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(57) ABSTRACT 
An aspect of the present invention includes; a silicon oXyni 
tride ?lm having an oXynitride layer Which is formed on at 
least the surface of a silicon substrate and in Which nitrogen 
atoms are in a three-coordinate bond state, and a silicon 
oxide layer Which is formed betWeen said oXynitride layer 
and said silicon substrate. 
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TERMINATE SURFACE OF SILICON SUBSTRATE 
WITH HYDROGEN "1S1 

I 

ARRANGE SILICON SUBSTRATE IN CHAMBER, 
AND RAISE TEMPERATURE OF SUBSTRATE "~52 

TO 600°C TO COMPLETELY REMOVE HYDROGEN 

I 

LOWER TEMPERATURE OF SUBSTRATE TO 200°C 
TO EXPOSE SUBSTRATE TO ATMOSPHERE OF ’\'S3 

NO GAS AT LOW PRESSURE TO CAUSE SURFACE 
OF SILICON SUBSTRATE TO BE OXYNITRIDE LAYER 

I 

EXPOSE SILICON SUBSTRATE TO ATMOSPHERE OF 
NITROGEN GAS AT 900°C FOR ONE MINUTE TO “"84 

CAUSE NITROGEN ATOMS OF OXYNITRIDE LAYER 
TO BE SUBSTANTIALLY IN THREE-COORDINATE 

BOND STATE 

CAUSE OXYGEN PARTIAL PRESSURE 8 
IN ATMOSPHERE IN CHAMBER TO BE SAME LEVEL N 5 
AS THE ATMOSPHERE, AND RAISE TEMPERATURE 
OF SILICON SUBSTRATE TO 800°C TO HOLD IT 

FOR TEN MINUTES 

END 

I FIG. 1 
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SEMICONDUCTOR DEVICE AND METHOD FOR 
FABRICATING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2002-63117, ?led on Mar. 8, 2002; the entire contents 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field of The Invention 

[0003] The present invention relates generally to a semi 
conductor device having an insulating ?lm, and a method for 
fabricating the same. 

[0004] 2. Description of Related Art 

[0005] Since a typical semiconductor oXide ?lm has a very 
great part as an insulating ?lm in various semiconductor 
devices, the qualities and forming methods thereof have 
been variously studied. As a method for forming a semi 
conductor oXide ?lm, a so-called thermal oxidation process 
for exposing the surface of a semiconductor to oXygen 
molecular gas in the atmosphere at high temperatures has 
been Widely used. With the scale doWn of elements, it is 
considered that the thickness of the thermal oXide ?lm is 
decreasing. HoWever, if the thickness of the oXide ?lm is 2 
nm or less, the current tunneling through the oXide ?lm 
rapidly increases to cause a phenomenon that impurities pass 
through the oXide ?lm to diffuse. For that reason, it is being 
dif?cult to improve the performance of elements due to the 
scale doWn. 

[0006] Therefore, there is considered a method for miXing 
nitrogen in an oXide ?lm to form an oXynitride ?lm. If 
nitrogen atoms are introduced into an oXide ?lm, the dielec 
tric constant of the oXynitride ?lm increases, so that the 
thickness of an oXynitride ?lm having the same capacitance 
as that of an oXide ?lm can be larger. In addition, since the 
diffusion of impurities, such as boron, can be suppressed, it 
has been possible to effectively form a thinner high-perfor 
mance insulating ?lm by the conversion to an oXide ?lm. 

[0007] HoWever, if nitrogen atoms are introduced into an 
oXide ?lm, energy levels due to nitrogen atoms are formed 
in a band gap in the insulating ?lm although the effective 
thickness can be decreased. For that reason, if an oXide ?lm 
into Which nitrogen atoms are introduced is used as, e.g., a 
gate insulating ?lm for a MOS transistor, current drivability 
decreases due to a degradation of carrier mobility. In order 
to prevent this, there is considered a method for preventing 
the scattering of electrons by localiZing introduced nitrogen 
atoms in the vicinity of the surface of the gate insulating ?lm 
so as to be spaced from the interface betWeen the semicon 
ductor layer and the gate insulating ?lm. HoWever, it is 
dif?cult for this method to completely control the doping 
amount and to reduce the energy level due to nitrogen atoms. 

