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SPECIFICATION
METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE
FIELD OF THE INVENTION

The present invention relates to a method of

manufacturing a nonvolatile semiconductor memory device.

More specifically, the present invention relates to a

method of manufacturing a semiconductor device comprising
anonvolatile memory transist_:br of a stacked gate structure .
having a floating gate and a control gate, and a MOS

transistor of a single gate structure.

DESCRIPTION OF THE RELATED ART

A method for manufacturing EEPROM having a high-
voltage transistor (for example, a' MOS transistor is
available) is described in, for example, U.S. Patent No.
4,851,361. According to this ordinary method, an active
region is formed in a semiconductor substrate, a thin
tunnel region of a nonvolatile memory cell is formed on
the semiconductor substrate, and a first polysilicon layer
is then deposited on the whole surfa'ce of the semiconductor
substrate. Subsequently, the first polysilicon layer is
processed to form a fldating gate electrode of the
nonvolatile memory cell.  Further, after a capacitive
ipsulation film, a gate oxide film of a high-voltage

transistor and a gate oxide £ilm of a logic circuit portion
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are formed, a second polysilic‘on layer is deposited'on the
whole surfaces of the oxide films. And this second
polysilicon layer is proCessed to form a control gate of
the memory celi, a gate electrode of the high-voltage

transistor and a gate electrode of the logic circuit.

SUMMARY OF THE INVENTION

Howéver, in _the above ordinary method of manufacturing
the semiconductor device comprising the nonvolatile
memory cell such as EEPROM and the logic circuit, there
is a difference in level in the deposited second
polysilicon layer, which is due to the first polysilicon
layer. As aresult, there is aneed for'remov_:i..ng the second
polysilicon deposited on the side wall of the difference
due to the first polysilicon layer. Thus, conditions have
to be set such that side etching occurs by conducting excess
etching. In this case, however, the dimensional accuracy
of the gate formed by the second polysiliéon layer is
decreased, and it is difficult to form a fine gate.

Further, since the gate oxide £ilm of the high-voltage
transistor and the gate oxide film of the logic circuit
portion are formed simultaneously, the gate oxide film has
to be formed relatively thick, and it is hard to finely
process the logic circﬁit portion. Therefore, there would
be a method in which the gate oxide £ilm of the high-voltage

MOS transistor is formed relatively thick and the gate

.oxide film of the logic circuit portion is formed
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relatively thin. Nevertheless, this methqd is
undesirable, since the number of steps is increased.

Under the circumstances, one of the objects of the
invention is to provide a method of manufacturing a
sémiconductor device comprising a nonvolatile memory cell
such as EEPROM and a logic circuit, in which a finer'gate
electrode is formed in the logic circuit portion without
increasing the number of steps.

The first aspect of the invention is a method for
manufacturing a semiconductor device comprising a
nonvolatile memory transistor of a stacked gate structure
having a floating gate and a control gate, and a MOS
transistor of a single gate structure. The method
comprises the steps ofi

' forming a first insulation film on a semiconductor
substrate, said first insulation film becoming a gate oxide
film of both the nonvolatile memory transistor and the MOS
transistor;

forming a first conductive layer on the first
insulation £ilm;

removing an area extending in a direction
perpendicular to a direction in which the control gate is
formed extendedly from the first conductiveilayer to form
a region for separating the floating gate;

forming a second insulation layer.on the first
conductive layer;

forming a second conductive layer on the second
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insulation film; .

patterning thé second conductive layer so as to form
the control gate; and

patterning the first conductive layer to form the
stacked gate structure and the single gate structure.

The second aspect of the invention is the method for
manufacturing the semiconductor device és described in the
first aspect, wherein the MOS transistor of the sihgle gate
structure includes a high-voltage transistor and a MOS
transistor forming a peripheral circuit. |

The third aspect of the invention is the method for
manufacturing the semiconductor device as described in the
second aspect, wherein the step of forming the first
insulation film comprises ‘the steps of forming a gate
insulation £ilm of a high-voltage transisi:or, and forming
a tunnel oxide film between the floating gate and the
substrate and simultaneously forming a gate insulation
£ilm of the MOS transistor forming the peripheral circuit.

