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NONVOLATILE SEMICONDUCTOR MEMORY 
DEVICE AND METHOD OF MANUFACTURING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to nonvola 
tile semiconductor memory devices and more particularly to 
a nonvolatile semiconductor memory device using trench 
isolation. The present invention also relates to a method of 
manufacturing such a nonvolatile semiconductor memory 
device. 

[0003] 2. Description of the Background Art 

[0004] FIG. 6 is a plan vieW of a conventional nonvolatile 
semiconductor memory device using trench isolation. FIG. 
7 shoWs a cross section (A) along the line A-A of FIG. 6, and 
a cross section (B) along the line C-C of FIG. 6. 

[0005] Referring to these ?gures, the conventional non 
volatile semiconductor memory device includes a semicon 
ductor substrate 1. In a main surface of semiconductor 
substrate 1, a linear trench 2 for trench isolation is formed 
in the direction Y of bit lines. An insulation ?lm 24 for 
trench isolation is ?lled in trench 2. Trench 2 and insulation 
?lm 24 ?lled therein constitute a trench isolation region. On 
both sides of trench 2, a ?oating gate 4 is provided on 
semiconductor substrate 1 With a tunnel oxide ?lm 3 ther 
ebetWeen. On ?oating gate 4, a control gate 6 is provided 
With an inter poly-insulation ?lm 5 therebetWeen. 

[0006] Referring next to FIG. 8, the operation of the 
nonvolatile semiconductor memory device Will be 
described. 

[0007] Here, the FoWler-Nordheim tunnel current Writing 
method at a memory drain edge and the FoWler-Nordheim 
tunnel current erasing method on the entire channel surface, 
Which are common to DINOR type ?ash memories, Will be 
described. 

[0008] Whether information is stored or not is determined 
by the charged and discharged states of a ?oating gate. When 
a ?oating gate is injected With electrons and negatively 
charged, Vth becomes higher With respect to the potential of 
a control gate thereon (erased state). When the ?oating gate 
is not negatively charged, hoWever, Vth is loW (Written state). 
By applying, to the control gate, an intermediate voltage 
betWeen Vth in the erased state and Vth in the Written state, 
stored contents can be read through a memory cell transistor. 

[0009] Writing can be performed on a basis of a bit by 
selecting a sub bit line (drain interconnection) and a Word 
line (gate interconnection). Since an erase voltage can be 
applied on a basis of a Word line (gate interconnection), 
erasing can be performed on a basis of a sector. 

[0010] Since a ?oating gate electrode is covered by a high 
quality insulation ?lm, injected electrons remain in the 
electrode unless erased. Accordingly, stored contents are 
maintained even if the poWer supply is turned off. 

[0011] A conventional method of manufacturing the non 
volatile semiconductor memory device using trench isola 
tion Will be described in the folloWing With reference to the 
?gures. 
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[0012] In the ?gures described hereinafter, cross sections 
on the left side correspond to the cross section along the line 
A-A of FIG. 6, and those on the right side correspond to the 
cross section along the line C-C. 

[0013] Referring to FIG. 9, a surface of semiconductor 
substrate (silicon substrate) 1 is oxidiZed to form tunnel 
insulation ?lm 3 Which is approximately 100 nm in ?lm 
thickness. On tunnel insulation ?lm 3, a polysilicon ?lm 7 or 
amorphous silicon ?lm (approximately 200 nm) doped With 
an n type impurity such as phosphorus, and a CVD oxide 
?lm 8 (approximately 100 nm) are successively deposited. 

[0014] Referring to FIG. 10, a resist pattern 9 is formed by 
photo lithography, Which has openings in portions in Which 
?rst and second trenches extending in parallel With each 
other in the bit line direction are to be formed. Referring to 
FIGS. 9 and 10, resist pattern 9 is used for patterning in the 
bit line direction, oxide ?lm 8, polysilicon ?lm 7 and tunnel 
oxide ?lm 3 are etched in this order, and trench 2 Which is 
approximately 500 nm in depth is formed in the surface of 
semiconductor substrate 1. Thus, trench 2 is formed in a 
self-alignment manner With an uncompleted ?oating gate 4. 
Then, resist pattern 9 and oxide ?lm 8 are removed. 

[0015] Referring to FIGS. 10 and 11, a CVD insulation 
?lm 24 such as tetraethoxysilane (TEOS) is ?lled in trench 
2. CVD insulation ?lm 24 is etched to the surface of 
semiconductor substrate 1 such as by chemical mechanical 
polishing (CMP) to form uncompleted ?oating gate 4 Which 
extends in the bit line direction. Then, an ONO ?lm (thin 
laminate ?lm formed of a CVD oxide ?lm of approximately 
5 nm/a CVD nitride ?lm of approximately 5 nm/a CVD 
oxide ?lm of approximately 5 nm) 5 is formed to cover 
?oating gate 4. 