[0008] Japanese Patent Laid-Open No. 2001-203198 dis 
closes a method for forming an oXynitride ?lm. In this 
method, the surface of a silicon substrate terminates With 
hydrogen, and hydrogen atoms are removed by heat treat 
ment. Thereafter, nitrogen atoms and oXygen atoms are 
absorbed onto unbonded bonds in a heating atmosphere of 
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NO gas or NO+O2 to form a monoatomic oXynitride layer. 
Thereafter, it is oXidiZed in the atmosphere to form an 
oXynitride ?lm having an oXide layer on the side of the 
silicon substrate and an oXynitride layer on the side of the 
surface. HoWever, most of nitrogen atoms in the oXynitride 
?lm formed by this method are in a tWo-coordinate bond 
state, so that it is dif?cult to reduce the energy level due to 
nitrogen atoms in the band gap of the oXynitride ?lm. 

SUMMARY OF THE INVENTION 

[0009] A semiconductor device according to a ?rst aspect 
of the present invention comprises a silicon oXynitride ?lm 
having an oXynitride layer Which is formed on at least the 
surface of a silicon substrate and in Which nitrogen atoms are 
in a three-coordinate bond state, and a silicon oXide layer 
Which is formed betWeen the oXynitride layer and the silicon 
substrate. 

[0010] A method for fabricating a semiconductor device 
according to a second aspect of the present invention com 
prises: forming a layer in Which nitrogen atoms are arranged 
on at least the surface of a silicon substrate; causing the 
nitrogen atoms in the layer to be in a three-coordinate bond 
state With silicon atoms eXisting on the surface of the silicon 
substrate; and forming a silicon oXide layer betWeen the 
silicon substrate and the layer While holding the bonding 
state of the nitrogen atoms of three-coordinate bonds in the 
layer With the silicon atoms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a How chart shoWing fabricating steps of 
a method for fabricating a semiconductor device according 
to the ?rst embodiment of the present invention; 

[0012] FIG. 2 is a block diagram shoWing the construction 
of an oXynitride ?lm forming apparatus for use in the 
fabricating steps in the ?rst embodiment; 

[0013] FIG. 3 is a sectional vieW When an oXynitride layer 
is formed in the ?rst layer on the surface in the middle of the 
fabricating steps in the ?rst embodiment; 

[0014] FIG. 4 is a sectional vieW When an oXynitride layer 
is formed in the ?rst layer on the surface and an oXide layer 
is formed in the second layer from the surface in the middle 
of the fabricating steps in the ?rst embodiment; 

[0015] FIG. 5 is a sectional vieW shoWing the construction 
of a MOSFET formed by a fabricating method according to 
the second embodiment of the present invention; 

[0016] FIG. 6 is a graph shoWing the relationship betWeen 
?Xed charges and the mobility of electrons on the interface 
betWeen a silicon substrate and a silicon oXynitride ?lm; 

[0017] FIG. 7 is a sectional vieW When nitrogen atoms are 
in a three-coordinate bond state on the surface of a silicon 
substrate in the middle of the fabricating steps in the third 
embodiment; 
[0018] FIG. 8 is a sectional vieW of a semiconductor 
device fabricated by a fabricating method according to the 
third embodiment of the present invention; 

[0019] FIG. 9 is a sectional vieW shoWing the fabricating 
steps of the fourth embodiment of a fabricating method 
according to the present invention; 
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[0020] FIG. 10 is a sectional vieW of a semiconductor 
device after a ?rst nitriding and annealing step is carried out; 
and 

[0021] FIG. 11 is a sectional vieW of a semiconductor 
device after a second nitriding and annealing step is carried 
out. 

