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(57) ABSTRACT 

A non-volatile Semiconductor memory device and a manu 
facturing method of the same where an etching residue 
generating Short-circuit between gates is made harmless or 
a device is miniaturized are obtained. The method includes 
the Steps of forming on a Semiconductor Substrate, a first 
gate layer and a Second gate layer, forming a Second gate 
electrode by etching the Second gate layer, forming a first 
gate electrode by etching the first gate layer using the Second 
gate electrode as a mask, and removing a residue left on a 
Step portion by isotropic etching. 
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NON-VOLATILE SEMCONDUCTOR MEMORY 
DEVICE AND MANUFACTURING METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to non-volatile semi 
conductor memory devices employed in various computing 
devices, control equipment or the like, and a manufacturing 
method thereof. 

0.003 2. Description of the Background Art 
0004. A non-volatile semiconductor memory device is 
used for writing/reading a piece of information, based on 
change in electric field effect to a channel portion caused by 
the electric charge in the floating gate, by applying a high 
Voltage between a floating gate and a Source or a drain, and 
injecting/pulling electric charge into/out from the floating 
gate. AS the electric charge in the floating gate is isolated by 
an insulation film, it can be retained for a long time as 
non-volatile information even after the power-off. 
0005. A conventional non-volatile semiconductor 
memory device will be described with reference to FIG. 53. 
0006. On a floating gate fin electrode 509, a second gate 
insulation film 512 is formed and a control gate lower 
electrode 513 of polycrystalline Silicon and a control gate 
upper electrode 514 of a metal silicide film are formed 
thereon. A control gate electrode 517 is formed of control 
gate lower electrode 513 and control gate upper electrode 
514. Further on control gate upper electrode 514 of the metal 
silicide film, a hard mask 515 which selves as a mask at 
etching is formed of a Silicon oxide film. 
0007 Bit lines are arranged among sources/drains from 
the back to the front and word lines are arranged from the 
right to the left in the drawing. 
0008. In FIG. 53, control gate electrode 517 and second 
gate insulation film 512 in the front section are not shown to 
allow the viewer to See a central trench portion. A structure 
shown in FIG. 53 is formed by etching control gate elec 
trode 517 and second gate insulation film 512 using hard 
mask 515 of a Silicon oxide film as a mask, removing a 
floating gate layer through anisotropic etching using control 
gate electrode 517 as a mask, and thereby forming a floating 
gate electrode 518. Here, a polycrystalline silicon residue 
which is an etching residue 519 is left on a side wall of an 
insulation film facing the central trench portion. 
0009. Another example where etching residue remains is 
shown in FIGS. 54 and 55. An end portion itself of a 
floating gate electrode 618 Serves as a mask at a step formed 
by an end of floating gate electrode 618 and an isolating 
insulation film 602, and a polycrystalline silicon residue 619 
is produced on a Side wall of the Step formed by isolating 
insulation film 602 and the end of the floating gate electrode 
as shown in FIG. 55. 

0.010 Generally, in a non-volatile semiconductor 
memory device Such as a flash memory, capacitance cou 
pling ratio C2/(C1+C2) must be high. Here, capacitance C1 
is capacitance between the floating gate electrode and a 
channel portion and capacitance C2 is coupling capacitance 
between the control gate electrode and the floating gate 
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electrode. When voltage V is applied from an external 
Source to the control gate electrode, potential on the floating 
gate electrode is C2/(C1+C2). Therefore, in order to apply a 
Sufficiently high Voltage on the floating gate electrode, a 
correspondingly high capacitance coupling ratio is required. 
The high capacitance coupling ratio allows an operation of 
non-volatile Semiconductor memory device at a low voltage 
while Securing a high floating gate potential. 
0011 To increase the capacitance coupling ratio, capaci 
tance C2 between the control gate electrode and the floating 
gate electrode must be increased. Therefore, a fin electrode 
509 is provided in an upper portion of the floating gate 
electrode thereby increasing the area between the floating 
gate electrode and the control gate electrode. 
0012. In the above described structure, some portions are 
undesirably masked from being etched at the anisotropic 
etching of floating gate electrode 518 of polycrystalline 
silicon or the like, and etching residue 519 tends to be 
produced along the Side wall of the insulation film facing the 
trench portion. Such polycrystalline Silicon residue forms 
Short circuits between gate electrodes and as a result causes 
a significant yield reduction. In addition, even if etching 
Selectivity between polycrystalline Silicon and an underlying 
layer is made as high as possible to permit over-etching for 
the removal of the etching residue, there is a certain limi 
tation in the etching Selectivity and first gate insulation film 
503 possibly be penetrated. 
0013 In addition, in non-volatile semiconductor memory 
devices Such as a flash memory, for the increase in capaci 
tance C2 between the floating gate electrode and the control 
gate electrode which in turn increases the above mentioned 
capacitance coupling ratio, an area of the floating gate 
electrode, especially width thereof must be increased. Con 
ventionally, the width of the floating gate electrode is 
increased by providing fin electrode 509 up to about three 
times the length of the channel portion. Therefore, the area 
of the floating gate electrodes is increased and hinders the 
miniaturization of non-volatile Semiconductor memory 
devices. 

SUMMARY OF THE INVENTION 

0014) An object of the present invention is to remove an 
etching residue or make the etching residue harmless with 
out damaging a first gate insulation film and an interlayer 
insulation film. A further object of the present invention is to 
obtain a high capacitance coupling ratio without increasing 
an area of a floating gate electrode and to attain miniatur 
ization of non-volatile Semiconductor memory devices. 
0015. In one aspect of the present invention, a method of 
manufacturing includes the Steps of forming a first gate 
layer on a main Surface of a Semiconductor Substrate with a 
first gate insulation film posed therebetween; forming a 
Second gate layer on the first gate layer with a Second gate 
insulation film posed therebetween; forming a Second gate 
electrode by etching the Second gate layer using a resist as 
a mask; forming a first gate electrode by etching the first gate 
layer using the Second gate electrode as a mask, and per 
forming an isotropic etching on an etching residue left on a 
Side wall of a Step formed by an insulation film in contact 
with a side wall of the first gate layer and the first gate 
insulation film, after the etching of the first gate layer, to 
remove the etching residue. 
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0016. As the etching residue is removed by isotropic 
etching, short circuit between gate electrodes can be pre 
vented and yield improvement can be achieved. 
0017 Preferably, a gas containing halogen element is 
employed in the above mentioned isotropic etching. 
0.018. The etching residue can be removed without dam 
ages on the first gate insulation film and the interlayer 
insulation film through the use of gas containing halogen 
element, and yield improvement can be achieved. 
0019. In particular, the gas containing halogen element is 
preferably one of the following gases (1), (2) and (3). 
0020 (1) One selected from the group consisting of Cl 
gas, a mixed gas of Cl2 and NFs, a mixed gas of Cl2 and O2, 
a mixed gas of Vapor HF and O2, a mixed gas of CF and O2, 
a mixed gas of CHF and O, a mixed gas of SF and O, and 
a mixed gas of NF and O. 
0021 (2) A gas prepared by using one of NO, CO, O, 
H2O and H2O instead of O in the gas of (1). 
0022 (3) A mixed gas prepared by further adding at least 
one of He, Ne, Ar, Kr, Xe and N to the gas of (1). 
0023. In addition, a gas prepared by adding at least one 
of He, Ne, Ar, Kr, Xe and N to the gas of (2) can be 
employed. 

0024. With the use of these gases, the etching residue can 
be efficiently removed without damages on the first gate 
insulation film and the interlayer insulation film. As a result, 
Short circuit between gates can be prevented and yield 
improvement is allowed. 
0.025. When formation of a non-uniformly etched side 
wall of the Second gate electrode is not desired at the above 
mentioned isotropic etching, a step of forming a protective 
film on the side wall of the second gate electrode desirably 
is further included prior to the Step of performing the 
isotropic etching. 

