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(57) ABSTRACT 
A non-volatile semiconductor memory device according to 
the present invention has a semiconductor substrate and a 
memory cell having a ?oating gate provided through a 
tunnel insulating layer on the semiconductor substrate, and 
a control gate provided through an inter-layer insulting layer 
on said ?oating gate. The inter-insulating layer includes a 
silicon oxide layer contiguous to said ?oating gate, a ?rst 
silicon nitride layer provided by a CVD method on the 
silicon oxide layer and a second silicon nitride layer pro 
vided on said ?rst silicon nitride layer and having a loWer 
trap density than that of the ?rst silicon nitride layer. The 
inter-insulating layer may includes a silicon oxide layer 
contiguous to said ?oating gate and a silicon oxide layer 
deposited on said silicon oxide layer and having a quantity 
of hydrogen content on the order of 1019/cm3 or less. The 
inter-insulating layer also may includes a silicon oxide layer 
serving as a layer contiguous to at least one of the ?oating 
gate and the control gate, and having a loWer trap density 
than that of a silicon nitride layer formed by a CVD method. 
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NON-VOLATILE SEMICONDUCTOR MEMORY 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a non-volatile 
semiconductor memory device including a memory cell 
having a stacked gate structure. 

[0003] 2. Description of the Background Art 

[0004] What has hitherto been knoWn as a non-volatile 
semiconductor memory device uses a memory cell structure 
on Which a ?oating gate is provided through a tunnel 
insulating layer on a semiconductor substrate, and a control 
gate is stacked thereon through an inter-layer insulating 
layer. The inter-layer insulating layer of this memory cell 
normally involves the use of a so-called ONO (Oxide 
Nitride-Oxide) structure composed of a silicon oxide layer, 
a silicon nitride layer and a silicon oxide layer. 

[0005] FIGS. 4A and 4B shoW sections, taken in tWo 
directions orthogonal to each other, of the memory cell 
structure described above. Normally in a ?ash memory, the 
control gate of the a plurality of memory cells are consecu 
tively arranged and serve as Word lines. FIG. 4A is the 
section in the direction parallel to a direction of the Word 
line. 

[0006] An element isolation insulating layer 2 is provided 
on a p-type silicon substrate 1, and a ?oating gate 4 is 
provided through a tunnel insulating layer 3 on a device 
region de?ned by the element isolation insulating layer 2. 
Provided on the ?oating gate 4 is an ONO layer 5 as an 
inter-layer insulating layer including a silicon oxide layer 
5a, a silicon nitride layer 5b and a silicon oxide layer 5c 
Which are stacked in this sequence. Further, a control gate 6 
is provided on the ONO layer 5. Source/drain diffused layers 
7, 8 are provided in self-alignment With the control gate 6. 

[0007] The ONO layer 5 functions to prevent electric 
charges accumulated in the ?oating gate 3 from leaking out 
during a Writing process to the memory cell, and, because of 
a necessity for con?ning the electric charges Within the 
?oating gate 4 over a long period of time, is required to 
exhibit a high insulating property. In the normal ?ash 
memory, the ?oating gate retains electrons. In an electron 
accumulating state, hoWever, a comparatively Weak electric 
?eld (a self electric ?eld) generated by the electrons is 
applied to the ONO layer 5. 

[0008] Te silicon oxide layer 5a, on the side of the ?oating 
gate 4, of the ONO layer 5, if a layer thickness thereof is 5-6 
nm, Works as a FoWler-Nordheim type tunnel current con 

