibie el ectrodes at |ow tenperatures (about 300C)
and |l ow pressures (0.1 torr to 5 torr) 20 in order to induce the generation
of a plasma fromthe silicon source and nitrogen source. The active
silicon species and active nitrogen species in the resultin pl asma react
with each ot hél?het"b"%‘i"l?o‘ﬁ@@sé" amefeg formpreduciag siticprpitrids dilap ppEBRteni tri de

il ms af f orsde ghattipulE MR WD iaCAdthad [P pRBiciEANIR0R nftid) Fltls ByRIhEMRaICONPOSI ti on
and are also hydrogen rich and accordingly exhibit a low filmdensity, a
fast etching VoBPrfepogitiont( ). noor thermal stability. In contrast to the
precedi ng, LPCVD uses |ow pressures (0.1 to 2 torn) and high tenperatures
(800C to 900C) and produces silicon nitride filns with a quality 2

Decseription of the Prior Art

Silicon nitride films have excellent barrier properties and an excellent oxidation
10  resistance and as a consequence are used in the fabrication of microclectronic
devices, for example, as an etch -stop layer, barrier layer, or gate dielectric layer,

and in oxide/nitride stacks.

Plasma-enhanced CVD (PECVD) and low -pressure CVD (LPCVD) are the
15  methods primarily used at the present time to form silicon nitride films.
PECVD is typically carried out by introducing a siticon 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 torrto 5 torr)
20  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
25  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




superior to that of the silicon nitride filns produced by PECVD. At the
present tinme silicon nitride is typically produced by LPCVD by the
reaction of dichlorosilane and gaseous ammoni a. However, ammoni um chl ori de
is produced as a by-product in the reaction of dichlorosilane and gaseous
ammonia in this 5 LPCVD procedure: this ammoni um chloride accunulates in
and clogs the reactor exhaust lines and al so deposits on the wafer.

Mor eover, existing LPCVD technology suffers froma slowrate of silicon
nitride filmgrowh and has a high thermal budget. In order to reduce this
t hermal budget associated with the preduction of silicon nitride filns, a
nmet hod has very rece ntly been devel oped that 10 produces silicon nitride
films by reacting anmonia with hexachl orodi silane used as a silicon
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by CVD have recently been disclosed. Thus, a nethod is disclosed in Patent
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which siljcon njtride filmis produced by reacting trisil ylanlne with a
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due to the ge neration of anmpnium
exacerbation of the problems cited above duc to the large amounts of ch lorine

present in hexachlorodisilane, Silicon ~containing particles arc also produced by
this method, which results in a substantial reduction in the life of the exhaust lines.
16  Finally, this method can provide good silicon nitride films (high quality, good step
coverage ratio, low chlorine content)} at excellent growth rates when the reaction
temperature is, for cxample, 600°C, but thesc characteristics suffer from a

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

20  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 mitride film is produced by reacting trisilylamine with a nitrogenous

25  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]




chloride by-product. [Patent Reference 1] 3 United States Patent 6, 566, 281
B 1 [Patent Reference 2] United States Patent 6,630,413 BI 5 Disclosure of
the Invention Problenms to Be Solved by the Invention In the case of nethods
in which t risilylamne is reacted with amonia as in Patent 10 Reference
1, it has been recognized that the rate of silicon nitride filmgrowh is
relatively low and that as a rule the resistance to etching with
hydrofluoric acid solutions is also not high. Wiile a big h rate of
silicon nitride filmgromh is obtained in the case of nmethods in which
trisilylamne is reacted with amne asan Patent Reference 2, it has been
found that the resulting silicon nitride film15 incorporates relatively

| arge anobunts of carbon and th at the resulting silicon nitride readily
under goes OXi U@file@Btalel Pabit 6,566g9kect of the invention, therefore, is to
provide a method for producing silicon nitride filns by vapor deposition
that, while enploying trisilylam ne as precursor, 20 can produce silicon
nitride filns phatrephihbidy excellent filmproperties and can do so. at
relatively lowte eratures and relatively high growh rates. Means Sol vi ng
t he Probl ens A§mﬁgg ePatens$.680418/di ve i nvestigations into methods for
producing g licon nitride 25 filns using trisilylamne as a precursor, the
i nventors discovered that the aforesaid object could be achieved by the
use of two or Digglosueegfhe Inyaphian conpounds of a

Problems to Be Solved by the Invention

In the case of methods in which t risilylamine is reacted with ammonia as in Patent
10 Reference 1, it has been recognized that the rate of silicon nitride film growth is
relatively low and that as a rule the resistance to etching with hydrofluoric acid
solutions is also not high. While a high rate of silicon nitridc film growth is
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
15 incorporatcs 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,

20  can produce silicon nitride films that exhibit excellent film properties and can do
so at relatively low temperatures and relatively high growth rates.

