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(57) ABSTRACT 

A non-volatile semiconductor memory manufacturing 
method; according to the present invention; is comprised of 
the process steps that folloW. Device isolating layers are 
formed on predetermined places in a cell region. A layer of 
?oating gate material is deposited next; all over the sub 
strate. Either all the layer of ?oating electrode material; 
deposited on the device isolating layers or a part of it; is 
removed next; by etching; in order to form ditches. To ?ll the 
ditches; a ?rst insulation layer is formed next; all over the 
cell region. Apredetermined part of the ?rst insulation layer 
is removed next; by etching, so the layer of ?oating electrode 
material is exposed. Thereafter; the ditches are ?lled in; on 
top of the device isolating oxide layers; With insulation 
layers. Asecond insulation layer is formed next; all over the 
cell region. Thereafter; electrode material layers and are 
deposited on the surface. The second insulation layer and the 
electrode material layers are all dry-etched, to form control 
electrodes in the cell region. Each part of the insulation 
layers is left on each of the device isolating oxide layers. 
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NON-VOLATILE SEMICONDUCTOR MEMORY 
AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a non-volatile 
semiconductor memory, With advanced, device isolating 
characteristics, Which comprises the region of a peripheral 
circuit and a cell region, on a semiconductor substrate. It 
also relates to a manufacturing method for the non-volatile 
semiconductor memory. 

[0003] 2. Description of the Related Art 

[0004] A conventional method of manufacturing a ?ash 
memory Will be explained With reference to FIGS. 1 and 2. 

[0005] FIG. 1 shoWs a con?guration of the conventional 
?ash memory, fabricated at the halfWay manufacturing 
stage, just before the step of making an interconnection in a 
cell region of the ?ash memory. Source regions and drain 
regions are both formed in diffused layer regions 301. 
Floating gates 303 are formed in hatched regions. Word lines 
304, Which also play a role as control electrodes, are formed 
over the ?oating gates 303. Device isolating oxide regions 
302 are formed in the regions betWeen the adjacent left and 
right diffused layers 301. Tunnel oxides, each playing a role 
in the generation of a channel region, are formed right under 
the respective ?oating gates 303, but not in the device 
isolating oxide regions 302. 

[0006] The conventional method of manufacturing the 
?ash memory Will be explained beloW, With reference to 
process cross-sections of FIGS. 2(a) to 2(a), along the line 
AA‘ in FIG. 1. A device isolating oxide layers 401, in FIG. 
2, correspond to the device isolating oxide layers 302 in 
FIG. 1. Floating gates 404 in FIG. 2 correspond to the 
?oating gates 303, in FIG. 1. In FIG. 2(b), the ?oating gates 
404 extend to and exist on the device isolating oxide layers 
401. 

[0007] Firstly, referring to FIG. (a), the device isolating 
oxide layers 401, each having a thickness of approximately 
400 to 500 nm, are formed on a semiconductor substrate by 

utiliZing the LOCOS (Local Oxidation of Silicon) method, 
etc., folloWed by the formation of a tunnel oxide layer 403, 
each having a thickness of 10 nm or less, in a device region 
on the substrate of the ?ash memory. Apolysilicon layer 402 
is deposited next, all over the surface. Phosphorous (p), 
generally, is implanted next, in the polysilicon layer 402, 
Which has a thickness of approximately 150 nm. 

[0008] Next, a photo resist (not shoWn in ?gures) is 
patterned by using the conventional photographic process. 
Thereafter, ?oating gates 404 are formed by etching the 
polysilicon layer 402 (see FIG. 2(b)). 

[0009] Thereafter, an insulation layer 405 is deposited all 
over the resulting surface of the semiconductor substrate to 
isolate control gates from the ?oating gates 404. The insu 
lation layer 405 With an ordinary, multiple layered structure 
of a silicon oxide layer, a silicon nitride layer, and a silicon 
oxide layer, has a thickness of 18 nm, if it is converted into 
the thickness of an oxide layer. A polysilicon layer 406, 
Which is implanted With phosphorous implant, and a silicide 
layer 407 are deposited next, in the order, all over the 

Jan. 17, 2002 

substrate (see FIG. 2 Thickness of each of these layers 
is equal to approximately 150 nm. 