The fourth aspect of the invention is the method for
manufacturing the semiconductor device as described in the
first ‘aspect, wheérein the floating gate- is pai:terned in
self-alignment manner using the second conductive layer
constituting the cdntrol' gate as a mask, in the step of
patterning the first conductive layer to form the stacked
gate structure. '

The fifth aspect of the invention is the method for

manufacturing the semiconductor device as described in the
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first aspect, wherein the first conductive layer and the

second conductive layer are made of polysilicon
The sixth aspect of the invention is the method for
manufacturing the semiconductor device as described in the

first aspect, wherein the method further comprises a step

'of forming a side wall on the sidé surface of the control

gate after patterning the second conductive layer.

The seventh aspect of the invention is the method for
manufacturing the semiconductor device as described in the
fifth aspect, wherein the method further comprises a step
of forming a first metal silicide layer on the second
conductive layer.

The eighth aspect of the invention is thé method for
manufacturing the semiconductor device as described in the
seventh aspect, wherein the method further cdmprises the
steps of:

forming a third insulation film on the first metal -
silicide layer;

removing the third insulation film, the first metal

"suicide layer, the second conductive layer and the second

insulation film except the control gate portion of the

stacked gate structure to form the control géte portion;
forming a side wall on the control gate portion;
forming a second metal silicide layer on the first

conductive layer and the third insulation film exposed;
forming a fourth insulation £ilm on the second metal

suicide layer; and
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etching the first conductive layer using the control
gate portion as a mask to form the stacked gate structure
in self-alignment manner, while patterning the fourth
insulation film, the second metal silicide layer, and the
first conduétive layer to form the MOS transistor of the
single gate structure.

The ninth éspect of the invention is a method for
manufacturing a semiconductor devic_e having a nonvolatile
memory cell, a capacitor and/or a resistance, and a logic
circuit, which method comprises the steps of:

simultaneously forming a tunnel oxide film of the
memory ceil and a gafe oxide film of a MOS transistor of
the logic circﬁit;

forming a first polysilicon layer on the whole surface
of the oxide film;

removing a region for separating a floating gatg of
the memory cell of the first polysilicon layer;

forming a first insulation film on the first
polysilicon 1ayer{

forming ‘a second polysilicon layer on the whole
surface of the first insulation film;

forming a second insulation film on the second
polysilicon layer:;

removing the second insulation f£ilm, the second
polysilicon layer and the first insulation £ilm except the
desired region of the memory cell and the upper electrode

region of the capacitor;
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forming a third insulation film on the whole surface;

removing the portions of the third insulation film
except the lower electrode region of the capacitor and the
region of the resistance; and

anisotropically etching the whole surface to form a

side wall of a stacked gate of the memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 to 13 are views describing a method for
manufacturing a semiconductor device which is the first
embodiment of the present invention.

Fig. 1 is a top view of a semiconductor substrate 1
in which a field oxide 2, a relatively thick gate oxide
film 3, and a tunnel oxide f£film 4 are formed on a surface
thereof.

Fig. 2 is a sectional view taken on line II-II shown
ianig. 1. '

Fig. 3 is a view in which a polysilicon layer 6 is
deposited on the whole surface of the substrate as a first
conductive layer.

Fig. 4 is a top view showing a structure in which a
polysilicon layer 6 in a predetermined position is removed
by étching.

Fig. 5 is a sectional view taken on line V-V shown
in Fig. 4.

Fig. 6 is a sectional view showing that a first

insulation film is formed on the polysilicon layer 6.
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Fig. 7 is a sectional view showing that a second
conductive layer is formed on a first insulation film 7.

Fig. 8 is a sectional view of the stage shown in Fig.
7, taken on line corresponding to the line V-V in Fig. 4.