[0016] Referring to FIG. 12, polysilicon 13 (approxi 
mately 50 nm) doped With an n type impurity such as 
phosphorus, a refractory metal silicide 14 (approximately 50 
nm) such as WSi, and a CVD oxide ?lm 15 (approximately 
100 nm) such as TEOS are successively deposited. On CVD 
oxide ?lm 15, a resist pattern 16 for forming a control gate 
is formed. 

[0017] Referring to FIGS. 12 and 13, CVD oxide ?lm 15, 
refractory metal silicide 14, polysilicon 13, ONO ?lm 5, and 
uncompleted ?oating gate 4 are etched in this order to 
complete ?oating gate 4 and control gate 6. 

[0018] Referring to FIG. 14, a portion other than a region 
to be a drain region is masked by a resist pattern 17 and 
subjected to ion implantation to form a drain region 18. 

[0019] Referring to FIGS. 15 and 16, a portion other than 
a region to be a source region is masked and subjected to ion 
implantation to form a source region 19. 

[0020] Referring to FIG. 17, a bit line 20 is formed, ?rst 
and second Al interconnections 21 and 22 are formed 
thereon With interlayer insulation ?lms 28 and 29 therebe 
tWeen, and a glass coating 23 is formed. Thus, a memory cell 
transistor is completed. 

[0021] Since the conventional method of manufacturing 
the nonvolatile semiconductor memory device is as 
described above, problems occur as described beloW. 

[0022] In FIG. 18, (A) and (B) are cross sections along the 
lines A-A and B-B of FIG. 6 in the step of FIG. 13 (a bit line 
contact is omitted herein). 
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[0023] Referring to FIGS. 18 and 13, When the trench 
formed in a self-alignment manner With ?oating gate 4 is 
used for isolation, problems occur in etching control gate 
(memory gate) 6 and also etching uncompleted ?oating gate 
4. That is, in the cross section along the line B-B shoWn in 
(B) of FIG. 18, oxide ?lm 24 for trench isolation in trench 
2 may be etched, causing a side surface of semiconductor 
substrate 1, that is, a side surface of trench 2 (a portion 50 
indicated by a circle in the ?gure) to be exposed. As 
described above, exposure of the side surface of semicon 
ductor substrate 1 prevents isolation characteristics to be 
maintained suf?ciently. 

[0024] Referring to (A) of FIG. 18, there is also a problem 
of electric ?eld concentration on inter poly-insulation ?lm 5 
betWeen ?oating gate 4 and control gate 6 because an upper 
end of ?oating gate 4 (portion 51 indicated by a circle in the 
?gure) is angular and sharp. 

SUMMARY OF THE INVENTION 

[0025] The present invention Was made to solve the prob 
lems as described above, and its object is to provide an 
improved nonvolatile semiconductor memory device so as 
to be able to maintain isolation characteristics sufficiently. 

[0026] Another object of the present invention is to pro 
vide an improved nonvolatile semiconductor memory 
device so as not to concentrate electric ?elds on an inter 
poly-insulation ?lm betWeen a ?oating gate and a control 
gate. 

[0027] Further object of the present invention is to provide 
a method of manufacturing an improved nonvolatile semi 
conductor memory device so as to be able to maintain 
isolation characteristics. 

[0028] Still another object of the present invention is to 
provide a method of manufacturing an improved nonvolatile 
semiconductor memory device so as not to concentrate 
electric ?elds on an inter poly-insulation ?lm betWeen a 
?oating gate and a control gate. 

[0029] A nonvolatile semiconductor memory device 
according to a ?rst aspect of the present invention includes 
a semiconductor substrate. In a surface of the semiconductor 
substrate, ?rst and second trenches, Which extend in parallel 
With each other in a bit line direction, are provided. An oxide 
?lm for trench isolation is ?lled in the ?rst and second 
trenches. BetWeen the ?rst and second trenches, a ?oating 
gate is provided on the semiconductor substrate. A sideWall 
spacer is provided on a sideWall surface, extending in the bit 
line direction, of the ?oating gate. 

[0030] According to the present invention, the sideWall 
spacer is provided on the sideWall surface, extending in the 
bit line direction, of the ?oating gate, and therefore an 
angular portion of the ?oating gate is rounded, preventing 
concentration of electric ?elds on an inter poly-insulation 
?lm. 

[0031] According to the nonvolatile semiconductor 
memory device in a second aspect of the present invention, 
the sideWall spacer is provided on sideWall surfaces, extend 
ing in the bit line direction, on both sides of the ?oating gate. 

[0032] According to the nonvolatile semiconductor 
memory device in a third aspect of the present invention, the 
sideWall spacer is formed of polysilicon. 