[0010] Predetermined places in the cell region are covered 
next, by a resist (not shoWn in Figures) for etching purposes, 
so as to form cell gates (hereafter, referred to as “cell gate 
etching”) 
[0011] Cell gate etching is then performed. It is noted that 
no cell gate is formed in any region in the cross-section of 
FIG. 2(a), since the cross-section is along the line AA‘ in 
FIG. 1. In this etching step, the silicide layer 407 and the 
polysilicon layer 406 are both etched and removed in the 
order. The insulation layer 405 is then etched and removed. 
Wherein, to remove the insulation layer 405 completely, 
some extent of over-etching needs to be done. HoWever, the 
etching selectivity of the insulation layer 405 to the device 
isolating oxide layer 401 cannot be set to a high value. This 
causes a partial loss of the device isolating oxide layer 401, 
forming concave portions 408 on the respective device 
isolating oxide layers 401, as shoWn in FIG. 

[0012] Thereafter, source regions and drain regions (not 
shoWn in Figures) are formed in the cell region, Whereas 
gate regions are also formed in the region of the peripheral 
circuit. In the region of the peripheral circuit, source regions 
and drain regions in the transistors are formed. A ?ash 
memory is completed next, by subjecting it to an ordinary 
contact process and an ordinary interconnection process. 

[0013] HoWever, according to the conventional techniques 
as described above, there is the problem that concave 
portions 408 are formed in the device isolating oxide layers 
401 of the cell region, due to the fact that the etching 
selectivity of the insulation layer 405 to the device isolating 
oxide layer 401, Which is located under the insulation layer 
405, cannot be set to a high value When the insulation layer 
405, in the cell region, is etched (see FIG. 2(c)). This may 
cause a deterioration of the device isolating property. For 
example, an ion implant such as an arsenic implant or a 
phosphorous implant, Which is used for the formation of 
source regions and drain regions, may pass through the 
concave portions 408 of the device isolating oxide layer, 
causing the generation of a channel right under each device 
isolating oxide layer. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, the objective of the present invention 
is to provide a non-volatile semiconductor memory With 
advanced, device isolating characteristics and to provide its 
manufacturing method. 

[0015] To attain the above objective, according to an 
aspect of the present invention, a non-volatile semiconduc 
tor memory is provided, comprising a plurality of device 
isolating layers, formed in a semiconductor substrate and a 
plurality of insulation layers, formed on the respective 
device isolating layers. An example of the con?guration of 
the non-volatile semiconductor memory, according to the 
present invention, is illustrated in FIG. 4(6). 

[0016] According to another aspect of the present inven 
tion, a non-volatile semiconductor memory manufacturing 
method is provided, comprising a ?rst forming step, of 
forming a plurality of ditches on a layer of ?oating electrode 
material, Which has been deposited over a plurality of device 
isolating layers on a substrate, and a second forming step, of 
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forming a plurality of insulation layers, respectively in the 
plurality of ditches. An example of the process steps of 
manufacturing the non-volatile semiconductor memory are 
illustrated in FIGS. 4(a) to 4(c). 

[0017] According to still another aspect of the present 
invention, the non-volatile semiconductor memory manu 
facturing method, further comprises a third forming step, of 
forming an insulation layer over the resulting surface from 
the second forming step, and an etching step of etching the 
insulation layers formed in the third step, the layer of 
?oating electrode material, and the plurality of insulation 
layers, formed in the third step. An eXample of the additional 
process steps, as described above, is illustrated in FIGS. 4(a) 
and 4(6). 

BRIEF DESCRIPTION OF DRAWINGS 

[0018] The above and other objects, features and advan 
tages of the present invention, Will become apparent from 
the folloWing detailed description, in the embodiment sec 
tion, When taken in conjunction With the accompanying 
draWings, Wherein: 

[0019] FIG. 1 illustrates an aerial vieW of the conven 
tional ?ash memory; 

[0020] FIGS. 2(a) and 2(a) illustrate process cross-sec 
tions, shoWing the conventional method of manufacturing 
the a ?ash memory; 

[0021] FIG. 3(a) and illustrate vieWs of a ?ash 
memory, according to the present invention; and 

[0022] FIGS. 4(a) and 4(6) illustrate process cross-sec 
tions, shoWing a ?ash memory manufacturing method and 
the con?guration of a ?ush memory, according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] Hereafter, a non-volatile semiconductor memory 
and its manufacturing method, according to the ?rst embodi 
ment of the present invention Will be explained With refer 
ence to FIG. 3(a) to and FIGS. 4(a) to 4(6). 

