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A semiconductor integrated circuit that includes thereon a
flash memory and a plurality of MOS transistors using
different power supply voltages is formed by a process in
which a thermal oxidation process is applied to one of the
device regions while covering the other device regions by an
oxidation-resistant film.
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A SEMICONDUCTOR INTEGRATED CIRCUIT
AND FABRICATION PROCESS HAVING
COMPENSATED STRUCTURES TO REDUCE
MANUFACTURING DEFECTS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on Japanese pri-
ority application No.2001-188186 filed on Jun. 21, 2001, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] This invention generally relates to semiconductor
devices. Especially, this invention relates to a semiconductor
integrated circuit device that includes a non-volatile semi-
conductor memory device. Further, this invention is related
to fabrication process of a semiconductor integrated circuit
that uses a plural power supply voltages.

[0003] A flash memory is a non-volatile semiconductor
memory device that stores information in a floating-gate
electrode in the form of electric charges. It has a simple
device construction. Therefore, it is suited to construct a
large-scale integrated circuit device.

[0004] In a flash memory, writing and erasing of informa-
tion is done by injection and pulling out of hot-careers to or
from a floating-gate electrode through a tunneling insulation
film. In this operation, a high voltage is required for pro-
ducing hot-careers. For this purpose, a boosting circuit is
provided in a peripheral circuit that cooperates with a
memory cell for boosting a power supply voltage. The
transistor used in such a peripheral circuit is required to
operate at high voltage.

[0005] Meanwhile, it is recently practiced to construct
such a flash memory device together with a high-speed logic
circuit on a common semiconductor substrate in the form of
semiconductor integrated circuit. The transistors that are
used in such a high-speed logic circuit operate at low
voltage. Because of this, there is a need to use a plural power
supply voltages in such a semiconductor integrated circuit.

[0006] FIGS. 1A-1Q are diagrams showing the fabrication
process of a conventional semiconductor integrated circuit
including a flash memory. The semiconductor integrated
circuit uses plural power supply voltages.

[0007] FIG. 1A is referred to.

[0008] A flash-memory cell region A, a low-voltage tran-
sistor region B and a high-voltage transistor region C are
defined on a Si substrate 11 that carries thereon a field oxide
film or STI structure or other device isolation structure (not
shown).

[0009] In the step of FIG. 1A, a thermal oxidation pro-
cesses is applied to the surfaces of the Si substrate 11 at
800-1100° C., and a tunneling oxide film 12A is formed in
regions A-C with a thickness of 10 nm. Furthermore, in the
step of FIG. 1B, an amorphous silicon film 13 doped with
P (phosphor) is formed on the tunneling oxide film 12A with
a thickness of 8-12 nm, and an insulation film 14 having an
ONO structure is formed on the tunneling oxide film 12A.
The ONO insulation film 14 is formed of an SiO, film 144
deposited on the amorphous silicon film 13 by a CVD
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process with a thickness of 5-9 nm and an SiN film 14b
deposited on the SiO, film 14a with a thickness of 6-10 nm
by a CVD process. Further, a thermal oxide film 14c is
formed on the SiN film 145 with a thickness of 3-10 nm. The
ONO film 15 thus formed has an excellent leakage current
characteristic.

[0010] Next, a resist pattern 15A is formed on the flash-
memory cell region A in the process of FIG. 1C. Using the
resist pattern 15A as a mask, the ONO film 14, the amor-
phous silicon film 13 and also the tunneling insulation film
12A on Si substrate 11 are removed in the low-voltage
transistor region B and in the high-voltage transistor region
C. In this way, the surface of Si substrate 11 is exposed in
the low-voltage transistor region B and also in the high-
voltage transistor region C. In the foregoing removal process
of the tunneling insulation film 12A, a wet etching process
using an HF etchant is implemented. As a result, the surface
of the Si substrate 11 is exposed to the HF etchant in regions
B and C.

[0011] Next, the resist pattern 15A is removed in the step
of FIG. 1D. Furthermore, a thermal oxidation process is
applied with a temperature of 800-1100° C. Thus, the Si
substrate 11 is covered, in the regions B and C, with a
thermal oxide film 12C with the thickness of 8-50 nm.

[0012] Further, a next resist pattern 15B is formed on the
Si substrate 11 in the step of FIG. 1E so as to cover the ONO
film 14 in the flash-memory cell region A and also the
thermal oxide film 12 C in the high-voltage transistor region
C. Using the resist pattern 15B as a mask, the thermal oxide
film 12 C on the Si substrate 11 is removed by an HF
treatment in the low-voltage transistor region B. As a result,
the surface of Si substrate 11 is exposed. In the step of FIG.
1E, the surface of the Si substrate 11 experiences the HF
treatment in region B for the second time.

[0013] The resist pattern 15B is removed in the process of
FIG. 1F. Further, a thermal oxide film 12B is formed on the
Si substrate 11 exposed in the region B by a thermal
oxidation processes at 800-1100° C., with a thickness of
1.5-8 nm. As a result of the thermal oxidation process in the
step of FIG. 1F for forming the thermal oxide film 12B, it
should be noted that there occurs an increase of thickness in
the thermal oxide film 12C formed on the high-voltage
transistor region C.

[0014] Next, in the step of FIG. 1G, an amorphous silicon
film 16 doped with P is deposited on the structure of FIG.
1F by a CVD process with a thickness of 120-250 nm. Next,
the amorphous silicon film 16, the ONO film 14 and the
amorphous silicon film 13 are patterned consecutively in the
process of FIG. 1H while using the resist pattern 17A as a
mask. In this way, a stacked gate electrode structure 16F of
a flash memory, including the amorphous silicon pattern
13A, the ONO pattern 14A and the amorphous silicon
pattern 16A, is formed in the flash-memory cell region A. In
this stacked gate electrode structure 16F, the amorphous
silicon pattern 13A functions as a floating-gate electrode. In
the process of FIG. 1G, it is as well possible to form a
silicide film of WSi or CoSi on the amorphous silicon film
16 according to the needs.

[0015] Next, in the step of FIG. 11, the resist pattern 17A
is removed, and a new resist pattern 17B is formed so as to
cover the flash-memory cell region A. While using the resist
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pattern 17B as a mask, the amorphous silicon film 16 is
patterned in the low-voltage transistor region B and in the
high-voltage transistor region C, and a gate electrode 16B of
the low-voltage transistor is formed to region B. Further, a
gate electrode 16C of the high-voltage transistor is formed
in the region C.

[0016] Next, the resist pattern 17B is removed in the step
of FIG. 1], and a protective oxide film 18 is formed so as to
cover the stacked gate electrode structure 16F in the flash-
memory cell region A and the gate electrode 16B in the
low-voltage transistor region B and the gate electrode 16 C
in the high-voltage transistor region C by a thermal oxida-
tion processes at 800-900° C.

