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AMMONIUM HALIDE ELIMINATOR, CHEMICAL 
VAPOR DEPOSITION SYSTEM AND CHEMICAL 

VAPOR DEPOSITION PROCESS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a chemical vapor 
deposition process and a chemical vapor deposition system 
that can be used for the production of semiconductors or the 
like. More particularly, the present invention relates to a 
process for forming a silicon nitride ?lm on the surface of a 
semiconductor substrate by means of vapor phase deposi 
tion, and to a system for use With the process. 

[0003] 2. Related Art 

[0004] In order to groW a silicon nitride (SiNX) ?lm on the 
surface of a semiconductor substrate, there has convention 
ally been employed a CVD (Chemical Vapor Deposition) 
process or the like, usually using dichlorosilane and ammo 
nia as feed gases. This is because such a process can give 
thin ?lms eXcellent in step coverage inside trenches and in 
thickness uniformity of Wafers. 

[0005] HoWever, When dichlorosilane and ammonia are 
used as feed gases, ammonium chloride is produced as the 
reaction product. Dichlorosilane and ammonia react With 
each other to give said compound such as ammonium 
chloride at room temperature When they are simply miXed, 
so that, When they are fed to a reaction chamber after being 
miXed, those pipes Which are connected to the reaction 
chamber tend to be clogged and solid particles are also fed 
to the reaction chamber With feed gases. 

[0006] Therefore, the miXing of dichlorosilane and ammo 
nia has conventionally been conducted just before the reac 
tion chamber, as close to it as possible, or inside the reaction 
chamber. In this case, hoWever, those pipes, valves or pumps 
Which are laid or placed after the reaction chamber tend to 
be clogged. 

[0007] Further, the ammonium chloride can remain on 
Wafers as particles, and this Would be the cause of loWering 
of yield in the production of semiconductor devices. 

[0008] Furthermore, the ammonium chloride is unfavor 
ably deposited on eXhaust tubes or pumps, so that production 
systems require periodic maintenance. The productivity of 
the systems thus becomes loW. 

[0009] In order to solve the foregoing problems, there has 
been attempted to use monosilane and ammonia in combi 
nation as feed gases. HoWever, With this combination, 
although ammonium chloride is not produced, it is dif?cult 
to obtain thin ?lms excellent in coverage and in thickness 
uniformity. 
[0010] Under these circumstances, in order to produce thin 
?lms eXcellent in coverage and in thickness uniformity at 
high productivity, there have been demanded a process and 
a system for producing silicon nitride ?lms, free from the 
loWering of yield that Would be caused by ammonium 
chloride, or a process and a system for forming silicon 
nitride ?lms Without producing ammonium chloride. 

SUMMARY OF THE INVENTION 

[0011] A ?rst chemical vapor deposition process accord 
ing to the present invention is such that a silicon compound 
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and a compound selected from the group consisting of 
hydraZine and derivatives thereof are used as feed gases to 
form a silicon nitride ?lm on a substrate having recess and/or 
projection. 

[0012] A second chemical vapor deposition process 
according to the present invention is a process for groWing 
a silicon nitride ?lm on a substrate by using, as feed gases, 
a silane compound and ammonia and derivatives and/or 
hydraZine and derivatives, in Which the halogenated silane 
compound and the NH3 are preliminarily reacted With each 
other, and the resulting reaction gas miXture is fed after the 
ammonium halide produced by the preliminary reaction has 
been removed from the reaction gas miXture, thereby form 
ing a silicon nitride ?lm on the substrate. 

[0013] A third chemical vapor deposition process of the 
present invention is such that a compound containing both 
silicon and nitrogen is used as a feed gas to form a silicon 
nitride ?lm on a substrate. 

[0014] Further, a chemical vapor deposition system of the 
present invention comprises: 

[0015] 
[0016] a feeder for ammonia or its derivatives or 

hydraZine or its derivatives, 

[0017] a preliminary reaction chamber for carrying 
out a preliminary reaction betWeen the silane com 
pound and the ammonia or hydraZine derivatives, 

[0018] an apparatus for eliminating, from the reaction 
gas mixture, the solid compound such as ammonium 
halide produced by the preliminary reaction carried 
out in the preliminary reaction chamber, and 

[0019] a reaction chamber for forming a silicon 
nitride ?lm on a substrate placed in the chamber by 
using the reaction gas miXture from Which the solid 
compound such as ammonium halide has been elimi 
nated. 

a feeder for a silane compound, 

[0020] According to the present invention, it is possible to 
drastically improve yield in the production of semiconductor 
devices in Which silicon nitride ?lms are formed on sub 
strates by means of chemical vapor deposition, and the 
productivity of systems for producing semiconductor 
devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 
[0022] FIG. 1 is a schematic vieW shoWing a chemical 
vapor deposition system that can be used for a chemical 
vapor deposition of the present invention; 

[0023] FIG. 2 is a schematic cross-sectional vieW of a 
silicon nitride ?lm formed by a chemical vapor deposition 
process of the present invention; 

[0024] FIG. 3 is a graph shoWing the change in the 
composition of the silicon nitride ?lm brought about When 
the substrate temperature is varied in a chemical vapor 
deposition process of the present invention; 