Fig. 9 is a sectional view showing that a control gate

| 11 is formed on a portion corresponding to a stacked gate.

Fig. 10 is a sectiohal view taken on line X-X shown
in Fig. 9. _

Fig. 11 is a sectional view of a semiconductor device
manufactured by the first embodimenf. of the present
invention.

Fig. 12 is a top view of a semiconductor device
manufactured by the first embodiment of the present
invention in which a control gate portion is used as a mask.

' Fig. 13 is a sectional view taken on line XIII-XIII
shown in Fig. 12. .

Figs. 14 to 23 are views describing a method for
manufacturing a semiconductor device which is the second
embodiment of the present invention.

Fig. 14 is a sectional view showing that a field oxide
and a gate oxide film are formed on a semiconductor
substrate 21. |

Fig. 15 is a sectional view showing that a gate oxide
f£ilm 23 in portions corresponding to a stacked gate of a -
nonvolatile memory cell and a gate of a MOS transistor of
a logic circuit is removed using a photoresist.

'Fig. 16 is a sectional view in which a tunnel oxide
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£ilm 25a of the stacked gate of the nonvolatile memory cell
and a gate oxide film 25b of a portion corresponding to
the gate of the MOS transistor of the logic circuit are
formed. |

Fig. 17 is a sectional view showing a stage in which
a polysilicon layer 26 doped with phosphorus is forméd on
the whole surface of the substrate to give a first
conductive layer.

Fig. 18 is a séctional view showing a stage in which
an ONO film 27 consisting of Si0,/Si;N,/SiO, three layers
is formed on the whole surface of the substrate.

Fig. 19 is a sectional view showing a stage in which,
after forming photoresist 31, predetermined positions, a
CVD Si0, £film 30, a tungsten(W) silicide layer 29, a
polysilicon layer .28. and the ONO film 27 afe removed by
dry etching to form the stacked gaté of the nonvolatile
memory cell and a capacitor.

Fig. 20 is a sectional view showing a stage in which
a CVD Si0, film 32 is formed on the whole surface of the
substrate.

Fig. 21 is a sectional view showing a stage in which,
after forming photoresist 33 on positions corresponding
to the capacitor and a resistance, the CVD SiO, film 32
is removed by dry etching to form a side ‘wall 34 on a side
of an upper structure of the stacked gate portion.

Fig. 22 is a sectional view showing a stage in which

a metal silicide layer and a CVD Si0O, layer 36 thereon are
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formed on the whole surface of the substrate.

Fig. 23 is a sectional view showing a stage in which
a floating gate is formed in self-alignment manner using
the upper structure from the ONO film 27 upward and the
side wall 34 formed on the side as a mask.

Fig. 24 is a sectional view of a semiconductor device
formed by the second embodiment of the invention.

Figs. 25 and 26 are vieﬁs describing a method of
manufacturing a semiconductor device which is the third
empodiment of the invention.

| Fig. 25 is a sectional #iew showing a stage in which

a laminated structure made of the polysilicon layer 26,
the ONO £ilm 27, the polysilicon layer 28, .and the CVD S§i0,
film 30 is formed on positions corresponding to the
nonvolatile memory cell, the MOS transistor, the capacitor
and the resistance. |

Fig. 26 is a sectional view showing a stage in which
the whole surface is anisotropically etched upon leaving
the CVD SiO, £ilm 32 on the lower electrode region of the
capacitor and the region of the resistance to form the side
wall 34 on the side surface of the upper structure of the

stacked gate.