ductive mechanism, Wherein the electric current ?oWing 
With a loW electric ?eld is extremely small. Further, a barrier 
height of the silicon oxide layer 5a With respect to silicon is 
as high as 3.2 eV. Accordingly, if the silicon oxide layer 5 
has no defect and there is no electric ?eld enhancement 
effect based on a tWo-dimensional con?guration of the 
?oating gate 4, only the silicon oxide layer 5a must be 
capable of suf?ciently retaining the electrons for a long time. 
In fact, hoWever, there exist the defect and the tWo-dimen 
sional electric ?eld enhancement effect, and hence the ONO 
layer is used. 
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[0009] The tWo-dimensional electric ?eld enhancement 
effect is typi?ed by, for example, as indicated by a broken 
line A in FIG. 4A, an electric ?eld enhancement at an edge 
Which is obtained by forming the ?oating gate 4 in pattern. 
Further, there is an electric ?eld enhancement caused by a 
rugged area formed on the surface of the ?oating gate 4 
When the silicon oxide layer 5a is formed by thermal 
oxidation. The silicon nitride layer 5b of the ONO layer 5 
contains much of trap level, and trapping occurs even When 
the electric current ?oWs due to the electric ?eld enhance 
ment and acts to relieve the electric ?eld, thereby restraining 
a leak of the electric charges from the oxide layer 5a 
surrounding the ?oating gate. If the oxide layer 5a has a 
defect, the same mechanism Works. This is the reason Why 
the silicon nitride layer 5b is used. 

[0010] Incidentally, When the memory cell operates, and 
When in a state of the electrons being held by the ?oating 
gate, a positive bias is applied to the control gate 6. It is 
knoWn that a large leak current ?oWs to the silicon nitride 
layer through the trap level by a hole conduction. Accord 
ingly, supposing that the control gate 6 is provided directly 
on the silicon nitride layer 5b, the holes from the control gate 
6 are injected, and therefore an dielectric strength is unable 
to be kept Well. The silicon oxide layer 5c is provided 
upWard in order to restrain the holes from being injected 
from the control gate 6. 

[0011] The upper and loWer silicon oxide layers 5a, 5c of 
the ONO layer 5 are each required to have a thickness of 5-6 
nm for exhibiting functions of relieving the electric ?eld and 
preventing the leak. The silicon nitride layer 5b has a 
thickness on the order of 10 nm (converted into 5 nm in the 
case of the oxide layer). Hence, an equivalent oxide thick 
ness of the ONO layer 5 is 15-16 nm thick. 

[0012] There arise the folloWing problems inherent in the 
inter-layer insulating layer based on the ONO structure 
described above. 

[0013] First, it is desirable for enabling the memory cell to 
operate at a loW voltage that a capacitance coupling betWeen 
the control gate and the ?oating gate be large. It is desirable 
for attaining this that the ONO layer be as thin as possible. 
If the layer thickness is thinned doWn to a limit thereof, it 
can be thinned totally doWn to approximately 14 nm as an 
equivalent oxide thickness. 

[0014] HoWever, further thinning of the layer becomes 
dif?cult. 

[0015] Second, in the ONO layer, in a post-oxidating step 
after gate de?nition processing, as shoWn in FIG. 4B., a 
bird’s beak B intrudes in a portion betWeen the ?oating gate 
4 and the control gate 6 from a side surface. The bird’s beak 
decreases the capacitance coupling betWeen the control gate 
6 and the ?oating gate 4. Especially When the silicon oxide 
layer 5a disposed directly on the ?oating gate is provided by 
a CVD (Chemical vapor Deposition) method, a character 
istic of density thereof is inferior to a thermal oxide layer, 
and hence oxygen diffuses fast Within the layer, With the 
result that a large bird’s beak occurs. In the case of obtaining 
the silicon oxide layer at a loW process temperature, the 
silicon oxide layer formed by the CVD method might be 
used more often than by the thermal oxidation, and there 
fore, in such a case, the intrusion of the bird’s beak turns out 
a problem. 
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SUMMARY OF THE INVENTION 

[0016] It is therefore a primary object of the present 
invention to provide a non-volatile semiconductor memory 
device including an inter-layer insulating layer, Which is 
capable of ensuring even a large capacitance coupling 
betWeen a control gate and a ?oating gate While securing an 
electric ?eld relieving effect and a leak preventive function. 