[0025] FIG. 4 is a graph shoWing the change in the 
composition of the silicon nitride ?lm brought about When 

In the draWings, 
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the rotation speed of the Wafer is varied in a chemical vapor 
deposition process of the present invention; 

[0026] FIG. 5 is a graph shoWing the change in the 
composition of the silicon nitride ?lm brought about When 
the feed rate of monomethylhydraZine, feed gas, is varied in 
a chemical vapor deposition process of the present inven 
tion; 
[0027] FIG. 6 is a schematic vieW shoWing one example 
of chemical vapor deposition systems of the present inven 
tion; 
[0028] FIGS. 7 and 8 are schematic vieWs shoWing pre 
liminary reaction systems that can be used in a chemical 
vapor deposition system of the present invention; and 

[0029] FIG. 9 is a schematic vieW shoWing one eXample 
of chemical vapor deposition systems of the present inven 
tion, comprising an apparatus for recovering depositing 
species from the exhaust gas. 

DETAILED DESCRIPTION OF THE 
INVENTION 

First Chemical Vapor Deposition Process 

[0030] The ?rst chemical vapor deposition process 
according to the present invention can give thin ?lms 
eXcellent in coverage and in thickness uniformity Without 
producing ammonium chloride. 

Silicon Compound 

[0031] Any silicon compound can be used in the present 
invention as long as it can be used for chemical vapor 
deposition. Preferable eXamples of such compounds are 
silan compounds (e.g., monosilane, disilane, trisilane and 
tetrasilane). Halides or organic derivatives of silane com 
pounds can also be used; and ?uorides are preferred among 
the halides. The most preferred are monosilane and disilane. 
Further, any combination of these silicon compounds may 
also be used. 

HydraZine and Derivatives Thereof 

[0032] HydraZine or any derivative thereof can be used in 
the present invention as long as it can be used for chemical 
vapor deposition. Of these compounds, those ones having 
the folloWing formula (I) are preferred: 

(1) 
R1 R1 

N—N 
/ 
1 R R1 

[0033] Wherein Rls, Which may be the same or different, 
are H, F, or a hydrocarbon group having 1 to 3 carbon atoms, 
Which may be substituted With ?uorine. 

[0034] Of those compounds Which are represented by the 
above formula (I), the most preferred are hydraZine 
(HZNNHZ), monomethylhydraZine (H2NNHCH3), N,N 
dimethylhydraZine (H2NN(CH3)2) and t-butylhydraZine 
(H(CH3)3NNH2). Any combination of these hydraZine com 
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pounds may also be used. Moreover, it is also possible to 
feed any of these hydraZine compounds along With NH3. 

First Chemical Vapor Deposition Process 

[0035] The ?rst chemical vapor deposition process 
according to the present invention is characteriZed in that the 
above-described silicon compound and hydraZine or deriva 
tive thereof are used as feed gases to form a silicon nitride 
?lm on a substrate having difference in level. It is noted that 
other gases can additionally be used as feed gases Within 
such limits that the effects of the present invention Would not 
be marred. The term “difference in level” as used herein 
means trenches on a substrate. 

[0036] The chemical vapor deposition process may be 
effected by the use of a conventional chemical vapor depo 
sition groWth system, for instance, the system as shoWn in 
FIG. 1, under any condition. It is hoWever preferable to 
effect the process at a temperature of 500 to 800° C., at a 
pressure of 0.1 to 760 Torr. 

[0037] In one embodiment of the chemical vapor deposi 
tion process of the present invention, a substrate, in general, 
a semiconductor substrate, on Which a silicon nitride ?lm 
Will be formed, is rotated in the direction horiZontal to the 
thin-?lm- depositing plane so that the resulting thin ?lm Will 
be uniform. Any rotation speed of substrate may be used; 
hoWever, it is preferable to rotate the substrate at a speed 
ranging from 50 to 5,000 rpm. By controlling this rotation 
speed, it is possible to control the composition of the 
resulting silicon nitride ?lm. 

[0038] Further, there is also no particular limitation on the 
blend ratio betWeen the silicon compound and the hydraZine 
or derivative thereof, feed gases, and on the feed rates of 
these compounds. In general, the blend ratio (molar ratio) of 
the silicon compound to the hydraZine or derivative thereof 
is from 1:1 to 1:100. As for feed rate, When a silicon nitride 
?lm is tried to be formed, for eXample, on a substrate having 
a diameter of 20 cm, a silicon compound feed gas is fed at 
a feed rate of 0.01 to 10 litter/minute. 

[0039] By controlling the above-described chemical vapor 
deposition groWth conditions, it is also possible to control 
the properties of the resulting silicon nitride ?lm. 

[0040] Silicon nitride is most typically represented by 
Si3N4. HoWever, the chemical composition of actual silicon 
nitride is not stoichiometrical. For instance, as shoWn in 
FIGS. 3 to 5, When the substrate temperature is raised, or 
When the feed rate of the feed gas is increased, the Si/N ratio 
becomes small, While, When the rotary speed of the substrate 
is increased, the Si/N ratio tends to become great. Further, 
the blend ratio of the silicon compound to the hydraZine or 
derivative thereof is generally selected from the range of 1:1 
to 1:100, and it is also possible to change the composition of 
the resulting silicon nitride ?lm by varying this blend ratio. 