[0017] Next, in the step of FIG. 1K, a resist pattern 19A
is formed on the structure of FIG. 1J so as to cover the
low-voltage transistor region B and the high-voltage tran-
sistor region C and so as to cover the flash-memory cell
region A partially. Next, while using the resist pattern 19A
and also the stacked gate electrode 16F as a mask, an ion
1mp1antat10n process of P’ is conducted under an accelerat-
ing voltage of typically 50-80 keV with a dose of 0. 5%10"-
3x10™ cm™. As a result, an n-type diffusion region 1la is
formed in the Si substrate 11 adjacent to the stacked gate
electrode 16F.

[0018] In the step of FIG. 1K, an ion implantation process
of As* is conducted while using the resist pattern 19A as a
mask under an accelerating voltage of typically 30-50 keV
with a dose of 2x10'°-6x10™ cm™, and another n-type
diffusion region 11b is formed inside the n-type diffusion
region 11a. In the step of FIG. 1K, it should be noted that
the low-voltage transistor region B and the high-voltage
transistor region C are covered by the resist pattern 19A.
Thus, there occurs no ion implantation in these regions.

[0019] Next, in the step of FIG. 1L, the resist pattern 19A
is removed and a resist pattern 19B is newly formed so as to
expose the region A and so as to cover the regions B and C.
In the step of FIG. 1L, the resist pattern 19B is used as a
mask and an ion implantation of As* is conducted under an
accelerating voltage of 30-50 keV with a dose of 5x10"-2x
10" cm™2. As a result, the impurity concentration level in
the n-type diffusion region 115 is increased and another
n-type diffusion region 1lc is formed in the flash memory
region A while using the stacked gate structure 16F as a
self-aligned mask.

[0020] Next, the resist pattern 19B is removed in the step
of FIG. 1M, and the resist pattern 19 C is formed on the Si
substrate 11 so as to expose the low-voltage transistor region
B selectively. Furthermore, in the step of FIG. 1M, a p-type
impurity element or an n-type impurity element is intro-
duced by an ion implantation process while using the resist
pattern 19C as a mask, and a pair of LDD diffusion regions
11d are formed in region B of the Si substrate 11 at both
lateral sides of the gate electrode 16B.

[0021] Next, in the step of FIG. 1N, the resist pattern 19C
is removed, and a resist pattern 19D is formed on Si
substrate 11 so as to expose the high-voltage transistor
region C selectively. Further, an impurity element of p-type
or n-type is introduced in the step of FIG. 1N while using
the resist pattern 19D as a mask, and a pair of LDD diffusion
regions lie are formed in the Si substrate 11 at both lateral
sides of the gate electrode 16C.
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[0022] Further, in the process of FIG. 10, sidewall insu-
lation film 16s are formed on both sidewall surfaces of the
stacked gate electrode 16F, the gate electrode 16B and the
gate electrode 16 C by deposition and etch back of a CVD
oxide film, and in the step of FIG. 1P, a resist pattern 19E
is formed such that the resist pattern 19E covers the flash-
memory cell region A and exposes the low-voltage transistor
region B and the high-voltage transistor region C. Further, a
p-type impurity element or an n-type impurity element is
introduced by an ion implantation process while using the
resist pattern 19E and the gate electrodes 16B and 16C as a
mask, and diffusion regions 11f of p*-type or n*-type are
formed in the Si substrate 11 outside the gate electrode 16B
in the region B. Similarly, diffusion regions 11g of p*-type
or n*-type are formed in the Si substrate in correspondence
to the region C outside of the gate electrode 16 C. On the
surface of the diffusion regions 11f or 11g, it is also possible
to form a low-resistance silicide films such as TiSi or CoSi
by a salicide process.

[0023] Next, in the process of FIG. 1Q, an interlayer
insulation film 20 is formed on the Si substrate 11 so as to
cover the regions A-C continuously, and contact holes are
formed the interlayer insulation film 20 so as to expose the
diffusion regions 115 and 11c¢ in the region A. AW plug 20A
is formed in the contact hole. Similarly, a contact hole
exposing the diffusion region 11f is formed in the region B,
and a W plug 20B is formed in the contact hole thus formed.
Further, a contact hole exposing the diffusion region 11g is
formed in the interlayer insulation film 20 in correspondence
to the region C, and a W plug 20 C is formed in the contact
hole thus formed.

[0024] In the case of fabricating such a semiconductor
integrated circuit, in which a flash memory including a
peripheral circuit and a high-speesd logic circuit are inte-
grated, according to the process of FIGS. 1A-1Q, one
encounters the following problems. In the process of FIG.
1B, the amorphous silicon film 13 and the ONO film 14 are
formed on a flat surface of the Si substrate in the flash-
memory cell region A or in the low-voltage transistor region
B or in the high-voltage transistor region C as shown in
FIGS. 2A, 2B and 2C.

[0025] Thus, in the process of removing the tunneling
insulation film 12A and the amorphous silicon film 13 and
the ONO film 14 from regions B and C in the step of FIG.
1C, the depression is etched by HF in region B and C as is
shown in the enlarged view of FIGS. 3A-3C, and the depth
of the depression increases slightly in the regions B and C.

[0026] Further, in the process of FIG. 1D, the bottom of
the depression goes up a little as a result of formation of the
thermal oxide film 12B in the regions B and C as shown in
detail in FIGS. 4A-4C. As a result, there appears a step at the
boundary between the depression and the field oxide film
11F surrounding the depression. With the removal of the
thermal oxide film 12B by an HF etching treatment from the
region B in the process of FIG. 1E, there inevitably appears
a step corresponding to the step of FIGS. 4B and 4C on the
surface of the Si substrate as is enclosed by a circle in FIGS.
5B and 5C at the boundary between the region B and the
field oxide film 11F. Contrary to this, the flash-memory cell
region A remains flat as shown in FIG. 5A.

[0027] A similar step is formed also at the boundary
between the Si substrate surface forming the low-voltage
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transistor region B and the field oxide film 11F as shown in
FIGS. 6B and 6C with the process of FIG. 1F forming the
thermal oxide film 12B on the region B. As a result, the
thickness of the thermal oxide film 12B is decreased inevi-
tably in such a stepped part. On the other hand, the surface
of the substrate 11 remains flat in the flash-memory cell
region A as shown in FIG. 6A. Thus, when the gate
electrode 16 is formed on such a structure in which the
thickness of the thermal oxide film 12B is decreased in such
a stepped part in the process of FIG. 1G to form a low-
voltage transistor, the desired operational characteristics are
not obtained from such a transistor.

[0028] A similar problem arises also in a semiconductor
integrated circuit shown in FIGS. 7A and 7B that uses an
STI structure 11G as the device isolation structure, in place
of the field oxide film 11F. The problem of decrease of the
film thickness of the insulation film has been known in STI
structures in which the device isolation trench forms a steep
angle at the top part thereof with respect to the substrate
principal surface. Under these circumstances, the process of
FIGS. 1A-1Q deteriorates this problem worse.

[0029] On the other hand, there are demands in these days
to use plural power supply voltages in a semiconductor
integrated circuit that includes a flash memory device. In
such multiple voltage semiconductor integrated circuit
devices, it is necessary to form MOS transistors such that the
MOS transistors have a gate insulation film of optimal
thickness in correspondence to the respective power supply
voltages.