0026. By the formation of the protective film, the non 
uniformity in etching of the Second gate electrode can be 
prevented especially when it is formed of a metal Silicide 
layer. Therefore, the etching residue causing Short circuit 
between gate electrodes can be removed while variations in 
dimension and interconnection resistance are Suppressed. In 
addition, with no damages on the first gate insulation film 
and the interlayer insulation film, yield improvement is 
allowed. 

0027. In accordance with the one aspect of the present 
invention, in order to prevent the non-uniformity in Oxida 
tion of the Side Surfaces of the gate electrodes caused at the 
isotropic etching, the manufacturing method desirably fur 
ther includes a Step of performing a wet proceSS on the 
etching residue with a chemical containing at least 1% of 
H.O. prior to the step of performing the isotropic etching, to 
make uniform the thicknesses of oxide films on the side 
walls of the gate electrode after the isotropic etching. 
0028 By the wet process with the chemical containing at 
least 1% of HO, the thicknesses of the oxide films on the 
Side walls of the first and Second gate electrodes become 
uniform and the removal of etching residue is allowed 
without causing variations in dimension and interconnection 
resistance. In addition, with no damages on the first gate 
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insulation film and the interlayer insulation film, yield 
improvement can be achieved. 

0029. In accordance with a further aspect of the present 
invention, when removal of etching residue by the wet 
process is important, the method of manufacturing includes 
the Steps of forming a first gate lower layer on a main 
Surface of a Semiconductor Substrate with a first gate insu 
lation film posed therebetween; forming Sidewall spacers of 
an insulation film on Side walls of the first gate lower layer 
and an insulation film formed thereon; forming an interlayer 
insulation film in contact with the Sidewall Spacer, from an 
insulation film of a material different from the sidewall 
Spacer; forming a Second gate layer on a first gate layer with 
a Second gate insulation film posed therebetween; forming a 
Second gate electrode by etching the Second gate layer using 
a resist as a mask; forming a first gate electrode by etching 
the first gate layer using the Second gate electrode as a mask, 
and performing a wet process on the Sidewall Spacer after the 
formation of the first gate electrode through etching of the 
first gate layer, removing the Sidewall Spacer, and removing 
by lift-off an etching residue left on a side wall of a step 
formed by the Sidewall spacer and the first gate insulation 
film. 

0030) By the wet process involving the lift-off, the etch 
ing residue can be Securely removed together with the 
Sidewall spacer, whereby short circuit can be prevented from 
being caused by the etching residue with high reliability. AS 
a result, a significant yield improvement can be achieved. 

0031 When the etching residue is lift off by the removal 
of Sidewall Spacer as described above, if protection of a side 
wall of Second gate electrode is important, a Step of forming 
a sidewall of an insulation film on the side wall of the second 
gate electrode is desirably further included after the Step of 
forming the Second gate electrode and prior to the Step of 
forming the first gate electrode. 
0032. By providing a protective film on the side wall of 
the Second gate electrode as described above, short circuit 
between gate electrodes as well as the damages on the 
Second gate electrode can be prevented and yield improve 
ment can be achieved. 

0033. In accordance with a still further aspect of the 
present invention, when it is important to taper the central 
trench portion to make width thereof wider towards the top 
of the trench at the anisotropic etching for the formation of 
the first gate electrode, the method of manufacturing 
includes the Steps of forming a photo resist or an insulation 
film on a main Surface of a Semiconductor Substrate at a 
position where a gate electrode is to be formed; forming an 
active region by implanting an impurity into the Semicon 
ductor Substrate using the photo resist or the insulation film 
as a mask; forming an interlayer insulation film on the 
Semiconductor Substrate, etching the interlayer insulation 
film, forming a trench in a position where the gate electrode 
is to be formed, and tapering opposing Sides of the trench to 
widen the width towards the top of the trench, in a section 
perpendicular to a direction of extension of the trench; and 
forming a first gate electrode along the trench. 
0034. With the above described tapered trench portion 
having a wider width towards the top, a portion of the first 
gate electrode layer to be etched become easily accessible. 
AS a result, the etching residue is not left on the Side Surface 
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of the trench, and short circuit between gate electrodes is 
prevented. In addition as no damages are caused in other 
portions, yield improvement is allowed. 

0035) In accordance with a still further aspect of the 
present invention, when it is important to form a tapered 
trench wider towards the top by forming a tapered Silicon 
nitride film having an upper Surface wider than a bottom 
Surface, the method of manufacturing includes the Steps of: 
depositing a Silicon nitride film on a main Surface of a 
Semiconductor Substrate, Selectively etching the Silicon 
nitride film So as to be left in a position where a gate 
electrode is to be formed with a resist as a mask and tapering 
each of opposing Sides of the Silicon nitride film So as to 
widen the width of the silicon nitride film upwards, in the 
Section perpendicular to extension of the Side wall of the 
Silicon nitride film; forming an active region by implanting 
an impurity into the Semiconductor Substrate using the 
Silicon nitride film as a mask; forming an interlayer insula 
tion film on the Semiconductor Substrate; removing the 
Silicon nitride film, forming a trench with each of opposing 
Sides of the trench being tapered in the Section to widen the 
width of the trench upwards, and forming a first gate 
electrode along the trench. 
0.036 When the first gate electrode is formed along the 
tapered trench with widened width towards the top, no 
portion is blocked from etching. As a result, no etching 
residue is produced and short circuit is not generated 
whereby yield improvement is allowed. 

0037. In accordance with the one aspect of the present 
invention, when prevention of Short circuit between gate 
electrodes is important along with the protection of the side 
wall of the Second gate region, a non-volatile Semiconductor 
memory device includes: a first gate insulation film formed 
on a main Surface of a Semiconductor Substrate; a first gate 
electrode formed thereon; a Second gate electrode formed on 
the first gate electrode with a Second gate insulation film 
posed therebetween; and a protective film on a Side wall of 
the Second gate electrode. 
0.038. By providing a protective film on the side wall of 
the Second gate electrode, Side etching does not occur on the 
Side wall of the Second gate electrode at the formation of the 
first gate electrode through the etching of the first gate layer. 
AS a result, a non-volatile Semiconductor memory device 
preventing short circuit between gate electrodes without 
causing variations in dimension of the Side wall of the 
Second gate electrode and the interconnection resistance can 
be provided. 

0039. In accordance with the further aspect of the present 
invention, a non-volatile Semiconductor memory device 
includes, a first gate insulation film formed on a main 
Surface of a Semiconductor SubStrate; a first gate electrode 
formed thereon, a Second gate electrode formed on the first 
gate electrode with a Second gate insulation film posed 
therebetween; and Silicon compound formed by turning a 
polycrystalline Silicon into an insulation on a step Side wall 
formed by an insulation film in contact with a side wall of 
the first gate electrode and the first gate insulation film. 
0040. By turning the etching residue formed on the step 
Side wall into an insulation, Short circuit between gate 
electrodes can be prevented from being caused by the 
etching residue. As a result, yield improvement and an 
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inexpensive device can be provided. Here, thermal oxida 
tion, nitriding or ion implantation can be employed as a 
process for turning the etching residue into an insulation. 