[0041] Any system can be used for such a chemical vapor 
deposition process of the present invention as long as it can 
commonly be used for chemical vapor deposition. 

Second Chemical Vapor Deposition Process 

[0042] The second chemical vapor deposition process of 
the present invention is to form a silicon nitride ?lm by 
alloWing feed gases to preliminarily react With each other to 
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produce an ammonium halide, by-product, by Which many 
troubles have conventionally been caused, and feeding the 
resulting gas mixture from Which the ammonium halide has 
been eliminated. 

Feed Gases 

[0043] Feed gases that can be used for the second chemi 
cal vapor deposition according to the present invention are 
a silane compound and ammonia or hydraZine compounds. 
There is no particular limitation on the silane compound; 
hoWever, chlorinatedsilane compounds are preferred. Pref 
erable examples of chlorinated silane compounds include 
chlorides of monosilane, disilane, trisilane and tetrasilane, 
and more speci?cally, dichlorosilane, chlorosilane, dichlo 
rodisilane and the like. 

[0044] Although the silane compounds for use in the 
present invention are preferably chlorinated silane com 
pounds, they may also be those ones Which are substituted 
With, in addition to chlorine, organic groups or ?uorine. 
Further, any combination of these silane compounds may be 
used. Moreover, in addition to the silane compound and 
ammonia or hydraZine compounds, other gases can be used 
Within such limits that the effects of the present invention 
Would not be marred. 

Second Chemical Vapor Deposition Process 

[0045] The second chemical vapor deposition process of 
the present invention is to form a silicon nitride ?lm on a 
substrate by carrying out a preliminary reaction betWeen the 
above feed gases, and feeding the resulting reaction gas 
mixture from Which the solid compounds such as ammo 
nium halide produced by the preliminary reaction has been 
eliminated. 

[0046] The preliminary reaction is carried out by means of 
mixing. The preliminary reaction may be accelerated, if 
necessary, by stagnating the mixture of the feed gases, and 
stirring it. 

[0047] The silane compound and the ammonia or hydra 
Zine compound gas can be used in any blend ratio; hoWever, 
the blend ratio (molar ratio) of the silane compound to the 
ammonia or hydraZine compound is generally from 1:1 to 
1:100. In general, the preliminary reaction is carried out at 
a temperature of 0 to 500° C. at a pressure of 0.1 to 760 Torr. 

[0048] By mixing the feed gases, they react With each 
other to give solid compounds such as an ammonium halide, 
silicon, and compounds containing silicon, nitrogen, chlo 
rine and hydrogen. Although this ammonium halide is 
gaseous at high temperatures at Which chemical vapor 
deposition groWth is usually alloWed to proceed, it is solidi 
?ed at around room temperature and separated. 

[0049] In the second chemical vapor deposition process of 
the present invention, the solid compounds such as ammo 
nium halide is intentionally alloWed to separate out during 
this preliminary reaction, and the resulting reaction gas 
mixture from Which the solid compound such as ammonium 
halide has been eliminated is fed to the chemical vapor 
deposition groWth reaction. Any means can be employed in 
order to eliminate the ammonium halide precipitated. For 
instance, the folloWing method may be adopted: a method in 
Which immediately after mixing a silane compound and 
ammonia or silane compound, the gas mixture is introduced, 
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as shoWn in FIG. 6, into a pipe having a large diameter so 
that the solid compound such as ammonium halide produced 
can be precipitated in the pipe, and chemical vapor deposi 
tion groWth is then alloWed to proceed by replacing, if 
necessary, the pipe With a different large-diameter pipe; a 
method in Which immediately after mixing the feed gases, 
the gas mixture is introduced into a storage tank having a 
large capacity, and the ammonium halide produced is 
alloWed to accumulate in the tank; or a method in Which the 
ammonium halide produced is eliminated by using a proper 
?lter. By properly controlling the temperature of the section 
at Which the ammonium halide is separated, it becomes 
possible to eliminate the ammonium halide more ef?ciently. 
For instance, the temperature of such a section is adjusted to 
a temperature loWer than the sublimation temperature of the 
ammonium halide, and, at the same, to a temperature at 
Which the reaction product of the preliminary reaction that 
Will contribute to the formation of a silicon nitride ?lm does 
not precipitate (e.g., 0° C.). 

[0050] By thus eliminating the ammonium halide before 
hand, the problem of particle contamination that is caused in 
a reaction chamber used for chemical vapor deposition 
groWth can be avoided. 

[0051] The mixture of the feed gases from Which the solid 
compound such as ammonium halide has been eliminated is 
then fed to the reaction chamber to subject it to the chemical 
vapor deposition groWth reaction. Before this step, the 
mixture of the feed gases may be blended With other gases, 
as needed. Examples of such gases include hydrochloric 
acid gas and ammonia gas, Which can contribute to chemical 
vapor deposition groWth. 