Means Solvmg the Problems

As a result of extensive investigations into methods for producing silicon nitride
25  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 typc as the nitrogen source that is reacted with trisilylamine. This

invention was achieved bas ed on this discovery.




specific type as the nitrogen source that is reacted with trisilylam ne.
This invention was achieved bas ed on this discovery. 4 Mre
specifically, this invention provides a nmethod for producing silicon
nitride film said nethod being characterized by feedi ng gaseous
trisilylam ne and gaseous nitrogen source conprising at |east two am ne
-type conpounds selected fromam ne-type conpounds with fornmula (1) 5

NR R2R3 (1) (R1, R2, and R3 are each independently sel ected from hydrogen
and C 16 hydrocarbyl) into a reaction chanber that holds at |east one
substrate and formng silicon nitride f4ilmon said at |east on e substrate
by reacting the trisilylamnc and said nitrogen source. 10 Advant ageous
Ef fects of the Invention The invention enables the production, at

rel atively | owsdguReiiy s BRhed protiglsat ﬁlé’tﬁé&’fopkﬂbuﬂfgoé{ﬁchn hids, of
silicon nitride films that exhibit cxccll ent film properties. In

addi tion, silifE®ns#d rrethad beingrcharestpiealdby fecding ogasepne drisiylapinenend i nventi on
exhi bits a hi glscb@siedgdh ShurdcCoofiphlthdISt 10 MO WPk icbmAsuh RRGgssentially
15 does not undergq oxl dation even upon exposure to the atnosphere. Best
Mbde for Car r yIOHATERg-tyPheomneytsds it formylg ) pr esent i nvention is described in
greater detgai |l herei nbefw2gFhe i nvention is girected to a nmethod for
formng silicon nitride filgmon a substrate 8 by a vapor deposition

techni que such as @R TR Atretseh Brdengadeatly palestedyommbydeoser arBSiy 3N,

abbrevi at ed bel@wtaasyi) RO rddsticd chirhtleS ARk HIidk hi 168t Sk SfbiROMmdand reacts TSA
with a nitrogen source that conprises at |east two am ne -type conpounds of

a specific typeminghgliegn: pigiflenfilss 9p ceidyale lpaghyon ¢, subisife byi Bactng therm sili con

nitride trisilylaminc and said nitrogen source.
10 Advantageous Effects of the Invention

The invention enables the production, at relatively low temperatures and at
rclatively high growth rates, - of silicon nitride films that exhibit cxccll ent film
.propcrties. In addition, silicon nitride film produced in accordance with the
invention exhibits a high resistance to etching by hydrofluoric acid and cssentially

15  does not undergo oxidation cven upon exposure to the atmosphere.

Best Mode for Carr ying Qut the Tnvention

The present invention is described in greater detail hereinbelow.
The invention is directed to a method for forming silicon nitride film on a substrate
20 by a vapor deposition technique such as CVD. The invention uses trisilylamine
((H3Si3:N, 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
25  amine-type compounds with formula (1)
NR'R’R? )
in which R', R?, and R? are each independently selected from hydrogen and C 14
hydrocarbyl (this at least two amine -type compounds with formula (1) is referred
to hereinbelow as the “designated nitrogen source™). The hydrocarbyl represented




by reaction with TSA in the vapor phase conprises at |east two sel ections
from 25 am ne-type conpounds with fornula (1) NRIR2R3 (1) in which R
R2, and R3 are each independently selected fromhydrogen and Ci.6
hydrocarbyl (this at |east two am ne -type conpounds with formula (1) is
referred to hereinbelow as the "designated nitrogen source"). The

hydr ocar byl represented 5 by Rr, R2, and R3 in fornula (1) nay have a
cyclic or chain (straight chain or branched chain) structure and can be
nonexhaustively exenplified by nmethyl, ethyl, propyl (n-propyl,

I sopropyl), butyl (n -butyl, isobutyl, sand tert -butyl), pentyl, hexyl,
and phenyl. Am ne-type conpounds with fornmula (1) can be specifically 5
exenplified by ammoni a, nmonomethyl am ne, dimethyl am ne, trinethylamn ne,
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10

Silicon nitride film is produced according to the invention on a substrate by
feeding gas-phasc TSA and gas-phase designated nitrogen source into a reaction
chamber that holds at lcast one substrate (a scmiconductor substrate such as a
silicon substratc) and reacting the TSA and designated nitrogen source. An incrt
15 dilution gas can also be introduced at this timc as nccessary or desired. The inert
dilution gas may be introduced independently from the TSA and designated
nitrogen source or may be introduced after it has been pr climinarily mixed with

the TSA and/or the designated nitrogen source.

