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SEMICONDUCTOR MEMORY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2005-128232, ?led Apr. 26, 2005, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a semiconductor 
memory device including a ?oating gate electrode and 
control gate electrode, and a method of manufacturing the 
same. 

[0004] 2. Description of the Related Art 

[0005] Conventionally, a nonvolatile semiconductor 
memory device including a ?oating gate electrode PG and 
control gate electrode CG has been proposed as a semicon 
ductor memory. 

[0006] In this nonvolatile semiconductor memory device, 
as shoWn in FIG. 19, a ?oating gate electrode FG, inter 
electrode insulating ?lm 208, and control gate electrode CG 
are processed into a desired shape, and a gate sideWall oxide 
?lm 212 is formed on the entire surface by oxidation after 
that. When the gate sideWall oxide ?lm 212 is formed, 
hoWever, thick so-called “bird’s beak” oxidation regions 213 
are formed in the upper and loWer end portions of the 
interelectrode insulating ?lm 208. This decreases the electric 
capacitance of the interelectrode insulating ?lm 208, and 
causes faulty operations of the memory device. These prob 
lems caused by the formation of the bird’s beak oxidation 
regions 213 similarly arise When a high-k oxide ?lm such as 
a hafnium oxide ?lm, Zirconium oxide ?lm, or tantalum 
oxide ?lm, or an insulating ?lm obtained by adding an 
impurity to a high-k oxide ?lm like this is used as the 
interelectrode insulating ?lm 208. 

[0007] As a method of avoiding the formation of the bird’ s 
beaks described above, a technique as shoWn in FIGS. 20A 
and 20B is disclosed (e.g., Jpn. Pat. Appln. KOKAI Publi 
cation No. 7-249697, 8-153814, or 9-219459). In this tech 
nique, silicon nitride layers 231 and 232 are formed in the 
upper and loWer interfaces of an interelectrode insulating 
?lm 208, thereby preventing the penetration of an oxidation 
species during gate sideWall oxidation and preventing the 
formation of bird’s beaks. 

[0008] This technique discloses CVD (Chemical Vapor 
Deposition) or thermal nitriding as the method of forming 
the silicon nitride layers 231 and 232. HoWever, the folloW 
ing problems arise if the silicon nitride layers 231 and 232 
are formed by using CVD or thermal nitriding. 

[0009] When CVD is used, the total physical ?lm thick 
ness of an interelectrode insulating ?lm 208a betWeen a 
control gate electrode CG and ?oating gate electrode FG 
increases. Therefore, as shoWn in FIG. 20B, the depth P of 
the control gate electrode CG buried betWeen adjacent cells 
decreases. This decreases the capacitance of the interelec 
trode insulating ?lm 208 and increases the parasitic capaci 
tance betWeen the adjacent cells, so the memory device 
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su?fers faulty operation. In addition, the Width Q of the 
control gate electrode CG buried betWeen the adjacent cells 
decreases. Since this depletes the buried portion of the 
control gate electrode CG, the memory device su?fers faulty 
operation. Furthermore, if the depth P is Well increased, the 
distance R betWeen a substrate 201 and the interelectrode 
insulating ?lm 208 shortens. This decreases the breakdoWn 
voltage betWeen the substrate 201 and control gate electrode 
CG, so the memory device su?fers faulty operation. These 
problems are signi?cant When the depth P, Width Q, and 
distance R are approximately 100 nm or less. 

[0010] On the other hand, When thermal nitriding is used, 
a high-temperature, long-time thermal budget is necessary to 
form silicon nitride layers 231 and 232 having a thickness 
Which prevents the formation of bird’s beaks. Since this 
degrades the quality of a tunnel oxide ?lm 202, the reliabil 
ity of the memory device is also degraded. 

