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(57) ABSTRACT 

In the manufacture of a semiconductor memory device 
having a capacitor formed by arranging a dielectric ?lm 
including tWo layers of a silicon oxide ?lm and a silicon 
nitride ?lm betWeen tWo electrode ?lms, a thin dielectric 
?lm is formed by forming the silicon nitride ?lm on a silicon 
conductive ?lm by thermally nitriding said silicon conduc 
tive ?lm using NO gas, then laminating a silicon oxide ?lm 
on said silicon nitride ?lm by a CVD method. The erasing/ 
Writing speed of semiconductor memory devices, in particu 
lar of ?ash memories or the like, is improved. 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR MEMORY DEVICE HAVING A 
CAPACITOR WITH IMPROVED DIELECTRIC 

LAYER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing a semiconductor memory device having a capaci 
tor, and more particularly, to a method of manufacturing a 
capacitor having an improved dielectric layer betWeen tWo 
electrodes, such as control and ?oating gate electrodes of a 
nonvolatile memory element represented by a ?ash memory. 

[0003] 2. Background Art 

[0004] Referring to draWings, conventional nonvolatile 
memory elements and a method for manufacturing such 
elements Will be described. 

[0005] FIG. 5 shoWs an example of the cross sectional 
structure of a memory cell in a prior art ?ash memory, 
vieWed from a Word-line direction. In FIG. 5, 1 is a silicon 
substrate, 2 is a tunnel oxide ?lm formed by thermal 
oxidation method, 3 is an element isolating silicon oxide 
?lm for electrically isolating betWeen adjacent memory 
cells, 4 is an n-type impurity layer formed With phosphorus, 
arsenic, or the like on the silicon substrate 1, 5 is a ?oating 
gate electrode consisting of phosphorus-doped polycrystal 
line silicon, 8 is a control gate electrode consisting of 
phosphorus-doped polycrystalline silicon, 9 is a silicon 
oxide ?lm for electrically insulating the ?oating gate elec 
trode 5 and the control gate electrode 8 from adjacent 
memory cells, 10 is a loWer-layer metal Wiring, 11 is a 
silicon oxide ?lm betWeen loWer-layer metal Wirings 10 
adjacent to each other, 12 is a upper-layer metal Wiring, 13 
is a silicon oxide ?lm betWeen the loWer-layer metal Wiring 
10 and the upper-layer metal Wiring 12, 20 is a loWer silicon 
oxide ?lm, 21 is a CVD-silicon nitride ?lm, and 22 is an 
upper silicon oxide ?lm. 

[0006] In such a conventional ?ash memory, the dielectric 
?lm betWeen the control gate electrode and the ?oating gate 
electrode for data retention characteristic is formed by three 
layers of the loWer silicon oxide ?lm 20, the CVD-silicon 
nitride ?lm 21, and the upper silicon oxide ?lm 22. 

[0007] FIG. 6 shoWs the process for manufacturing a 
capacitor portion betWeen the control and ?oating gate 
electrodes in a conventional example of ?ash memories, and 
shoWs cross sectional structures of the capacitor betWeen the 
control and ?oating gate electrodes vieWed from the bit-line 
direction. 

[0008] In the conventional manufacturing method, ?rst 
referring to FIG. 6(a), a phosphorus-doped amorphous 
silicon ?lm 14 is deposited. Here, 1 is a silicon substrate, 2 
is a tunnel oxide ?lm, and 3 is an element isolating silicon 
oxide ?lm. The phosphorus-doped amorphous silicon ?lm 
can be formed, for example, by the CVD method using 
monosilane SiH4 and phosphine PH3 at SOD-550° C. The 
phosphorus concentration in the phosphorus-doped amor 
phous silicon ?lm 14 can be controlled by changing the ratio 
of ?oW-rates of monosilane SiH4 and phosphine PH3. 

[0009] Next, referring to FIG. 6(b), the phosphorus-doped 
amorphous silicon ?lm 14 is processed into a desired shape 
by lithography and dry etching technology. 
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[0010] Referring noW to FIG. 6(c), a loWer silicon oxide 
?lm 20 is formed on the phosphorus-doped amorphous 
silicon ?lm 14 by the thermal CVD method using monosi 
lane SiH4 and dinitrogen monoxide N20, or dichlorosilane 
SiHZCl2 and dinitrogen monoxide N20 at 700-900° C. At 
this time, the phosphorus-doped amorphous silicon ?lm 14 
is crystalliZed by the thermal energy on deposition, and is 
converted to a ?oating gate electrode 5 consisting of a 
phosphorus-doped polycrystalline silicon. 