[0024] FIG. 3(a) illustrates an aerial vieW of the non 
volatile semiconductor memory according to the ?rst 
embodiment of the present invention, Which is at the half 
Way manufacturing stage, just before the step of making an 
interconnection in a cell region of the memory. Source 
regions and drain regions are formed in diffused layer 
regions 101. Floating gates 103 are formed in hatched 
regions in the ?gure. Word lines 104, Which also play a role 
as control electrodes, are formed over the ?oating gates 103. 
Device isolating oXide regions 102 are formed in the region 
betWeen the adjacent left and right diffused layer regions 
101. Tunnel oXide layers, each playing a role in generating 
a channel region, are formed right under the ?oating gates 
103, but not in the device isolating oXide regions 102. 

[0025] FIG. 3(b) illustrates a sectional vieW taking in a 
line BB‘ of FIG. 3(a). Device isolating oXide regions 201 
corresponds to the regions 102. Well regions 250 are formed 
betWeen the adjacent regions 101. Impurity regions 101 are 
formed in the respective Well regions 250. Insulating layers 
209 are formed on the respective regions 201. 
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[0026] FIG. 3(c) illustrates a sectional vieW taking along 
a line CC‘ of FIG. 3(a). Insulation layers 260 as gate oXide 
?lms are formed on a semiconductor substrate 208 selec 
tively. Floating gates 261, correspondingly to the gates 103 
of FIG. 3(a), are formed on the respective gate oXide ?lms. 
Second insulating layers 262 are formed on the respective 
?oating gates 261. Control gates 263, correspondingly to the 
Word lines 104 of FIG. 3(a), are formed to eXtend over the 
?oating gates 261. 

[0027] FIG. 3(a') illustrates a sectional vieW taking in a 
line DD‘ of FIG. 3(a). Insulating layers 271, correspond 
ingly to the layers 209 of FIG. (b), are formed on the device 
isolating regions 201. That is, each of the insulating layers 
271 eXtends in a direction perpendicular to the Word lines. 
Therefore, an insulating layer 271 eXists betWeen the adja 
cent ?oating gates under one Word line to be in contact With 
the adjacent ?oating gates. 
[0028] NeXt, a method of manufacturing the memory Will 
be eXplained beloW, With reference to process cross sections, 
in FIGS. 4(a) to 4(e), along a line BB‘ in FIG. 3(a). The 
regions on Which tunnel oXide layers 203 are formed as 
shoWn in FIGS. 4(a) to 4(e) correspond to the diffused layers 
101 in FIG. 3(a). The regions Where device isolating oXide 
layers 201 are formed, as in FIGS. 4(a) to 4(e), correspond 
to the regions of the device isolating oXide layers 102 in 
FIG. 3(a). Floating gates 204 in FIGS. 4(a) to 4(e) corre 
spond to the ?oating gates 103 in FIG. 3(a). 

[0029] In FIG. 4(a), device isolating layers 201 are 
formed on predetermined places, at least, in a cell region. A 
layer of ?oating gate material (polysilicon layer 202) is 
deposited neXt, all over the substrate. The device isolating 
layers 201 are made of a material such as a silicon oxide. A 
conductive semiconductor material or a metal material, 
Which has a high conductivity, speci?cally polysilicon, 
Aluminum (Al), titaniumnitride (TiN), or Copper (Cu) is 
used for the ?oating electrode material. 

[0030] Either the entire layer of ?oating electrode material 
202, deposited on the device isolating layers 201 or a part of 
it, is removed neXt by etching in order to form ditches. 
Thereby, the layer of ?oating electrode material 202 is 
patterned in a predetermined manner, to form ?oating gates 
204 in the cell region (see FIG. 4(b)). In FIG. 4(b), the 
?oating gates 204 eXtend to and eXist on the device isolating 
oXide layers 201. 