0041. In accordance with the still further aspect of the 
present invention, when it is important not to produce 
etching residue from the time of anisotropic etching, a 
non-volatile Semiconductor memory device includes: a first 
gate electrode formed by etching a first gate layer on a 
Semiconductor SubStrate with a first gate insulation film 
posed therebetween; and a Second gate electrode formed by 
etching a Second gate layer on the first gate electrode with 
a Second gate insulation film posed therebetween; an angle 
formed by an insulation film in contact with a side wall of 
the first gate electrode and the first gate insulation film being 
more than 90 with respect to the first gate electrode in a 
Section perpendicular to extension of the Side wall of the first 
gate electrode, and each of opposing Side walls of the 
insulation film in contact with the side wall of the first gate 
electrode being tapered so as to widen the width of the first 
gate electrode upwards. 

0042. By setting the angle formed by the insulation film 
in contact with the Side wall of the first gate electrode and 
the first gate insulation film larger than 90 with respect to 
the first gate electrode in a Section perpendicular to the 
extension of the Side wall of the first gate electrode, no 
portion is blocked from the etching at the anisotropic etching 
for forming the first gate electrode. As a result, etching 
residue is not produced and short circuit between gate 
electrodes can be prevented. 

0043. In accordance with the still further aspect of the 
present invention, when it is important that the device is 
miniaturized, a non-volatile Semiconductor memory device 
includes: a first gate lower electrode formed on a main 
Surface of a Semiconductor Substrate with a first gate insu 
lation film posed therebetween; a first interlayer insulation 
film thicker than the first gate lower electrode and defining 
width of the first gate lower electrode, a Second interlayer 
insulation film formed on the first interlayer insulation film; 
a first gate fin electrode formed on the first gate lower 
electrode, having a fin portion extending in the periphery of 
the first interlayer insulation film and along a side wall of the 
Second interlayer insulation film, and making up a first gate 
electrode together with the first gate lower electrode, and a 
Second gate electrode formed on the first gate fin electrode 
with a Second gate insulation film posed therebetween. 
0044 As described above, by forming the fin portion as 
the first gate fin electrode extending in the periphery of the 
first interlayer insulation film and along the side wall of the 
Second interlayer insulation film, a Substantial area between 
the first gate electrode and the Second gate electrode can be 
increased without increase in the plane area. As a result, a 
miniaturized non-volatile Semiconductor memory device 
having a high coupling capacitance ratio can be provided at 
an inexpensive cost, and an operation at a low voltage of the 
device is allowed. 

0045. In addition, in the non-volatile semiconductor 
memory device in accordance with the further aspect of the 
present invention, a protective film is desirably provided on 
a side wall of the Second gate electrode. 
0046 By providing the protective film on the side wall of 
the Second gate electrode, even in the non-volatile Semicon 
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ductor memory device described above having the fin por 
tion along the Side wall of the Second interlayer insulation 
film, etching residue can be removed by isotropic etching 
without damaging the Second gate electrode. 
0047. In addition, in accordance with the still further 
aspect of the present invention, the non-volatile Semicon 
ductor memory device further includes Silicon compound 
formed by turning polycrystalline Silicon into an insulation 
on a Side wall of one of a step formed by an insulation film 
in contact with a side wall of the first gate lower electrode 
and the first gate insulation film, and a step formed by the 
first interlayer insulation film and the Second interlayer 
insulation film. 

0.048. By providing a compound formed by turning the 
etching residue into an insulation on the Side wall of the 
above mentioned Step, Short circuit between gate electrodes 
can be prevented. When thermal oxidation, nitriding, or ion 
implantation is performed to turn the residue into an insu 
lation, the Second gate electrode may be damaged. There 
fore, a protective film is desirably formed on the side wall 
of the Second gate electrode in the non-volatile Semicon 
ductor memory device having a Silicon compound as an 
insulation. 

0049. In the non-volatile semiconductor memory device 
achieving a high capacitance coupling ratio as described 
above, desirably an angle formed by the side wall of the 
insulation film in contact with the side wall of the first gate 
lower electrode and the first gate insulation film is more than 
90 with respect to the first gate lower electrode in a section 
perpendicular to extension of the first gate lower electrode, 
and each of opposing Side walls of the insulation film in 
contact with opposing Side walls of the first gate lower 
electrode is tapered So as to widen the width of the first gate 
lower electrode upwards. 
0050 AS described above, by tapering the side wall of the 
insulation film Such that the opening formed by the first gate 
lower electrode becomes wider towards the top, no portion 
is blocked from etching, whereby etching residue is not 
produced. 
0051. In the-non-volatile semiconductor memory device 
achieving a high capacitance coupling ratio as described 
above, further desirably, an angle formed by an upper 
surface of the first interlayer insulation film and the side wall 
of the second interlayer insulation film is more than 90 with 
respect to the upper Surface of the first interlayer insulation 
film in contact with the fin portion, and each of opposing 
Side walls of the Second interlayer insulation film is tapered 
so as to widen the widths of the first gate fin electrode and 
the Second gate electrode upwards. 
0.052 By providing the tapered side wall of the second 
interlayer insulation film such that the widths of the first gate 
fin electrode and the Second gate electrode become wider 
towards the top, also at the Step formed by the upper Surface 
of the first interlayer insulation film and the second inter 
layer insulation film, no portion is blocked from etching. AS 
a result, the tapered Side wall of the Second interlayer 
insulation film as well as the tapered side wall of the 
insulation film at the step formed by the insulation film in 
contact with the side wall of the first gate lower electrode 
and the first gate insulation film, allow the removal of 
etching residue at both Step portion, and even more Secure 
prevention of short circuit between gate electrodes is 
allowed. 
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0053. In the non-volatile semiconductor memory device 
achieving a high capacitance coupling ratio as described 
above, when decreases in area and cost are important, at 
least a Surface of the fin portion in the first gate fin electrode 
is desirably roughened. The roughening treatment is also 
desirable when (a) Silicon compound turned into an insula 
tion is included, (b) the first gate lower electrode is tapered 
Such that it becomes wider towards the top, or (c) in addition 
to the first gate lower electrode, the Second gate electrode is 
also tapered Such that it becomes wider towards the top. 
0054 By roughening at least the surface of the fin portion 
in the non-volatile Semiconductor memory device, a Sub 
Stantial area between the first gate electrode and the Second 
gate electrode is increased. As a result, a miniaturized and 
inexpensive non-volatile Semiconductor memory device 
having a high coupling capacitance ratio can be provided. In 
addition, an operation at a still lower Voltage is allowed for 
the above described device. 

0055. 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 

0056 FIG. 1 is a perspective view of a structure with an 
isolating insulation film in a Semiconductor Substrate. 
0057 FIG. 2 is a perspective view of a structure with a 
resist formed on a floating gate (hereinafter referred to as 
FG) film. 
0.058 FIG. 3 is a perspective view of a structure with a 
patterned hard mask. 
0059 FIG. 4 is a perspective view of a structure with a 
patterned FG. 
0060 FIG. 5 is a perspective view of a structure where 
a Sidewall Spacer for the FG and an interlayer insulation film 
are formed and subjected to CMP (Chemical Mechanical 
Polishing). 
0061 FIG. 6 is a perspective view of a structure where 
the hard mask has been removed. 

0062 FIG. 7 is a perspective view of a structure where 
a fin layer of the FG is deposited and a resist is formed 
thereon. 

0063 FIG. 8 is a perspective view of a structure where 
a fin portion of the FG is patterned. 
0064 FIG. 9 is a perspective view of a structure where 
a resist is formed after the deposition of a Second gate 
insulation film, a control gate (hereinafter referred to as CG), 
and a hard mask. 

0065 FIG. 10 is a perspective view of a structure where 
a hard mask is patterned with the use of the resist. 
0066 FIG. 11 is a perspective view of a structure pat 
terned down to the Second gate insulation film using the hard 
mask. 

0067 FIG. 12 is a perspective view where elements such 
as the CG in the front Section shown in FIG. 11 are not 
shown. 
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0068 FIG. 13 is a perspective view of a structure where 
an etching residue has been removed by isotropic etching 
after the FG region was etched with the use of the CG or the 
like as a mask. 