[0052] In general, the preliminary reaction is carried out in 
one step; hoWever, it can also be conducted in tWo steps, if 
necessary. In the latter case, the preliminary reaction con 
ditions such as temperature and pressure for the ?rst step and 
those for the second step can be made different from each 
other; and other gases, for example, hydrochloric acid gas 
and ammonia gas can further be added after the ?rst step of 
the preliminary reaction. 

[0053] The reaction conditions under Which the chemical 
vapor deposition groWth reaction is carried out are generally 
such that the temperature is from 600 to 1,000° C. and that 
the pressure is from 0.1 to 760 Torr. 

[0054] Further, it is also possible to store the reaction gas 
mixture obtained by carrying out the preliminary reaction 
betWeen a silane compound and ammonia or hydraZine 
compounds, and then eliminating the solid compound such 
as ammonia halide produced. Under the chemical vapor 
deposition groWth reaction conditions, the gas that has been 
stored is introduced at desired time into a reaction chamber 
containing a substrate on Which a silicon nitride ?lm Will be 
formed, thereby producing a silicon nitride ?lm on the 
substrate. 

[0055] This second chemical vapor deposition process can 
be effected by the use of a speci?c chemical vapor deposi 
tion groWth system. This system comprises: 

[0056] a feeder for a silane compound; 

[0057] a feeder for ammonia and/or hydraZine com 
pounds; 
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[0058] a preliminary reaction chamber for carrying 
out a preliminary reaction betWeen the silane com 
pound and the ammonia or hydrazine compounds; 

[0059] an apparatus for eliminating, from the reaction 
gas mixture, the solid compounds such as ammo 
nium halide produced by the preliminary reaction 
carried out in the preliminary reaction chamber; and 

[0060] a reaction chamber for forming a silicon 
nitride ?lm on a substrate placed in the chamber by 
using the reaction gas mixture from Which the solid 
compounds such as ammonium halide has been 
eliminated. 

[0061] An example of such a chemical vapor deposition 
system is as shoWn in FIG. 6. This system is composed of 
a reaction chamber 1, a turn table 3 to Which a substrate Will 
be ?xed, placed in the reaction chamber, a heater 4 for 
heating a substrate, and a preliminary reaction chamber 5. A 
substrate 2 is ?xed to the turn table 3, and the feed gases fed 
via the preliminary reaction chamber 5 are heated by the 
heater 4, Whereby a thin ?lm is formed on the substrate 2. A 
batch type reactor can be used. 

[0062] For the preliminary reaction chamber 5 and the 
apparatus for eliminating the solid compounds such as 
ammonium halide produced, the previously-mentioned ones 
can respectively be used. Further, a tWo-stage preliminary 
reaction system as shoWn in FIG. 7 may also be used. This 
preliminary reaction system is composed of preliminary 
reaction chambers 5 and 6. The preliminary reaction cham 
ber 5 may also be provided With an apparatus for introducing 
other gases into the reaction gas mixture after the prelimi 
nary reaction is completed. Such a means can also be used 
for the tWo-stage preliminary reaction system. This means is 
provided at the part A shoWn in FIG. 6, or at the part B 
shoWn in FIG. 7. 

[0063] The product gas of the preliminary reaction 
betWeen SiHZCl2 and NH3 can contain a highly reactive gas. 
Such a highly reactive gas can make the coverage Worse. 
When this highly reactive gas is alloWed to pass through a 
reaction pipe at a temperature almost equal to the thin ?lm 
deposition temperature, the gas immediately produces 
deposits on the reaction pipe, and is thus consumed. On the 
other hand, a gas With loW reactivity hardly produces 
deposits even When it is alloWed to pass through a reaction 
pipe at a temperature near the reaction temperature. There 
fore, by making the temperature of the preliminary reaction 
pipe almost equal to the thin ?lm deposition temperature so 
that a highly reactive gas can be consumed during the period 
of residence time, a ?lm excellent in coverage can be 
obtained. Speci?cally, by alloWing the product gas of the 
preliminary reaction to pass through the preliminary reaction 
pipe Whose temperature had been adjusted to almost equal to 
the thin ?lm deposition temperature by the use of an electric 
furnace 7 as shoWn in FIG. 8, a ?lm excellent in coverage 
Was able to be obtained by feeding a gas having loW 
reactivity to the reaction chamber. 

[0064] The reaction mechanism in the ?rst and second 
chemical vapor deposition processes according to the 
present invention are considered to be as folloWs: 

[0065] First of all, the reaction betWeen SiHZCl2 and NH3 
is given as an example. The reaction mechanism is consid 
ered as folloWs: 
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[0066] As Reaction (1) shoWs, SiHZCl2 and NH3 react 
With each other to give SiHZClNH2 and HCl. Further, as 
Reaction (2) shoWs, SiHZClNH2 reacts With NH3 to give 
SiH2(NH2)2 and HCl. SiH2(NH2)2 is decomposed into 
SiZHZNH and NH3 as shoWn by Reaction On the other 
hand, SiHZClNH2 reacts With SiH2Cl2 to produce 
NH(SiH2Cl)2 as shoWn by Reaction As Reaction (5) 
shoWs, When NH(SiH2Cl)2 is reacted With NH3, 
NHZSiHZNHSiHZCl is produced. As Reaction (6) shoWs, 
NH2 group and Cl group present in the NHZSiHZNHSiHZCl 
molecule react With each other to yield a cyclic compound 
(NHSiH2 )2 and HCl. By the reaction betWeen 
NHZSiHZNHSiHZCl and NH3, NHZSiHZNHSiHZNH2 is pro 
duced. 