BEST MODE FOR CARRYING OUT THE INVENTION
The first embodiment of the method for manufacturing
the semiconductor device in the present invention is

illustrated with reference to Figs. 1.to 13. This first
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embodiment corresponds to the first to sixth aspects of
the present invention. This méthod is a method for
manufacturing a semiconductor device comprising a
nonvolatile memory cell such as EEPROM 'and a MOS transist-or
together. The nonvolatile memory cell has a stacked gate,
in which a floating gate and a control gate are stacked
on a tunnel oxide film via an insulation film, and a
selection gate consisting of a high voltage transistor for
selecting a desired stacked gate. The nonvolatile memory
cell stores data upon controlling a threshold voltage of
the transistor of the stacked gate by forcedly injecting
charge through the tunnel oxide film. Alternatively, a
circuit which consists of a high-voltage transistor and
which generates a high voltage and controls i:he same is
sometimes built therein. Since the method of the present
invention is especia_lly characterized by the :Eormatiqn of
the gate, the description about formation of known cha;:mel ’
soufce, and drain in an active region is omitted.

Fig. 1 is a top view in which a field oxide 2, a
r_elatively thick gate oxide £film 3, and a tunnel oxide £ilm
4 are formed on a surface of a semiconductor substrate 1.
Fig. 2 is a sectional view taken on line II-II shown in
Fig. 1. 1In this stage, a source and a drain that becomes
a memory, and channel regions of a étacked gate, a selection
gate, and a MOS transistor are already formed. However,
they are not shown for r_naintaining clarity of drawings.

First, the field oxide 2 and the relatively thick gate
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oxide £ilm 3 are formed by thermal oxidation. For example,
the thickness of the field oxide film 2 is 450 nm, and the
thickness of the gate oxide film3 is 41.5nm. Subsequently,
the’ gate oxide fiim 3 in a position corresponding to the
tunnel oxide £ilm 4 of the nonvolatile memory cell and 1n
a position corresponding to the gate oxide film 5 of the
logic circuit is removed by etching. Further, the tunnel
oxide £ilm 4 and the gate oxide £film 5 of the MOS transistor
are formed to aﬂthickness of 10 nm respectively. 1In Fig.

2, aregion "i" is a region of the nonvolatile memory cell,

~and a region "ii" is a region of the MOS transistor.

Fig. 3 is a view in which a polysilicon layer 6 is
deposited on the whole surface of the substrate as a first
conductive layer. Then, the polysilicon layer 6 forming
the floating gate of the nonvolatile inemory cell is
separated. Fig. 4 is a top view showing é structure in
which the polysilicon layer 6 in a predetermined position
is removed by etching. Fig. 5 is a sectional view taken
on line V-V shown in Fig. 4. This sectional line is
perpendicular to the sectional line in -Fig. 1. The drawing
shows that a predetermined position of the polysilicon
layer 5 is etched to form a groove and the fieid oxide 2
is exposed on the bottom of the groove. The groove is
foi:med only in a direction x perpendicular to a direction
Yy in which a control gate is extendedly formed later.
Unless this groove is formed, the floating gate cannot be

separated in a subsequent step when the control gate is

- 12 -



10

15

20

25

extendedly formed continuously.

Fig. 6 is a sectional view showing that a first
insulation film is formed on.the polysilicon layer 6. An
insulation £film 7 is formed on the polysilicon layer 6 as
a three-layer structure of Si0O,, Si;N,, and SiO,
(hereinafter referred to as an "ONO film").

Fig. 7 is a sectional view showing that a second
conductive layer is -'formed on the first insulation film
7. A polysilicon layei' 8 is deposited as the second
conductive layer. Fig. 8 is a sectional view taken on line
corresponding to the line V-V in Fig. 4, in which the
polysilicon layer 8 is formed.

Fig. 9 is a top view showing that a control gate is _
formed on a portion corresponding to the stacked gate, and
Fig. 10 is a.sectional view taken on line X-X shown in Fig.
9. In these drawings, an insulation £film 10 is formed on
the whole surface of the polysilicon layer 8, a mask is
furthgr provided on a portion corresponding to the stacked
gate of the nonvolatile memory cell, and the second

insulation £ilm 10, the polysilicon layer 8 and the first

dinsulation £ilm 7, except the portion corresponding to the

stacked ga_lte, are removed by reactive ion etching to form .
a polysilicon layer (control gate) 11.