[0031] NeXt, to ?ll the ditches, the ?rst insulation layer is 
formed all over the cell region at least. Asilicon oXide layer 
or a silicon nitride layer or other related material layers is 
preferable, as the ?rst insulation layer. The utiliZation of 
such material prevents an etching of the device isolating 
oXide layers 201, Which Will be caused in a subsequent 
process step. In addition, to ?ll the ditches, especially to ?ll 
ditches, Which are narroW, utiliZation of a high performance 
layer formation method of ?lling ditches or holes is prefer 
able. For eXample, utiliZation of the plasma CVD (Chemical 
Vapor Deposit) method, especially the high density plasma 
CVD method, is preferable. Wherein a gas such as mono 
silane or tetraethoXysilane (TEOS) is used, as the necessary 
source gas in this method. Each predetermined part of the 
?rst insulation layer is removed neXt, by dry-etching or the 
CMP (chemical mechanical Polishing) method. As a result, 
the layer of ?oating electrode material is eXposed. Thereaf 
ter, the ditches are ?lled in, on top of the device isolating 
oXide layers 201 With insulation layers 205 (see FIG. 4 
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[0032] A second insulation layer 206 is formed next, all 
over the cell region at least. A silicon oxide layer, a silicon 
nitride layer, or other related material layers are utiliZed for 
the material, Which makes up the second insulation layer 
206. Alternatively, multiple layers of them can also be 
utiliZed. To simplify the manufacturing process steps, the 
second insulation layer 206, or the bottom layer of the 
multiple layers, can be of the same material as that of the 
above-mentioned insulation layers 205. Thereafter, layers, 
made of electrode materials, are deposited on the surface 
(see FIG. In this embodiment, a polysilicon layer 207 
and a silicide layer 208 are deposited. To improve the 
conductivity of the polysilicon layer 207, an impurity such 
as phosphorous (P) is, preferably, implanted in the layer 207. 
It is noted that these electrode material layers 207 and 208 
can be deposited over a peripheral region, as Well as the cell 
region of the memory, at the same time. The structure shoWn 
in FIG. 4(a') is the same to a cross sectional vieW taking 
along a Word line shoWn in FIG. 3(a). That is, the insulation 
layers 205 exists on the respective device isolating region 
201 betWeen the adjacent ?oating gates 204 under one Word 
line. 

[0033] The second insulation layer 206 and the electrode 
material layers 207 and 208 are all dry-etched, to form 
control electrodes in the cell region (not shoWn in the 
Figures). The control electrodes correspond to the Word lines 
104 in FIG. 3(a). It is noted that no control electrode is 
formed along the cross section along the line B B‘ in FIG. 
3(a), but a structure as shoWn in FIG. 4(e) is formed. As 
shoWn in FIG. 4(6), insulation layers 209 (the remains 
Which have resulted from the etching of the insulation layer 
206, the layers of ?oating gate material 204, and the insu 
lation layers 205) are left on the respective device isolating 
oxide layers 201. Therefore, no concave area is formed on 
the device isolating oxide layers 201. This result is different 
from that of the conventional techniques, Where concave 
areas are formed in the manner shoWn in FIG. This 
enables providing a memory With enhanced device isolating 
characteristics according to the present invention. In addi 
tion, this prevents the possible generation of a channel right 
under the device isolating oxide layers. 

[0034] A memory and the manufacturing method thereof, 
according to a second embodiment of the present invention, 
Will be explained beloW in detail by giving more speci?c 
information on its con?guration, With reference to FIGS. 
3(a) and FIGS. 4(a) to 4(6). 

[0035] Since the con?guration in FIGS. 3(a) to 3(a') has 
been already described above, its explanation Will be omit 
ted here. And since the relationship betWeen the elements in 
FIGS. 3(a) to 3(a') and those in FIGS. 4(a) to 4(e) is also the 
same as described in the ?rst embodiment, its explanation is 
also omitted here. 

[0036] Hereafter, a detailed manufacturing process Will be 
described in reference to FIGS. 4(a) to 4(e). Firstly, device 
isolating oxide layers (silicon oxide layers), each having a 
thickness, ranging from 400 nm to 500 nm, are formed on a 
semiconductor substrate by utiliZing the LOCOS method or 
other related methods. Tunnel oxide layers 203, each having 
a thickness of 10 nm or less, are formed next in a device 
region. Apolysilicon layer 202 is deposited next all over the 
surface (see FIG. 4 (a)) The polysilicon layer 202 is used to 
become ?oating gates in a subsequent process step. Phos 

Jan. 17, 2002 

phorous implant is generally implanted in the polysilicon 
layer 202, Which has a thickness of approximately 150 nm. 

[0037] In FIG. 4(b), a photo resist (not shoWn in the 
Figure) is patterned next, in an ordinary step of the photo 
lithography process. The polysilicon layer 202 is then 
etched, to form ?oating gates 204. 