DESCRIPTION OF THE EMBODIMENTS 

[0022] Referring noW to the accompanying draWings, the 
embodiments of the present invention Will be described 
beloW. 

[0023] (First Embodiment) 
[0024] Referring to FIGS. 1 through 4, a method for 
fabricating a semiconductor device according to the ?rst 
embodiment of the present invention Will be described 
beloW. The semiconductor device fabricating method in this 
?rst embodiment is a method for fabricating a semiconduc 
tor device having an oxynitride ?lm, and the steps of 
fabricating an oxynitride ?lm are shoWn in FIG. 1. The 
fabrication of the oxynitride ?lm in this ?rst embodiment is 
carried out by using an oxynitride ?lm forming apparatus 
shoWn in FIG. 2. Before describing the fabricating method 
in the ?rst embodiment, the oxynitride ?lm forming appa 
ratus shoWn in FIG. 2 Will be described beloW. 

[0025] As shoWn in FIG. 2, this oxynitride ?lm forming 
apparatus has a chamber 4 having a heating furnace 3 for 
housing therein a movable susceptor 2 for supporting 
thereon a plurality of semiconductor substrates 1. To this 
chamber 4, an NO gas source 5, a nitrogen gas source 6 and 
an oxygen gas source 7 are connected as atmospheric gas 
sources. The chamber 4 is provided With a gas inlet 8 for 
feeding NO gas, nitrogen gas and oxygen gas into the 
chamber 4 from these gas sources, and a gas outlet 9 for 
discharging gases. On the NO gas source 5, nitrogen gas 
source 6 and oxygen gas source7, valves 10, 11 and 12 are 
mounted, respectively, for enabling the control of the partial 
pressures of gases. A heater 13 is provided around the 
chamber 4 to be controlled by a temperature control unit (not 
shoWn). 
[0026] Referring to FIGS. 1 and 2, the ?rst embodiment 
of a fabricating method according to the present invention 
Will be described beloW. 

[0027] First, as shoWn at step S1 in FIG. 1, a silicon 
substrate 1 having (100) plane as a principal plane is treated 
With diluted hydro?uoric acid, so that the surface of the 
silicon substrate terminates With hydrogen. Then, as shoWn 
at step S2 in FIG. 1, the silicon substrate terminating With 
hydrogen is mounted on the susceptor 2, and the valves 10, 
11 and 12 are open and closed at room temperatures so that 
the atmosphere in the chamber 4 is only nitrogen gas. 
Subsequently, the heater 13 provided around the chamber 4 
is controlled to raise the temperature of the silicon substrate 
1 to 600° C. to completely remove hydrogen from the silicon 
substrate 1 (see step S2 in FIG. 1). 

[0028] Thereafter, as shoWn at step S3, the heater 13 is 
controlled to loWer the temperature of the silicon substrate 
1 to 200° C. Moreover, the valve 10 is open and closed to 
mix NO gas at a partial pressure of 10-6 Torr (=10_°>< 
133.322 Pa) to hold it for one minute. Thus, an oxide ?lm 
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containing nitrogen atoms (an oxynitride ?lm) is formed on 
the ?rst layer of the silicon substrate 1. 

[0029] Then, as shoWn at step S4, the valves 10, 11 and 12 
are open and closed again so that the atmosphere in the 
chamber 4 is only nitrogen gas, and the heater 13 is 
controlled to raise the temperature of the silicon substrate 1 
to 900° C. to hold it for one minute. Thus, as shoWn in FIG. 
3, nitrogen atoms in a ?rst layer 15 of the silicon substrate 
1 are substantially in a three-coordinate bond state to form 
a stable structure. Furthermore, the temperature range for 
providing a three-coordinate bond state is preferably in the 
range of from 600° C. to 950° C. 