Subsequently, an insulation £film 12 is deposited, and
the whole surface is subjected to reactive ion etching to
form a side wall 13 on the side of the control gate 1l1.

The polysilicon layer 6 is then etched using this side wall

- 13 -



10

15

20

25

to form a floating gate 14 composing a part of the stacked
gate of the nonvolatile memory cel'l in self—aligmnent
manner. In the etching for forming the floating gate 14,
a selection gate 16 of the nonvolatile memory cell and a
gate electrode 17 of the MOS transistor can be formed
simultaneously. First, aninsulation film 15 is deposited,
and masks are then provided on portions corresponding to
the selection gate of the nonvolatile memory cell and the
gate electrode of the MOS transistor. Byusing these masks, -
the insulation film 12 and the sidewall 13 as etching masks,
the insulation layer 15 and the ﬁolysilicon layer 6, are
etched to form a selection gate electrode 16 of the
nonvolatile memory cell and a gate electrode 17 of the MOS
transistor along with the floating gate 14. Then, the
masks in positions corresponding to the selection gate of
the nonvolatile memory ceil and the gate of the MOS
transistor are removed. Subsequently, the source and the
drain of the selection gate and the MOS transistor are
formed by a known method. A sectional view of the
semiconductor device manufacfui:ed in this manner is shown
in Fig. 11, wherein "i" is the nonvolatile memory cell
region, and "ii" is the MOS transistor region.

In order to form the floating gate 14 of the
nonvolatile memory cell in self-alignment manner, the
floating gate 14 can also be formed by etching the
polysilicon layer 6 using the control gate portion (namely,

the first insulation layer 7, the control gate 11, and the
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second insulation £ilm 10) in.Fig. 9 as a mask. Also'in
this case, the selection gate electrode 16 of the
nonvolatile memory cell and the gate electrode 17 of the
MOS transistor can be formed simultaneously by the
above-mentioned method. The top view of the thus-formed
semiconductor device is shown in Fig. 12, Fig. 13 is a
sectional view taken on line XIII-XIII shown in Fig. 12.

As stated above, according to the present invention,
the gate oxide £film 5 of the MOS transistor can be formed
thin along with the tunnel oxide £ilm 4 of thé stacked gate
9 of the nonvdlatile memory cell. Further, the floating
gate 14 of the stacked gate 9 is formed in self-alignment
manner. Thus, finely processing of the gate can be
accomﬁlished_without increasing the number of steps.

The second embodiment of the present invention is
illustrated with reference to Figs. 14 to 23. This
embodiment corresponds to the seventh and eighth.aspects
of the present invention, and it is an example for
manufacturing a semiconductor device having a nonvolatile
memory call of a stacked gate structure, a MOS transistor
of a logic circuit, a resistance and a capacitor. Since
formation of active regions 1owe: than both a gate of the
nonvolatile memory cell and a gate of the MOS transistor,
that is, a channel, a source and a drain, are known, the
description thereof is omitted.

Fig. 14 is a sectional view showing that a field oxide

and a gate oxide film were formed on a semiconductor
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substrate 21. A_field_oxide 22 having a thickness of 450
nm and a thick gate oxide film 23 having a thickness of
41.5 nm were formed on the surface of the semi.—conductor
substrate 21 by thermal oxidation. At this stage, a source
and é drain of a stacked gate, and channel regions of the
stacked gate, a selection gate, and the MOS transistor are
already formed, though these are not shown in the drawing.
| Fig. 15 is a sectional view showing that the gate oxide
film 23 in portions corresponding to the stacked gate of
the nonvolatile memory cell and the gate of the MOS
transistor of the logic circuit was removed using a
photoresist. The thick gate oxide film 23 in portions
corresponding to the portions of the tunnel oxide £ilm 25a
of the stécked gate of the nonvolatile memory cell and the
gate oxide fi'l.m 25b of the MOS transistor of the logic
circuit were removed by wet etching using a photoresist
24.