BRIEF SUMMARY OF THE INVENTION 

[0011] A semiconductor memory device according to a 
?rst aspect of the present invention comprises a semicon 
ductor substrate, a tunnel insulating ?lm formed on the 
semiconductor substrate, a ?oating gate electrode formed on 
the tunnel insulating ?lm, and having a ?rst side-surface 
portion positioned in an upper portion and a second side 
surface portion positioned beloW the ?rst side-surface por 
tion, an element isolation trench formed in the semiconduc 
tor substrate to be adjacent to the ?oating gate electrode, a 
?rst element isolation insulating ?lm formed along a side 
surface and bottom surface of the element isolation trench 
from the second side-surface portion of the ?oating gate 
electrode, a second element isolation insulating ?lm formed 
on the ?rst element isolation insulating ?lm to expose a 
side-surface portion in an upper portion of the ?rst element 
isolation insulating ?lm, a ?rst radical nitride ?lm formed on 
the ?oating gate electrode and ?rst and second element 
isolation insulating ?lms, an interelectrode insulating ?lm 
formed on the ?rst radical nitride ?lm, a nitrogen-containing 
?lm formed on the interelectrode insulating ?lm, and a 
control gate electrode formed on the nitrogen-containing 
?lm, Wherein in the second side-surface portion of the 
?oating gate electrode, a portion of the ?rst element isolation 
insulating ?lm exists betWeen the ?oating gate electrode and 
?rst radical nitride ?lm. 

[0012] A semiconductor memory device manufacturing 
method according to a second aspect of the present invention 
comprises forming a ?oating gate electrode above a semi 
conductor substrate, forming an interelectrode insulating 
?lm above the ?oating gate electrode, forming a ?rst radical 
nitride ?lm on a surface of the interelectrode insulating ?lm 
by ?rst radical nitriding, and forming a control gate elec 
trode on the ?rst radical nitride ?lm. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0013] FIGS. 1A and 1B are sectional vieWs in the bit line 
direction and Word line direction, respectively, shoWing a 
nonvolatile semiconductor memory device according to a 
?rst embodiment of the present invention; 

[0014] FIGS. 2A, 2B, 3A, 3B, 4A, 4B, 5A, 5B, 6A, 6B, 
7A and 7B are sectional vieWs in the bit line direction and 
Word line direction, respectively, shoWing the manufactur 
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ing steps of the nonvolatile semiconductor memory device 
according to the ?rst embodiment of the present invention; 

[0015] FIGS. 8A and 8B are sectional vieWs in the bit line 
direction and Word line direction, respectively, showing a 
nonvolatile semiconductor memory device according to a 
second embodiment of the present invention; 

[0016] FIGS. 9A, 9B, 10A, 10B, 11A, 11B, 12A and 12B 
are sectional vieWs in the bit line direction and Word line 
direction, respectively, showing the manufacturing steps of 
the nonvolatile semiconductor memory device according to 
the second embodiment of the present invention; 

[0017] FIG. 13 is a sectional vieW shoWing a nonvolatile 
semiconductor memory device according to a third embodi 
ment of the present invention; 

[0018] FIG. 14 is a sectional vieW shoWing a nonvolatile 
semiconductor memory device of means example 1 accord 
ing to the third embodiment of the present invention; 

[0019] FIGS. 15, 16 and 17 are sectional vieWs shoWing 
the manufacturing steps of the nonvolatile semiconductor 
memory device of means example 1 according to the third 
embodiment of the present invention; 

[0020] FIG. 18 is a graph shoWing the ?lm thinning ratio 
and radical nitriding rate as functions of the radical nitriding 
pressure according to means example 2 of the third embodi 
ment of the present invention; 

[0021] FIG. 19 is a sectional vieW shoWing a nonvolatile 
semiconductor memory device according to prior art; and 

[0022] FIGS. 20A and 20B are sectional vieWs in the bit 
line direction and Word line direction, respectively, shoWing 
another nonvolatile semiconductor memory device accord 
ing to prior art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Embodiments of the present invention Will be 
described beloW With reference to the accompanying draW 
ing. In the folloWing explanation, the same reference numer 
als denote the same parts throughout the draWing. 