0069 FIG. 14 is a graph showing the dependence of 
Selectivity on CF content in a gas. 
0070 FIG. 15 is a sectional view by a plane perpendicu 
lar to an extension of word line in a gate region. 
0071 FIG. 16 is a sectional view of a structure with a 
protective film formed on a side wall of the CG. 
0072 FIG. 17 is a sectional view of a structure where the 
FG is etched. 

0073 FIG. 18 is a sectional view of a structure with a 
sidewall formed on the side wall of the CG. 

0074 FIG. 19 is a sectional view of a structure where the 
FG is etched. 

0075 FIG. 20 is a sectional view of a structure with a 
protective film formed on the CG and the FG. 
0.076 FIG. 21 is a perspective view of a structure where 
a Sidewall Spacer is formed on the FG from an insulation 
film of a different material from the interlayer insulation film 
and subjected to CMP. 
0077 FIG.22 is a perspective view of a structure where 
the FG is etched. 

0078 FIG. 23 is a sectional view by a vertical plane 
including X-X" of FIG. 22. 
007.9 FIG. 24 is a perspective view of a structure where 
the Sidewall Spacer has been removed and the etching 
residue has been lift off. 

0080 FIG. 25 is a sectional view by a vertical plane 
including X-X" of FIG. 24. 
0.081 FIG. 26 is a perspective view of a structure where 
the etching residue has been Subjected to thermal oxidation 
or the like. 

0082 FIG. 27 is a perspective view of a structure where 
oxygen or the like is implanted to the etching residue. 
0.083 FIG. 28 is a perspective view showing the etching 
residue to which oxygen or the like has been ion implanted. 
0084 FIG. 29 is a perspective view of a structure where 
a Sidewall is formed along the longitudinal direction of the 
CG. 

0085 FIG. 30 is a perspective view of a structure where 
a part of the FG has been etched away from the structure 
shown in FIG. 29. 

0.086 FIG.31 is a perspective view of a structure where 
the etching residue has been Subjected to thermal oxidation 
or the like. 

0.087 FIG. 32 is a perspective view during the implan 
tation of an impurity using a resist as a mask. 
0088 FIG. 33 is a perspective view of a structure cov 
ered by an overcoat. 
0089 FIG.34 is a perspective view during the formation 
of an LDD (Lightly-Doped-Drain) using the overcoat as a 
mask. 
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0090 FIG. 35 is a perspective view of a structure where 
an interlayer insulation film is formed and the LDD region 
is covered by a photo resist. 
0091 FIG. 36 is a perspective view of a structure where 
a polycrystalline Silicon film is formed. 
0092 FIG. 37 is a perspective view of a structure where 
a FG lower layer is formed. 
0093 FIG.38 is a perspective view of a structure where 
a resist is formed on the polycrystalline Silicon film entirely 
etched back. 

0094 FIG. 39 is a perspective view of a structure where 
a FG with a fin layer is formed. 
0.095 FIG. 40 is a perspective view of a structure where 
a trench portion is formed by etching the FG using the CG 
as a mask with no residence remained. 

0096 FIG. 41 is a perspective view during implantation 
of an impurity using a tapered nitride film having the top 
wider than the bottom as a mask. 

0097 FIG. 42 is a perspective view during the formation 
of the LDD using a Sidewall spacer as a mask. 
0.098 FIG. 43 is a perspective view of a structure where 
a Silicon oxide film which is to be an interlayer insulation 
film is formed. 

0099 FIG. 44 is a perspective view of a structure where 
the Silicon oxide film is planarized. 
0100 FIG. 45 is a perspective view of a structure where 
the Silicon nitride film is removed and a trench portion is 
formed with Side Surfaces upwardly tapered to have a wider 
opening at the top than at the bottom. 

0101 FIG. 46 is a perspective view of a structure with a 
short fin portion of the FG according to the eleventh embodi 
ment. 

0102 FIG. 47 is a sectional view by a plane perpendicu 
lar to a bit line in a structure with a fin layer of the FG. 
0.103 FIG. 48 is a sectional view of a structure where a 
vertical portion of the FG is formed. 

0104 FIG. 49 is a sectional view of a structure where a 
surface of the FG with the vertical portion is roughened. 

0105 FIG. 50 is a sectional view of a gate electrode 
portion with the Vertical portion. 

0106 FIG. 51 is a perspective view of a structure where 
etching is performed to make a tapered gate region with an 
opening at the top wider than that at the bottom according to 
the twelfth embodiment. 

0107 FIG. 52 is a perspective view of a structure where 
the trench portion is etched according to the tenth embodi 
ment. 

0108 FIG. 53 is a perspective view of a structure where 
the etching residue remains after the etching of the FG 
according to a conventional method. 

0109 FIG. 54 is a perspective view of a structure where 
etching is performed to produce a vertical Step in the FG 
according to a conventional method. 
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0110 FIG.55 is a perspective view of a structure where 
etching is performed on the FG according to a conventional 
method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0111 Preferred embodiments of the present invention 
will be described with reference to the drawings. 
0112 First Embodiment 
0113. With reference to FIG. 1, first in a surface of a 
silicon Substrate 1, a trench isolation film 2 is formed. Then 
on a main Surface of Silicon Substrate 1, a Silicon oxide film 
which is to be a first gate isolation film 3, a polycrystalline 
Silicon film which is to be a floating gate lower layer 4, a 
silicon nitride film which is used as a hard mask 5 are formed 
from the bottom in this order. Then as shown in FIG. 2, a 
resist pattern 6 is formed in a predetermined region by a 
normal photolithography. 

0114. As shown in FIG.3, silicon nitride film 5 is etched 
using resist pattern 6 as a mask and then resist pattern 6 is 
removed. 

0115 Using silicon nitride film 5 formed by the above 
mentioned etching as a mask, a polycrystalline Silicon film 
4 is patterned as shown in FIG. 4. 
0116. After the formation of sidewall spacers 7 of a 
Silicon oxide film on Side walls of above mentioned pat 
terned polycrystalline Silicon film 4 and the Silicon nitride 
film, an interlayer insulation film 8 is formed from a silicon 
oxide film. Chemical Mechanical Polishing (CMP) is sub 
Sequently performed to etch back and planarize interlayer 
insulation film 8 until silicon nitride film 5 is exposed as 
shown in FIG. 5. 

0117 Then, by the wet process with hot phosphoric acid 
or the like, silicon nitride film 5 is removed and polycrys 
talline silicon film 4 is exposed as shown in FIG. 6. As 
indicated by a character Ain FIG. 6, a vertical step is formed 
between Sidewall spacer 7 and floating gate lower electrode 
4. 

0118. Then, a polycrystalline silicon film which is to be 
a floating gate fin layer 9 is formed and a resist pattern 10 
is formed thereon in a predetermined region by a normal 
photolithography as shown in FIG. 7. 
0119) After a fin portion 11 which is a part of the floating 
gate fin layer is formed through the etching using resist 
pattern 10 as a mask, resist pattern 10 is removed as shown 
in FIG. 8. 

0120) Then, on above described floating gate fin layer 9, 
a second gate insulation film 12 of an ONO (Oxide Nitride 
Oxide) film having a configuration consisting of an oxide 
film/a nitride film? an oxide film, a control gate lower layer 
13 of a polycrystalline Silicon film, a control gate upper layer 
14 of a metal silicide film, a hard mask 15 of a silicon oxide 
film are formed in this order from the bottom, and a resist 
pattern 16 is formed in a predetermined region by a normal 
photolithography as shown in FIG. 9. 