Fig. 16 is a sectional view in which the tunnel oxide
film 25a of the stacked gate of the nonvolatile memory cell
and the gate oxide film 25b of the portion corresponding
to the gate of the MOS transistor of the logic circuit were
formed. The resist 24 was removed, a necessary cleaning

step was conducted, and the tunnel oxide £ilm 25a and the

-gate oxide film 25b of the MOS transistor were formed by

thermal oxidation, wherein each fiJ.m has a thickness of
10 nm. As shown in Fig. 17, a polysilicon layer 26 having

a thickness of 250 nm was formed on the whole surface of

- 16 -



10

156

20

25

the oxide fiim by CVD, and a predetermined conductivity
was imparted to the polysilicon layer 26 by doping the same
with phosphorus to form a first conductive layer. At this
time, a phosphate glass formed was removed with a
hydrofluoric acid solution. Subsequently, as described
earlier, a predetermined portion of the polysilicon layer
26 was removed by dry et.ching to separate the floating gate.
Then, as shown in Fig. 18, an ONO f£ilm 27 consisting
of three layers of SiO, having a thickness of 10 nm, Si;N,
having a thickness of 10 nm, and SiO, having a thickness
of 5 nm, was formed on the whole surface, in which SiO,
was formed by thérmal oxidation and Si;N, by CVD. A
polysilicon layer 28 having a thickness of 250 nm was formed
thereon, and doped with phosphorus to impart a
predetermined conductivity.a In this manner, a second
conductive layer was provided. At this time, a phosphate
glass formed on the surface was removed with a hydrofluoric
acid solution. After a necessary cléaning step was
conducted, a metal silicide layer, a tungsten (W) silicide
layer 29 in this example, was formed on the polysilicon
layer 28 to a thickness of 150 nm by sputtering. Further,
an SiO, film 30 having a thickness of 230 nm was formed

thereon by CVD (hereinafter, this is referred to as a "CVD

' 810, £ilm").

As shown in Fig. 19, in order to form a stacked gate
of the nonvolatile memory cell and the capacitor, a

photoresist 31 was formed in a predetermined position, and
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the CVD 'SiO'z_ film 30, the W silicide layer 29, ‘the
polysilicon layer 28, and the ONO film 27 were removed by
dry etching. At this stage, the upper structure of the
stacked gate and the laminated structure for the capacj_.tor
were formed. Subsequently, the photoresist 31 was removed,
and a CVD SiO, £ilm 32, having a thickness of 170 nm, was
formed on the whole surface as shown in Fig. 20.

| As shown in Fig. 21, photoreéists 33 were formed on
positions corresponding to the capacitor and the
resistancé, and then the CVD SiO, £ilm 32, was removed by
dry etchizig. A side wall 34 was formed on thé side of the
upper structure of the stacked gate portion on which the
CVD SiO, film 32 was exposed, while no side wall was formed

on the capacitor portion and the i:esistance portion covered

‘with the photoresists 33.

Thereafter, the photoresists were removed, and a

necessary cleaning step was conducted. As shown in Fig.

22, a metal silicide layer, a W silicide layer 35 in this
example, was formed on the whole surface to a thickness
of 150 nm by sputtering, and a CVD SiO, layer 36 having
a thickness of 230 nm was formed thereon by CVD. f‘inally,

photoresists were formed in respective positions of the

" CVD S5i0, £film corresponding to the selection gate and the

gate of the MOS transistor of the logic circuit, and the
CVD Si0, £ilm 36, the Wsilicide layer 35 and the polysilicon
layer 26 except those under the photoresists were removed

by dry etching, and the photoresists were removed.
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Consequently, as shown in Fig. 23, 1) the nonvolatile