[0017] According to the present invention, a silicon nitride 
layer having a trap level density Well loWer than that of a 
silicon nitride layer formed by a normal CVD (Chemical 
Vapor Deposition), especially LPCVD (LoW Pressure 
Chemical Vapor Deposition) method, is provided in the 
inter-layer insulating layer, Whereby a large capacitance 
coupling betWeen a control gate and a ?oating gate can be 
ensured by making an effective thickness of an oxide layer 
smaller than in the prior art While exhibiting an electric ?eld 
relieving effect and a lead reducing effect. Furthermore, if 
such a silicon nitride layer is disposed contiguously to the 
control gate or the ?oating gate, an intrusion of a bird’s beak 
can be restrained from occurring in a post-oxidation step, 
and it is therefore feasible to ensure the large capacitance 
coupling betWeen the control gate and the ?oating gate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1A and 1B are sectional vieWs each shoW 
ing a memory cell structure in a ?rst embodiment of the 
present invention; 

[0019] FIG. 2 is a sectional vieW shoWing a memory cell 
structure in a second embodiment of the present invention; 

[0020] FIGS. 3A-3D are sectional vieWs shoWing a struc 
ture of an inter-layer insulating layer of the memory cell in 
a third embodiment of the present invention; and 

[0021] FIGS. 4A and 4B are sectional vieWs each shoW 
ing a memory cell structure of a non-volatile memory in the 
prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] Embodiments of the present invention Will herein 
after be described With reference to the accompanying 
draWings. 
[0023] First Embodiment 

[0024] FIGS. 1A and 1B are sectional vieWs taken indi 
rection orthogonal to each other, shoWing a memory cell 
structure of a non-volatile semiconductor memory device in 
a ?rst embodiment of the present invention. An element 
isolation insulating layer 12 is provided on a p-type silicon 
substrate 11, and a ?oating gate 14 composed of a polycrys 
talline silicon layer is provided through a tunnel insulating 
layer 13 on a device area de?ned by the element isolation 
insulating layer 12. The tunnel insulating layer 13 is clas 
si?ed as a silicon oxide layer. A control gate 16 composed 
of a polycrystalline silicon layer is stacked on the ?oating 
gate 14 via an inter-layer insulating layer 15. Source/drain 
diffused layers 17, 18 are so provided on the substrate as to 
be self-aligned With the control gate 16. 

[0025] The inter-layer insulating layer 15 includes a sili 
con oxide layer 15a contiguous to the ?oating gate 14, and 
double-layered silicon nitride layers 15b, 15c provided 
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thereon. The ?rst silicon nitride layer 15b is provided by a 
normal CVD method, especially loW pressure (LP) CVD 
method, and the second silicon nitride layer 15c is provided 
by a J VD (Jet Vapor Deposition) method. The second silicon 
nitride layer 15c is Well loWer in trap level density than the 
?rst silicon nitride layer 15b and has a less leak current at a 
loW electric ?eld region. 

[0026] Speci?cally, the silicon oxide layer 15a is a thermal 
oxide layer obtained by thermally oxidating the ?oating gate 
14, or a silicon oxide layer based on the LPCVD method. 
The ?rst silicon nitride layer 15b is formed by the LPCVD 
method, Wherein dichlorosilane (SiH2Cl2) and ammonia 
(NH 4) are used as raW gases. The second silicon nitride layer 
15c is formed such that active Si and N are generated by 
plasma-decomposing a silane-series gas (e.g., SiH4) sup 
plied together With a carrier gas such as He etc. and a gas 
(e.g., N2) containing nitrogen by microWave electric poWer, 
and supplied and deposited by the JVD method on the 
surface of the substrate disposed Within a chamber. It has 
already been reported that the silicon nitride layer exhibiting 
a loW trap level density is obtained by the JVD method (refer 
to, e.g., Applied Surfaces Science 177/118 (1997) 259-267). 
Herein, a quantity of hydrogen content of the ?rst silicon 
nitride layer 15b deposited by the LPCVD method is 10 / 
cm3 or more, While a quantity of hydrogen content of the 
second silicon nitride layer 15c deposited by the JVD 
method is 1019/cm3 or less. This difference in quantity of 
hydrogen content therebetWeen correlates to magnitudes of 
the trap level densities of those tWo layers, and, in other 
Words, the silicon nitride layer having a less quantity of 
hydrogen content, Which is deposited by the JVD method, 
exhibits a loW trap level density and has a smaller leak 
current at the loW electric ?eld region. 