[0067] As mentioned above, When Si—Cl bond contained 
in the starting materials or in the reaction products reacts 
With NH3, the Cl atom is substituted by NH2 group; and, 
When NH2 group in the reaction products reacts With Si—Cl 
bond, N—Si bond is formed. In the case Where the starting 

material is SiHCl3 or SiCl4, SiH(NH2)3 or Si(NH2)4, for 
example, is produced. As the reaction proceeds, Si—N bond 
is complicatedly combined With other bonds, and com 
pounds having the structure of NH2(SiH2NH)XSiH2NH2, 
cyclic compounds (NHSiH2)X, compounds having branching 
of 2 to 4 nitrogen atoms attached to Si atom, and the like are 
produced. It is noted that the same reactions can occur even 
When the Cl atom is replaced With other halogen atoms. 

Cl H 



NH2 

[0068] The reaction between Si2H6 and rnonornethylhy 
draZine is considered as follows: Si2H6 is decomposed into 

SiH2 as shown by Reaction (8), and this SiH2 is inserted into 
N—N, N—H or N—CH3 bond present in rnonornethylhy 
draZine to form, as shown by Reaction (9), 

SiH2NH2NHCH3, SiH3HNNHCH3 or the like. 

(8) 
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-continued 

[0069] The reaction between SiH4 and NH3 is considered 
as follows: as shown by Reaction (10), Si2H6 is decomposed 
into SiH2, and this SiH2 reacts with NH3 to give SiH3NH2, 
SiHNH2, SiH2(NH2)2, Si(NH2)2, SiH(NH2)3 and the like as 
shown by Reactions (11) to (13). It is considered that the 
same reaction proceeds when Si2H6 and NH3 are reacted 
with each other. 

(10) 
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-continued 
(13) 

Si 
/ \ + 

HZN NHZ 

H NHZ 
/N\ \ ./ 

H H —> 51 

HZN NH; 

[0070] As mentioned above, a variety of reaction products 
are considered to be produced. If those products in Which the 
proportion of N is higher than that of Si are selected from 
these reaction products and used, Si-rich SiN ?lms are 
scarcely formed. Further, in order to obtain the desired 
?lm-depositing properties, a compound Which is free of NH3 
and halogens, selected from the above-described compounds 
may be used as the feed gas; or any of the above-described 
compounds and HCl may be used as the feed gases. More 
over, a plurality of compounds may be selected from the 
above-described compounds. 
[0071] By making the feed rate of a compound selected 
from the group consisting of ammonia, hydraZine and 
derivatives thereof excessively higher than that of a silane 
compound to be fed to the preliminary reaction system, the 
halogen contained in the halogenated silane compound is to 
completely react With the ammonia or the like. By this, it 
becomes easy to eliminate halogen components. Moreover, 
the reactor and exhaust tube become almost free from 
deposits; the formation of particles on the Wafer is reduced; 
and the amount of deposits to be formed in the reactor or 
piping is decreased. 

[0072] Further, the gas generated by the preliminary reac 
tion is decomposed into ammonia, hydraZine or a derivative 
thereof When it undergoes either reverse reaction or mono 
molecular decomposition reaction. Therefore, by adding 
ammonia, hydraZine or a derivative thereof to the gas 
generated by the preliminary reaction, it becomes possible to 
prevent the decomposition of the gas. The same effect can be 
obtained When the gas produced by the preliminary reaction 
is stored in an atmosphere containing an excess of ammonia, 
hydraZine or a derivative thereof. 

Third Chemical vapor Deposition Process 

Compound Containing Silicon and Nitrogen 
[0073] The third chemical vapor deposition process 
according to the present invention employs, as a feed gas, a 
compound containing both silicon and nitrogen. Any com 
pound can be used for such a compound as long as it 
contains both silicon and nitrogen and can be used as a gas 
for chemical vapor deposition process. of these compounds, 
those ones represented by the folloWing formula (II) are 
preferred: 

an 
R2 

[0074] Wherein k is a number of 1 to 4, and R2s, Which 
may be the same or different, are H, F, a hydrocarbon group 
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having 1 to 3 carbon atoms, Which may be substituted With 
?uorine, or an amino group Which may be substituted With 
a hydrocarbon group having 1 to 3 carbon atoms, provided 
that at least one of the R2s is an amino group Which may be 
substituted With a hydrocarbon group having 1 to 3 carbon 
atoms. 

[0075] Although ?uorinated hydrocarbon groups may be 
used as R2, consideration should be given to the molecular 
Weights of such groups. This is because, When the molecular 
Weights of the groups are excessively high, it is difficult to 
vaporiZe the compounds containing such groups, and the 
handling of these compounds can be troublesome. In addi 
tion, the compounds represented by the formula (II) may 
optionally be halogenated. In this case, hoWever, such a 
problem as the generation of ammonium chloride can be 
brought about, so that careful consideration should be given 
to the use of such compounds. 