[0030] FIGS. 8A-8M show one possible expansion of the
process of FIGS. 1A-1Q for the case the semiconductor
integrated circuit includes a low-voltage transistor, a mid-
voltage transistor and a high-voltage transistor in addition to
the flash memory cell. It should be noted that the process of
FIGS. 8 A-8M are not used actually due to the problems that
will be explained later. In FIGS. 8A-8M, those parts corre-
sponding to the parts described previously are designated by
the same reference numerals and the description thereof will
be omitted.

[0031] FIG. 8A is referred to.

[0032] A mid-voltage transistor region D is defined on the
surface of the Si substrate 11 by the field oxide film in
addition to the flash-memory cell region A, the low-voltage
transistor region B and the high-voltage transistor region C,
and the tunneling oxide film 12A is formed uniformly on the
regions A-D in the step of FIG. 8A similarly to the step of
FIG. 1A.

[0033] Next, in the step of FIG. 8B corresponding to the
step of FIG. 1B, the amorphous silicon film 13 and the ONO
film 14 are formed consecutively on the tunneling oxide film
12A1n each of the regions A-D. Next, in the step of FIG. 8C
corresponding to the step of FIG. 1C, the tunneling oxide
film 12A, the amorphous silicon film 13 and the ONO film
14 are removed from the part other than flash-memory cell
region A while using the resist pattern 15A as a mask, and
the surface of the Si substrate 11 is exposed. In the step of
FIG. 8C, the surface of Si substrate 11 is exposed to HF
before removing the tunneling oxide film 12A in each of the
regions B-D.

[0034] Next, in the step of FIG. 8D, the Si substrate 11 is
subjected to a thermal oxidizing process similar to the
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process of FIG. 1D, and the thermal oxide film 12 C is
formed in each of the regions B-D so as to cover the surface
of the Si substrate 11.

[0035] Next, in the step of FIG. 8E, the resist pattern 15D
is formed on the structure of FIG. 8D except for the region
D, and an HF treatment is applied while using the resist
pattern 15D as a mask. As a result, the thermal oxide film
12C is removed from the surface of Si substrate 11 in the
region D.

[0036] Next, in the step of FIG. 8F, the resist pattern 15D
is removed and a thermal oxidation processes is applied to
the surface of the Si substrate 11 exposed at the region D at
800-1100° C. As a result a thermal oxide film 12D is formed
with a thickness of 5-10 nm. Along with the thermal
oxidation process in the step of FIG. 8F, there occurs a
growth in the thermal oxide film 12C that was formed
previously in the regions B and C.

[0037] Next, the resist pattern 15B is formed in the step of
FIG. 8G on the structure of FIG. 8F except for the region
B, similar to the process of FIG. 1E, and the thermal oxide
film 12 C is removed from the surface of Si substrate 11 in
region B by a wet etching processing of HF while using the
resist pattern 15B as a mask.

[0038] Further, in the step of FIG. 8H, the resist pattern
15B is removed and a thermal oxidation process is applied
with a temperature of 800-1100° C. As a result, the thermal
oxide film 12B is formed on the surface of the Si substrate
11 in the region B with a thickness of 1.5-5 nm. Along with
the thermal oxidation process of FIG. 8H, there occurs a
growth in the thermal oxide film 12D on thermal oxide film
12 C in correspondence to the region D.

[0039] Next, in the step of FIG. 8I corresponding to the
step of FIG. 1G, the structure of FIG. 8H is covered with
an amorphous silicon film 16. The amorphous silicon film 16
is then patterned in the step of FIG. 8] corresponding to
FIG. 1H while using the resist pattern 17A as a mask, and
the stacked gate structure 16F of the flash memory is formed
in the flash-memory cell region A as a result. It should be
noted that the stacked gate structure 16F includes a stacking
of the amorphous silicon pattern 13A, the ONO pattern 14A
and the amorphous silicon pattern 16A. In the step of FIG.
81, on amorphous silicon film 16 a low-resistance silicide
film such as WSi or CoSi may be formed according to the
need.

[0040] Furthermore, an amorphous silicon film 16 is pat-
terned in region B-D in the step of FIG. 8K that corresponds
to the step of FIG. 1I by using the resist pattern 17B. As a
result, the gate electrode 16B of the low-voltage transistor,
the gate electrode 16C of the high-voltage transistor are
formed in the regions B and region C, respectively. Further,
a gate electrode 16D of the mid-voltage transistor is formed
in region D.

[0041] Next, in the step of FIG. 8L corresponding to the
step of FIG. 1], the gate electrodes 16B-16D and also the
stacked gate electrode structure 16A are covered by a
thermal oxide film 18 formed by a thermal oxidation pro-
cess. Further, by conducing the process corresponding to the
steps of FIGS. 1K-1P explained previously, a semiconductor
integrated circuit that integrates the flash memory cell and
the low-voltage transistor and the mid-voltage transistor and
the high-voltage transistor is obtained on the Si substrate 11
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as shown in FIG. 8M. It should be noted that the mid-
voltage transistor includes a W plug 20D that extends
through the interlayer insulation film 20 as shown in FIG.
8M. Further, LDD diffusion regions 11/ and highly doped
diffusion regions 11i are formed in the Si substrate in
correspondence to the region D. In the process of FIG. 8M,
the surface of the diffusion regions 11f, 11g, on 11/ may be
covered with a low-resistance silicide film of TiSi or CoSi
formed by a salicide process according to the needs.

[0042] In the fabrication process of the semiconductor
integrated circuit by the process of FIGS. 8A-8M, it should
be noted that a structure shown in the enlarged view of
FIGS. 10A-10D is obtained in the regions A-D by forming
the amorphous silicon film 13 and the ONO film 14 con-
secutively on the tunneling oxide film 12A in the step of
FIG. 8B as shown in the enlarged view of FIGS. 9A-9D,
followed by the step of removal of the films 12A,13 and 14
from the surface of the Si substrate 11 in the step of FIG. 8C
in the regions B-D while using the resist pattern 15A as a
mask. As a result, the exposed surface of the Si substrate is
surrounded by the field the oxide film 11F as shown in FIGS.
10B-10D, in correspondence to the regions B-D. Such an
exposed part forms a depression.

[0043] Next, the thermal oxidation process of FIG. 8D is
conducted and a thermal oxidation is caused in the exposed
surface of the Si substrate 11 in each of the regions B-D. As
a result, as shown in the enlarged view of FIGS. 11A-11D,
a thermal oxide film 12 C is formed on the exposed surface
of the Si substrate 11 in each of the regions B-D in the state
that the thermal oxide film 12C protrudes slightly in the
upward direction from the boundary to the surrounding field
oxide film 11F. In corresponding to this, a relative depres-
sion is formed on the surface of thermal oxide film 12 C
along the boundary to the surrounding field oxide film 11F
in each of the regions B-D.

[0044] Next, in the step of FIG. 8E, the thermal oxide film
12 C protruding in the upward direction in the region D is
removed by a wet etching process while using the resist
pattern 15D as a mask as shown in the enlarged view of
FIGS. 12A-12D. Along with this, a depression is formed
with respect to the surface of Si substrate 11 so as to enclose
the region D between the region D and the field oxide film
11F.