First Embodiment 

[0024] In a ?rst embodiment, a radical nitride ?lm is 
formed by radical nitriding on an interelectrode insulating 
?lm betWeen a ?oating gate electrode and control gate 
electrode. 

[0025] FIGS. 1A and 1B are sectional vieWs of a non 
volatile semiconductor memory device according to the ?rst 
embodiment of the present invention. FIG. 1A is a sectional 
vieW in the bit line direction (channel length direction), and 
FIG. 1B is a sectional vieW in the Word line direction 
(channel Width direction). This nonvolatile semiconductor 
memory device according to the ?rst embodiment Will be 
explained beloW. 

[0026] As shoWn in FIGS. 1A and 1B, ?oating gate 
electrodes FG are formed on a silicon substrate 101 via a 

tunnel oxide ?lm 102, and an interelectrode insulating ?lm 
108 is formed on the ?oating gate electrodes FG. A radical 
nitride ?lm 109 is formed on the interelectrode insulating 
?lm 108 by radical nitriding. A control gate electrode CG is 
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formed on the radical nitride ?lm 109, and a mask material 
111 is formed on the control gate electrode CG. A gate 
sideWall oxide ?lm 112 is formed on the side surfaces of the 
mask material 111, control gate electrode CG, radical nitride 
?lm 109, interelectrode insulating ?lm 108, ?oating gate 
electrodes PG, and tunnel oxide ?lm 102. An interlayer 
dielectric ?lm 115 is formed on the gate sideWall oxide ?lm 
112. Source/drain diffusion layers 114 are formed in the 
silicon substrate 101 to form memory cell transistors Tr. 

[0027] As described above, the radical nitride ?lm 109 is 
formed on the interelectrode insulating ?lm 108. Therefore, 
When oxidation is performed to form the gate sideWall oxide 
?lm 112 or the interlayer dielectric ?lm 115, the radical 
nitride ?lm 109 prevents the penetration of an oxidation 
species to the loWer surface of the control gate electrode CG 
through the interelectrode insulating ?lm 108, so no bird’s 
beak oxidation region exists on the interelectrode insulating 
?lm 108. HoWever, bird’s beak oxidation regions 113 exist 
beloW the tWo ends of the interelectrode insulating ?lm 108. 
The bird’s beak oxidation regions 113 are thick regions 
formed When portions of the interelectrode insulating ?lm 
108 are oxidiZed by the oxidation described above. 

[0028] Note that the interelectrode insulating ?lm 108 is 
desirably a silicon oxide ?lm, a metal silicate ?lm, a stacked 
?lm having a silicon oxide ?lm as an upper layer, or a 
stacked ?lm having a metal silicate ?lm as an upper layer. 
Examples of the metal of the metal silicate ?lm are alumi 
num (Al), Zirconium (Zr), lanthanum (La), hafnium (Hf), 
and tantalum (Ta). In this embodiment, the interelectrode 
insulating ?lm 108 is an ONO (Oxide/Nitride/Oxide) ?lm as 
an example. 

[0029] The radical nitride ?lm 109 is a nitrogen-contain 
ing ?lm formed by performing radical nitriding on the 
surface of the interelectrode insulating ?lm 108. Therefore, 
the radical nitride ?lm 109 is, e.g., a silicon oxynitride ?lm 
or silicon nitride ?lm in accordance With the material of the 
interelectrode insulating ?lm 108 as an undercoat. In this 
embodiment, the radical nitride ?lm 109 is a silicon oxyni 
tride ?lm as an example. 

[0030] FIGS. 2A and 2B to FIGS. 7A and 7B are 
sectional vieWs of the manufacturing steps of the nonvolatile 
semiconductor memory device according to the ?rst 
embodiment of the present invention. Each ?gure With a 
su?ix A is a sectional vieW in the bit line direction (channel 
length direction), and each ?gure With a su?ix B is a 
sectional vieW in the Word line direction (channel Width 
direction). A method of manufacturing the nonvolatile semi 
conductor memory device according to the ?rst embodiment 
Will be explained beloW. 