[0076] Speci?c examples of these compounds include 
H2NSiH2NH2, H2NSiH2NHCH3, HZNSiHZCH3 and the 
like. Any combination of these compounds can also be used. 

Third Chemical Vapor Deposition Process 

[0077] The procedure of the third chemical vapor deposi 
tion processes of the present invention is the same as those 
of conventional chemical vapor deposition processes except 
that a compound containing both silicon and nitrogen is used 
as a feed gas. The conditions under Which the chemical 
vapor deposition groWth reaction is carried out are generally 
such that the temperature is from 500 to 1,000° C. and that 
the pressure is from 0.1 to 760 Torr. The composition of the 
resulting silicon nitride ?lm can be controlled by controlling 
these conditions, and this is the same as in the aforemen 
tioned ?rst and second chemical vapor deposition processes. 

[0078] Further, in the present invention, those depositing 
species Which can form thin ?lms excellent in coverage on 
trenches have loW reactivity, so that they are often contained 
also in the exhaust gas from the reactor. In such a case, the 
chemical vapor deposition groWth system as shoWn in FIG. 
9 may be used. FIG. 9 is a vieW shoWing one example of the 
case Where feed gases, that is, a silane compound and a 
compound selected from the group consisting of ammonia, 
hydraZine and derivatives thereof, are preliminarily reacted 
With each other. In this system, the exhaust gas is introduced 
into a separator, and the reactant gases separated from the 
exhaust gas are fed again to the reactor as they are or after 
they are stored. The apparatus for separating the reactant 
gases from the exhaust gas include membrane separation, 
adsorption, distillation and the like. 

[0079] The case Where membrane separation is employed 
as the means of separation Will be described beloW. A gas fed 
from a preliminary reaction chamber 5 is subjected to ?lm 
deposition in a reactor 1, and the unreacted gas is exhausted 
from the reactor. 

[0080] The pressure inside the reactor is kept at a prede 
termined pressure by a pressure-controlling valve 9. The gas 
exhausted is pressuriZed by a pump 10. The pressuriZed gas 
is alloWed to pass through a ?lter 11 to eliminate solid 
material from the gas, and then fed to a membrane separator 
12A. In the membrane separator 12A, those components 
Whose molecular Weights are loWer than that of the main 
component fed from the preliminary reaction chamber are 
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?rstly separated by a semipermeable membrane, and the gas 
thus treated is then introduced into a membrane separator 
12B in Which those components Whose molecular Weights 
are higher than that of the main component are separated. 
The components Whose molecular Weights are loWer and 
higher than that of the main component fed from the 
preliminary reaction chamber are exhausted by a pump 13. 
The gas Whose molecular Weight is almost equal to that of 
the main component fed from the preliminary reaction 
chamber is puri?ed by a puri?er 14 ?lled With an adsorbent. 
The puri?ed gas is lique?ed by a condenser 15, and stored 
in a reservoir 17. After the pressure of the lique?ed gas is 
controlled by a pressure controller 18, the resultant is fed to 
the reactor 1. 

[0081] Although the gas produced in the preliminary reac 
tion chamber has been taken as an example hereinbefore, it 
is possible to recover depositing species from the exhaust 
gas in the same manner as the above even in the case Where 

other gases are used. Further, a means other than membrane 
separation can also be used for the separator. 

EXAMPLES 

Example 1 

[0082] A silicon nitride ?lm Was formed by using Si2H6 
and HZNNHCH3 (hereinafter referred to as MMH) as the 
feed gases, and N2 as a carrier gas. A SiNX ?lm excellent in 
coverage as shoWn in FIG. 2 Was successfully obtained 
under the folloWing conditions: the ?lm deposition tempera 
ture Was in the range of 600 to 700° C.; the pressure Was 38 
Torr; and the rotation speed of the Wafer Was 5,000 rpm or 
less. FIG. 2 is a vieW shoWing that coating ?lms uniform in 
thickness can be obtained even on concavities on a substrate. 

[0083] Further, it Was possible to control the composition 
of the silicon nitride ?lm by varying the temperature of the 
substrate, the number of revolutions of the Wafer, and the 
How rate of the feed gas as shoWn in FIGS. 3 to 5. 

[0084] FIG. 3 is a graph shoWing the change in the Si/N 
ratio of the ?lm brought about When the temperature of the 
substrate Was varied. The ?lm deposition conditions Were as 
folloWs: the How rate of Si2H6 Was 100 cc/m; the How rate 
of MMH Was 1.5 litter/m; the How rate of N2 Was 7 litter/m; 
the number of revolutions of the Wafer Was 1,200 rpm; and 
the pressure Was 38 Torr. This graph demonstrates that the 
Si/N ratio slightly increases as the temperature is raised 
Within the range shoWn in this graph. 

[0085] FIG. 4 is a graph shoWing the change in the Si/N 
ratio of the ?lm brought about When the rotation speed of the 
turn table Was varied. The ?lm deposition conditions Were as 
folloWs: the How rate of Si2H6 Was 100 cc/m; the How rate 
of MMH Was 1.5 litter/m; the How rate of N2 Was 7 litter/m; 
the pressure Was 38 Torr; and the temperature Was 640° C. 
This graph demonstrates that the Si/N ratio changes depend 
ing on the rotation speed of the Wafer. 

