WO 03/045959 1 PCT/ EP02/ 13790 Hexaki s(nonohvdrocar byl am no)di si | anes and
met hod for the preparation thereof This invention relates to disilane
conpoundswend/ogsa met hod for their preparation. NMore parCrmPozedzy) this
i nvention relates to hexaki s(monohydrocar byl am no)disilanes and to 5 a
met hod for the preparation thereof. Desgription of the Prior Art Silane
conpounds such as nonosil anes and disilanes are used in a variety of
appllcatlons In the field of sem conductors, silane conpounds are _
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reaction gas such as ammonia, silicon oxide by reaction with an oxygen-containing gas
such as oxygen, and silicon oxynitride by reaction with a nitrogen-containing gas and an
15  oxygen-containing gas.

At present the standard method for producing silicon nitride films by CVD involves
inducing a reaction between ammonia gas and dichlorosilane (= the silane compound);
however, ammonium chloride is produced as a by-product by this reaction. Ammonium
chloride is a white solid and as such accumulates in and clogs the —exhaust lines of the

20 CVD reaction apparatus. A CVD method is therefore required in which the starting
material is a chlorine-free silane compound. It is also desirable during the production of
silicon nitride, etc., by CVD technology to obtain good film - deposition rates at low
temperatures (at or below 600°C). '

Tetrakis(dimethylamino)silane and tetrakis(diethylamino)silane have been examined

25  as chlorine-free silane compounds, but these aminosilane compounds suffer from the
problem of providing slow film - deposition rates at low terﬁperatures.

The chlorine-free alkylaminodisilanes are also known. These alkylaminodisilanes
are solids at ambient temperatures. For example, -hexakis(dimethylamino)disilane is
reported to undergo sublimation at 230°C under reduced pressure. Compounds that are

30 solids at ambient temperature have poor handling characteristics.
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(1) ( (Fysehdvadl sildne coBpoundshH (R) )3 (1) wherein each R independently
represents Cl110 C4 hydrocarbyl. The second aspect of this invention

provides a nethod for the preparation of the 15
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((R) HN)3 — Si — Si — (NH (R) )s M

wherein each R independently represents C1 to C4 hydrocarbyl.
The second aspect of this invention provides a method for the preparation of the
15 hexakis(monohydrocarbylamino)disilanes (l), said method being characterized by reacting
hexachlorodisilane in organic solvent with at least 6-fold moles of the
monohydrocarbylamine RNH; (wherein R is C+ to C4 hydrocarbyl).

Embodiments of the Invention
20 This invention will be described in additional detail hereinbelow.
The compounds of this invention are hexakis(monohydrocarbylamino)disilanes with
general formula (l). |

((R) HN)3 — Si — Si— (NH (R) )3 (h

25 Each R in (l) is independently selected }from Cy to C4 hydrocarbyl. This C; to C,
hydrocarby! includes the vinyl group and C; to C, alkyl such as methyl, ethyl, propyl,
isopropyl, butyl, and tert-butyl. The six R groups in (1) may all be the same or may differ
from one another. The six R groups are preferably the same viewed from the perspective
of ease of preparation, and within the context of this invention all of the R groups are
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use of a large excess of the monohydrocarbylamine over hexachlorodisilane is preferred
for the purpose of inhibiting the production of N-hydrocarbyldisilazane. In specific terms,

15 the use of a hexachlorodisilane : monohydrocarbylarhine molar ratioof 1: 12t01: 36 is
preferred. Use of at least 12 moles monohydrocarbylamine per 1 mole hexachlorodisilane
also enables trapping, as the monohydrocarbylamomium chioride (solid), of the hydrogen
chloride (6 moles) that is produced as a by-product in the reaction.  This
monohydrocarbylamomium chloride can be easily removed from the reaction mixture post-

20 reaction by filtration.

Organic solvent is used as the reaction solvent for reaction of the
hexachlorodisilane and monohydrocarbylamine. This organic solvent encompasses
tetrahydrofuran and straight-chain and cyclic hydrocarbons, for example, pentane, hexane,
and octane. Pentane is the preferred solvent.

25 The reaction between hexachlorodisilane and monohydrocarbylamine is preferably
run at a temperature 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,
adding/dissolving the monohydrocarbylamine in the reaction solvent, and then gradually
adding the hexachlorodisilane, for example, by dropwise addition. The hexachlorodisilane

30 can be dropped in either pure or dissolved in the same solvent as the reaction solvent.