20  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 designated 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
25  denotes the temperature of the substrate on which the silicon nitride is formed or

the temperature in the neighborhood of this subsirate.

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 scem. The TSA and designated

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




20 The pressure within the reaction chanber can be maintained at 0.1 torn
to 1000 torn and is preferably nmaintained at fromO0.1 torn to 10 torn
during the reaction between TSA and the designated nitrogen source (the
CVD reaction). The CVD reaction under consideration can generally be
carried out at 300C to 900C (CVD reaction tenperature). The CVD reaction
tenperature generally 25 denotes the tenperature of the substrate on which
the silicon nitride is forned or the tenperature in the nei ghborhood of
this substrate. Wiile the TSA flowrate will also depend on the size of the
reaction chanber, this paranmeter is generally fromO0.5 seemto 1000 seem
The TSA and designated 30 nitrogen source can be delivered into the
reaction chanber generally at a flowrate 6 ratio of the fornmer to the
latter of 1 : 4 smelfmaqetheT%rewdqswlfabdnmspf&auaea?ﬁl@map@ch the

stoi chionetric conposition when the designated rogen source flow rate
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-times the TSA flow 5 rate. The Si/(N + C) ratio in produced fil m can
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to | : 2005 t hepedy s@@@bb% Ao e priduRci ik cgﬁlb@msfeham& Mhelgmitdaed
properties. TSA : designated nltrogen sour ce rate ratros of 1 : 20 to
1 : 100 are paqugelmswﬂwﬂwéﬂterrﬂ% of1d :THet |l omzqoaﬂ@fqbatqﬂ@blmﬁwrthq he at | east

two amine -ty cﬁ@cfbﬁ%ﬁﬁ'@wﬁﬁ’ﬁ&%{ H&r&cBGrSAd%sgméd d ource is not
crltlcal buteﬁ)mgenerall dﬁ?r X qmn@%rﬁggﬁgﬁﬁy s 1: 2
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anine-type conmpound, the amonia : other amine -type conpound flow rate

ratio is preferably 1 : 10 to 10:1 and nore preferably is 1 : 2 to 2 : 1.
15 1 The flow rate ratio for the at least two amine -type compounds comprisin g the

designated nitrogen source is not critical, but is generally 1 : 10 to 10 : 1 and more
preferably is 1: 2 to 1 : 1. In the specific case of the use of ammonia with another
amine-type compound, the ammonia : other amine ~type compound flow rate ratio
is preferably 1: 10 to 10 : 1 and more preferablyis 1:2t02: 1,

15
The inert dihrtion gas introduced into the reaction chamber as necessary or desired
can bc a single sclection or two or more selections from inert gases such as

nitrogen and rare gascs such as argon.

20  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 atine -type compounds for
reaction with TSA provides a significant improvement in the rate of silicon nitride
25  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 -

30 ammonia amine-type compound such as trimethylamine. The silicon nitride film




The inert dilution gas introduced into the reaction chanber as necessary or
desired can be a single selection or two or nore selections frominert
gases such as nitrogen and rare gases such as argon. 20 Neither TSA nor

t he designated nitrogen 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 prior 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 25 filmgrowh over the rate afforded by the reaction of
TSA with ammoni a al one. Moreover, the silicon nitride film afforded by the
reaction of TSA with at |east two am ne-type conpounds in accordance wth
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production. Synergistic ese appear "due to the reaction of
TSA 5 with two or nore am ne -type conpounds in accordance with the present
i nvention. Exanpl es of the invention are described bel ow, but
this inventio t limted by 10 these exanples. Exanple 1 {

Examples of the invention are described below, but this invention is not Hmited by

10  these examples.

Example 1

Silicon nitride film was produced at different CVD reaction temperatures (T) on
15  silicon substrate held in a rcaction chamber by delivering T SA gas into the
reaction chamber at a feed flow rate of 0.5 scem, ammonia at a feed flow rate of
40 sccm, and ftrimethylamine (TMA) at a feed flow rate of 40 sccm while
maintaining a pressure of 1 torr in the rcaction chamber. The silicon nitride
deposition (growth) ratc was measured during film production and was plotted
20  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

25  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.