[0027] Note that the silicon nitride layers deposited by 
other deposition methods may also be used on condition that 
those layers have a quantity of hydrogen content Which is as 
small as the silicon nitride layer deposited by the JVD 
method, and exhibit a loW trap level density. 

[0028] Next, the reason Why a structure of the inter-layer 
insulating layer 15 described above Will be speci?cally 
elucidated as Well as explaining a preferable thickness of 
each layer. 

[0029] In the single layer 15c of the silicon nitride layer 
deposited by the JVD method, Frenkel-Poole type current, 
though not so much as the silicon nitride layer deposited by 
the LPCVD method, ?oWs across the loW electric ?eld 
region, and hence this layer 15 is hard to be used solely as 
an inter-layer insulating layer. Further, the silicon nitride 
layer has a loWer barrier height With respect to silicon than 
the silicon oxide layer, and is therefore insuf?cient as a 
barrier against a release of the electrons from the ?oating 
gate. Accordingly, it is required for forming the inter-layer 
insulating layer that the silicon oxide layer 15a be disposed 
just on, e.g., the ?oating gate 14. The silicon oxide layer 15a 
requires a thickness on the order of 5-6 nm for keeping a 
suf?cient dielectric strength. 

[0030] This ?rst silicon nitride layer 15b provided based 
on the LPCVD method is needed for preventing the lead as 
Well as for obtaining the electric ?eld relieving effect. That 
is, the ?rst silicon nitride layer 15b exhibits a high trap 
density and a Frenkel-Poole type electric conductive char 
acteristic. In this Frenkel-Poole type electric conduction, the 



US 2003/0205753 A1 

current in a high electric ?eld region is small, and the current 
becomes hard to ?oW through a layer containing a trap 
because of the carriers being trapped even When the current 
?oWs therethrough at an initial stage. Therefore, the ?rst 
silicon nitride layer 15b restrains an increase in the leak 
current due to the electric ?eld enhancement at the edge 
taking a tWo-dimensional con?guration of the ?oating gate 
14. It is preferable for exhibiting the suf?cient electric ?eld 
relieving effect that the thickness of the silicon nitride layer 
15b be over 6 nm. It is also preferable for ensuring a large 
capacitance coupling that the above thickness be under 10 
nm, to be speci?c, on the order of 8 nm. 

[0031] The second silicon nitride layer 15c based on the 
J VD method functions to restrain the hole implantation from 
the control gate 16. Namely, the ?rst silicon nitride layer 15b 
based on the LPCVD method is easy to ?oW the Frenkel 
Poole type Hall current. If the silicon nitride layer 15b is 
contiguous directly to the control gate 6, as described above, 
the large leak current ?oWs due to the hole implantation 
from the control gate 16 in such an operation mode that the 
control gate 16 comes to have a positive bias. The second 
silicon nitride layer 15c based on the JVD method has an 
extremely loW trap density and effectively restrains the hole 
implantation from the control gate 16. It is preferable for 
exhibiting this function that the second silicon nitride layer 
15c be over 6 nm thick. It is also preferable for ensuring a 
large capacitance coupling that the thickness thereof be 
under 10 nm. Speci?cally, for example, the thickness of the 
silicon oxide layer 15a is set to 6 nm, and the thicknesses pf 
the silicon nitride layers 15a, 15b are each set to 6 nm (3 nm 
in the conversion of the oxide layer), and the effective 
thickness of the oxide layer is 12 nm. Accordingly, the layer 
can be made thinner than in a case of using the conventional 
ONO structure, and besides the sufficient electric ?eld 
relieving effect can be obtained. Further, the silicon nitride 
layer 15c is the uppermost layer of the inter-layer insulating 
layer 15, and therefore it is feasible to restrain the intrusion 
of the bird’s beak When effecting the post-oxidation. 