memory cell provided with the stacked gaté 37 made of the
polysilicon layer (floating gate) 26, the ONO £ilm 27, the
polysilicon layer (control gate) 28, the W suicide layer
29:and the CVD SiO, film 30 and the selection gate 38 made
of the polysilicon layer 26, the W' silicide layer 35 and
the CVD Si0,, film 36; and 2) the gate 39 of the MOS
transistor made of the polysilicon layer 26, the W suicide
layer 35 and the CVD Si0O, film 36 were formed. Further,
3) the capaqitor 40 made of the polysilicon layer 26, the
ONO £ilm 27, the polysilicon layer 28, the W silicide layer
29, the CVD SiO, £ilm 30, and the CVD SiO, film 32; and 4)
the resistance 41 made of the polysilicon layer 26 and the
second CVD SiO, film 32 were formed at the same time.
As shown by Fig. 23, the floating gate (polysilicon
layer) 26 of the stacked gate 37 was formed in self-
alignment manner using the upper structure from the ONO
film 27 upward and the side wall 34 formed on the side
portion as a mask. Further, the source and the drain of
the selection gate and the MOS transistor were formed by
the known method. The sectional view of the thus-formed
semiconductor device is shown in Fig. 24. InFig. 24, "ch"
indicates a channel, "d" indicates a drain and "s"
indicates a source, respectively. The construction of a
channel, a source and a drain under each gate of the
semiconductor device shown in Fig. 13, though not shown,

is the same as in Fig. 24.
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It is also possible to employ the third ‘embodiment
in which the metal silicide layer is omitted, in place of
the second embodiment shown in Figs. 14 to 23. 'The third
embodiment corresponds to the ninth aspect of the present
invention. In the third embodiment, in manufacturing the
semiconductor device having the non\'rolatile memory cell,
the. MOS transistor of the logic circuit, the resistance
and the capacitor, the polysilicon layer 26, and the
polysilicon layer 28 can be utilized as electrodes without

using the metal silicide layers 29 and 35. That is, a

‘laminated structure made of the polysilicon layer 26, the

ONO film 27, the polysilicon layer 28,'_and the CVD SiO,
layer 30 as shown in Fig. 25 is formed in each of positions
corresponding to the nonvolatile memory cell, the MOS
tranSistor, the capacitor, and the resistance without a
step of forming the W silicide layers 29 and 35.

Fig. 25 corresponds to.the stage in Fig. 19 of the
second embodiment. Subsequently, it is also possible that
the CVD Si0, £ilm 32 is formed on the whole structure. The
whble structure is anisotropicaily etched as shown in Fig.
26 upon leaving the CVD SiO, £ilm 32 of the lower electrode

region of the capacitor and the region of the resistance

to form the side wall 34 on the side surface of the upper

structure of the stacked gate. Fig. 26 corresponds to the
stage in Fig. 21 of the second embodiment. In this method
as well, the floating gate can be formed in self-alignment

manner. The subsequént steps are the same as in the second
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embodiment.

APPLICABILITY TO THE INDUSTRY

As has been discussed above, according to the presént
invention, the flatness of the surface is maintained in
manufacturing the semiconductor device having the
nonvolatile memory cell and the lo.gic circuit, since the
first conductive layer (polysilicdn layer 6) remains
except in the region in which the floating gate is separated.
Consequently, the processing in the subsequent steps such
as the step of etching the second conductive layer can be
easily conducted, the dimensional accuracy -can be
increased, and the fine processing is enabled. Since no
excess etching is needed in the etching of the gate
electrode of the logic circuit, a finer gate electrode can

be formed. Further, the tunnel oxide £ilm of the stacked

‘gate of the nonvolatile memory cell and the gate oxide £ilm

of the MOS t-ransistor of the logic circuit can be formed
thin, and the floating gate of the stacked gate can be

formed in self-alignment manner. Therefore, it is

possible to increase the dimensional accuracy of the

semiconductor device comprising the nonvolatile memory
cell such as EEPROM and the MOS transistor, and to improve
the fineness of the processing. _ Still further, the number
of steps is decreased, and an analog circuit is easily
installed in combination since the MOS transistor, the

resistance, and the capacitor of the stacked gate structure,
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conductive layers.