[0030] Subsequently, the valves 10, 11 and 12 are open 
and closed so that the partial pressure of oxygen in the 
atmosphere in the chamber 4 is raised to the same level as 
that in the atmosphere, and the temperature of the silicon 
substrate 1 is raised to 800° C. to be held for ten minutes. 
Thus, as shoWn in FIG. 4, an oxynitride layer is formed in 
the ?rst layer 15 on the surface of the silicon substrate 1, and 
an oxide layer 16 is formed in the second and subsequent 
layers beloW the ?rst layer 15. That is, nitrogen atoms in the 
?rst layer 15 on the surface of the silicon substrate 1 are 
maintained in a three-coordinate bond state to form an 
oxynitride ?lm on the surface of the silicon substrate and to 
form the oxide layer 16 in the second and subsequent layers. 
Thereafter, a silicon oxynitride ?lm Which has the ?rst layer 
to be an oxynitride layer and the second layer 16 and 
subsequent layers to be oxide layers and Which has an 
interface structure being a ?at structure at an atomic level 

and a thickness of 20 A (=2 nm) is formed. Thus, the energy 
levels in the band gap are greatly reduced. Furthermore, 
although the oxynitride ?lm is formed on the surface of the 
silicon substrate 1, it is preferably formed on the uppermost 
surface, i.e., the ?rst layer. 

[0031] As described above, according to the fabricating 
method in this embodiment, the oxynitride ?lm having the 
three-coordinate-bonded nitrogen is formed, and the second 
and substrate layers from the surface are complete oxide 
layers. Therefore, it is possible to obtain an oxynitride ?lm 
Wherein the interface structure is a ?at structure at an atomic 
level, and it is possible to obtain a silicon oxynitride ?lm 
(insulating ?lm) Wherein the energy level due to nitrogen 
atoms in the band gap is reduced. 

[0032] Furthermore, nitrogen molecular radicals may be 
substituted for nitrogen gas. 

[0033] While it has been exposed to an atmosphere of 
oxygen at 800° C. for ten minutes in this embodiment, 
various temperatures and times may be combined if the 
oxynitride ?lm having the three-coordinate-bonded nitrogen 
in the ?rst layer of the silicon substrate 1 is formed, and 
materials other than oxygen may be used if an oxidiZation 
reaction occurs. 

[0034] While hydrogen on the surface of the silicon sub 
strate 1 is removed at the heating step before the oxidiZing 
step, the removal of hydrogen may be carried out at a step 
other than the heating step. 

[0035] In the place of nitrogen gas, a gas of a kind Which 
does not react With the semiconductor, e.g., an inert gas such 
as argon gas, may be used. As a semiconductor other than a 
silicon substrate, a semiconductor causing an oxidation 
reaction may be used. 
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[0036] (Second Embodiment) 
[0037] Referring to FIG. 5, a method for fabricating a 
semiconductor device according to the second embodiment 
of the present invention Will be described below. The 
fabricating method in this second embodiment uses the 
fabricating method in the ?rst embodiment to form a gate 
oxide ?lm of a MOSFET. First, as shoWn in FIG. 5, a ?eld 
oxide ?lm 18 is formed on a silicon substrate 1. On the 
surface of an element region isolated by the ?eld oxide ?lm 
18, a gate oxynitride ?lm 19 is formed. In this case, the gate 
oxynitride ?lm 19 having a thickness of 20 A is formed by 
the oxynitride ?lm forming method described in the ?rst 
embodiment. Thereafter, a gate electrode material is depos 
ited thereon to be patterned to form a gate electrode 20. 
Subsequently, the gate electrode 20 is used as a mask to form 
a source region 21a and a drain region 21b by ion implan 
tation to obtain a MOSFET. 

[0038] The gate oxynitride ?lm 19 thus formed has a very 
uniform interface. As a result, the obtained MOSFET has a 
small variation in threshold voltage, no deterioration of 
mobility, and stable characteristics. 