[0031] First, as shoWn in FIGS. 2A and 2B, a tunnel oxide 
?lm 102 having a thickness of, e.g., 10 nm is formed by 
thermal oxidation on the surface of a silicon substrate 101 in 
Which a desired impurity is doped. Then, CVD (Chemical 
Vapor Deposition) is used to sequentially deposit a phos 
phorus-doped polysilicon layer 103 having a thickness of, 
e.g., 100 nm and serving as ?oating gate electrodes PG, and 
a mask material (e.g., a silicon nitride ?lm) 104 for element 
isolation processing. After that, the mask material 104, 
polysilicon layer 103, and tunnel oxide ?lm 102 are sequen 
tially etched by RIE (Reactive Ion Etching) using a resist 
mask (not shoWn). In addition, an exposed region of the 
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silicon substrate 101 is etched to form an element isolation 
trench 105 having a depth D of, e.g., 100 nm in the silicon 
substrate 101. 

[0032] As shoWn in FIGS. 3A and 3B, an element isola 
tion insulating ?lm 106 made of, e.g., a silicon oxide ?lm is 
deposited in the element isolation trench 105 and on the 
mask material 104, and the element isolation trench 105 is 
completely ?lled With the element isolation insulating ?lm 
106. After that, the upper surface of the element isolation 
insulating ?lm 106 is planariZed by CMP (Chemical 
Mechanical Polish) until the mask material is exposed. 

[0033] As shoWn in FIGS. 4A and 4B, the exposed mask 
material 104 is selectively etched aWay. Then, the element 
isolation insulating ?lm 106 is partially etched aWay by 
using a dilute hydro?uoric acid solution until the upper 
surface of the element isolation insulating ?lm 106 is 
positioned beloW the upper surface of the polysilicon layer 
103. Consequently, a trench 107 is formed betWeen the 
polysilicon layers 103 (?oating gate electrodes FG) adjacent 
to each other, and sideWall surfaces 10711 of the polysilicon 
layers 103 are exposed. A height H of the sideWall surfaces 
10711 is, e.g., 50 nm. Also, an interval (the Width of the 
element isolation insulating ?lm 106) W of the adjacent 
polysilicon layers 103 (?oating gate electrodes FG) is, e.g., 
50 nm. 

[0034] As shoWn in FIGS. 5A and 5B, an interelectrode 
insulating ?lm 108 is formed in the trench 107 and on the 
polysilicon layers 103. The interelectrode insulating ?lm 
108 is an ONO ?lm having a thickness of, e.g., 15 nm. This 
ONO ?lm is made up of three ?lms, i.e., a silicon oxide 
?lm/silicon nitride ?lm/silicon oxide ?lm each having a 
thickness of, e.g., 5 nm. 

[0035] Then, the silicon substrate 101 is placed in a radical 
nitriding chamber (not shoWn) and heated to 4000 C., the 
pressure is adjusted to 6 Pa While a gas mixture of 40 sccm 
of nitrogen (N2) gas and 1,000 sccm of argon (Ar) gas is 
supplied into the chamber, and microWaves having a poWer 
of 1 kW are supplied to generate radical nitrogen, thereby 
performing radical nitriding on the surface of the interelec 
trode insulating ?lm 108 for 90 sec. As a consequence, a 
radical nitride ?lm 109 is formed on the surface of the 
interelectrode insulating ?lm 108. The radical nitride ?lm 
109 is formed because the radical nitrogen di?fuses in the 
surface portion of the interelectrode insulating ?lm 108. In 
this embodiment, a silicon oxynitride ?lm having a thick 
ness of, e.g., 2 nm is formed as the radical nitride ?lm 109 
in the surface portion of the silicon oxide ?lm in the upper 
portion of the ONO ?lm as the interelectrode insulating ?lm 
108. 