[0038] Thereafter, an insulation layer, such as a silicon 
oxide layer or a silicon nitride layer, having a thickness of 
150 nm, is deposited by using the CVD (Chemical Vapor 
Deposit) method. The insulation layer 206 deposited on the 
polysilicon layers 204, are removed next, by using the 
etching-back method or the CMP method. This alloWs the 
?lling of the ditches, located betWeen adjacent ?oating gates 
204, Which are deposited on the respective device isolating 
oxide layers 201, With insulation layers 205 (FIG. 4(c)). 

[0039] An insulation layer 206 is deposited next, all over 
the surface. The insulation layer 206 Will become an insu 
lation layer, Which insulates the ?oating gates 204 from 
control gates, Which Will be formed later. The insulation 
layer 206 has, for example, a multiple layered structure, 
made up of a silicon oxide layer, a silicon nitride layer, and 
a silicon oxide layer. Wherein the structure has a thickness 
of 18 nm or less, if it is converted into that of the oxide layer. 
A polysilicon layer 207, Which has been implanted With a 
phosphorous implant, and a silicide layer 208 are deposited 
next, in the order, as Written above (see FIG. Each of 
the layers is approximately 150 nm in thickness. The poly 
silicon layer 207 and the silicide layer 208 Will become the 
gate electrodes in transistors in the region of a peripheral 
circuit and also serve as the control gates in transistors in the 
cell region, at the same time. 

[0040] A cell gate etching is performed next. It is noted 
that no cell gate is formed in the region as shoWn in FIGS. 
4(a) to 4(e) since the region is the one along the line B-B‘ in 
FIG. 3. 

[0041] In the above step of cell gate etching, the polysili 
con layer 207 and the silicide layer 208 are ?rst removed by 
etching them in the order, as Written above. The insulation 
layer 206 is removed next. The insulation layers 205, buried 
in the ditches betWeen the adjacent ?oating gates 204, are 
etched to the extent Where the insulation layer 206 is 
over-etched. HoWever, the insulation layer 206 is not etched 
to any great extent, When the polysilicon layers 204 are 
etched. This emanates from the fact, that the etching selec 
tivity of the polysilicon layers 204 to the insulation layer 206 
is high. Therefore, after the completion of the cell gate 
etching, small amounts of insulation layers 209 etched, are 
left on the device isolating oxide layers 201, as shoWn in 
FIG. 4(e). 

[0042] Source regions and drain regions (not shoWn in the 
?gure) are formed next in the cell region, and gate regions 
are formed in the region of the peripheral circuits. Source 
regions and drain regions in transistors are formed next in 
the region of the peripheral circuit. A ?ash memory is 
completed next, by subjecting itself to an interlayer insulat 
ing layer process (interlayer insulating layer are formed on 
at least control gates, insulating layers 209 and device 
isolating region 201(not shoWn in ?gures)), a contact pro 
cess step and an interconnecting process step. 

[0043] By utiliZing the above process steps of manufac 
turing the ?ash memory, according to the present invention, 
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possible losses of the device isolating oxide layers, caused 
by the cell gate etching process, are prevented from occur 
ring, forming complete device isolating oxide layers. There 
fore, an advanced non-volatile semiconductor memory With 
high device isolating characteristics, according to the 
present invention, can be provided. 

[0044] Furthermore, the con?guration of the combination 
of residual insulation layers 209 and the device isolating 
layers 201 as shoWn in FIG. 4(e), is important for an 
improvement of the device isolating characteristics in the 
?ash memory. 

[0045] According to a non-volatile semiconductor 
memory manufacturing method and the con?guration of a 
non-volatile semiconductor memory, according to the 
present invention, ditches, betWeen adjacent ?oating gates of 
the non-volatile semiconductor memory, are ?lled With 
insulation layers, so an occurrence of possible losses of the 
device isolating oxide layers (concave areas as shoWn in 
FIG. 2(LD), caused by a cell gate etching process, are 
prevented and the device isolating characteristics are 
improved. 
[0046] The con?guration and its manufacturing method, 
described up to this point, are of a ?ash memory, Which is 
one type of the non-volatile semiconductor memory, accord 
ing to the present invention. HoWever, the present invention 
is not limited to the ?ash memory as described above. It also 
includes other types of EEPROM (Electrically Erasable 
Programmable Read-only Memory) and the ultraviolet eras 
able PROM. 

[0047] Moreover, since the insulation layers 205 are 
formed in cavities betWeen the adjacent ?oating gates under 
a Word line, there is not occurrence of break doWn of the 
Word line at the space betWeen the adjacent ?oating gates. 