[0011] Next, referring to FIG. 6(a) a CVD-silicon nitride 
?lm 21 is deposited on the loWer silicon oxide ?lm 20 by the 
thermal CVD method using monosilane SiH4 or dichlorosi 
lane SiHZCl2 and ammonia NH3 at 600-900° C. 

[0012] Next, referring to FIG. 6(6), an upper CVD-silicon 
oxide ?lm 23 is formed on the CVD-silicon nitride ?lm 21 
by the thermal CVD method using monosilane SiH4 and 
dinitrogen monoxide N20, or dichlorosilane SiHZCl2 and 
dinitrogen monoxide N20 at 700-900° C. 

[0013] Next, referring to FIG. 60‘), a dense upper silicon 
oxide ?lm 22 is formed by annealing the upper CVD-silicon 
oxide ?lm 23 in a steam atmosphere. 

[0014] Finally, referring to FIG. 6(g), a control gate 
electrode 8 formed of a phosphorus-doped polycrystalline 
silicon ?lm is deposited on the upper silicon oxide ?lm 22, 
and a capacitor betWeen the control and ?oating gate elec 
trodes is formed by lithography and dry etching process. The 
control gate electrode 8 can be formed by the CVD method 
using monosilane SiH4 and phosphine PH3 at 620° C. 

[0015] In this conventional nonvolatile memory element, 
the dielectric ?lm betWeen the control and ?oating gate 
electrodes for data retention is formed by three layers of the 
loWer silicon oxide ?lm 20, the CVD-silicon nitride ?lm 21, 
and the upper silicon oxide ?lm 22. 

[0016] Since a three-layer structure of loWer silicon oxide 
?lm/CVD-silicon nitride ?lm/upper silicon oxide ?lm is 
used in a conventional nonvolatile storage element, for 
example, the dielectric ?lm betWeen the control and ?oating 
gate electrodes of a ?ash memory, it Was difficult to decrease 
the thickness of the element. Consequently, the erasing/ 
Writing speed of the ?ash memory Was loWered. 

[0017] In order to solve the above-described problems at 
the same time, an object of the present invention is to 
provide a very thin dielectric ?lm betWeen control and 
?oating gate electrodes having an improved erasing/Writing 
speed of semiconductor memory devices, in particular of 
?ash memories or the like. 

SUMMARY OF THE INVENTION 

[0018] According to one aspect of the present invention, in 
a method of manufacturing a semiconductor memory device 
having a capacitor formed by arranging a dielectric ?lm 
consisting of tWo layers of a silicon oxide ?lm and a silicon 
nitride ?lm betWeen a silicon ?lm and another electrode 
?lm, for forming the dielectric ?lm, the silicon ?lm is 
thermally nitrided by using NO gas to form a silicon nitride 
?lm on the silicon ?lm, and thereafter a silicon oxide ?lm is 
laminated on the silicon nitride ?lm. 

[0019] According to another aspect of the present inven 
tion, in a method of manufacturing a semiconductor memory 
device having a capacitor formed by arranging a dielectric 
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?lm consisting of tWo layers of a silicon oxide ?lm and a 
silicon nitride ?lm betWeen a silicon ?lm and another 
electrode ?lm, for forming the dielectric ?lm, a silicon oxide 
?lm is formed on the silicon ?lm by a CVD method, and 
thereafter a silicon nitride ?lm is formed on the interface of 
the silicon ?lm With the silicon oxide ?lm by thermally 
nitriding the silicon ?lm using NO gas. 

[0020] According to another aspect of the present inven 
tion, in a method of manufacturing a semiconductor memory 
device having a capacitor formed by arranging a dielectric 
?lm consisting of tWo layers of a silicon oxide ?lm and a 
silicon nitride ?lm betWeen a silicon ?lm and another 
electrode ?lm, for forming the dielectric ?lm, a silicon oxide 
?lm is formed on the silicon ?lm by dry oxidation method, 
and thereafter a silicon nitride ?lm is formed on the interface 
of the silicon ?lm With the silicon oxide ?lm by thermally 
nitriding the silicon ?lm using NO gas. 