[0036] Radical nitrogen means a nitrogen atom in an 
excited state, a nitrogen atom in a ground state, and a 
nitrogen molecule in an excited state, and includes both 
electrically neutral and charged atoms or molecules. The 
above effect is obtained When one or more types of the 
radical nitrogen are contained. Radical nitriding is also a 
nitriding method Which uses one or more types of the radical 
nitrogen described above as nitriding species. A typical 
radical nitrogen density is 1El2 cm-3 or more. To shorten 
the process time of the nitriding step by increasing the 
nitriding e?iciency, a radical nitrogen density of lElS cm'3 
or more is desired. 

[0037] In this embodiment, radical nitriding of the surface 
of the interelectrode insulating ?lm 108 is performed in the 
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gas mixture ambient containing nitrogen gas and argon gas. 
HoWever, the radical nitriding method is not limited to this 
method, and it is also possible to use another nitrogen 
containing gas or a gas mixture of another nitrogen-contain 
ing gas and a rare gas. HoWever, to prevent an element, such 
as hydrogen or chlorine, other than nitrogen from mixing in 
the radical nitride ?lm 109 and degrading the insulation 
properties, it is desirable to generate nitrogen radicals by 
using nitrogen gas alone or a gas mixture of nitrogen gas and 
a rare gas. Furthermore, a rare gas is preferably mixed in 
order to increase the radical nitrogen generation e?iciency. 

[0038] Also, in this embodiment, the radical nitride ?lm 
109 is formed by generating radical nitrogen by supplying 
microWaves into the reaction chamber in Which the silicon 
substrate 101 is placed. HoWever, the radical nitriding 
method is not limited to this method. That is, to alleviate 
deterioration of the tunnel oxide ?lm 102 and interelectrode 
insulating ?lm 108 caused by so-called plasma damage, the 
radical nitride ?lm 109 may also be formed by transferring, 
to the reaction chamber, radical nitrogen generated in a 
chamber different from the reaction chamber. Also, to form 
a thicker radical nitride ?lm 109, it is possible to directly 
place the silicon substrate 101 in a plasma containing radical 
nitrogen, or apply a bias to the silicon substrate 101 and 
draW excited nitrogen ions. 

[0039] As shoWn in FIGS. 6A and 6B, a conductive layer 
110 having a thickness of, e.g., 100 nm and serving as a 
control gate electrode CG is deposited on the radical nitride 
?lm 109 by CVD. The conductive layer 110 has a tWo 
layered structure including, e. g., a polysilicon layer/tungsten 
silicide layer. In addition, an RIE mask material 111 is 
deposited on the conductive layer 110. After that, the mask 
material 111, conductive layer 110, radical nitride ?lm 109, 
interelectrode insulating ?lm 108, polysilicon layer 103, and 
tunnel oxide ?lm 102 are sequentially etched by RIE using 
a resist mask (not shoWn). By this etching, slits SL are 
formed in the Word line direction. In this manner, ?oating 
gate electrodes PG and a control gate electrode CG each 
having a desired shape are formed. 

[0040] As shoWn in FIGS. 7A and 7B, thermal oxidation 
and CVD are combined to form a gate sideWall oxide ?lm 
112 made of, e.g., a silicon oxide ?lm on the silicon substrate 
101, on the side surfaces of the tunnel oxide ?lm 102, 
?oating gate electrodes FG, interelectrode insulating ?lm 
108, radical nitride ?lm 109, control gate electrode CG, and 
mask material 111, and on the mask material 111. Bird’s 
beak oxidation regions 113 are also formed beloW the end 
portions of the interelectrode insulating ?lm 108. 

[0041] Then, as shoWn in FIGS. 1A and 1B, ion implan 
tation is used to form source/ drain dilfusion layers 114 in the 
silicon substrate 101. In addition, an interlayer dielectric 
?lm 115 made of, e.g., a TEOS ?lm is formed on the gate 
sideWall oxide ?lm 112. After that, a nonvolatile semicon 
ductor memory device is completed by forming intercon 
necting layers and the like by using the Well-knoWn method. 