0121 Then, using resist pattern 16 as a mask, hard mask 
15 is etched and resist pattern 16 is removed as shown in 
FIG 10. 
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0122) Then, the control gate layer and Second gate insu 
lation film 12 are etched using hard mask 15 as a mask, and 
a control gate electrode 17 is formed as shown in FIG. 11. 
In FIG. 12, the control gate electrode, the Second gate 
insulation film and the hard mask in the front Section shown 
in FIG. 11 are not shown to allow the viewer to see the 
trench portion. 
0123) Next, a floating gate electrode 18 is formed by 
etching the floating gate layer using the control gate elec 
trode as a mask. At this time, an etching residue of poly 
crystalline Silicon is produced along Side walls of the central 
trench portion formed by the etching. 
0.124. The etching residue is then removed as shown in 
FIG. 13 through isotropic etching capable of etching 500 A 
thick polycrystalline silicon film by a down flow type 
etching System or the like. 
0.125 One of the following gases is used in the down flow 
type etching System. 

0126 (1) One selected from the group consisting of Cl, 
a mixed gas of Cl2 and NFs, a mixed gas of Cl2 and O2, a 
mixed gas of Vapor HF and O2, a mixed gas of CF and O2, 
a mixed gas of CHF and O, a mixed gas of SF and O, and 
a mixed gas of NF and O. 
0127 (2) The gas in the group (1) containing NO, CO, 
Os, H2O, or H2O instead of O. 
0128 (3) Gas prepared by adding at least one of He, Ne, 
Ar, Kr, Xe and N to the gas in the groups (1) and (2). 
0.129 FIG. 14 is a graph showing dependence of the 
etching Selectivity of polycrystalline Silicon to SiO2 on the 
concentration of CF in etching gas CF/O (CF/(CF+O)). 
At the isotropic etching, the Selectivity of polycrystalline 
silicon to SiO, must be more than 15 for the prevention of 
the etching of first gate insulation film 3 and interlayer 
insulation film 8. For this purpose, the concentration of CF 
is desirably equal to or more than 40% as can be seen from 
FIG. 14. 

0.130 Thus, by the manufacturing method including the 
Step of performing the isotropic etching after the formation 
of the floating gate electrode, the removal of polycrystalline 
Silicon residue produced on the Side wall of trench portion 
of the insulation film and the prevention of short circuit are 
allowed. In addition, by the control of composition of gas 
used in the isotropic etching, the etching residue can be 
removed without damaging the underlying first gate insula 
tion film and the interlayer insulation film, allowing a 
Significant yield improvement for the non-volatile Semicon 
ductor memory devices. 

0131) Second Embodiment 
0.132. In the practice of the above described first embodi 
ment, the following problems may occur depending on the 
etching conditions. When the floating gate layer is etched 
back using control gate electrode 17 as a mask, and the 
polycrystalline Silicon residue formed by the etching is 
removed by isotropic etching, though the polycrystalline 
Silicon residue can be removed, a Side wall portion of the 
control gate electrode, especially a Side wall portion of layer 
14 Such as metal Silicide is non-uniformly etched as shown 
in FIG. 15. FIG. 15 is a sectional view of a gate portion by 
a plane perpendicular to the extension of word line. 
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0133. The side etched portion is produced by the non 
uniform oxidation by O. contained in etching gas during the 
Step of forming floating gate electrode 18 by etching the 
floating gate layer with plasma containing Cl- and O. using 
control gate electrode 17 as a mask. The non-uniform Side 
etching results in variations in dimension and interconnec 
tion resistance. In the Second embodiment, an oxide film, 
which is a protective film, is formed on the side wall portion 
of the control gate electrode to prevent the Side etching. 
0134) The initial steps of the second embodiment are the 
same with the steps in the first embodiment shown in FIGS. 
1-12. For the prevention of the variations described above, 
after the completion of the structure shown in FIG. 12 and 
after the formation of the control gate electrode, a Side wall 
21 of the control gate electrode of an oxide film of about 50 
< thick is formed on the Side wall of control gate electrode 
as shown in FIG. 16, through ramp oxidation or thermal 
oxidation with the use of O or a mixed gas of O containing 
rare gas and N. Though in the case of a 0.25 lim-wide 
control gate, the interconnection width varies about 4% 
because of the oxidation, change in resistance does not 
matter. In addition, as Second gate insulation film 12 Such as 
an ONO film serves as a protective film for the polycrys 
talline Silicon in the underlying floating gate fin layer, 
polycrystalline silicon will not be oxidized. 
0135) Then, as shown in FIG. 17, the floating gate 
electrode is formed through anisotropic etching of the float 
ing gate layer with plasma containing Cl2 gas, using the 
control gate electrode with control gate electrode Side wall 
21 as a mask. Even if isotropic etching as described in the 
first embodiment is Subsequently performed, as control gate 
electrode Side wall 21 Serves as a protective film, Side 
etching of a layer 14 of tungsten Silicide or the like can be 
prevented. When the etching selectivity of polycrystalline 
Silicon to SiO2 is low at the isotropic etching, preferably the 
thickness of control gate electrode side wall 21 described 
above is made equal to or larger than that of underlying first 
gate oxide film 3. 
0136. Third Embodiment 
0.137 In the third embodiment, a manufacturing method 
including a formation process of a protective film different 
from control gate electrode Side wall 21 in the Second 
embodiment will be performed. The initial steps of the 
manufacturing method are the Same with the Steps in the first 
embodiment shown in FIGS. 1-10. In the third embodiment, 
after the completion of the structure shown in FIG. 10, the 
control gate layer is etched down to just above Second gate 
insulation film 12, using hard mask 15 of TEOS (Tetra-Ethyl 
Ortho-Silicate) oxide film as a mask. (In the second embodi 
ment, Second gate insulation film 12 is also etched as shown 
in FIGS. 11 and 12.) 
0.138. Then, a silicon oxide film such as a TEOS oxide 
film is deposited on side walls of control gate electrode 17 
and hard mask 15 by CVD (Chemical Vapor Deposition). 
Through the etch back of the oxide film and ONO film 12 
down to floating gate electrode 18 as shown in FIG. 18, a 
sidewall 22, which is a protective film for the side surface of 
control gate electrode 17 is formed. Then the floating gate 
layer is etched using Sidewall 22 as a mask, and floating gate 
electrode 18 is formed as shown in FIG. 19. Sidewall 22 
Serves as a protective film at the Subsequent isotropic 
etching in the same manner as control gate electrode side 
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wall 21 in the second embodiment, thereby allowing the 
yield improvement in the non-volatile Semiconductor 
memory devices. 
0139 Fourth Embodiment 
0140. The variations in dimension and interconnection 
resistance can be Suppressed by making uniform the Side 
etching of control gate upper electrode 14 of tungsten 
Silicide or the like as well as by preventing the Side etching. 
The side wall portions of control gate electrode 17 and 
floating gate electrode 18, formed through the anisotropic 
etching of the structure shown in FIG. 10 using hard mask 
15 of TEOS oxide film or the like as a mask and using Cl 
and O2, are oxidized in a non-uniform manner. AS the 
thickness of the non-uniform portion is about 5 A, the 
thickness of the oxide film after the Subsequent isotropic 
etching can be made uniform as shown in FIG. 20 by 
performing oxidation with a chemical containing hydrogen 
peroxide H2O after the formations of the control gate 
electrode and the floating gate electrode. An oxide film of 
about 5 A thickness can be sufficiently formed if the 
concentration of HO is at least about 1%. The oxide film 
can be easily formed at low cost using a liquid mixture of 
HSO, HO and HO or a liquid mixture of NHOH, H.O. 
and H2O generally used in the cleaning process, by changing 
the concentration of HO, therein to 1% or higher. 
0.141. By making the oxide film thickness uniform 
through HO treatment as described above, the non-uni 
form etching can be prevented thereby allowing the preven 
tion of the variations in dimension and interconnection 
resistance. 