[0033] According to the nonvolatile semiconductor 
memory device in a fourth aspect of the present invention, 
an n type impurity is implanted in the polysilicon. 
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[0034] According to the nonvolatile semiconductor 
memory device in a ?fth aspect of the present invention, the 
sideWall spacer increases in thickness from top to bottom. 

[0035] According to the nonvolatile semiconductor 
memory device in a sixth aspect of the present invention, the 
sideWall surface, extending in the bit line direction, of the 
?oating gate is coplanar With a sideWall surface of the 
trench. 

[0036] According to the nonvolatile semiconductor 
memory device in a seventh aspect of the present invention, 
the oxide ?lm for trench isolation is formed of a CVD 
insulation ?lm of Which material is TEOS. 

[0037] In a method of manufacturing a nonvolatile semi 
conductor memory device according to an eighth aspect of 
the present invention, a tunnel insulation ?lm and a ?rst 
conductive layer are ?rst successively formed on a semi 
conductor substrate. The ?rst conductive layer and the 
tunnel insulation ?lm are patterned in a bit line direction to 
form an uncompleted ?oating gate extending in the bit line 
direction and to form a trench in a surface of the semicon 
ductor substrate in a self-alignment manner With the uncom 
pleted ?oating gate. An insulation ?lm for trench isolation is 
?lled in the trench. AsideWall spacer is formed on a sideWall 
of the ?oating gate. On the semiconductor substrate, an 
insulation ?lm and a second conductive layer are succes 
sively formed to cover the uncompleted ?oating gate. The 
second conductive layer, the insulation ?lm and the uncom 
pleted ?oating gate are patterned in a Word line direction to 
form a completed ?oating gate and a control gate. 

[0038] According to the present invention, the sideWall 
spacer is formed on the sideWall of the ?oating gate. 
Accordingly, a trench sideWall is not exposed even if the 
isolation insulation ?lm in the trench is etched in etching the 
control gate (memory gate) and the uncompleted ?oating 
gate. As a result, a nonvolatile semiconductor memory 
device With isolation characteristics maintained is obtained. 

[0039] According to the method of manufacturing a non 
volatile semiconductor memory device in a ninth aspect of 
the present invention, the sideWall spacer is formed of 
polysilicon. 
[0040] In the method of manufacturing a nonvolatile semi 
conductor memory device in a tenth aspect of the present 
invention, the step of forming the sideWall spacer includes 
forming a polysilicon layer on the semiconductor substrate 
to cover the uncompleted ?oating gate, and carrying out 
isotropic etching of the polysilicon layer. 

[0041] According to the method of manufacturing a non 
volatile semiconductor memory device in an eleventh aspect 
of the present invention, the insulation ?lm is formed of a 
thin laminate ?lm of an oxide ?lm, a nitride ?lm and an 
oxide ?lm. 

[0042] In the method of manufacturing a nonvolatile semi 
conductor memory device according to a tWelfth aspect of 
the present invention, the insulation ?lm for trench isolation 
is formed of a CVD oxide ?lm of Which material is TEOS. 

[0043] In the method of manufacturing a nonvolatile semi 
conductor memory device according to a thirteenth aspect of 
the present invention, the ?rst conductive layer is formed of 
a polysilicon layer or an amorphous silicon layer. 

[0044] In the method of manufacturing a nonvolatile semi 
conductor memory device according to a fourteenth aspect 
of the present invention, the second conductive layer is 
formed of polysilicon. 
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[0045] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the following detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 shoWs a cross section (A) along the line 
A-A and a cross section (B) along the line C-C of FIG. 6 
described beloW, of a nonvolatile semiconductor memory 
device according to an embodiment. 

[0047] FIGS. 2 and 3 are cross sections of a semicon 
ductor device in the ?rst and second steps of a method of 
manufacturing a nonvolatile semiconductor memory device 
according to the embodiment. 

[0048] FIG. 4 is a cross section for describing the effects 
of the nonvolatile semiconductor memory device according 
to the embodiment. 

[0049] FIG. 5 is a cross section for describing the effects 
of the method of manufacturing a nonvolatile semiconductor 
memory device according to the embodiment. 

[0050] FIG. 6 is a plan vieW of the nonvolatile semicon 
ductor memory device according to the embodiment or a 
conventional nonvolatile semiconductor memory device. 

[0051] FIG. 7 shoWs a cross section (A) along the line 
A-A and a cross section (B) along the line C-C of the 
conventional nonvolatile semiconductor memory device. 

[0052] FIG. 8 is a diagram for describing the operation of 
the conventional nonvolatile semiconductor memory device. 

[0053] FIGS. 9 to 17 are cross sections of a semiconductor 
device in the ?rst to ninth steps of a conventional method of 
manufacturing a nonvolatile semiconductor memory device. 