[0042] In the ?rst embodiment described above, the radi 
cal nitride ?lm 109 is formed on the interelectrode insulating 
?lm 108 by radical nitriding. Since, therefore, the upper 
surface of the interelectrode insulating ?lm 108 is protected 
by the radical nitride ?lm 109 When the gate sideWall oxide 
?lm 112 and the interlayer dielectric ?lm 115 are formed, no 
bird’s beak oxidation region is formed on the upper surface 
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of the interelectrode insulating ?lm 108 even after the 
oxidation step. In addition, the radical nitride ?lm 109 is 
formed When radical nitrogen di?fuses into the surface 
portion of the interelectrode insulating ?lm 108, so an 
increase in physical ?lm thickness of the interelectrode 
insulating ?lm 108 caused by the formation of the radical 
nitride ?lm 109 is almost negligible. Instead, the physical 
?lm thickness slightly decreases in the embodiment case. 
From the foregoing, it is possible to suppress the formation 
of bird’s beaks on the interelectrode insulating ?lm 108 in 
the oxidation step of forming the gate sideWall oxide ?lm 
112 and the interlayer dielectric ?lm 115, With almost no 
increase in total physical ?lm thickness of the interelectrode 
insulating ?lm 108a betWeen the ?oating gate electrode FG 
and control gate electrode CG. 

[0043] Also, as described above, the total physical ?lm 
thickness of an interelectrode insulating ?lm 108a hardly 
increases. This makes it possible to avoid malfunctions of 
the memory device caused by an increase in parasitic 
capacitance betWeen adjacent cells, depletion of the control 
gate electrode CG, and a breakdoWn voltage drop betWeen 
the silicon substrate 101 and control gate electrode CG. Note 
that if the interval (the Width of the element isolation 
insulating ?lm 106) W betWeen the ?oating gate electrodes 
FG adjacent to each other is 100 nm or less, the effect of 
preventing the increase in physical ?lm thickness of the 
interelectrode insulating ?lm 108 becomes notable. 

[0044] Furthermore, as described above, the radical nitride 
?lm 109 is formed by radical nitriding. Since this increases 
the dielectric constant of the surface portion (e. g., in the case 
of the ONO ?lm, the surface portion of the upper silicon 
oxide ?lm) forming the interelectrode insulating ?lm 108, 
the electric capacitance of the interelectrode insulating ?lm 
108 also increases. An example of the effects is an increase 
in memory cell coupling ratio. In addition, When radical 
nitriding is performed by using a gas not containing hydro 
gen as in the above embodiment, insulation properties of the 
radical nitride ?lm 109 improve, and an electric charge leak 
?oWing through the interelectrode insulating ?lm 108 is 
suppressed. An example of the effects is an improvement in 
memory cell charge retention characteristics. In addition, it 
is possible to avoid the thermal degradation of the tunnel 
oxide ?lm by using loW-temperature radical nitridation 
process. 

Second Embodiment 

[0045] In the ?rst embodiment, the radical nitride ?lm is 
formed only on the interelectrode insulating ?lm. In a 
second embodiment, hoWever, radical nitride ?lms are 
formed above and beloW an interelectrode insulating ?lm. 

[0046] FIGS. 8A and 8B are sectional vieWs of a non 
volatile semiconductor memory device according to the 
second embodiment of the present invention. FIG. 8A is a 
sectional vieW in the bit line direction (channel length 
direction), and FIG. 8B is a sectional vieW in the Word line 
direction (channel Width direction). This nonvolatile semi 
conductor memory device according to the second embodi 
ment Will be explained beloW. 