[0021] Other and further objects, features and advantages 
of the invention Will appear more fully from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 shoWs an example of the cross sectional 
structures of a memory cell vieWed from the Word-line 
direction of a ?ash memory as a semiconductor memory 
device according to the present invention. 

[0023] FIG. 2 is a diagram shoWing an example of the 
method for manufacturing a capacitor betWeen the control 
and ?oating gate electrodes of a ?ash memory according to 
First Embodiment of the present invention, and shoWs the 
cross sectional structure of the capacitor betWeen the control 
and ?oating gate electrodes vieWed from the bit-line direc 
tion. 

[0024] FIG. 3 is a diagram shoWing an example of meth 
ods for manufacturing a capacitor betWeen the control and 
?oating gate electrodes of a ?ash memory according to 
Second Embodiment of the present invention. 

[0025] FIG. 4 is a diagram shoWing an example of meth 
ods for manufacturing a capacitor betWeen the control and 
?oating gate electrodes of a ?ash memory according to Third 
Embodiment of the present invention. 

[0026] FIG. 5 shoWs an example of the cross sectional 
structure of a memory cell in a prior art ?ash memory, 
vieWed from a Word-line direction. 

[0027] FIG. 6 shoWs the process for manufacturing a 
capacitor portion betWeen the control and ?oating gate 
electrodes in a conventional example of ?ash memories, and 
shoWs cross sectional structures of the capacitor betWeen the 
control and ?oating gate electrodes vieWed from the bit-line 
direction. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] The embodiments of the present invention Will be 
described beloW referring to draWings. The same or corre 
sponding components in the draWings are represented by the 
same symbols, and the description of such components Will 
be simpli?ed or omitted. 
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[0029] First Embodiment 

[0030] FIG. 1 shoWs an example of the cross sectional 
structures of a memory cell vieWed from the Word-line 
direction of a ?ash memory as a semiconductor memory 
device according to the present invention. In FIG. 1, 1 is a 
silicon substrate, 2 is a tunnel oxide ?lm formed by thermal 
oxidation method, 3 is an element isolating silicon oxide 
?lm for electrically isolating betWeen adjacent memory 
cells, 4 is an n-type impurity layer formed With phosphorus 
or arsenic on the silicon substrate 1, 5 is a ?oating gate 
electrode consisting of phosphorus-doped polycrystalline 
silicon, 6 is a silicon nitride ?lm layer, 7 is a silicon oxide 
?lm, 8 is a control gate electrode consisting of phosphorus 
doped polycrystalline silicon, 9 is a silicon oxide ?lm for 
electrically insulating the ?oating gate electrode 5 and the 
control gate electrode 8 from adjacent memory cells, 10 is 
a loWer-layer metal Wiring, 11 is a silicon oxide ?lm betWeen 
loWer-layer metal Wirings 10 adjacent to each other, 12 is a 
upper-layer metal Wiring, and 13 is a silicon oxide ?lm 
betWeen the loWer-layer metal Wiring 10 and the upper-layer 
metal Wiring 12. 

[0031] In this embodiment, the dielectric ?lm betWeen the 
control and ?oating gate electrodes for data retention is 
formed by tWo layers of the silicon nitride ?lm layer 6 and 
the silicon oxide ?lm 7. 

[0032] FIG. 2 is a diagram shoWing an example of the 
method for manufacturing a capacitor betWeen the control 
and ?oating gate electrodes of a ?ash memory according to 
First Embodiment of the present invention, and shoWs the 
cross sectional structure of the capacitor betWeen the control 
and ?oating gate electrodes vieWed from the bit-line direc 
tion. 

[0033] Referring to FIG. 2(a), a phosphorus-doped amor 
phous silicon ?lm 14 is deposited. Here, 1 is a silicon 
substrate, 2 is a tunnel oxide ?lm, and 3 is an element 
isolating silicon oxide ?lm. The phosphorus-doped amor 
phous silicon ?lm 14 can be formed, for example, by the 
thermal CVD method using monosilane SiH4 and phosphine 
PH3 at SOD-550° C. The phosphorus content in the phos 
phorus-doped amorphous silicon ?lm 14 can be controlled 
by changing the ratio of ?oW-rates of monosilane SiH4 and 
phosphine PH3. 
[0034] Next, referring to FIG. 2(b), the phosphorus-doped 
amorphous silicon ?lm 14 deposited in FIG. 2(a) is pro 
cessed into a desired shape by lithography and dry etching 
method. 