The reaction is subsequently run for 2 to 24 hours while stirring the reaction solvent and -
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hexaki $ponanohydr ocar byl am no) di si | ane can be subjected to additional
puri ficati orllhte)y hfeagkcigznggnaclhygirosc}airgyllgéiin%?disilanes according to this invention can
therefore, in view of the properties described above, be used in the semiconductor sector
15 as starting materials (precursors) for the fabrication by thermal CVD of the silicon nitride
and silicon oxynitride used, inter alia, as dielectric films.

For example, a silicon nitride film can be formed on a semiconductor substrate by
introducing at least one semiconductor substrate into a reaction chamber, introducing
thereinto a hexakis(monohydrocarbylamino)disilane according to this invention and a

20 nitrogen-containing gas (e.g., ammonia, hydrazine, an alkylhydrazine compound, or
hydrogen azide), and inducing reaction between the
hexakis(monohydrocarbylamino)disilane and the nitrogen-containing gas by heating.

An oxygen-containing gas (e.g., NO, N2O, NO;, Oz, O3, H20, H.0,) can of course
also be introduced into the reaction chamber, in which case a silicon oxynitride film will be

25 formed on the semiconductor substrate by reaction of the
hexakis(monohydrocarbylamino)disilane, nitrogen-containing gas, and oxygen-containing

gas.

Examples
30 This invention is explained in greater detail by the working examples provided

below, but this invention is not limited to these working examples.
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Results of analysis

"H-NMR (C¢De, 500 MHz): &= 0.61 ppm (broad, —NH), 8 = 1.1 ppm (triplet, —CH3), 6 = 2.95
(pentet, —CH>)
15 C-NMR (CeDs, 125 MHz): 20.7 ppm and 36.1 ppm (~CHo—CHs)
A signal assignable to the SiH bond was not observed in thése NMR analyses.
Figure 1 reports the analytical results (spectrum) from QMS (m/e < 250) (Et = ethyl
in Figure 1). While the Si—Si bond was present in a number of fragments, for the sake of
simplicity assignments are given only for main peaks. |
20 The chiorine 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 at to be about 10°C.

Example 2
25  Production of silicon nitride film using HEAD
This example used the HEAD synthesized in Example 1. The various gases were
introduced under the conditions given below into a reaction chamber loaded with a silicon
substrate. A silicon nitride film was formed on the silicon substrate by running a CVD
reaction at the reaction temperature given below. The HEAD was vaporized in a vaporizer
30 while being mixed with nitrogen gas.
Gaseous HEAD flow rate: 5 sccm



5 Exanple 1 Synthesis of hexaki s(nonoet hyl am no)di sil ane (HEAD) Pentane was
used as the reaction solvent and was cooled to OC for the reaction. 5 An
et hyl am nwoolowdoson was prepared by addi ng et hyl am ne (70 pgI/EPOYR370®I )
cooled to OC to the cold pentane. Hexachlorodisilane (26.9 g, 0.1 nol) was
added dropwi se to this ethylam ne solution. The resulting reaction
solution was thereafter stirred for 2 hours at O0OC and then for an

addi tional 15 hours at roomtenperature (20C). The ethyl ammoni um chloride

by- pr odisgionRsgds AVEFRE: gbfscgﬁ,d t he pentane and ethylam ne were distilled
out in 10 vacuo, 22.4 g of HEAD was obtained (yield = 70% . Results of

anal ysicarriefaqertntcses) f"B‘GGaWF—@OSCSNE 0.61 ppm (broad, -NH), 8 = 1.1 ppm
(L1 Dl Ghrgos ,th,rpth&ﬁ% %é 05 $H2) 15 13C-NMR (CsDs, 125 MHz): 20.7
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estimated at to be about 10C. Exanple 2 25 Production of silicon nitride
fil musing HEAD This exanpl e used the HEAD synt hesized in Exanple 1. The
vari ousxgayds3were i nt roduced under the conditions given belowinto a
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This example used the HEAD synthesized in Example 1. The various gases were
introduced under the conditions given below into a reaction chamber loaded with a silicon
substrate. A silicon oxynitride film was formed on the silicon substrate by running a CVD
reaction at the reaction temperature given below. The HEAD was vaporized in a vaporizer
15  while being mixed with nitrogen gas. '
Gaseous HEAD flow rate: 2 scecm
ammonia gas flow rate: 50 sccm
oxygen gas flow rate: 1 sccm
carrier gas (nitrogen) flow rate: 60 sccm
20  pressure within the reaction chamber: 0.5 Torr
reaction chamber temperature: 550°C
A silicon oxynitride film with a thickness of approximately 2,000 A was obtained in
about 100 minutes as a result (silicon oxynitride film deposition rate = 20 A/minute). This
silicon oxynitride film had a composition of SiNo4200.35 according to analysis by Auger

25  electron spectroscopy.