[0048] While the present invention has been described, in 
connection With certain preferred embodiments, it is to be 
understood that the subject matter, encompassed by the 
present invention, is not limited to those speci?c embodi 
ments. On the contrary, it is intended to include all alterna 
tives, modi?cations, and equivalents as can be included 
Within the spirit and scope of the folloWing claims. 

What is claimed is: 
1. A non-volatile semiconductor memory, comprising a 

plurality of device isolating layers Which have been formed 
in a semiconductor substrate, and a plurality of insulation 
layers Which have been formed on the respective device 
isolating layers. 

2. The non-volatile semiconductor memory, according to 
claim 1, Wherein the plurality of device isolating layers are 
made of a silicon oxide. 

3. The non-volatile semiconductor memory, according to 
claim 1, Wherein the plurality of insulation layers are made 
of a silicon oxide. 

4. The non-volatile semiconductor memory, according to 
claim 1, Wherein the plurality of insulation layers are made 
of a silicon nitride. 

5. The non-volatile semiconductor memory, according to 
claim 1, Wherein the plurality of device isolating layers and 
the plurality of insulation layers are formed in a cell region. 

6. A method of forming a non-volatile semiconductor 
memory, comprising: 
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forming a plurality of ditches on a layer of ?oating 
electrode material, Which has been deposited over a 
plurality of device isolating layers on a substrate, and 

forming a plurality of insulation layers, respectively in the 
plurality of ditches. 

7. The method according to claim 6, Wherein the layer of 
?oating electrode material is made of polysilicon. 

8. The method according to claim 6, Wherein the plurality 
of insulation layers are made of a silicon oxide. 

9. The method according to claim 6, Wherein the plurality 
of insulation layers are made of a silicon nitride. 

10. A method of forming a semiconductor device, com 
prising: 

forming at least one element isolating region on a semi 
conductor substrate; 

forming a ?rst insulating ?lm on said semiconductor 
substrate at one side of said element isolating region; 

forming a second insulating ?lm on said semiconductor 
substrate at the other side of said element isolating 
region; 

forming a ?rst conductive ?lm on said ?rst insulating 
?lm; 

forming a second conductive ?lm on said second insu 
lating ?lm, said second conductive ?lm apart from said 
?rst conductive ?lm to form at least one cavity Which 
exposes a top surface of said element isolating region; 

forming at lest one second insulating ?lm in said cavity; 

forming a third insulating ?lm on said ?rst and second 
conductive ?lms and said second insulating ?lm; 

forming a second conductive ?lm on said third insulating 
?lm; 

removing said second conductive ?lm; 

over etching said third insulating ?lm, thereby etching a 
top of said second insulating ?lm, resulting in forming 
a remaining conductive layer on said element isolating 
region; and 

removing said ?rst and second conductive ?lms. 
11. The method as claimed in claim 10, Wherein 

said second insulating ?lm is formed to have a ?rst 
portion, a second portion, and a third portion betWeen 
said ?rst and second portions, each of said ?rst and 
second conductive ?lms being coupled to said ?rst, 
second and third portions of said second insulating 
?lm; 

When said second conductive ?lm is removed, said second 
conductive ?lm is removed selectively to form a ?rst 
Word line extending over said ?rst portion of said 
second insulating ?lm and a second Word line extend 
ing over said second portion of said second insulating 
?lm, said ?rst Word line apart from said second Word 
line; 

When said ?rst conductive ?lm is removed, said ?rst 
conductive ?lm is removed selectively to form a ?rst 
?oating gate in contact With said ?rst portion of said 
second insulating ?lm, and to form a second ?oating 
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gate in contact With said second portion of said second 
insulating, said ?rst ?oating gate apart from said sec 
ond ?oating gate; 

When said second conductive ?lrn is removed, said second 
conductive ?lrn is removed selectively to form a third 
?oating gate in contact With said ?rst portion of said 
second insulating ?lm, and to form a fourth ?oating 
gate in contact With said second portion of said second 
insulating ?lrn, said third ?oating gate apart from said 
fourth ?oating gate. 

Jan. 17, 2002 

12. The method as claimed in claim 11, Wherein said 
elernent isolating region is formed to eXtend in a ?rst 
direction; said second insulating ?lrn eXtends in the same 
direction With said elernent isolating region; said ?rst Word 
line eXtends in a second direction perpendicular to said ?rst 
direction; said second Word line eXtends in said second 
direction; and each of said ?rst, second, third and fourth 
?oating gates eXtends in said second direction. 