[0035] Referring to FIG. 2(c), the phosphorus-doped 
amorphous silicon ?lm 14 is annealed in an NO gas or 
NO-gas containing atmosphere at 850-1150° C. At this time, 
the phosphorus-doped amorphous silicon ?lm 14 is con 
verted to a ?oating gate electrode 5 consisting of a phos 
phorus-doped polycrystalline silicon by thermal energy, and 
a silicon nitride ?lm layer 6 is further formed on this ?oating 
gate electrode 5. 

[0036] Next, referring to FIG. 2(a) a CVD-silicon oxide 
?lm 15 is formed by the thermal CVD method using 
monosilane SiH4 and dinitrogen monoxide N2O, dichlorosi 
lane SiHZCl2 and dinitrogen monoxide N20, or the like at 
700-900° C. 

[0037] Referring noW to the folloWing FIG. 2(c), a dense 
silicon oxide ?lm 7 is formed by annealing the CVD-silicon 
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oxide ?lm 15 in a steam atmosphere. At this time, since the 
silicon nitride ?lm layer 6 restrains the diffusion of the 
oxidant, the oxidation of the ?oating gate electrode 5 can be 
prevented. 

[0038] Finally, referring to FIG. 20‘), a control gate elec 
trode 8 formed of a phosphorus-doped polycrystalline sili 
con ?lm is deposited on the silicon oxide ?lm 7, and a 
capacitor betWeen the control and ?oating gate electrodes is 
formed by lithography and dry etching process. The control 
gate electrode 8 can be formed by the CVD method using 
monosilane SiH4 and phosphine PH3 at 620° C. Unlike the 
prior art, the dielectric ?lm structure betWeen the control and 
?oating gate electrodes is a tWo-layer structure of the silicon 
nitride ?lm layer 6 and the silicon oxide ?lm 7. 

[0039] According to this embodiment, as described above, 
there is formed a thin dielectric ?lm consisting of tWo layers 
of a silicon nitride layer and a silicon oxide ?lm, by forming 
a silicon nitride ?lm on the upper surface of the ?oating gate 
electrode betWeen the control and ?oating gate electrodes of 
a semiconductor memory device by thermal nitriding using 
NO gas, then forming a silicon oxide ?lm by the CVD 
method, thereby the erasing/Writing speed of the ?ash 
memory or the like can be increased. 

[0040] Second Embodiment 

[0041] FIG. 3 is a diagram shoWing an example of meth 
ods for manufacturing a capacitor betWeen the control and 
?oating gate electrodes of a ?ash memory according to 
Second Embodiment of the present invention, and shoWs 
sectional structures of the capacitor betWeen the control and 
?oating gate electrodes vieWed from the bit-line direction. 

[0042] In this manufacturing method, ?rst referring to 
FIG. 3(a), a phosphorus-doped amorphous silicon ?lm 14 is 
deposited in the same Way as shoWn in FIG. 2(a) of First 
Embodiment. Here, 1 is a silicon substrate, 2 is a tunnel 
oxide ?lm, and 3 is an element isolating silicon oxide ?lm. 

[0043] Next, referring to FIG. 3(b), the phosphorus-doped 
amorphous silicon ?lm 14 is processed into a desired shape 
by lithography and dry etching technology. 

[0044] Next, referring to FIG. 3(c), a CVD-silicon oxide 
?lm 15 is formed by the thermal CVD method using 
monosilane SiH4 and dinitrogen monoxide N2O, dichlorosi 
lane SiHZCl2 and dinitrogen monoxide N20, or the like at 
700-900° C. At this time, the phosphorus-doped amorphous 
silicon ?lm 14 is converted to a ?oating gate electrode 5 
consisting of a phosphorus-doped polycrystalline silicon by 
thermal energy. 

[0045] Referring noW to FIG. 3(a) annealing is per 
formed in an NO gas or NO-gas containing atmosphere at 
850-1150° C. At this time, a silicon nitride ?lm layer 6 is 
formed on the ?oating gate electrode 5 by thermal energy, 
and a CVD-silicon oxide ?lm 15 is converted to an NO 
nitrided CVD-silicon oxide ?lm 17. 