Advantageous Effects of the Invention
As has been described above, this invention provides silane compounds that are
free of chlorine, that provide excellent film- deposition characteristics at low temperatures
30 in the case of silicon nitride films and silicon oxynitride films, and that also have excellent

handling characteristics. This invention also provides a method for producing these silane



substrate. A silicon nitride filmwas formed on the silicon substrate by
running a CVD reaction at the reaction tenperature given bel ow. The HEAD
was vaporwoad/oszesa vapori zer 30 while being mxed with niPCTGEPe13796.
Gaseous HEAD flow rate: 5 sccm WO 03/ 045959 PCT/ EP02/ 13790 6 anmoni a gas
flowrate: 50 sccmcarrier gas (nitrogen) flowrate: 60 sccm pressure
within the reaction chanber: 0.5 Torr Treaction chanber tenperature: 550C 5
A silicon nitride filmwth a thickness of 900 A was obtained in about 45
m nut e esul Shabsy hhR i t@his kN ).
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Exanpl ed'tﬂae‘f’h[ejrg\'/'%?’b%gmggs%eg&@:arseéé%krﬁo@%géd under the conditions given
below into a reaction chanber |oaded with a silicon substrate. A silicon
oxynitride filmwas forned on the silicon substrate by running a CVD
reaction at the reaction tenperature given bel ow. The HEAD was vaporized in
a vapoBrefDeséRpiidH dfahE Eira@ingsxed with nitrogen gas. Gaseous HEAD flow
rate: 2 sccm ammonia gas flow rate: 50 sccm oxygen gas flowrate: 1 sccm
carrier gas (nitrogen) flowrate: 60 sccm 20 pressure within the reaction

chamber: 0. %glREr 1 contains the mass spectrum of the hexakis(monoethylamino)disitane
synthesized in Example 1.
10
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hexaki s( monohydr ocar byl am no) di sil anes of this invention are particularly
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wherein each R independently represents a C4 to C4 hydrocarbyl group

2.The compounds‘ of claim 1 characterized in that each R is ethyl group.
10 . ,
3. Method for the preparation of hexakis(monohydrocarbylamino)disilanes with

general formula (1)
((R) HN)s — Si — Si— (NH (R) )3 (1)

15 wherein each R independently represents C4 to Cs hydrocarbyl, said method being
characterized by reacting hexachlorodisilane in organic solvent with at least 6-fold moles of
the monohydrocarbylamine RNH; (wherein Ris C, to C, a hydrocarby! group).

4. The preparative method of claim 3, characterized in that the reaction is run at a
20 temperature from —-30°C to 50°C.

5. The preparative method of claim 3 or 4, characterized in that the organic solvent

is pentane.

25 6. Preparative method according to any of claims 3 to 5, characterized in that the

monohydrocarbylamine is ethylamine.



| . Hexaki s( monohydr ocar byl am no)di sil anes with general fornmula (1) ( (R
H\)3 - Si - Si - (NH(R )3 (I) wherein each R independently represents a
C, to 4 wodsoemsbyl group 2. The conpounds of claim 1l chacaaperiyed in
that each Ris ethyl group. 3. Method for the preparation of

hexaki s( monohydr ocar byl am no) di si | anes yﬁth general formula (1) ( (R HN)3
- S - S - (NH(R )3 (1) 15 wherein each R i ndependently represents C, to
C4 hydrocarbyl, said nmethod being characterized by reacting

hexachl or odissi b i 1 i - i t
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run at r re f -30C.to0 50C. 5. The preparative nethod of
claim §%!)urti%81otfgrﬁlﬁglﬁmgﬁ%;§¥(fr?8ér%%nyﬁ%fn ?W@%’rﬁiﬁ "solvent is pentane. 25 6.
Preparative nethod according to any of clains 3 to 5, characterized in that
the nonohydrocarbylam ne is ethylam ne. WO 03/045959 PCT/ EP02/ 13790 9 7.
Preparative nmethod according to any of clainms 3 to 6, characterized in that
t he hexachl orodisilane, either -pure or dissolved in organic solvent, is
gradually added to a solution of the nonohydrocarbylam ne in organic

sol vent .