0142 Fifth Embodiment 
0143. The initial steps of the fifth embodiment are similar 
to the steps shown in FIGS. 1-4 regarding the first embodi 
ment. After the formation of the structure of FIG. 4, a 
sidewall spacer 24 is formed from an insulation film of a 
material different from the interlayer insulation film 8 on the 
Side walls of floating gate lower layer 4 of a polycrystalline 
silicon film and hard mask 5 of silicon nitride film thereon 
as shown in FIG. 21. Interlayer insulation film 8 is subse 
quently formed, etched back and planarized by CMP until 
the silicon nitride film is exposed as shown in FIG. 21. 
0144. The steps after the formation of the structure shown 
in FIG. 21 are the same with the steps shown in FIGS. 6-12. 
After the formation of the structure shown in FIG. 12 where 
the materials of the Sidewall spacer and interlayer insulation 
film 8 are different, floating gate electrode 18 is formed by 
anisotropic etching using control gate electrode 17 as a 
mask. Here, a polycrystalline Silicon residue remains. FIG. 
23 shows a Section by the Vertical plane including the line 
X-X shown in FIG. 22. Etching residue is left such that it 
adheres to the wall surface of sidewall spacer 24. If sidewall 
Spacer 24 is a Silicon nitride film and interlayer insulation 
film 8 is a TEOS oxide film, sidewall spacer 24 alone can be 
Selectively removed through hot phosphoric acid treatment 
leaving interlayer insulation film 8 and first gate insulation 
film 3 almost unetched. The etching residue is also lift off 
and removed at the removal of Sidewall Spacer as shown in 
FIGS. 24 and 25. FIG. 25 is a sectional view of the central 
trench portion by a vertical plane including the line X-X 
shown in FIG. 24. 

0145 AS can be seen from the foregoing, by the lift-off 
and removal of the polycrystalline Silicon residue between 
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gate electrodes after the formation of the Sidewall Spacer 
formed of an insulation film of a material different from the 
interlayer insulation film on the Side wall of the floating gate 
electrode, short-circuit can be prevented without damages 
on first gate insulation film 3 and interlayer insulation film 
8. As a result, the yield of the non-volatile semiconductor 
memory device can be improved significantly. 

0146 Sixth Embodiment 
0147 The initial steps of the sixth embodiment are the 
same with the steps of the first embodiment shown in FIGS. 
1-12. When the floating gate electrode is formed using the 
control gate electrode as a mask after the completion of the 
structure shown in FIG. 12, a polycrystalline silicon residue 
is produced along the Side Surface of the central trench 
portion. Polycrystalline etching residue is turned into an 
insulation, Such as Silicon oxide by Subsequent thermal 
oxidation for 10-30 minutes at 850-1050 C., or silicon 
nitride by nitriding. Then a polycrystalline silicon residue 25 
turned into an insulation through thermal oxidation or nitrid 
ing is left on the Side Surface of the interlayer insulation film 
as shown in FIG. 26. 

0.148. By turning the polycrystalline silicon residue into 
an insulation through thermal oxidation or the like as 
described above, short-circuit between gate electrodes can 
be prevented without damages on first gate insulation film 3 
and interlayer insulation film 8, whereby the yield improve 
ment of non-volatile Semiconductor memory device is 
allowed. 

0149 Seventh Embodiment 

0150. The initial steps of the seventh embodiment are the 
same with the steps of the first embodiment shown in FIGS. 
1-12. When the floating gate electrode is Subsequently 
formed using the control gate electrode as a mask, poly 
crystalline Silicon residue 19 is produced along the side 
Surface of the insulation film facing the central trench 
portion. Etching residue 19 is turned into an insulation Such 
as oxide, nitride or the like, through ion implantation of 
oxygen, nitrogen or the like at an oblique angle into etching 
residue 19 as shown in FIG. 27. In FIG. 27, an arrow 
indicates a direction of the oblique ion implantation. AS a 
result, an etching residue 26 turned into an insulation by ion 
implantation remains on the Side Surface of interlayer insu 
lation film 8 facing the trench portion. 

0151. By turning the polycrystalline silicon residue into 
an insulation by ion implantation of oxygen or nitrogen as 
described above, short-circuit between gate electrodes can 
be prevented without damages on first gate insulation film 3 
and interlayer insulation film 8, whereby the yield improve 
ment of non-volatile Semiconductor memory device is 
allowed. 

0152 Eighth Embodiment 

0153. The eighth embodiment is effective when damages 
which can be caused especially on the control gate electrode 
in fifth, Sixth and Seventh are concerned. The initial Steps of 
eighth embodiment are the same with the steps of the first 
embodiment shown in FIGS. 1-12. In the drawing corre 
sponding to the fifth embodiment, however, the materials of 
sidewall spacer and interlayer insulation film 8 are different 
from each other. 
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0154) Sidewalls 27 are formed of an insulation film on 
side walls of control gate electrode 17 as shown in FIG. 29 
after the formation of the structure shown in FIG. 12. Then 
by removing the lower layer of floating gate layer by 
etching, using control gate 17 and Sidewall 27 as masks, 
floating gate electrode 18 is formed. Through the etching, a 
gate electrode having control gate electrode 17 as an upper 
layer and floating gate electrode 18 as a lower layer is 
formed as shown in FIG. 30. In FIG. 30, a sidewall is also 
formed in the portion not shown. 
O155 Through the etching, a polycrystalline silicon resi 
due, which is an etching residue, is produced along the Side 
wall facing the central trench portion. In fifth, Sixth and 
seventh embodiments, lift-off by hot phosphoric acid treat 
ment or the like, insulation formation by thermal oxidation 
or the like and insulation formation by ion implantation are 
performed, respectively. Sidewall 27 described above serves 
as a protective film for the control gate electrode during 
these processes. 
0156. As a result, damages on control gate electrode 17 
as well as first gate insulation film 3 and interlayer insulation 
film 8, and Short circuit between gate electrodes can be 
prevented thereby allowing the yield improvement of non 
Volatile Semiconductor memory devices. 
O157 Ninth Embodiment 
0158. After the formation of the isolating insulation film 
in the semiconductor substrate through LOCOS, trench 
isolation or the like, a photo resist 56 is formed in a Section 
where gate interconnection is to be formed as shown in FIG. 
32. Then, an active region is formed on the Silicon Substrate 
through ion implantation with the use of the photo resist as 
a mask. Then as shown in FIG. 33, an over coat film 57 is 
formed on the structure shown in FIG.32 and is etched back 
by development or the anisotropic etching. Then, an LDD 
(Lightly-Doped-Drain) layer is formed while Securing the 
side space as shown in FIG. 34. 
0159. After the removal of over coat film 57 and photo 
resist 56, a silicon oxide film which is to be an interlayer 
insulation film 58 is deposited and a photo resist 59 having 
a trench in a Section which is to be a gate interconnection 
portion is formed as shown in FIG.35. Silicon oxide film 58 
described above is etched by using photo resist 59 as a mask. 
0160 An angle formed by each of the opposing side 
walls of the trench formed by the etching and the base plane 
of the interlayer insulation film 58 is preferably at least 85 
and less than 90 in a section perpendicular to the extension 
of the Side wall. As a result, the trench has preferably a 
tapered shape having a wider opening towards the top. In 
other word, both walls of the trench desirably run Such that 
the trench get wider towards the top. 
0.161 In order to satisfy this condition, preferably, con 
centration of gas with a high etching Selectivity to Silicon 
such as CHF, CF or the like is high and RF bias voltage 
of the etching System is low. 