[0039] Furthermore, in the oxynitride ?lms formed by the 
above described fabricating methods in the ?rst and second 
embodiments, nitrogen atoms in the oxynitride ?lms sub 
stantially have the three-coordinate bonds. The alloWable 
contents of nitrogen atoms of coordinate bonds different 
from the three-coordinate bonds Will be described beloW. If 
all of nitrogen atoms have the three-coordinate bonds, the 
?xed charge is Zero, Whereas if there are nitrogen atoms of 
coordinate bonds different from the three-coordinate bonds, 
the ?xed charge occurs. Therefore, the amount of nitrogen 
atoms of coordinate bonds different from the three-coordi 
nate bonds can be de?ned by the amount of ?xed charges 
since it is in proportion to the amount of ?xed charges. If the 
relationship betWeen the amount of ?xed charges and the 
mobility of electrons on the interface betWeen the silicon 
oxynitride ?lm produced in the above described embodi 
ment and the silicon substrate is simulated, the characteristic 
graph shoWn in FIG. 6 is obtained. As can be seen from this 
characteristic graph, the mobility of electrons rapidly dete 
riorates if the amount of ?xed charges exceeds 1.0><1011 
(cm_2) to 2.0><1011 (cm' Therefore, in order to prevent the 
deterioration of the performance of the element, the amount 
of ?xed charges is preferably 2.0><1011 (cm-2) or less. 
Furthermore, in the above descriptions, the amount of ?xed 
charges is the value on the interface betWeen the silicon 
oxynitride ?lm and the silicon substrate. HoWever, it has 
been understood that the amount of ?xed charges hardly 
varies in a range of 10 A from the above described interface 
in a direction perpendicular to the silicon oxynitride ?lm. 

[0040] (Third Embodiment) 
[0041] Referring to FIGS. 7 and 8, a method for fabri 
cating a semiconductor device according to the third 
embodiment of the present invention Will be described 
beloW. 

[0042] In the above described ?rst and second embodi 
ments, the method for forming the oxynitride ?lm using NO 
gas has been described. In the folloWing embodiments, a 
method for forming an oxide ?lm after arranging nitrogen 
atoms on the surface of a silicon substrate Will be described 
beloW. 
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[0043] In the fabricating method in this embodiment, 
nitrogen atoms are arranged on the surface of a silicon 
substrate prior to the above described usual oxidation. For 
example, nitrogen atoms on the surface of the silicon sub 
strate are introduced by plasma nitriding, and thereafter, a 
high-temperature heating process is carried out. FIG. 7 
schematically shoW nitrogen atoms and silicon atoms on the 
surface of the silicon substrate 1 after the high-temperature 
heating process. As can be seen from FIG. 7, nitrogen atoms 
on the surface of the silicon substrate 1 are in the three 
coordinate bond state With adjacent silicon atoms. 

[0044] Subsequently, an oxidation process is carried out 
under a reduced pressure to oxidiZe the silicon substrate 1. 
OxidiZing conditions can be optionally set. In this embodi 
ment, an oxide ?lm having a thickness of 1 nm Was formed 
at an oxygen partial pressure of 40 Torr at a temperature of 
700° C. FIG. 8 schematically shoWs the bonding state of 
oxygen atoms, nitrogen atoms and silicon atoms on the 
surface of the silicon substrate 1 and in the oxide ?lm after 
oxidation. As can be seen from FIG. 8, since nitrogen atoms 
are in the three-coordinate bond state With silicon atoms, the 
con?guration of nitrogen atoms is energetically stable, and 
the change of state is not carried out even in the oxidation 
reaction, i.e., the three-coordinate bond state is held, so that 
nitrogen atoms exist on the surface of the oxide ?lm. 
Moreover, since nitrogen atoms form stable three-coordinate 
bonds With silicon atoms, a high quality of insulating ?lm 
having a small amount of energy levels in the gap is formed 
similar to the ?rst embodiment. 

[0045] (Fourth Embodiment) 
[0046] Referring to FIG. 9, a method for fabricating a 
semiconductor device according to the fourth embodiment 
of the present invention Will be described beloW. The 
fabricating process in this fourth embodiment is a method 
for fabricating a MOSFET, and forms a gate insulating ?lm 
using the fabricating method in the third embodiment. 