[0054] FIG. 18 shoWs a cross section (A) along the line 
A-A and a cross section (B) along the line B-B of FIG. 6, 
shoWing problems With the conventional method of manu 
facturing a nonvolatile semiconductor memory device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] An embodiment of the present invention Will be 
described in the folloWing With reference to the ?gures. 

[0056] FIG. 1 is a cross section of a main part of a 
nonvolatile semiconductor memory device according to an 
embodiment. The plan vieW of such a nonvolatile semicon 
ductor memory device according to the embodiment is 
almost the same as the one shoWn in FIG. 6. 

[0057] In FIG. 1, (A) is a cross section along the line A-A 
of FIG. 6, and (3) is a cross section along the line C-C of 
FIG. 6. 

[0058] Referring to these ?gures, the nonvolatile semicon 
ductor memory device according to the embodiment 
includes a semiconductor substrate 1. In a surface of semi 
conductor substrate 1, ?rst and second trenches 2a and 2b 
are provided Which eXtend in parallel With each other in the 
direction of bit lines. An oXide ?lm 24 for trench isolation 
is ?lled in ?rst and second trenches 2a and 2b. A ?oating 
gate 4 is provided on semiconductor substrate 1 and betWeen 
?rst and second trenches 2a and 2b. 

[0059] A sideWall spacer 25 is provided on a sideWall 
surface, extending in the bit line direction, of ?oating gate 4. 
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SideWall spacer 25 is provided on sideWall surfaces, eXtend 
ing in the bit line direction, on both sides of ?oating gate 4. 
SideWall spacer 25 is formed of polysilicon implanted With 
an n type impurity. SideWall spacer 25 increases in thickness 
from top to bottom. A sideWall surface, extending in the bit 
line direction, of ?oating gate 4, is coplanar With a sideWall 
surface of trenches 2a and 2b. OXide ?lm 24 for trench 
isolation is formed of a CVD insulation ?lm of Which 
material is TEOS. 

[0060] To cover sideWall spacer 25 and ?oating gate 4, an 
ONO ?lm 5 serving as an inter poly-insulation ?lm is 
formed on semiconductor substrate 1. A control gate 6 
covers ?oating gate 4 and sideWall spacer 25 With ONO ?lm 
5 therebetWeen. Since other formation is similar to that of 
the conventional device shoWn in FIG. 7, the same or 
corresponding parts are denoted by the same reference 
characters and their description Will not be repeated. 

[0061] According to the nonvolatile semiconductor 
memory device in the embodiment, conductive sideWall 
spacers 25 are provided on the sideWalls of ?oating gate 4, 
and angular portions at an upper surface of the conductor 
formed by sideWall spacer 25 and ?oating gate 4 are 
rounded. Accordingly electric ?eld concentration is not 
caused on inter poly-insulation ?lm 5 betWeen ?oating gate 
4 and control gate 6. Further, the area in Which ?oating gate 
4 and control gate 6 are in contact With each other With inter 
poly-insulation ?lm 25 therebetWeen increases, improving 
the memory cell coupling ratio. 

[0062] A method of manufacturing the nonvolatile semi 
conductor memory device according to the embodiment Will 
be described in the folloWing. 

[0063] Steps similar to the conventional steps shoWn in 
FIGS. 9 and 10 are carried out ?rst. A resist pattern 9 and 
a CVD oXide ?lm 8 are removed. 

[0064] Referring to FIG. 2, oXide ?lm 24 for trench 
isolation is then ?lled in trench 2. Thereafter, polysilicon 26 
doped With an n type impurity such as phosphorus is 
deposited on semiconductor substrate 1. 

[0065] Referring to FIGS. 2 and 3, polysilicon 26 is 
subjected to isotropic etching. Thus, sideWall spacers 25 are 
formed on the sideWalls of ?oating gate 4. Then, steps 
similar to the ONO ?lm formation step shoWn in FIG. 11 
and the conventional steps shoWn in FIGS. 12 to 17 are 
carried out to complete a nonvolatile semiconductor 
memory device. The effects Will be described in the folloW 
mg. 

[0066] FIG. 4 is a cross section along the line A-A of FIG. 
6, shoWing a main part of the obtained semiconductor 
device. FIG. 5 is a cross section along the line B-B of FIG. 
6, shoWing a main part of the obtained semiconductor 
device. 

[0067] According to the embodiment of the present inven 
tion, the sideWall surfaces of trench 2 are not eXposed even 
if insulation ?lm 24 for trench isolation is etched, and 
therefore isolation characteristics are maintained. Further, 
the planarity of the conductor formed of ?oating gate 4 and 
sideWall spacers 25 is improved during Word ?lm formation, 
With reference to FIG. 4. Accordingly, Word lines can be 
patterned easily. 

[0068] As described above, according to the nonvolatile 
semiconductor memory device of the present invention, the 
area in Which a ?oating gate and a control gate are in contact 