0162 Then after the formation of a first gate oxide film 
53 on a bottom surface of the trench, a polycrystalline 
Silicon layer or an amorphous Silicon film 54 is deposited as 
shown in FIG. 36, and is left only in the trench portion as 
shown in FIG. 37 through etch back or CMP. Then, a 
polycrystalline Silicon layer or an amorphous Silicon layer 
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which is to be a fin layer of the floating gate electrode is 
formed on the above described polycrystalline Silicon layer 
or the amorphous Silicon layer. After the formation of a 
photo resist thereon, the layer is etched to complete the 
formation of the fin portion and thus the floating layer. 

0163 As a further method to complete the structure of the 
floating gate fin layer from the structure shown in FIG. 36, 
the following method is applicable. As shown in FIG. 36, 
after the formation of the polycrystalline silicon layer or the 
amorphous Silicon film, an entire Surface is etched back and 
then a photo resist 61 covering only the floating gate fin 
electrode is formed as shown in FIG. 38. Subsequent 
anisotropic etching allows Simultaneous formations of the 
floating gate layer and the fin layer as shown in FIG. 39. 

0164. After the formation of the floating gate fin layer, an 
ONO film 62, a polycrystalline silicon 63, a tungsten silicide 
film 64 and a silicon oxide film are formed. After the etching 
of tungsten Silicide film 64, the polycrystalline Silicon or 
amorphous silicon film, and the ONO film using the silicon 
oxide film as a mask, the uppermost Silicon oxide film is 
removed. Then the floating gate layer is etched through 
anisotropic etching by using a control gate electrode 67 as a 
mask, and a floating gate electrode 68 is formed as shown in 
FIG. 40. 

0.165. In this anisotropic etching, due to the tapered shape 
of the trench side walls formed of an oxide layer, the 
opening of the trench is wider towards the top, and etching 
is not partially blocked, whereby etching residue of poly 
crystalline Silicon or amorphous Silicon is prevented from 
being left on the side walls. 

0166 Tenth Embodiment 
0167. In the tenth embodiment, both side walls of the 
trench Surrounded by the insulation layer is tapered to widen 
the opening of the trench upwards as in the ninth embodi 
ment described above, however, the tenth embodiment is 
different from the ninth embodiment in the following point: 
that a Silicon nitride film is used as a mask instead of the 
photo resist to Secure the gate width at an implantation of 
impurity into an active region of the main Surface of the 
Semiconductor Substrate. 

0.168. In the tenth embodiment, first, the isolating insu 
lation film is formed in the main Surface of the Semicon 
ductor substrate. Then after the deposition of a silicon nitride 
film 71, a photo resist having a trench in the gate intercon 
nection portion is formed thereon and the Silicon nitride film 
is dry etched using the photo resist as a mask as shown in 
FIG. 41. In this etching preferably the gas containing NF 
gas is employed. Through the etching with the NF gas 
containing gas, opposing Side walls of the above described 
silicon nitride film can be tapered to widen the width of the 
Silicon nitride film upwards in the Section perpendicular to 
the extension of the side walls of the silicon nitride film and 
the angle formed by each of Side Surfaces and the horizontal 
plane of active region can be made 85-90. 
0169. Then by the ion implantation of impurity into the 
main Surface of the Semiconductor Substrate using the sili 
con nitride film tapered to be wider towards the top as a 
mask, an active region is formed as shown in FIG. 41. Then 
a Silicon insulation film is deposited and etched back to form 
a Sidewall spacer 77 of the gate electrode portion. And an 
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LDD Structure is formed by implanting impurity at a high 
concentration using the Sidewall Spacer as a mask as shown 
in FIG. 42. 

0170 Then as shown in FIG. 43, a silicon oxide film 78 
is formed and planarized by CMP to expose the silicon 
nitride film on a surface as shown in FIG. 44. Through the 
Subsequent etching and removal of the Silicon nitride film 
with hot phosphoric acid, a trench shown in FIG. 45 is 
formed. As the trench is formed by removing the silicon 
nitride film wider towards the top as described above, the 
trench has opposing Side Surfaces Similarly tapered upwards 
in section. Therefore, similar to the ninth embodiment 
described above, at the anisotropic etching of the floating 
gate, no portion is blocked from etching, whereby the 
etching residue is prevented from being left on the Side wall 
of the trench. 

0171 Eleventh Embodiment 
0172 The eleventh embodiment is the manufacturing 
method which is effective when it is important to secure the 
high coupling capacitance ratio between the control gate and 
the floating gate along with the realization of miniaturization 
of non-volatile Semiconductor memory device. In the elev 
enth embodiment, the coupling capacitance is increased by 
addition of Vertical capacitance in a capacitance coupling 
Section of the floating gate electrode and the control gate 
electrode, and the higher integration of the non-volatile 
Semiconductor memory device can be achieved. 
0173. After the formation of a floating gate lower layer 
104, a floating gate fin layer 109 and a hard mask 105 of SiN 
film are formed by CVD and the SiN film is etched with 
plasma containing CF using a resist defining the width of a 
floating gate layer 118 as a mask. Then, floating gate 
electrode 118 is formed by etching the floating gate layer 
with Cl2 and O containing plasma using the SiN film as a 
mask. FIG. 46 shows a structure after the plasma etching. 
0.174. In FIG. 46, the length of an portion a is made as 
Short as possible within the limitation of an alignment 
accuracy of lithography at the etching of SiN film, regardless 
of the coupling capacitance of the floating gate electrode and 
the control gate electrode. The dimension of the portion a 
will be described later. 

0.175. Then a second interlayer insulation film 120 is 
formed on first interlayer insulation film 108 as a TEOS 
oxide film through CVD or as an SOG (Spin-On Glass) 
oxide film by a spin-coater. AS in the formation of the 
floating gate electrode in the first embodiment, SiN film 105 
is exposed by CMP and removed by HPO at about 160° C. 
0176 FIG. 47 is a sectional view by a plane perpendicu 
lar to the bit line, showing the structure where the SiN film 
on floating gate electrode 118 is removed. A polycrystalline 
Silicon film is Subsequently deposited in the periphery of the 
first interlayer insulation film and the side wall of the second 
interlayer insulation film. Then by the etch back with plasma 
of Clor Cl and He, a floating gate Sidewall 121 is formed. 
In the above described method, interconnection in the ver 
tical direction is formed in a Self-aligned manner. 
0177 FIG. 48 shows a section by the plane perpendicular 
to the bit line where floating gate sidewall 121 is formed on 
the side surface of second interlayer insulation film 120 
facing the trench portion. A Surface of floating gate fin 
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electrode 109 and floating gate sidewall 121 which is a 
portion thereof in the trench portion may and preferably be 
roughened as shown in FIG. 49, to increase the area in 
contact with the Second gate insulation film thereby increas 
ing capacitance C2. Here, instead of the polycrystalline 
Silicon, an amorphous Silicon film may be deposited and 
etched back to form the floating gate fin electrode 109 and 
floating gate Sidewall 121. In addition, Similar to the poly 
crystalline Silicon, amorphous Silicon floating gate fin elec 
trode 109 and floating gate sidewall 121 which is a portion 
thereof may and preferably be crystallized and roughened in 
the Surface Section in contact with the Second gate insulation 
film as shown in FIG. 49 to increase capacitance C2. 
0178. The length of the portion a shown in FIG. 46 can 
be made to the shortest length within the accuracy limitation 
of lithography through the above described capacitance 
increase. As a result, the length can be decreased from about 
0.25 um in the conventional case to 0.05 um. By the 
Significant decrease in the dimension of the portion a, a 
Significant miniaturization of the non-volatile Semiconduc 
tor memory device can be achieved. 
0179 The length of a portion b shown in FIG. 48 is 
defined by the coupling capacitance between the control gate 
electrode and the floating gate electrode and can be reduced 
due to the Surface roughening described above. As a result, 
the formation of the interlayer insulation film is facilitated. 
An ONO film is then deposited as a Second gate insulation 
film 112 and farther a control gate lower electrode 113 of 
polycrystalline Silicon and a control gate upper electrode 114 
of a tungsten Silicide film are deposited and a control gate 
electrode 117 is formed as shown in FIG. 50. 