[0046] Referring to FIG. 3(e), a dense silicon oxide ?lm 
7 is formed by annealing the NO nitrided CVD-silicon oxide 
?lm 17 in a steam atmosphere. At this time, since the silicon 
nitride ?lm layer 6 restrains the diffusion of the oxidant, the 
oxidation of the ?oating gate electrode 5 can be prevented. 

[0047] Finally, referring to FIG. 30‘), a control gate elec 
trode 8 formed of a phosphorus-doped polycrystalline sili 
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con ?lm is deposited on the silicon oxide ?lm 7, and a 
capacitor betWeen the control and ?oating gate electrodes is 
formed by lithography and dry etching process. The control 
gate electrode 8 can be formed by the CVD method using 
monosilane SiH4 and phosphine PH3 at 620° C. 

[0048] In this embodiment, unlike the prior art, the dielec 
tric ?lm structure betWeen the control and ?oating gate 
electrodes is a tWo-layer structure of the silicon nitride ?lm 
layer 6 and the silicon oxide ?lm 7. 

[0049] According to this embodiment, as described above, 
there can be formed a thin dielectric ?lm consisting of tWo 
layers of a silicon nitride layer and a silicon oxide ?lm, by 
forming a silicon oxide ?lm on the upper surface of the 
?oating gate electrode betWeen the control and ?oating gate 
electrodes of a semiconductor memory device by the CVD 
method, then forming a silicon nitride ?lm on the ?oating 
gate electrode by thermal nitriding using NO gas, thereby 
the erasing/Writing speed of the ?ash memory or the like can 
be increased. 

[0050] Third Embodiment 

[0051] FIG. 4 is a diagram shoWing an example of meth 
ods for manufacturing a capacitor betWeen the control and 
?oating gate electrodes of a ?ash memory according to Third 
Embodiment of the present invention, and shoWs cross 
sectional structures of the capacitor betWeen the control and 
?oating gate electrodes vieWed from the bit-line direction. 

[0052] In this manufacturing method, ?rst referring to 
FIG. 4(a), a phosphorus-doped amorphous silicon ?lm 14 is 
deposited in the same Way as shoWn in FIG. 2(a) of First 
Embodiment. Here, 1 is a silicon substrate, 2 is a tunnel 
oxide ?lm, and 3 is an element isolating silicon oxide ?lm. 

[0053] Next, referring to FIG. 4(b), the phosphorus-doped 
amorphous silicon ?lm 14 is processed into a desired shape 
by lithography and dry etching technology. 

[0054] Next, referring to FIG. 4(c), a polysilicon thermal 
oxide ?lm 18 is formed by the oxidation method in a dry 
oxygen atmosphere at 700-1000° C. At this time, the phos 
phorus-doped amorphous silicon ?lm 14 is converted to a 
?oating gate electrode 5 consisting of a phosphorus-doped 
polycrystalline silicon by thermal energy. 

[0055] Referring noW to FIG. 4(a) annealing is per 
formed in an NO gas or NO-gas containing atmosphere at 
850-1150° C. At this time, a silicon nitride ?lm layer 6 is 
formed on the ?oating gate electrode 5 by thermal energy, 
and the polysilicon thermal oxide ?lm 18 is converted to an 
NO nitrided polysilicon thermal oxide ?lm 19. 

[0056] Next, referring to FIG. 4(c), a dense silicon oxide 
?lm 7 is formed by annealing the NO nitrided polysilicon 
thermal oxide ?lm 19 in a steam atmosphere. At this time, 
since the silicon nitride ?lm layer 6 restrains the diffusion of 
the oxidant, the silicon oxide ?lm 7 can be prevented from 
increasing its thickness. 

[0057] Finally, referring to FIG. 40‘), a control gate elec 
trode 8 formed of a phosphorus-doped polycrystalline sili 
con ?lm is deposited on the silicon oxide ?lm 7, and a 
capacitor betWeen the control and ?oating gate electrodes is 
formed by lithography and dry etching process. The control 
gate electrode 8 can be formed by the CVD method using 
monosilane SiH4 and phosphine PH3 at 620° C. 



US 2002/0090782 A1 

[0058] In this embodiment, unlike the prior art, the dielec 
tric ?lm structure betWeen the control and ?oating gate 
electrodes is a tWo-layer structure of the silicon nitride ?lm 
layer 6 and the silicon oxide ?lm 7. 