[0045] Further, in the thermal oxidation process of FIG.
8F, there occurs a growth of the thermal oxide film 12C in
the regions B and C as shown in the enlarged view of FIGS.
13A-13D as a result of formation of the thermal oxide film
12D in the region D. As a result of the growth of such a
thermal oxide film 12C, the step formed between the surface
of the thermal oxide film 12C and the depression surround-
ing the thermal oxide film 12 C is increased in the regions
B and C. Further, the step formed between the surface of
thermal oxide film 12D and the depression surrounding the
thermal oxide film 12D is increased in the region D.

[0046] Thus, it will be understood that, in the event the
thermal oxide film 12 C covering the surface of the Si
substrate 11 in the region B is removed by a wet etching
process while using the resist pattern 15B as a mask in the
step of FIG. 8G, the depth of the depression (circled in
FIGS. 14B and 14D) formed between the Si substrate and
the surrounding field oxide film 11F in the region B is
increased as shown in the enlarged view of FIGS. 14A-14D,
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along with the decrease of thickness of the field oxide film
11F. Further, a similar deep depression is formed also in the

region D along the boundary to the surrounding field oxide
film 11F.

[0047] Furthermore, in the event that the amorphous sili-
con film 16 constituting the gate electrode is deposited on
the structure of FIGS. 15A-15D in the step of FIG. 8I, the
thickness of the gate insulation film 12B or 12D becomes
extremely thin especially in the low-voltage transistor region
B and in the mid-voltage transistor region D in the vicinity
of the depression as circled in the drawings. Thus, the
threshold characteristics of the MOS transistors experienced
a modification in these regions.

[0048] With such reasons, the process of FIGS. 8A-8M is
not used actually in the production semiconductor devices.
It should be noted that the foregoing problems are more
serious in a semiconductor integrated circuit that uses the
STI structure 11G instead of the field oxide film 11F for the
device isolation structure, as shown in FIG. 16A-16C.

[0049] Meanwhile, there is a proposal to construct a flash
memory device that uses a single-layer gate electrode struc-
ture instead of the stacked gate electrode structure in a
related art of the present invention.

[0050] FIG. 17 shows the construction of a flash memory
cell of a single-layer gate electrode structure in a plan view,
wherein those parts corresponding to the parts described
previously are designated by the same reference numerals
and the description thereof will be omitted.

[0051] FIG. 17 is referred to.

[0052] Tt can be seen that the device region 11A is defined
on the Si substrate 11 by the field oxide film 11F similarly
as before. On the other hand, the floating-gate electrode
pattern 13A is formed such that an end of the floating-gate
electrode pattern 13A traverses the device region 11A on the
Si substrate 11. Further, a source region 11a of n™-type and
a source line region 115 of n*-type are formed in the device
region 11A at a first side of the floating-gate electrode
pattern 13A while using the floating-gate electrode pattern
13A as a self-aligned mask. Further, a drain region 1lc¢ an
n*-type is formed in the device region 11A at the second side
of the floating-gate electrode pattern 13A.

[0053] In the vicinity of the device region 11A, it can be
seen that there is formed another device region 11B on the
Si substrate 11, and an n*-type diffusion region 11C is
formed in the device region 11B.

[0054] Further, a coupling part 13Ac is formed at the other
end of the floating-gate electrode pattern 13A so as to cover
the diffusion region 11C.

[0055] FIG. 18A shows a cross-sectional view taken
along a line X-X' of FIG. 17.

[0056] FIG. 18A is referred to.

[0057] 1t can be seen that there is formed a tunneling oxide
film 12A on the Si substrate 11 between the source region
115 and the drain region 1lc¢ and that the floating-gate
electrode pattern 13A is formed on the tunneling oxide film
12A. Further, it can be seen that the source region 11a of
n~-type is formed in the Si substrate 11 outside of the n*-type
source region 11b. Further, it can be seen that a sidewall
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insulation film is formed to the sidewall surface of the
floating-gate electrode pattern 13A.

[0058] FIG. 18B shows the cross-sectional view taken
along a line Y-Y' of FIG. 17.

[0059] FIG. 18B is referred to.

[0060] 1t can be seen that the floating-gate electrode
pattern 13A extends continuously on the field oxide film 11F
formed on the Si substrate 11 from the device region 11A in
which the flash memory cell of FIG. 18A is formed to the
device region 11AC. Thereby, the end part 13Ac of the
floating-gate electrode pattern 13A forms a capacitance
coupling with the highly doped diffusion region 11 C
through the oxide film 12Ac.

[0061] Thus, at the time of writing operation (“program”),
the source region 115 is grounded and a drain voltage of +5V
is applied to the drain region as show in FIGS. 19A and
19B. Further, a writing voltage of +10V is applied to the
highly doped diffusion region 11 C. Thus, the potential of the
floating-gate electrode 13A goes up and there occurs injec-
tion hot electrons into the floating-gate electrode 13A
through the tunneling oxide film 12A in the device region
11A.

[0062] At the time of erasing operation (“erase”), on the
other hand, the drain region 1lc¢ and the highly doped
diffusion region 11C are grounded as shown in FIGS. 19C
and 19D. Further, an erasing voltage of +15V is applied to
the source region 11b. As a result, the electrons in floating-
gate electrode 13A cause a tunneling into the source region
11a through the tunneling oxide film 12A and are absorbed
by the source power supply through the source region 11b.

[0063] Thus, in the flash memory of FIG. 17, the highly
doped diffusion region 11 C plays the role of the control gate
electrode and it is not necessary to form the ONO film 14
between the polysilicon floating-gate electrode and the poly-
silicon control gate electrode, contrary to the conventional
flash memory having the stacked gate structure explained
previously. It should be noted that it is the oxide film 12Ac
that plays the role of the ONO film 14 in the flash memory
of FIG. 17. As the oxide film 12Ac¢ can be formed by a
thermal oxidation process on the Si substrate 11, the oxide
film 12Ac is formed with high quality.

[0064] FIGS. 20A-200 are diagrams showing the fabri-
cation process of a semiconductor integrated circuit that
includes the flash memory cell of FIG. 17 in addition to the
low-voltage transistor B, the mid-voltage transistor D and
the high-voltage transistor C, wherein those parts corre-
sponding to the parts described previously are designated by
the same reference numerals and the description thereof will
be omitted.

[0065] FIG. 20A is referred to.

[0066] The thermal oxide film 12C is formed on the Si
substrate 11 in each of the flash-memory cell region A, the
low-voltage transistor region B, the mid-voltage transistor
region D and the high-voltage transistor region C by a
thermal oxidation processes conducted at the temperature of
800-1100° C. with a thickness of 5-50 nm. Further, the
thermal oxide film 12C is removed from the flash-memory
cell region A by a patterning process in the step of FIG. 20B
while using a resist pattern 15,.
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[0067] Next, the resist pattern 15, is removed in the step
of FIG. 20C, and a tunneling oxide film 12A is formed on
the surface of the Si substrate 11 in correspondence to the
region A with a thickness of 5-12 nm by conducting a
thermal oxidation process with the temperature of 800-
1100° C. In the step of FIG. 20C, there occurs a growth of
the thermal oxide film 12C in each of the regions B-D as a
result of the thermal oxidation process for forming the
tunneling oxide film 12A.