[0032] Second Embodiment 

[0033] FIG. 2 shoWs, corresponding to FIG. 1B, 21 
memory cell structure in a second embodiment of the 
present invention. 

[0034] In the second embodiment of the present invention, 
the inter-layer insulating layer 15 is double-layered includ 
ing tWo layers, i.e., from the side of the ?oating gate 14, the 
silicon oxide layer 15a and the silicon nitride layer 15c 
based on the JVD method Which has a loW trap density and 
a hydrogen content quantity on the order of 1019/cm3 or less. 

[0035] In the ?rst embodiment, the silicon nitride layer 
15b based on the LPCVD method and exhibiting the Fren 
kel-Poole type conduction, is disposed in the middle of the 
interlayer-insulating layer 15. If not operated With a high 
electric ?eld, hoWever, the silicon nitride layer 15b is not 
necessarily used. Namely, as shoWn in FIG. 2, for the 
purpose of blocking a defect in the loWermost silicon oxide 
layer 15a, the insulating layer may take a double-layered 
structure consisting of the silicon oxide layer 15a ad the 
silicon nitride layer 15c based on the JVD method and 
exhibiting the loW trap density. 

[0036] In the case of the silicon nitride layer formed by the 
normal LPCVD method and containing much of trap, the 
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effect produced by use of the silicon nitride layer can not be 
expected due to a large quantity of holes injected from the 
control gate only With the double-layered structure of the 
silicon oxide layer and the silicon nitride layer. When using 
the silicon nitride layer based on, e.g., the JVD method, 
there is almost no hole conduction, and hence the above 
effect can be sufficiently obtained even With the double 
layered structure. 

[0037] Third embodiment 

[0038] For preventing the bird’s beak from intruding into 
the inter-layer insulting layer due to the post-oxidation, the 
silicon nitride layer formed by the JVD method and having 
a hydrogen content quantity on the order of 1019/cm3 or less, 
is provided keeping its thickness as thin as approximately 3 
nm directly on the ?oating gate (i.e., the loWermost layer of 
the inter-layer insulating layer) or just under the control gate 
(viZ., the uppermost layer of the inter-layer insulating layer). 
If a layer based on the normal LPCVD method and exhib 
iting a high trap density is used as this silicon nitride layer, 
a threshold value of the memory cell might become unstable 
due to the trap and release of the electric charges Within the 
layer. If the silicon nitride layer deposed by the JVD method 
and having a loW trap density is used, hoWever, the insta 
bility of the threshold value never occurs. 

[0039] FIGS. 3A-3D shoW an extraction of only the struc 
ture of the inter-layer insulating layer in the third embodi 
ment. 

[0040] FIG. 3A shoWs an example in Which a silicon 
nitride layer 15d based on the JVD method is added as a 
layer contiguous to the ?oating gate 14 to a structure of the 
inter-layer insulating layer 15 in FIG. 15. A similar silicon 
nitride layer 15c serving as a layer contiguous to the control 
gate 16 is also provided, and the silicon oxide layer 15a is 
interposed betWeen the nitride layers 15c and 15d, thereby 
structuring the inter-layer insulating layer 15. 

[0041] FIG. 3B shoWs an example in Which the silicon 
nitride layer 15d formed by the JVD method is likeWise 
added as a layer contiguous to the ?oating gate 14 to the 
structure of the inter-layer insulating layer 15 in FIG. 1. In 
this case also, the similar silicon nitride layer 15c serving as 
a layer contiguous to the control gate 16 is also provided, 
and a stacked layer of the silicon oxide layer 15a and the 
silicon nitride layer 15b formed by the LPCVD method, is 
interposed betWeen the nitride layers 15c and 15d. 