[0086] FIG. 5 is a graph shoWing the change in the Si/N 
ratio of the ?lm brought about When the How rate of MMH 
Was varied. The ?lm deposition conditions Were as folloWs: 
the How rate of Si2H6 Was 100 cc/m; the How rate of N2 Was 
7 litter/m; the rotation speed of the Wafer Was 1,200 rpm; the 
pressure Was 38 Torr; and the temperature Was 640° C. This 
graph demonstrates that the Si/N ratio slightly decreases as 
the How rate of MMH is increased Within the range shoWn 
in the graph. 
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[0087] In these ?lm deposition experiments, the unfavor 
able deposition of ammonium chloride inside the reaction 
chamber or on the inner surface of the exhaust tube Was not 
con?rmed. 

Example 2 

[0088] SiHZCl2 and NH3, feed gases, Were alloWed to react 
With each other beforehand in the preliminary reaction 
chamber shoWn in FIG. 6, and then fed to the reactor to form 
a silicon nitride ?lm on a substrate. 

[0089] The temperature of the preliminary reaction cham 
ber Was nearly equal to room temperature. The solid com 
pound such as ammonium chloride Was produced in the 
preliminary reaction chamber, and deposited on the inner 
Wall of the preliminary reaction chamber. The diameter of 
the preliminary reaction chamber Was made suf?ciently 
large so that the chamber Would not be clogged. Aplurality 
of preliminary reaction chambers Were used one after 
another so that the ammonium chloride deposited inside the 
preliminary reaction chamber Would be able to be removed 
Without suspending the operation of the Whole system. A 
silicon nitride ?lm excellent in coverage Was successfully 
obtained at a ?lm deposition temperature of 800° C. No 
deposition of ammonium chloride Was observed inside the 
reaction chamber. It Was found that ammonium chloride Was 
slightly deposited on the inner surface of the exhaust tube. 
HoWever, by keeping the temperature of a part of the pipe 
connecting the preliminary reaction chamber and the reac 
tion chamber 00 C., the precipitation of ammonium chloride 
on the inner surface of the exhaust tube Was not observed 
anymore. 

[0090] Further, after carrying out the preliminary reaction 
betWeen SiH4 and NH3 in the preliminary reaction tube 
under reduced pressure or at around atmospheric pressure at 
a temperature of approximately 700° C. in a residence time 
of about 0.1 to 1 second, the resulting gas Was fed to the 
chemical vapor deposition groeWth system. As a result, a 
?lm excellent in coverage Was successfully obtained. 

Example 3 

[0091] A silicon nitride ?lm Was formed on a substrate by 
employing a conventional chemical vapor deposition pro 
cess by feeding, as a feed gas, H2NSiH2NH2, 
H2NSiH2NHCH3, or H2NSiH2CH3. In all cases, ?lms excel 
lent in coverage Were obtained, and almost no deposition of 
the reaction products in exhaust system such as pipe, valve 
and pump Was occurred. 

1. A chemical vapor deposition process comprising the 
step of: 

feeding as feed gases contain a compound selected from 
the group consisting of compounds represented by 
SiHH(NH2)X (Wherein x22), SiHZNH, Si(NH)2, 
(SiH2NH)X, (Si2NH)X, NH2(SiH2NH)XSiH2NH2 
(Wherein x>1), SiH4_X(NHR)X (Wherein x22), SiH4+ 
y(NH2)X(NHR)y (Wherein x+y§4, x21, and y; 1), 
SiN HZ (yZZ), and SiXNyHZFu (in these formulas, R is 
H, , or a hydrocarbon group having 1 to 3 carbon 
atoms, Which may be substituted With ?uorine), and 

forming, to a reaction chamber, a silicon nitride ?lm on a 
substrate placed in the reaction chamber using the feed 
gases. 
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2. The process according to claim 1, wherein the feed 
gases further contain at least one HCl or ammonia and 
hydrazine, and a compound selected from the group con 
sisting of ammonia derivatives and hydraZine derivatives. 

3. A chemical vapor deposition process comprising the 
step of: 

feeding, as feed gas, a silane compound, and a compound 
selected from the group consisting of ammonia, hydra 
Zine and derivatives thereof to a preliminary reaction 
chamber; 

carrying out a preliminary reaction With a reaction gas 
mixture consisting of the silane compound and the 
compound selected from the group consisting of 
ammonia, hydraZine and derivatives thereof in the 
preliminary reaction chamber; 

eliminating, from the reaction gas mixture, the ammo 
nium halide produced by the preliminary reaction; 

feeding, to a reaction chamber, the reaction gas mixture 
from Which the ammonium halide has been eliminated; 
and 

forming a silicon nitride ?lm on a substrate placed in the 
reaction chamber using the reaction gas mixture. 

4. The process according to claim 3, Wherein the com 
pound selected from the group consisting of hydraZine and 
derivatives thereof is a compound represented by the fol 
loWing formula (I): 

(I) 

Wherein Rls, Which may be the same or different, are H, 
F, or a hydrocarbon group having 1 to 3 carbon atoms, 
Which may be substituted With ?uorine. 