- 22 -



10

15

20

- 26

% € L M s x

WHAT IS CLAIMED IS:

1. A method for manufacturing a semiconductor device

comprising a nonvolatile memory transistor of a stacked

gate structure having a floating gate and a control gate,
and a MOS tra_nsistér of a single gate structure, said method
comprising the steps of:

forming a first insulation f£film on a semiconductor
substrate, said first insulation film becoming a gate oxide
film of both the nonvolatile memory transistor and the MOS
transistor; |

forming a first conductive iayer on the first
insulation film;

removing an area extending in a direction
perpendicular to a direction in which the control gate is
formed extendedly from the first conductive layer to form
a region for separating the floating gate;
| ‘forming a second insulation layer on the first
conductive layer;

forming a second conductive layer on the second
insulation film;

patterning the second conductive layer so as to form
the control gate; and

patterning the first conductive layer to form the

stacked gate structure and the single gate structure.

2. The method for manufacturing the semiconductor device
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A

as claimed in claim 1, wherein the MOS transistor of the
single gate structure includes a high-voltage transistor

and a MOS transistor forming a peripheral circuit.

3. The method for manufacturing the semiconductor device
as described in claim 2, wherein the step of forming the
first insulation £ilm comprises the steps of forming a gate
insulation film of the high-voltage transistor; and
forming a tunnel oxide film between the floating gaté
and the substrate., and simultaneously forming a gate
insulation film of the MOS transistor forming the

peripheral circuit.

4. The method for manufacti:ring the semiconductor device
as claimed in claim 1, wherein the floating gate is
patterned in 'self-alignment manner using the second
conductive layer constituting the control gate as a mask,
in the step of patterning the "f:i.rst conductive layer to

form the stacked gate structure.

5. The method for manufacturing the semiconductor device

’ as claimed in claim 1, wherein the first conductive layer

and the second conductive layer are made of polysilicon.

6. The method for manufacturing the semiconductor device

as claimed in claim 1, further comprising a step of forming

a side wall on the side surface of the control gate after
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patterning the second conductive layer.

7. _The method for manufacturing the semiconductor device
as claimed in claim 5, further comprising a step of forming
a first metal silicide layer on the second conductive

layer.

8. The method for manufacturing the semiconductor device
as clairﬁed in claim 7, further comprising the steps of:

forming a third insulation film on the first metal
silicide layer;

removing the third insulation film, the first metal
silicide layer, the second conductive layer, and the second
insulation film, except the control gate portion of the
stacked gate structure, to form the control gate portion;

forming a side wall on the control gate portion;

forming a second metai silicide layer on exposed
portions of the first conductive layer and the third
insulation film;

forming a fourth insulation film on the second metal
siiicide layer; and

etching the first -conductive layer using the control
gatie portion as a mask to form the stacked gate structure
in self-alignment manner, while patterning the fourth
insulation film, the second metal siiicide layer and the
first conductive layer to form the MOS transistor of the

single gate structure.
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9. A method for manufacturing a semiconductor device
having a nonvolatile memory cell, a capacitor and/or a
resistance, and a logic circuit, comprising the steps of:

simultaneously'forming a tunnel oxide film of the
memory cell and a gate oxide film of a MOS transistor of
the iogic circuit;

| forming a first polysilicon layer on the whole surface

of the oxide film;

removing a region of the first polysilicon layer fo.r
separating a floai:ing gate of the memory cell;

forming a first insulation film on the first
polysilicon layer;

forming a second polysilicon layer on the whole
surface of the first insulation film;

forming a second insulation film on the second
polysilicon layer;

removing the second insulation f£ilm, the second
polysilicon layer, and the first insulation film, except
the desired region of the memory ceil and the upper
electrode region of the capacitor; _

forming a third insulation film on the whole surface;

removing the portioné of the third insulation film

~ except the lower electrode region of the capacitor and the

region of the resistance; and
anisotropically etching the whole surface to form a

side wall of a stacked gate of the memory cell.
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