[0068] Next, the thermal oxide film 12 C is removed in the
mid-voltage transistor region D by a patterning process in
the step of FIG. 20D while using a resist pattern 15, Next,
in the step of FIG. 20E, a thermal oxidation process is
conducted, after removing the resist pattern 15,, with a
temperature of 800-1100° C., and the thermal oxide film
12D is on the region D with a thickness of 5-10 nm. In the
step of FIG. 20E, there occurs a growth of the tunneling
oxide film 12A in the region A and also a growth of the
thermal oxide film 12C in the regions B and C as a result of
the thermal oxidation process used for forming the thermal
oxide film 12D.

[0069] Next, in the step of FIG. 20F, the thermal oxide
film 12C is removed from the low-voltage transistor region
B as a result of a patterning process that uses a resist pattern
15;. Next, in the step of FIG. 20G, a thermal oxidation
process is conducted with the temperature of 800-1100° C.,
and a thermal oxide film 12B is formed on the region B with
the thickness of 1.5-5 nm. In the step of FIG. 20G, there also
occurs a growth of the tunneling oxide film 12A in the region
A, a growth of thermal oxide film 12 C in the region C, and
a growth of the thermal oxide film 12D in the region D, as
a result of the thermal oxidation process for forming the
thermal oxide film 12B.

[0070] Next, the amorphous silicon film 13 doped uni-
formly with P is deposited on the Si substrate 11 in the step
of FIG. 20H with a thickness of 120-250 nm, followed by
a patterning process in the step of FIG. 201 while using the
resist pattern 17, as a mask. In this way, the floating-gate
electrode pattern 13A is formed in the flash-memory cell
region A, the gate electrode pattern 13B is formed in
low-voltage transistor region B, the gate electrode pattern
13D is formed in mid-voltage transistor region D, and the
gate electrode pattern 13 C is formed in the high-voltage
transistor region C.

[0071] Next, in the step of FIG. 20J, the surface of the
floating-gate electrode pattern 13A and the surface of the
gate electrode patterns 13B-13D are covered by a thermal
oxide film 18 with a thickness of about 5-10 nm by con-
ducting a thermal oxidation processes at 800-900° C., and an
ion implantation process P+ or As* is conducted in the step
of FIG. 20K while using the resist pattern 17, as a mask.
The ion implantation process is conducted under an accel-
erating voltage of 50-80 keV with a dose 1x10'* -3x10"*
cm™?, and the source region 1la is formed as a result.

[0072] Further, in the step of FIG. 20L, the regions B-D
are covered by a resist pattern 17, and an ion implantation
process of As* is conducted into the region A while using the
floating-gate electrode pattern 13A as a self-aligned mask.
The ion implantation process may be conducted under an
accelerating voltage of 30-50 keV with -2 of a dose 5x10 -
1x10'° cm™. As a result, the source line region 11b of
n*-type is formed within the source region 11a. Further, a
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drain region 11c of n*-type is formed in the opposite side of
the source region 11a with respect to the channel region.

[0073] Next, a resist pattern 175 is formed in the step of
FIG. 20M so as to cover the flash-memory cell region A,
and a p-type or n-type impurity element is introduced by a
ion implantation process. As a result, the LDD region 11d is
formed in the region B and the LDD region 1le is in the
region C. Further, the LDD region 117 is formed to in the
region D.

[0074] Further, in the step of FIG. 20N, the sidewall oxide
films 16s are formed on the both sidewall surfaces of the
floating-gate electrode pattern 13A and the gate electrode
patterns 13B-13D. Next, in the process of FIG. 200, the
impurity element of p-type or n-type is introduced to each of
the regions B-D while covering the flash memory region A
by a resist pattern 17, As a result, the diffusion regions
11f-11i are formed.

[0075] Inthe foregoing steps of FIGS. 20A-200, however,
there arises a problem in that a deep depression is formed,
as a result of repetition of thermal oxide formation and
subsequent etching, along the boundary of the device
regions A-D, especially along the boundary to the field oxide
film 11F in each of the regions B and D as shown in the
enlarged view of FIGS. 21A-21D, FIGS. 22A-22D, FIGS.
23A-23D, FIGS. 24A-24D, FIGS. 25A-25D, FIGS. 26A-
26D and FIGS. 27A-27D. Because of this, there occurs a
localized thinning of gate insulation film especially in the
low-voltage transistor region B and in the mid-voltage
transistor region D, as shown in FIGS. 27B and 27C by
circles. When a MOS transistor is formed on such a region,
there inevitably occurs a local modification of threshold
characteristics. In the foregoing drawings, it should be noted
that those parts corresponding to the parts described previ-
ously are designated by the same reference numerals and the
description thereof will be omitted. It should be noted that
the step of FIGS-21A-21D corresponds to the step of FIG.
20A, the step of FIGS. 22A-22D corresponds to the step of
FIG. 20B, the step of FIGS. 23A-23D corresponds to the
step of FIG. 20C, the step of FIGS. 24A-24D correspond to
the step of FIG. 20D, the step of FIGS. 25A-25D corre-
sponds to the step of FIG. 20E, the step of FIGS. 26A-26D
corresponds to the step of FIG. 20F, and the step of FIGS.
27A-27D corresponds to the step of FIG. 20G.

[0076] It should be noted that the problem of formation of
the depression and modification of the threshold character-
istics become serious in the semiconductor integrated cir-
cuits that have the STI device isolation structure 11G as
shown in FIGS. 28A-28D. As shown in FIG. 28A, there is
a tendency, in the semiconductor integrated circuit having an
STI structure, in that a depression is formed in the boundary
part of the device region also in the flash-memory cell region
A, and there is a concern that the writing characteristics and
erasing characteristics of the flash memory cell may be
changed.

[0077] Further, in the step of FIGS. 20A-200, it should be
noted that the gate oxide films 12C and 12D are formed after
plural thermal oxidation processes and plural resist pro-
cesses. Thus, these gate oxide films generally have a stacked
structure as they shown in FIGS. 29A-29C, and there may be
a problem of film quality.

[0078] Furthermore, in the step of FIGS. 20A-200, it
should be noted that the tunneling oxide film 12A is formed
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as a stacking of plural thermal oxide films as shown in
FIGS. 30A. Thus, the tunneling oxide film 12A tends to
include therein defects, and there is a tendency that the
electric charges accumulated in the floating-gate electrode
13A are dissipated to the Si substrate 11 as show in FIGS.
30B. When such a leakage occurs, the flash memory device
cannot hold information over a time period prescribed by
specification.

SUMMARY OF THE INVENTION

[0079] Accordingly, it is a general object of the present
invention to provide a novel and useful semiconductor
integrated circuit and fabrication process thereof wherein the
foregoing problems are eliminated.