[0047] First, as shoWn in FIG. 9(a), nitrogen atoms are 
arranged on part of the surface of the silicon substrate 1 to 
form a region 30, in Which nitrogen atoms are in the 
three-coordinate bond state With silicon atoms, by a high 
temperature heat treatment. In this embodiment, nitrogen 
atoms are introduced into the silicon substrate 1 at a loW 
energy (10 eV) With plasma so that the density of nitrogen 
is 5.0><1014 cm_2. In addition, in order for nitrogen to be in 
the three-coordinate bond state, annealing Was carried out at 
950° C. for thirty minutes. Furthermore, a method for 
introducing nitrogen atoms onto the surface of the silicon 
substrate 1 may use a nitrogen atom containing gas, or use 
a gas having a reducing action to cause nitrogen atoms to 
remain on the surface of the silicon substrate after an oxygen 
containing gas, such as NO gas, is used for introducing 
nitrogen. In this embodiment, the heat treatment Was carried 
out at 950° C. for thirty minutes as a step of causing the 
three-coordinate bond state. HoWever, temperature and time 
can be optionally set. 

[0048] Then, as shoWn in FIG. 9(b), the surface of the 
silicon substrate 1 is oxidiZed to form an insulating ?lm 
(oxynitride ?lm) 32 on the surface of the silicon substrate 1. 
In this embodiment, the oxide ?lm having a thickness of 1 
nm Was formed at 700° C. at an oxygen partial pressure of 
40 Torr. HoWever, the oxidation atmosphere, time and the 
partial pressure of gas can be optionally set, and the radical 
oxidation or the like can be used. 
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[0049] Then, as shown in FIG. 9(c), a polysilicon ?lm 34 
is deposited on the insulating ?lm 32. Subsequently, as 
shoWn in FIG. 9(a'), the lithography technique or the like is 
used for forming a photoresist pattern 36 on the polysilicon 
?lm 34, and the photoresist pattern 36 is used as a mask for 
patterning the polysilicon ?lm 34 to form a gate electrode 
34a (see FIG. 

[0050] Then, as shoWn in FIG. 9(e), the photoresist pat 
tern 36 and the gate electrode 34a are used as a mask for 
implanting impurity ions to form a source region 38a and a 
drain region 38b. 

[0051] Then, as shoWn in FIG. 90‘), after the photoresist 
pattern 36 is removed, annealing is carried out for activation. 
Thereafter, the formation of an insulating ?lm betWeen 
Wiring portions and the formation of Wiring portions are 
carried out by a usual method to complete a semiconductor 
device. 

[0052] As described above, also in this fourth embodiment 
similar to the third embodiment, nitrogen atoms are form 
stable three-coordinate bonds With silicon atoms, so that a 
high quality gate insulating ?lm having a small amount of 
energy levels in the gap is formed. Thus, it is possible to 
form a uniform and stable MOSFET Wherein the variation in 
threshold voltage is small and the mobility does not dete 
riorate. 

[0053] Furthermore, in the above described third and 
fourth embodiments, nitrogen atoms in the insulating ?lm 
are substantially in the three-coordinate bond state. Similar 
to the ?rst and second embodiments, the alloWable contents 
of nitrogen atoms of coordinate bonds different from the 
three-coordinate bonds in the insulating ?lm are de?ned by 
the amount of ?Xed charges, and the amount of ?Xed charges 
is preferably 2.0><1011 (cm-2) or less in order to prevent the 
deterioration of the performance of the element. 

[0054] In the above described ?rst through fourth embodi 
ments, the step of nitriding the surface of the silicon sub 
strate 1 to provide the three-coordinate bond state by anneal 
ing is carried out only one time. HoWever, after a step of 
nitriding the surface of the silicon substrate 1 to provide the 
three-coordinate bond state by annealing as shoWn in FIG. 
10 is carried out one time and before the silicon oXide ?lm 
is formed, a step of nitriding the surface of the silicon 
substrate 1 to carry out annealing as shoWn in FIG. 11 may 
be repeated at least one time. 