[0047] As shoWn in FIGS. 8A and 8B, the second 
embodiment differs from the ?rst embodiment in that a 
radical nitride ?lm 109 is formed above an interelectrode 
insulating ?lm 108, and a radical nitride ?lm 120 is formed 
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beloW the interelectrode insulating ?lm 108. When oxida 
tion is performed to form a gate sideWall oxide ?lm 112, 
therefore, the upper surface of the ?oating gate electrode FG 
and loWer surface of the control gate electrode CG are 
protected by the radical nitride ?lms 120 and 109, respec 
tively, so no bird’s beak oxidation region is formed above 
and beloW the interelectrode insulating ?lm 108. 

[0048] As shoWn in FIG. 8B, the radical nitride ?lm 120 
beloW the interelectrode insulating ?lm 108 is formed by 
performing radical nitriding on the exposed surfaces of 
?oating gate electrodes FG and an element isolation insu 
lating ?lm 106. Therefore, in accordance With the material 
as an undercoat, a silicon nitride ?lm 12011 is formed on the 
?oating gate electrodes FG made of, e.g., polysilicon layers 
103, and a silicon oxynitride ?lm 12019 is formed on the 
element isolation insulating ?lm 106 made of, e.g., a silicon 
oxide ?lm. As described above, the radical nitride ?lm 120 
(120a and 12019) beloW the interelectrode insulating ?lm 108 
changes in accordance With the materials of the ?oating gate 
electrodes FG and element isolation insulating ?lm 106 as 
undercoats. 

[0049] As in the ?rst embodiment, the interelectrode insu 
lating ?lm 108 is desirably a silicon oxide ?lm, a metal 
silicate ?lm, a stacked ?lm having a silicon oxide ?lm as the 
upper layer, or a stacked ?lm having a metal silicate ?lm as 
an upper layer. In this embodiment, an aluminum silicate 
?lm is used as the interelectrode insulating ?lm 108 as an 
example. 
[0050] FIGS. 9A and 9B to FIGS. 12A and 12B are 
sectional vieWs of the manufacturing steps of the nonvolatile 
semiconductor memory device according to the second 
embodiment of the present invention. Each ?gure With a 
su?ix A is a sectional vieW in the bit line direction (channel 
length direction), and each ?gure With a su?ix B is a 
sectional vieW in the Word line direction (channel Width 
direction). A method of manufacturing the nonvolatile semi 
conductor memory device according to the second embodi 
ment Will be explained beloW. 

[0051] First, as shoWn in FIGS. 9A and 9B, folloWing the 
same procedure (FIGS. 2A and 2B to FIGS. 4A and 4B) as 
in the ?rst embodiment, a trench 107 is formed betWeen 
polysilicon layers 103 (?oating gate electrodes FG) adjacent 
to each other, and sideWall surfaces 10711 of the polysilicon 
layers 103 are exposed. A height H of the sideWall surfaces 
10711 is, e.g., 50 nm. Also, an interval (the Width of an 
element isolation insulating ?lm 106) W of the adjacent 
?oating gate electrodes FG is, e.g., 50 nm. 

[0052] Then, as shoWn in FIGS. 10A and 10B, a silicon 
substrate 101 is placed in a radical nitriding chamber (not 
shoWn) and heated to 4000 C., the pressure is adjusted to 6 
Pa While a gas mixture of 40 sccm of nitrogen gas and 1,000 
sccm of argon gas is supplied into the chamber, and a 
microWave having a poWer of 1 kW is supplied to generate 
radical nitrogen, thereby performing radical nitriding on the 
surfaces of the polysilicon layers 103 and element isolation 
insulating ?lm 106 for 90 sec. As a consequence, a radical 
nitride ?lm 120 is formed. In this embodiment, a silicon 
nitride ?lm 120a having a thickness of, e.g., 1 nm is formed 
on the exposed surfaces of the polysilicon layers 103, and a 
silicon oxynitride ?lm 1201) having a thickness of, e.g., 2 nm 
is formed on the exposed surface of the element isolation 
insulating ?lm 106 made of a silicon oxide ?lm. 