[0042] FIG. 3C shoWs an example in Which the silicon 
nitride layer 15d formed by the JVD method is likeWise 
added as a layer contiguous to the ?oating gate 14 to a 
normal-ONO-structured inter-layer insulating layer 150. 
More speci?cally, the stacked layer 150 consisting of the 
silicon oxide layer, the silicon nitride layer based on the 
LPCVD method and the silicon oxide layer, is superposed 
further on the silicon nitride layer 15d. 

[0043] FIG. 3D shoWs an example in Which silicon 
nitride, layers 15d, 156 formed by the JVD method are 
stacked as layers contiguous to the ?oating gate 14 and the 
control gate 16, on the normal NON-structured inter-layer 
insulating layer 150. That is, the silicon nitride layer 156 is 
superposed further on the NON structured inter-layer insu 
lating layer 150. 
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[0044] The third embodiment also exhibits the same 
effects. 

[0045] According to the present invention, the silicon 
nitride layer having the trap level that is Well loWer than that 
of the silicon nitride layer based on the normal LPCVD 
method, is provided in the inter-layer insulating layer of the 
non-volatile memory cell having the stacked gate structure, 
Whereby the large capacitance coupling betWeen the control 
gate and the ?oating gate can be ensured by making the 
effective thickness of the oXide layer smaller than in the 
priori art While exhibiting the electric ?eld relieving effect 
and the effect of reducing the leak. 

What is claimed is: 
1. A non-volatile semiconductor memory device compris 

ing: 

a semiconductor substrate; and 

a memory cell having a ?oating gate provided through a 
tunnel insulating layer on said semiconductor substrate, 
and a control gate provided through an inter-layer 
insulting layer on said ?oating gate, 

Wherein said inter-insulating layer includes: 

a silicon oXide layer contiguous to said ?oating gate; 

a ?rst silicon nitride layer provided by a CVD method 
on said silicon oXide layer; and 

a second silicon nitride layer provided on said ?rst 
silicon nitride layer and having a loWer trap density 
than that of said ?rst silicon nitride layer. 

2. A non-volatile semiconductor memory device accord 
ing to claim 1, Wherein said second silicon nitride layer is 
formed by carrying, over a surface of said substrate, active 
Si and N obtained by plasma-decomposing at least a silane 
series gas and a gas containing nitrogen. 

33. A non-volatile semiconductor memory device accord 
ing to claim 1, Wherein a quantity of hydrogen content of 
said ?rst silicon nitride layer is 1021/cm3 or more. 

4. A non-volatile semiconductor memory device accord 
ing to claim 1, Wherein a quantity of hydrogen content of 
said second silicon nitride layer is 1019/cm3 or less. 

5. Anon-volatile semiconductor memory device compris 
mg: 

a semiconductor substrate; and 

a memory cell having a ?oating gate provided through a 
tunnel insulating layer on said semiconductor substrate, 
and a control gate provided through an inter-layer 
insulting layer on said ?oating gate, 

Wherein said inter-insulating layer includes: 

a silicon oXide layer contiguous to said ?oating gate; 
and 

a silicon nitride layer deposited on said silicon oXide 
layer and having a loWer trap density than that of said 
silicon nitride layer formed by a CVD method. 

6. A non-volatile semiconductor memory device accord 
ing to claim 5, Wherein said silicon oXide layer is deposited 
by carrying, over-a surface of said substrate, active Si and N 
obtained by plasma-decomposing at least a silane-series gas 
and a gas containing nitrogen. 
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7. A non-volatile semiconductor memory device compris 
ing: 

a semiconductor substrate; and 

a memory cell having a ?oating gate provided through a 
tunnel insulating layer on said semiconductor substrate, 
and a control gate provided through an inter-layer 
insulting layer on said ?oating gate, 

Wherein said inter-insulating layer includes: 

a silicon oXide layer contiguous to said ?oating gate; 
and 

a silicon oXide layer deposited on said silicon oXide 
layer and having a quantity of hydrogen content on 
the order of 1019/cm3 or less. 