[0080] Another and more specific object of the present
invention is to provide a fabrication process of a semicon-
ductor integrated circuit including a flash memory and using
plural power supply voltages, wherein the problem of
depression formation in the periphery of a device region and
associated problem of deterioration of reliability are elimi-
nated.

[0081] Another object of the present invention is to pro-
vide a fabrication process of a semiconductor integrated
circuit including a flash memory and using plural power
supply voltages, wherein the quality of gate insulation film
used in semiconductor devices constituting the semiconduc-
tor integrated circuit is improved.

[0082] Another object of the present invention is to pro-
vide a semiconductor integrated circuit including a flash
memory and using plural power supply voltages, wherein
the thickness of the gate insulation film used in semicon-
ductor devices included in the semiconductor integrated
circuit is controlled precisely.

[0083] Another object of the present invention is to pro-
vide a semiconductor integrated circuit including a flash
memory and using plural power supply voltages and a
fabrication process thereof, wherein the gate electrodes have
a height that is changed in every semiconductor device and
the value of the gate resistance is set up as desired.

[0084] Another object of the present invention is to pro-
vide a semiconductor integrated circuit including a flash
memory and using plural power supply voltages and a
fabrication process thereof, wherein, the semiconductor
devices in the semiconductor integrated circuit have a com-
mon height for the gate electrode except for the flash
memory.

[0085] Another object of the present invention is to pro-
vide a fabrication process of a semiconductor integrated
circuit device, comprising the steps of:

[0086] forming a device isolation structure on a sur-
face of a semiconductor substrate so as to define at
least a first active region, a second active region and
a third active region,

0087] introducing an impurity element that sup-

g purity p

presses oxidation of said semiconductor substrate
into said first active region;

[0088] applying a thermal oxidation process to said
surface of said semiconductor substrate to form a
first thermal oxide film so as to cover said semicon-
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ductor substrate surface in said first active region
with a first thickness and a second thermal oxide film
so as to cover said semiconductor substrate surface
in said second and third active regions with a second
thickness;

[0089] forming an oxidation-resistant film on said
surface of said semiconductor substrate so as to
cover at least said first active region and said second
active region and said third active region;

[0090] exposing said surface of said semiconductor
substrate by removing said oxidation-resistant film
and said second thermal oxide film from said third
active region while leaving said oxidation-resistant
film on said first and second active regions;

[0091] applying a thermal oxidation process to said
semiconductor substrate to form a third thermal
oxide film on said third active region with a third
thickness and to increase a thickness of said second
thermal oxide film simultaneously.

[0092] According to this invention, repetition of thermal
oxide film formation and subsequent etching for removing
the same more than twice is eliminated successfully in the
fabrication process of the semiconductor integrated circuit
that uses plural power supply voltages and includes therein
a flash memory cell and MOS transistors having gate
insulation films with different thicknesses. As a result, the
problem of formation of deep depression at the boundary
part between the device isolation structure and the device
region and is resolved. Along with this, the problem of the
MOS transistors experiencing a modification of threshold
characteristics at the peripheral part of the device region due
to the decrease of thickness of the gate oxide film is
resolved. Further, the film quality of the thermal oxide film
that forms the gate oxide film is improved in each transistor
regions. Thereby, the accuracy of the film thickness is
improved. Furthermore, it becomes possible to optimize the
resistance value of the gate electrodes in correspondence to
the film thickness of the gate electrode. Further, it becomes
possible to arrange the height of the gate electrode of the
MOS transistors at a common level excluding the flash
memory cell.

[0093] Other objects and further features of the present
invention will become apparent from the following detailed
description when read in conjunction with the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0094] FIG. 1A-1Q are diagrams showing the fabrication
process of the semiconductor integrated circuit including
conventional flash memory;

[0095] FIG. 2A-2C are diagrams explaining the problem
of the fabrication process of a conventional semiconductor
integrated circuit;

[0096] FIGS. 3A-3C are other diagrams explaining the
problem of the fabrication process of a conventional semi-
conductor integrated circuit;

[0097] FIGS. 4A-4C are further diagrams explaining the
problem of the fabrication process of a conventional semi-
conductor integrated circuit;
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[0098] FIG. 5A-5C are further diagrams explaining the
problem of the fabrication process of a conventional semi-
conductor integrated circuit;

[0099] FIG. 6A-6C are further diagrams explaining the
problem of the fabrication process of a conventional semi-
conductor integrated circuit;

[0100] FIG. 7A-7B are further diagrams explaining the
problem of the fabrication process of a conventional semi-
conductor integrated circuit;

[0101] FIGS. 8A-8M are diagrams showing the fabrica-
tion process of the semiconductor integrated circuit includ-
ing another conventional flash memory;

[0102] FIGS. 9A-9D are diagrams explaining the problem
of the fabrication process of the different conventional
semiconductor integrated circuit;

[0103] FIGS. 10A-10D are diagrams explaining the prob-
lem of the fabrication process of the different conventional
semiconductor integrated circuit;

[0104] FIGS. 11A-11D are further diagrams explaining the
problem of the fabrication process of the different conven-
tional semiconductor integrated circuit;

[0105] FIGS. 12A-12D are further diagrams explaining
the problem of the fabrication process of the different
conventional semiconductor integrated circuit;

[0106] FIGS. 13A-13D are further diagrams explaining
the problem of the fabrication process of the different
conventional semiconductor integrated circuit;

[0107] FIGS. 14A-14D are further diagrams explaining
the problem of the fabrication process of the different
conventional semiconductor integrated circuit;

[0108] FIGS. 15A-15D are further diagrams explaining
the problem of the fabrication process of the different
conventional semiconductor integrated circuit;

[0109] FIGS. 16A-16C are further diagrams explaining
the problem of the fabrication process of a different con-
ventional semiconductor integrated circuit;

[0110] FIG. 17 is a diagram showing the construction of
a conventional flash memory in a plan view;

[0111] FIGS. 18A and 18B are diagrams showing the
construction of the flash memory of FIG. 17 in a cross-
sectional view;

[0112] FIGS. 19A-19D are diagrams explaining the opera-
tion of the flash memory of FIG. 17;

[0113] FIGS. 20A-200 are diagrams showing the fabrica-
tion process of the semiconductor integrated circuit includ-
ing the flash memory of FIG. 17;

[0114] FIGS. 21A-21D are diagrams explaining the prob-
lem of the conventional semiconductor integrated circuit;

[0115] FIGS. 22A-22D are further diagrams showing the
problems of the conventional semiconductor integrated cir-
cuit;

[0116] FIGS. 23A-23D are further diagrams explaining

the problems of the conventional semiconductor integrated
circuit;
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[0117] FIGS. 24A-24D are further diagrams explaining
the problem of the conventional semiconductor integrated
circuit;

[0118] FIGS. 25A-25D are further diagrams explaining
the problem of the conventional semiconductor integrated
circuit;

[0119] FIGS. 26A-26D are further diagrams explaining
the problems of the conventional semiconductor integrated
circuit;