[0055] By repeating the step of nitriding the surface of the 
silicon substrate 1 to provide the three-coordinate bond state 
by annealing, it is possible to enhance the density of nitrogen 
atoms in the three-coordinate bond state on the surface of the 
silicon substrate 1, so that it is possible to obtain an 
insulating ?lm Wherein energy levels in the band gap are 
reduced. 

[0056] As described above, according to the present 
invention, it is possible to obtain an insulating ?lm Wherein 
the energy levels in the band gap are reduced. 

[0057] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
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made Without departing from the spirit or scope of the 
general inventive concepts as de?ned by the appended 
claims and their equivalents. 

What is claimed is: 
1. Asemiconductor device comprising a silicon oXynitride 

?lm having an oXynitride layer Which is formed on at least 
the surface of a silicon substrate and in Which nitrogen atoms 
are in a three-coordinate bond state, and a silicon oXide layer 
Which is formed betWeen said oXynitride layer and said 
silicon substrate. 

2. The semiconductor device a set forth in claim 1, 
Wherein the amount of ?Xed charges of said silicon oXyni 
tride ?lm is 2.0><1011 cm'2 or less. 

3. The semiconductor device as set forth in claim 1, 
Wherein said oXynitride layer is a monoatomic layer. 

4. The semiconductor device as set forth in claim 1, 
Wherein said oXynitride layer is formed on the uppermost 
surface of said silicon substrate. 

5. The semiconductor device as set forth in claim 1, 
Wherein said silicon oXynitride ?lm is a gate insulating ?lm 
of a ?eld effect transistor. 

6. A method for fabricating a semiconductor device com 
prising: 

forming a layer in Which nitrogen atoms are arranged on 
at least the surface of a silicon substrate; 

causing said nitrogen atoms in said layer to be in a 
three-coordinate bond state With silicon atoms eXisting 
on the surface of said silicon substrate; and 

forming a silicon oXide layer betWeen said silicon sub 
strate and said layer While holding the bonding state of 
said nitrogen atoms of three-coordinate bonds in said 
layer With said silicon atoms. 

7. The method for fabricating a semiconductor device as 
set forth in claim 6, Wherein said forming of the layer in 
Which the nitrogen atoms are arranged on the silicon sub 
strate is carried out by alloWing said silicon substrate to react 
With a nitrogen containing gas. 

8. The method for fabricating a semiconductor device as 
set forth in claim 7, Wherein said nitrogen containing gas 
consists of nitrogen atoms or nitrogen molecular radicals. 

9. The method for fabricating a semiconductor device as 
set forth in claim 6, Wherein said layer in Which the nitrogen 
atoms are arranged on the silicon substrate is a monoatomic 
layer. 

10. The method for fabricating a semiconductor device as 
set forth in claim 6, Wherein said oXynitride layer is formed 
on the uppermost surface of said silicon substrate. 

11. The method for fabricating a semiconductor device as 
set forth in claim 6, Wherein said causing the nitrogen atoms 
is carried out by carrying out a heat treatment at a tempera 
ture of 600° C. to 950° C. 

12. The method for fabricating a semiconductor device as 
set forth in claim 6, Wherein said forming of the layer in 
Which the nitrogen atoms are arranged on at least the surface 
of the silicon substrate, and said causing step are repeated a 
plurality of times before forming a silicon oXide layer 
betWeen said silicon substrate and said layer. 

13. The method for fabricating a semiconductor device as 
set forth in claim 6, Which further comprises: 

forming a gate electrode on said silicon substrate after 
forming said silicon oXide layer; and 
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using said gate electrode as a mask to inject impurities 
into said silicon substrate to form source and drain 
regions. 

14. The method for fabricating a semiconductor device as 
set forth in claim 6, Which further comprises terminating the 
surface of said silicon substrate With hydrogen before form 
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ing said layer in Which the nitrogen atoms are arranged on 
at least the surface of the silicon substrate, and thereafter, 
raising the temperature of said silicon substrate to com 
pletely remove hydrogen. 

* * * * * 