8. A non-volatile semiconductor memory device accord 
ing to claim 7, Wherein said silicon oXide layer is deposited 
by carrying, over a surface of said substrate, active Si and N 
obtained by plasma-decomposing at least a silane-series gas 
and a gas containing nitrogen. 

9. A non-volatile semiconductor memory device compris 
mg: 

a semiconductor substrate; and 

a memory cell having a ?oating gate provided through a 
tunnel insulating layer on said semiconductor substrate, 
and a control gate provided through an inter-layer 
insulting layer on said ?oating gate, 

Wherein said inter-insulating layer includes: 

a silicon oXide layer serving as a layer contiguous to at 
least one of said ?oating gate and said control gate, 
and having a loWer trap density than that of a silicon 
nitride layer formed by a CVD method. 

10. A non-volatile semiconductor memory device accord 
ing to claim 9, Wherein said silicon nitride layer is formed 
by carrying, over a surface of said substrate, active Si and N 
obtained by plasma-decomposing at least a silane-series gas 
and a gas containing nitrogen. 

11. Anon-volatile semiconductor memory device accord 
ing to claim 9, Wherein said silicon nitride layers are so 
double-layered as to be contiguous to both of said ?oating 
gate and said control gate, and 

a silicon oXide layer is interposed in betWeen said double 
layered silicon nitride layers. 

12. A non-volatile semiconductor memory device accord 
ing to claim 9, Wherein said silicon nitride layers are so 
double-layered as to be contiguous to both of said ?oating 
gate and said control gate, and 

a stacked layer consisting of a silicon oXide layer and a 
silicon nitride layer formed by a CVD method is 
interposed in betWeen said double-layered silicon 
nitride layers. 

13. A non-volatile semiconductor memory device accord 
ing to claim 9, Wherein said silicon nitride layer is provided 
only on the side contiguous to said ?oating gate, and 

a silicon oXide layer and a stacked layer consisting of a 
silicon nitride layer and a silicon oXide layer Which are 
formed by the CVD method, are provided on said 
silicon nitride layer. 
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14. A non-volatile semiconductor memory device com 
prising: 

a semiconductor substrate; and 

a memory cell having a ?oating gate provided through a 
tunnel insulating layer on said semiconductor substrate, 
and a control gate provided through an inter-layer 
insulting layer on said ?oating gate, 

Wherein said inter-insulating layer includes: 

a silicon oXide layer serving as a layer contiguous to at 
least one of said ?oating gate and said control gate, 
and having a quantity of hydrogen content on the 
order of 1019/cm3 or less. 

15. A non-volatile semiconductor memory device accord 
ing to claim 14, Wherein said silicon nitride layer is formed 
by carrying, over a surface of said substrate, active Si and N 
obtained by plasma-decomposing at least a silane-series gas 
and a gas containing nitrogen. 

16. A non-volatile semiconductor memory device accord 
ing to claim 14, Wherein said silicon nitride layers are so 
double-layered as to be contiguous to both of said ?oating 
gate and said control gate, and 
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a silicon oXide layer is interposed in betWeen said double 
layered silicon nitride layers. 

17. A non-volatile semiconductor memory device accord 

ing to claim 14, Wherein said silicon nitride layers are so 

double-layered as to be contiguous to both of said ?oating 
gate and said control gate, and 

a stacked layer consisting of a silicon oXide layer and a 
silicon nitride layer formed by a CVD method is 
interposed in betWeen said double-layered silicon 
nitride layers. 

18. A non-volatile semiconductor memory device accord 
ing to claim 14, Wherein said silicon nitride layer is provided 
only on the side contiguous to said ?oating gate, and 

a silicon oXide layer and a stacked layer consisting of a 
silicon nitride layer and a silicon oXide layer Which are 
formed by the CVD method, are provided on said 
silicon nitride layer. 