[0120] FIGS. 27A-27D are further diagrams explaining
the problems of the conventional semiconductor integrated
circuit;

[0121] FIGS. 28A-28D are further diagrams explaining
the problems of the conventional semiconductor integrated
circuit;

[0122] FIGS. 29A-29C are further diagrams explaining
the problems of the conventional semiconductor integrated
circuit;

[0123] FIGS. 30A and 30B are further diagrams explain-
ing the problem of the conventional semiconductor inte-
grated circuit;

[0124] FIGS. 31A-31G are diagrams showing the fabri-
cation process of a semiconductor integrated circuit includ-
ing a flash memory according to a first embodiment of this
invention;

[0125] FIGS. 32A-32C are diagrams explaining the effect
of this embodiment;

[0126] FIGS. 33A-33C are further diagrams explaining
the effect of this embodiment;

[0127] FIGS. 34A-34C are further diagrams explaining
the effect of this embodiment;

[0128] FIGS. 35A-35C are further diagrams explaining
the effect of this embodiment;

[0129] FIGS. 36A-36C are further diagrams explaining
the effect of this embodiment;

[0130] FIGS. 37A and 37B are the further diagrams
explaining the effect of this embodiment;

[0131] FIGS. 38A-38D are diagrams showing a first modi-
fication of the first embodiment of this invention;

[0132] FIGS. 39A-39H are diagrams showing a second
modification of the first embodiment of this invention;

[0133] FIGS. 40A-40D are diagrams explaining the effect
of this embodiment;

[0134] FIGS. 41A-41C are further diagrams explaining
the effect of this embodiment;

[0135] FIGS. 42A-42K are diagrams showing the fabri-
cation process of a semiconductor integrated circuit includ-
ing a flash memory according to a second embodiment of
this invention;

[0136] FIGS. 43A-43C are diagrams showing a part of the
semiconductor integrated circuit of the second embodiment
of this invention;
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[0137] FIGS. 44A-441 are diagrams showing the fabrica-
tion process of a semiconductor integrated circuit including
a flash memory according to a 3rd embodiment of this
invention;

[0138] FIGS. 45A-45C are diagrams showing a part of the
semiconductor integrated circuit according to a third
embodiment of this invention;

[0139] FIGS. 46A-46L are diagrams showing the fabrica-
tion process of a semiconductor integrated circuit including
a flash memory according to a fourth embodiment of this
invention;

[0140] FIGS. 47A-47D are diagrams showing a part of the
semiconductor integrated circuit according to the fourth
embodiment of this invention;

[0141] FIGS. 48A-48K are diagrams showing the fabri-
cation process of a semiconductor integrated circuit includ-
ing a flash memory according to a fifth embodiment of this
invention;

[0142] FIGS. 49A-49D are diagrams showing a part of the
semiconductor integrated circuit by the fifth embodiment of
this invention;

[0143] FIGS. 50A-507 are diagrams showing the fabrica-
tion process of a semiconductor integrated circuit including
a flash memory according to a sixth embodiment of this
invention;

[0144] FIGS. 51A-51D are diagrams showing a part of the
semiconductor integrated circuit of the sixth embodiment of
this invention;

[0145] FIGS. 52A-52D are further diagrams showing a
part of the semiconductor integrated circuit of the sixth
embodiment of this invention;

[0146] FIGS. 53A-53D are further diagrams showing a
part of the semiconductor integrated circuit of the sixth
embodiment of this invention;

[0147] FIGS. 54A-541 are diagrams showing the fabrica-
tion process of a semiconductor integrated circuit including
a flash memory according to a first modification of the sixth
embodiment of this invention;

[0148] FIGS. 55A-557 are diagrams showing the fabrica-
tion process of a semiconductor integrated circuit including
a flash memory according to a seventh embodiment of the
present invention;

[0149] FIG. 56 is a diagram showing the construction of
a flash memory according to an eighth embodiment of this
invention;

[0150] FIG. 57 is a diagram showing the flash memory of
FIG. 56 in a cross-sectional view;

[0151] FIGS. 58A and 58B are diagrams explaining the
operation of the flash memory of FIG. 56; and

[0152] FIGS. 59A and 59B are diagrams showing the
fabrication process of the flash memory of FIG. 56.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIRST EMBODIMENT

[0153] FIGS. 31A-31G show the fabrication process of a
semiconductor integrated circuit according to a first embodi-
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ment of this invention, wherein those parts corresponding to
the part described previously are designated by the same
reference numerals and description thereof will be omitted.

[0154] FIG. 52A is referred to.

[0155] The flash-memory cell region A, the low-voltage
transistor region B and the high-voltage transistor region C
are defined on the Si substrate 11 by the field oxide film 11F
(or STI structure) similarly to the step of FIG. 1A explained
previously, and the thermal oxide film 12A is formed as a
tunneling oxide film of the flash memory cell by applying a
thermal oxidation processes to the Si substrate 11 at 800-
1100° C. The thermal oxide film 12A is formed not only in
the flash-memory cell region A on the Si substrate 11 but
also in low voltage transistor region B and in the high-
voltage transistor region C so as to cover the surface of the
Si substrate 11.

[0156] Next, in the step of FIG. 31B, the amorphous
silicon film 13 doped with P to the concentration level of
1x10"-3x10*" em™ is formed by a CVD process on struc-
ture of FIG. 31A with a thickness of 50-120 nm, and an
ONO film 14 is formed on the amorphous silicon film 13
uniformly. The ONO film 14 includes a CVD oxide film
formed by a CVD process at the temperature of 600-800° C.
with a thickness of 5-9 nm and an SiN film formed on the
CVD oxide film by a CVD processes with a thickness of
6-10 nm at the temperature of 600-800° C. Further, a thermal
oxide film is formed on the surface of SiN film with a
thickness of 3-10 nm by conducting a thermal oxidation
processes at 850-1000° C.

[0157] Next, in the step of FIG. 31C, the resist pattern
15A1s formed on the structure of FIG. 31B so as expose the
high-voltage transistor region C, and the ONO film 14, the
amorphous silicon film 13 and the thermal oxide film 12A
are removed by an etching process in the region C while
using the resist pattern 15A as a mask. Further, in the step
of FIG. 31D, the resist pattern 15A is removed, and a
thermal oxidation process is applied with the temperature of
800-1100° C. As a result, the thermal oxide film 12 C is
formed so as to cover the surface of Si substrate 11 in the
region C with a thickness of 8-50 nm. In the step of FIG.
31D, the region A and also the region B are covered by the
ONO film 14. Thus, the Si substrate 11 is not oxidized in the
regions A and B even when such a thermal oxidation process
is applied.

[0158] Next, in the step of FIG. 31E, the resist pattern 15B
is formed on the structure of FIG. 31D so as to expose the
low-voltage transistor region B, and the region B is etched
while using the resist pattern 15B as a mask. Thereby, the
thermal oxide film 12C is removed. Further, in the step of
FIG. 31F, the resist pattern 15B is removed and a thermal
oxidation process is conducted at the temperature of 800-
1100° C. As a result, the surface of Si substrate 11 is covered
in the region B by the thermal oxide film 12B with a
thickness of 1.5-8 nm.