5. The process according to claim 3, Wherein the reaction 
gas mixture from Which the ammonium halide has been 
eliminated is mixed With a hydrogen halide gas, and the 
reaction gas mixture is used to from the silicon nitride ?lm 
on the substrate. 

6. The process according to claim 3, Wherein the haloge 
nated silane compound contains Cl. 

7. The chemical vapor deposition process according to 
claim 3, Wherein the ratio of the feed rate of the compound 
selected from the group consisting of ammonia, hydraZine 
and derivatives thereof Which is fed to the preliminary 
reaction chamber to that of the halogenated silane compound 
Which is fed to the preliminary reaction chamber is not 
smaller than the reaction equivalence. 

8. The chemical vapor deposition process according to 
claim 3, Wherein the reaction gas mixture obtained from the 
reaction carried out in the preliminary reaction chamber 
contains ammonia, hydraZine or a derivative thereof. 

9. The chemical vapor deposition process according to 
claim 3, Wherein, before feeding, to the reaction chamber, 
the reaction gas mixture obtained from the reaction carried 
out in the preliminary reaction chamber, it is introduced into 
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a reaction section that is maintained at a temperature almost 
equal to the ?lm deposition temperature at Which a ?lm Will 
be formed on the substrate. 

10. The chemical vapor deposition process according to 
claim ., Wherein the silane compound is a compound 
selected from the group consisting of compounds repre 
sented by SiH4_X(NH2)X (Wherein x22), SiHZNH, Si(NH)2, 
(SiH2NH)X, (Si2NH)X, NH2(SiH2NH)XSiH2NH2 (Wherein 
x>1), SiH4_X(NHR)X (Wherein x22), SiHHky(NH2)X(NHR)y 
(Wherein x+y§4, x21, and y; 1), SiNVHZ (yZZ), and Six. 
NVHZFu (in these formulas, R is H, F, or a hydrocarbon group 
having 1 to 3 carbon atoms, Which may be substituted With 
?uorine). 

11. The chemical vapor deposition process according to 
claim 3, Wherein the gases that are fed to the preliminary 
reaction chamber contain at least one hydraZine silicide 
compound. 

12. The chemical vapor deposition rocess according to 
claim 3, Wherein the feed gases that are fed to the prelimi 
nary reaction chamber further contain ammonia or HCl. 

13. A chemical vapor deposition system comprising: 

a feeder for a silane compound; 

a feeder for a compound selected from the group consist 
ing of ammonia, hydraZine and derivatives thereof; 

a preliminary reaction chamber for carrying out a pre 
liminary reaction a feed gases consisting of the silane 
compound and the compound selected from the group 
consisting of ammonia, hydraZine and derivatives 
thereof; 

an eliminator for eliminating, from a reaction gas mixture, 
the ammonium halide produced by the preliminary 
reaction; and 

a reaction chamber for forming a silicon nitride ?lm on a 
substrate placed in the chamber by using the reaction 
gas mixture from Which the ammonium halide has been 
eliminated. 

14. The chemical vapor deposition system system accord 
ing to claim 13, Wherein the silane compound contain a 
compound selected from the group consisting of compounds 
represented by SiH4_X(NH2)X (Wherein x22), SiHZNH, 
Si(NH)2, (SiH2NH)X, (Si2NH)X, NH2(SiH2NH)XSiH2NH2 
(Wherein x>1), SiH4_X(NHR)X (Wherein x22), SiH4+ 
y(NH2)X(NHR)y (Wherein x+y§ 4, xi 1, and yil), SiNVHZ 
(yZZ), and SLKNYHZFu (in these formulas, R is H, F, or a 
hydrocarbon group having 1 to 3 carbon atoms, Which may 
be substituted With ?uorine). 

15. The chemical vapor deposition system according to 
claim 13, Wherein the compound selected from the group 
consisting of hydraZine and derivatives thereof is a com 
pound represented by the folloWing formula (I): 

(I) 

Wherein Rls, Which may be the same or different, are H, 
F, or a hydrocarbon group having 1 to 3 carbon atoms, 
Which may be substituted With ?uorine. 
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16. The chemical vapor deposition system according to 
claim 13, Wherein the feed gases that are fed to the prelimi 
nary reaction chamber contain at least one hydrazine silicide 
compound. 

17. The chemical vapor deposition system according to 
claim 16, Wherein feed gases that are fed to the preliminary 
reaction chamber further contain ammonia or HCl. 

18. An ammonia halide eliminator comprising: 

a reaction chamber to Which a silane compound and a 
compound selected from the group consisting of 
ammonia, hydraZine and derivatives thereof, feed 
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gases, are fed and in Which the feed gases are reacted 
With each other; 

an eliminator for eliminating, from the reaction gas miX 
ture obtained from the reaction betWeen the feed gases, 
the solid compound such as ammonium halide pro 
duced by the reaction; and 

an eXhaust for exhausting, from the eliminator, a gas 
obtained by eliminating the ammonium halide from the 
reaction gas miXture. 

* * * * * 