Silicon nitride filmwas produced at different CVD reaction tenperatures
(T) on 15 silicon substrate held in a reaction chanber by delivering T SA
gas into the reaction chanber at a feed flowrate of 0.5 seem anmonia at
a feed flowrate of 40 seem and trinethylamne (TMA) at a feed flow rate
of 40 seemwhile maintaining a pressure of 1 torn in the reaction chanber.
The silicon nitride deposition (growth) rate was neasured during film
production and was plotted 20 agai nst 1000 x the reciprocal of the reaction
tenperature (T in kelvin (K)). The results are plotted as line a in Figure
1. Conparative Exanple 1 25 Silicon nigride filmwas produced on sili con
substrate entirely as in Exanple 1, wth the exception that nitrogen was
introduced into the reaction chanber at a feed flowrate of 40 seemin

place of the %ayﬂagmaagugodqiom!a irefsﬁ@ réﬂoﬁé&iﬁ%iggfeol‘{‘@ﬂ@ ukcof (WPAMAe DY |1 ne bin

Figure 1. 8 As may be understoo romthe results reported in Figure 1,
the use of twdyrersompounds (ammoniapd iMeld af Bamivieren senge arlad. e ahi t r ogen
sour ce ( Exanpligolies b isittatlal ichfrOWehditSn fhe SHDSF Sftioh Alrid SPRber N the rate
of silicon ni#%?dgsff[n1 ;B&#% over tﬁe_rate pro&?é@ﬁ&%§ the_ﬁse of only a
moni a as t he tif mie pieided by the asc(ofemlp a maonipas thg nEsegenioured (Conppratite) . Exam
Silicon nityigg,Was19-@Wy on silicon substrate in a reaction chanber using
the 10 followjﬁg@CVD rggction conditions. < CVD reaction conditions > TSA
flowrate: 0.5 seem anmonia flow rate: 20 seem

Example 2

Silicon nitride was grown on silicon substrate in a reaction chamber using the

10  following CVD reaction conditions.

< CVD reaction conditions >
TSA flow rate: 0.5 scem
ammonia flow rate: 20 sccm
15 TMA flow rate: 20 scom
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
20 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%.

25  An etching rate of less than 1 A/min was observed when the obtained silicon
nifride 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).




15 TMA flow rate: 20 seem pressure in the reaction chanber: 100 torn CVD
reaction tenperature: 500C The resulting rate of silicon nitride growh was
102 [/mn. The obtained silicon 20 nitride filmwas exposed to the
atnosphere for 1 week, after wh ich tinme the oxygen concentration in the
silicon nitride filmwas neasured by Auger electron spectroscopic
analysis. It was found as a result that there was al nbst no oxygen in the
film In addition, the carbon concentration in the filmwas < 5 atonte 25
An etching rate of less than 1 Am n was observed when the obtained silicon
nitride was i mersed in 1% hydrofluori@ acid. The silicon nitride film
obt ai ned according to the present invention was therefore confirned to
have an excellent resistance to etching with hydrofluoric acid (refer to
the results in Conparative Exanple 2). 9 Exanples 3 and 4 Silicon nitride
filnms were deposited using the same CVD reaction conditions as in 5
Exanpl e 2, butExamplehband dexanpl es using reaction tenperatures of 490C and
480C. The rate of silicon nitride filmgromh was 20 A/mn in the forner
case and was 4.4 Almin in the latter case. This confirned that execution
of this inventSiléien nigids fimevwerd deppaitadaming thesgmeC VD cenation condidens g5 Inm gr owt h
even at temper I S : aﬁgg addv e Exanpl e 2
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Silicon nitri mwas deposite > conditions as in
Exampl e 2, buf0iChThentats of giligramittida/ Mimetemth Was Ush/mip ivrhefomrenenst andat a f | ow
rate of 40 Segk 44 A/min in the latter case. This confirmed that execution of this invention

can provide satisfactory silicon nitride film growth even at temperatures as low as
less than 500°C,

10
Comparative Example 2

Silicon nitride film was deposited 'using the same CVD conditions as in Example
2, but in this comparative example using only ammonia at a flow rate of 40 sccm

156  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 ratc in Example 2.

The etching rate of the obtained silicon nitride when immersed in 1% hydrofluoric
20  acid was 8.3 A/min.