[0059] According to this embodiment, as described above, 
there can be formed a thin dielectric ?lm consisting of tWo 
layers of a silicon nitride layer and a silicon oXide ?lm, by 
forming a silicon oXide ?lm on the upper surface of the 
?oating gate electrode betWeen the control and ?oating gate 
electrodes of a semiconductor memory device by dry oXi 
dation method, then forming a silicon nitride ?lm on the 
?oating gate electrode by thermal nitriding using NO gas, 
thereby the erasing/Writing speed of the ?ash memory or the 
like can be increased. 

[0060] According to the present invention as described 
above With three embodiments, since the thickness of the 
dielectric ?lm is decreased by forming the dielectric ?lm 
consisting of tWo layers of a silicon nitride layer and a 
silicon oXide ?lm on the upper surface of the ?oating gate 
electrode by nitriding using NO gas, the erasing/Writing 
speed of the ?ash memory or the like can be increased. 

[0061] As the result, the present invention contributes to 
the realiZation of higher reliability of semiconductor 
memory devices such as ?ash memories, and to the advance 
ment of electronic devices. 

[0062] Obviously many modi?cations and variations of 
the present invention are possible in the light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims the invention may by practiced 
otherWise than as speci?cally described. 

[0063] The entire disclosure of a Japanese Patent Appli 
cation No. 11-156424, ?led on Jun. 3, 1999 including 
speci?cation, claims, draWings and summary, on Which the 
Convention priority of the present application is based, are 
incorporated herein by reference in its entirety. 

1. A method of manufacturing a semiconductor memory 
device having a capacitor formed by arranging a dielectric 
?lm consisting of tWo layers of a silicon oXide ?lm and a 
silicon nitride ?lm betWeen a silicon ?lm and another 
electrode ?lm; 

said method comprising the steps, for forming said dielec 
tric ?lm, of: 

thermally nitriding said silicon ?lm by using NO gas to 
form a silicon nitride ?lm on said silicon ?lm; and 

thereafter laminating a silicon oXide ?lm on said silicon 
nitride ?lm. 

2. The method of manufacturing a semiconductor 
memory device according to claim 1, Wherein said silicon 
?lm is formed of a phosphorus-doped amorphous silicon 
?lm. 
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3. The method of manufacturing a semiconductor 
memory device according to claim 1 or 2, Wherein said 
silicon oXide ?lm is further annealed in a steam atmosphere 
for forming a dense silicon oXide ?lm. 

4. A method of manufacturing a semiconductor memory 
device having a capacitor formed by arranging a dielectric 
?lm consisting of tWo layers of a silicon oXide ?lm and a 
silicon nitride ?lm betWeen a silicon ?lm and another 

electrode ?lm; 

said method comprising the steps, for forming said dielec 
tric ?lm, of: 

forming a silicon oXide ?lm on said silicon ?lm by a 

CVD method; and 

thereafter forming a silicon nitride ?lm on the interface 
of said silicon ?lm With said silicon oXide ?lm by 
thermally nitriding said silicon ?lm using NO gas. 

5. The method of manufacturing a semiconductor 
memory device according to claim 4, Wherein said silicon 
?lm is formed of a phosphorus-doped amorphous silicon 
?lm. 

6. The method of manufacturing a semiconductor 
memory device according to claim 4, Wherein said silicon 
oXide ?lm is further annealed in a steam atmosphere for 
forming a dense silicon oXide ?lm. 

7. A method of manufacturing a semiconductor memory 
device having a capacitor formed by arranging a dielectric 
?lm consisting of tWo layers of a silicon oXide ?lm and a 
silicon nitride ?lm betWeen a silicon ?lm and another 
electrode ?lm; 

said method comprising the steps, for forming said dielec 
tric ?lm, of: 

forming a silicon oXide ?lm on said silicon ?lm by dry 
oxidation method; and 

thereafter forming a silicon nitride ?lm on the interface 
of said silicon ?lm With said silicon oXide ?lm by 
thermally nitriding said silicon ?lm using NO gas. 

8. The method of manufacturing a semiconductor 
memory device according to claim 7, Wherein said silicon 
?lm is formed of a phosphorus-doped amorphous silicon 
?lm. 

9. The method of manufacturing a semiconductor 
memory device according to claim 7, Wherein said silicon 
oXide ?lm is further annealed in a steam atmosphere for 
forming a dense silicon oXide ?lm. 