0180. In a non-volatile semiconductor memory device 
having a first gate fin electrode Sidewall 121 extending along 
the side wall of the second interlayer insulation film 120 
shown in accordance with the eleventh embodiment, for 
preventing the etching residue from being produced on two 
Steps (two steps having Side walls of insulation films in 
contact with the first gate lower electrode 104 and the second 
interlayer insulation film 120) shown in each of FIGS. 
47-50, the side walls of the two steps are tapered to prevent 
the formation of apportion blocked from etching. This is a 
desirable configuration in the miniaturized non-volatile 
Semiconductor memory device for preventing short-circuit 
between gate electrodes. 
0181 Similarly, in a non-volatile semiconductor memory 
device having a first gate fin electrode Sidewall 121 extend 
ing along the Side wall of the Second interlayer insulation 
film 120 shown in accordance with the eleventh embodi 
ment, it is desirable for the prevention of short-circuit 
between the gate electrodes in a miniaturized non-volatile 
Semiconductor memory device that (i) the etching residue 
produced on the above described Step is remove by isotropic 
etching, (ii) a protective film is formed on the side wall of 
the Second gate electrode by isotropic etching, or (iii) 
produced etching residue is turned into an insulation. 

0182 Twelfth Embodiment 
0183 The twelfth embodiment is a manufacturing 
method in accordance with the present invention for pre 
venting the formation of a polycrystalline Silicon residue on 
a step formed by the floating gate and the isolating insulation 
film. Here, as shown in FIG. 51, a trench formed in a 
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floating gate electrode 218 above the isolating insulation 
film is tapered Such that opposing Side Surfaces thereof 
together widen the width of the trench upwards in a Section 
perpendicular to the extension of the wall Surface of the 
trench. As a result, as there is no portion blocked from the 
etching, as shown in FIG. 52, there is no side wall deposi 
tion film to which etchant will adhere, therefore no etching 
residue will be produced. 
0.184 As for the gas employed to form floating gate 
electrode 218 in the above described shape, a mixed gas of 
Cl and HBr, a mixed gas of HBr and O2, or a mixed gas of 
Cl, HBr and O is preferable. 
0185. With the tapered floating gate layer having no 
portion blocked from etching as described above, the etch 
ing residue can be prevented from being produced and 
Short-circuit between gate electrodes can be prevented. In 
addition, as a result, a significant yield improvement of 
non-volatile Semiconductor memory device can be achieved. 
0186 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to, be 
taken by way of imitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A method of manufacturing a non-volatile Semicon 

ductor memory device comprising the Steps of: 
forming a first gate layer on a main Surface of a Semi 

conductor Substrate with a first gate insulation film 
posed therebetween; 

forming a Second gate layer on Said first gate layer with 
a Second gate insulation film posed therebetween; 

forming a Second gate electrode by etching Said Second 
gate layer using a resist as a mask, 

forming a first gate electrode by etching Said first gate 
layer using Said Second gate electrode as a mask, and 

performing an isotropic etching on an etching residue left 
on a Side wall of a step formed by an insulation film in 
contact with a side wall of Said first gate layer and Said 
first gate insulation film, after the etching of Said first 
gate layer, to remove the etching residue. 

2. The method of manufacturing the non-volatile Semi 
conductor memory device according to claim 1, wherein a 
gas containing halogen element is employed as a gas 
employed in Said isotropic etching. 

3. The method of manufacturing the non-volatile semi 
conductor memory device according to claim 1, wherein as 
a gas employed in Said isotropic etching, one Selected from 
the group consisting of Clgas, a mixed gas of Cl and NFs, 
a mixed gas of Cl and O, a mixed gas of Vapor HF and O, 
a mixed gas of CF and O, a mixed gas of CHF and O2, a 
mixed gas of SF and O2, and a mixed gas of NF and O is 
employed. 

4. The method of manufacturing the non-volatile Semi 
conductor memory device according to claim 3, wherein a 
mixed gas prepared by using one of N2O, CO, O, H2O2 
and H2O instead of O in Said mixed gases is employed. 

5. The method of manufacturing the non-volatile semi 
conductor memory device according to claim 3, wherein a 
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mixed gas prepared by adding at least one of He, Ne, Ar, Kr., 
Xe and N to Said gas is employed. 

6. The method of manufacturing the non-volatile semi 
conductor memory device according to claim 1 further 
comprising the Step of performing a wet process with a 
chemical containing at least 1% of HO prior to the Step of 
performing the isotropic etching on Said etching residue, in 
order to make uniform the thickness of an oxide film on a 
Side wall of a gate electrode formed at Said isotropic etching. 

7. A non-volatile Semiconductor memory device compris 
Ing: 

a first gate insulation film formed on a main Surface of a 
Semiconductor Substrate; 

a first gate electrode formed thereon; 
a Second gate electrode formed on Said first gate electrode 

with a Second gate insulation film posed therebetween; 
and 

a protective film on a side wall of Said Second gate 
electrode. 

8. A non-volatile Semiconductor memory device compris 
ing: 

a first gate lower electrode formed on a main Surface of a 
Semiconductor Substrate with a first gate insulation film 
posed therebetween; 

a first interlayer insulation film thicker than the first gate 
lower electrode and defining width of Said first gate 
lower electrode, 

a Second interlayer insulation film formed on Said first 
interlayer insulation film; 

a first gate fin electrode formed on Said first gate lower 
electrode, having a fin portion extending in the periph 
ery of the first interlayer insulation film and along a Side 
wall of the Second interlayer insulation film, and mak 
ing up a first gate electrode together with Said first gate 
lower electrode, and 
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a Second gate electrode formed on Said first gate fin 
electrode with a Second gate insulation film posed 
therebetween. 

9. The non-volatile semiconductor memory device 
according to claim 8, further comprising Silicon compound 
formed by turning polycrystalline Silicon into an insulation 
on a Side wall of one of a step formed by an insulation film 
in contact with a Side wall of Said first gate lower electrode 
and Said first gate insulation film, and a step formed by the 
first interlayer insulation film and the Second interlayer 
insulation film. 

10. The non-volatile semiconductor memory device 
according to claim 8, wherein an angle formed by the Side 
wall of the insulation film in contact with the side wall of 
Said first gate lower electrode and Said first gate insulation 
film is more than 90 with respect to said first gate lower 
electrode in a Section perpendicular to extension of Said first 
gate lower electrode, and each of opposing Side walls of the 
insulation film in contact with opposing Side walls of Said 
first gate lower electrode is tapered So as to widen width of 
Said first gate lower electrode upwards. 

11. The non-volatile semiconductor memory device 
according to claim 10, wherein an angle formed by an upper 
surface of said fist interlayer insulation film and the side wall 
of said second interlayer insulation film is more than 90 
with respect to the upper Surface of the first interlayer 
insulation film in contact with Said fin portion, and each of 
opposing Side walls of Said Second interlayer insulation film 
is tapered So as to widen the widths of Said first gate fin 
electrode and Said Second gate electrode upwards. 

12. The non-volatile semiconductor memory device 
according to claim 8 wherein at least a Surface of the fin 
portion in the first gate fin electrode is roughened. 