Comparative Example 3

Silicon nitride film was deposited using the same CVD conditions as in Example
25 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




15 in place of both the 20 seem TMA and 20 seem anmoni a. The resulting rate
of silicon nitride filmgromh was 11 A/mn, which was no nore than about
one -tenth the growh rate in Exanple 2. The etching rate of the obtained
silicon nitride when imersed in 1% hydrofluoric 20 acid was 8.3 A/ mn.
Conparative Exanple 3 Silicon nitride filmwas deposited using the sane CVD
conditions as in Exanple 25 2, but in this conparative exanple using only
a flowrate of 40 seem TMA in place of both the 20 seem anmoni a and 20
seem TMA. The resulting rate of silicon nitride filmgrowh was 95 A/ m n,
a nd the carbon concentration in the figm was approximately 25 atonft Wen
the obtained silicon nitride filmwas exposed to the atnosphere, the
oxygen concentration in the silicon nitride filmafter 1 day 10

(determi ned byd&@}gﬁfed@yegagepglémcggem&mc arat}agy-m) apfRTinf i mately 20

aton?g whi ch conflrrre nigh sensitivity to air sistance to

oxi dati on). @ﬂ%r‘ﬂ%qh\ﬁen@a%hléh ngtvEydo g ﬂwism tordlationd. deposi t
silicon nitride filmusing the same CVD conditions as in Exanple 2, but in
this conparative exanpl e using a CVD reaction tenperature of 490C and
using only a flospemntvedxamplad seem ammonia in place of both the 20 seem
ammoni a ang; 20 seem TMA. However, silicon nitride production 10 did not
occur under these conditions. Brief Description of the Drawings Figure 1
contains a gr dph %ipEpt wiowede ke denskih silieens pitgidehBlimyetirg thsesa@g¢C¥Baction 15

tenperature anghdidifs h ﬁxzﬂﬁpléﬁ bhhGR 'Ehl:mo}r{phlg@ve ekgxﬁﬂlg QA’Y}Q DevD reaction

temperature of 490°C and using only a flow rate of 40 scem ammonia in place of
both the 20 sccm ammonia and 20 sccm TMA. However, silicon nitride production

10  did not occur under these conditions.

Brief Description of the Drawings

Figure 1 contains a graph that shows the relationship between the CVD reaction
15  temperature and the rate of silicon nitride film growth.




11 dainms 1. Method for producing silicon nitride film said nmethod being
characterized by feeding gaseous trisilylam ne and gaseous nitrogen source
conprising at |east two am ne-type conpounds selected from am ne-type
conpounds with formula (1) NR R2R3 (1) (Rl, R2, and R3 are each

i ndependent |y sel ected from hydrogen lhnd C 1-6 hydrocarbyl) into a
reaction chanber that holds at |east one substrate and formng silicon
nitride filmon said at | east one substrate by reacting the trisilylam ne
and said nitrogen source; wherein the two am ne type conpounds are not the
sanme. 2. The nethod described in QO & 3 characterized in that the
reaction between the trisilylamne gas and nitrogen source is carried out
at 300C to bodtethad fonprerteding sliesernitsisle film. epigl methedl keinghar act eri zed in
that a pressucbagictgrized dryrfeedlirio gEBeQus trisidarinalincdsheseais hi n t he

reacti on chanbigrogeh sdethabrapdsindiaigeds rayanfinélhabewomBoursdar act eri zed

in that inert séilébtédiﬁ@n@@ﬁnihé-f?bé%drﬂ?obﬁd&bﬁ’gHﬁﬁﬁidl@'{'])Chanber- 5. Method
according to any of Clains 1-4, characterized in that the nitrogen source

cont ai ns anmoni a andEFqﬂfj&g-type conpound oﬁger t han ammoni a. 6. Mt hod
according to any of alrns 1-5, characterized in that the gaseous nitrogen

source conpris s & ni a. and TNA..
FR . R%, and R? are each independently selected from hydrogen

and C 16 hydrocarbyl) info a reaction chamber that holds at least
one substrafe and forming silicon nitride film on said at least one
substrate by reacting the trisilylamine and said nitrogen source;
wherein the two amine type compounds are not the same.

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 g
pressure of 0.1 torr to 1 000 torr is established within the reaction
chamber.

4. Method according to any of Claims 1-3, characterized in that inert
ditution gas is also fed to the reaction chamber.

5. Method according to any of Claims 1-4, characterized in that the
nitfrogen source contains ammonia and amine-type compound
other than ammonia.

6. Method according to any of Claims1-5, characterized in that the
gaseous nitrogen source comprises ammonia and TMA.