[0159] Next, in the step of FIG. 31G, an amorphous
silicop film 13 doped with P with the concentration of
2x10 -3x10** cm™ is deposited on the structure of FIG.
31F by to a CVD process with a thickness of 120-250 nm.
Further, by conducting a process similar to the one explained
previously with reference to FIGS. 11-1Q is conducted, and
a semiconductor integrated circuit in which the flash
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memory cell A, the low-voltage transistor B and the high-
voltage transistor C are integrated on the common Si sub-
strate 11 is obtained.

[0160] FIGS. 32A-32C, FIGS. 33A-33C, FIGS. 34A-34C,
FIGS. 35A-35C and FIGS. 36A-36C respectively show the
regions A, B and C in the steps of FIG. 31B, FIG. 31C, FIG.
31D, FIG. 31E and FIG. 31F in an enlarged scale.

[0161] Inthe step of FIG. 31B, the amorphous silicon film
13 and the ONO film 14 are deposited on the Si substrate 11,
while the amorphous silicon film 13 and the ONO film 14
thus deposited are removed from the region C in the step of
FIG. 31C by a wet etching processing that uses HF. In this
stage, no substantial depression is formed in the peripheral
part of the region C as can be seen in FIGS. 33A-33C.

[0162] In the step of FIG. 31D for forming the thermal
oxide film 12 C on the region C, it will be noted that the Si
substrate 11 is covered by the ONO film 14 having an
oxidization-resistant nature in the regions A and B. Thus,
there occurs no oxidization in these regions and no growth
of thermal oxide film 12A takes place as shown in FIGS.
34A and 34B.

[0163] Because of this, increase of thickness of the ther-
mal oxide film 12A is suppressed in the step of FIG. 31E,
and the problem of formation of depression in the peripheral
part of the region B as shown in FIG. 35B, which tends to
occur when a thick thermal oxide film is etched, does not
result substantially even in the case the thermal oxide film
12A is removed by a wet etching processing of HF in the
region B. Further, the decrease of thickness of the field oxide
film 11F in the peripheral part of the region B is small and
the problem of the field reversal is suppressed effectively in
the a low-voltage transistor is formed in the region B with
a later process.

[0164] Further, as circled in FIG. 36B, the depression
formed along the peripheral part of the region B is very
small in the case of forming the thermal oxide film 12B in
the region B in the step of FIG. 31F. Further, there occurs
no decrease thickness of the field oxide film 11F in these
bird’s beak regions. As a result, there occurs no decrease of
film thickness in the thermal oxide film 12B even in the
peripheral part of the region B, and the modification of
threshold voltage does not result even in the case a low-
voltage transistor is formed in the region B In the step of
FIGS. 31A-31G, it should be noted that the region C is
exposed to HF only in the step of FIG. 31C. Further, the
region B is exposed to HF only in the step of FIG. 31E.
Thus, an excellent film quality is guaranteed for the thermal
oxide films formed in these regions.

[0165] FIGS. 37A and 37B show case in which the
process of this embodiment is applied to a Si substrate that
has an STI structure.

[0166] FIGS. 37A and 37B are referred to.

[0167] It canbe seen that the problem of formation of deep
depression in the boundary part between the STI region 11G
and the region B or region C similar to the one shown in
FIGS. 7A and 7B is eliminated, and the threshold charac-
teristics of the transistor formed thereon are stabilized.

FIRST MODIFICATION

[0168] FIGS. 38A-38D show the fabrication process of a
semiconductor integrated circuit according to a first modi-
fication of this embodiment.
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[0169] FIG. 38A is referred to.

[0170] A tunneling insulation film 12A is formed on the Si
substrate 11 in this modification in each of the regions A-C,
and an amorphous silicon film 13 and an ONO film 14 are
deposited consecutively in the step of FIG. 38B. Further, in
the process of FIG. 38B, the amorphous silicon film 13 is
patterned and removed from the regions B and also C. As a
result, the ONO film 14 is formed directly on the surface of
the tunneling insulation film 12A in regions B and C.

[0171] Furthermore in this embodiment, the ONO film 14
and the tunneling insulation film 12A are removed from the
surface of the Si substrate 11 in the region C by a patterning
that uses the resist pattern 15A in the step of FIG. 38C, and
a thermal oxidation processes is conducted in the step of
FIG. 38D at the temperature of 800-1100° C. on the surface
of Si substrate 11 thus exposed. As a result, a thermal oxide
film 12C is formed with a thickness of 8-50 nm.

[0172] Furthermore, by conducting a process similar to the
one explained with reference to FIGS. 31E-31G previously,
the desired semiconductor integrated circuit is obtained.

[0173] In the present modification, too, the low-voltage
transistor region B is covered by the oxidation-resistant
ONO film 14 during the thermal oxidation process of FIG.
38D, and thus, there occurs no growth of the tunneling oxide
film 12A. As a result, there is no formation of such a deep
depression at the peripheral part of n the region B even when
the tunneling oxide film 12A is removed a by wet etching
processing later.

SECOND MODIFICATION

[0174] FIGS. 39A-39H shows a modification of this
embodiment applied to the case in which there is further
formed a mid-voltage transistor in the region D defined on
the Si substrate 11.

[0175] FIG. 39A is referred to.

[0176] Ineach of the regions A-D, the tunneling oxide film
12 is formed on the surface of the Si substrate 11 by a
thermal oxidation process processes conducted at the tem-
perature of 800-1100° C. with a thickness of 8-12 nm.
Further, the amorphous silicon film 13 and the ONO film 14
are formed in the step of FIG. 39B according to the process
explained previously with respective thicknesses of 50-120
nm and 13-30 nm.

[0177] Next, in the step of FIG. 39C, the resist pattern
15A is formed on the structure of FIG. 39B so as to expose
the region C, and the ONO film 14 and the amorphous
silicon film 13 and also the tunneling oxide film 12A are
etched consecutively by a wet etching process while using
the resist pattern 15A as a mask. As a result, the surface of
Si substrate 11 is exposed in the region C.

[0178] Next, in the step of FIG. 39D, the resist pattern
15Ais removed and a thermal oxidation processes is applied
at 800-1100° C. while using the ONO film 14 as an anti-
oxidation mask in the regions; A, B and also D. As a result,
a thermal oxide film 12C is formed on the region C with a
thickness of 5-50 nm.

[0179] Next, in the step of FIG. 39E, the resist pattern
15D is formed on the structure of FIG. 39D so as to expose
the mid-voltage transistor region D selectively, and the ONO
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film 14 and the amorphous silicon film 13 and also the
tunneling oxide film 12A are removed from the region D by
a wet etching processing.

[0180] Next, in the step of FIG. 39F, the resist pattern 15D
is removed and a thermal oxidation processes is applied at
800-1100° C. while using the ONO film 14 as an anti-
oxidation mask. As a result, the thermal oxide film 12D is
formed on the region D with a thickness of 5-10 nm. In the
step of FIG. 39F, there occurs a growth in the thermal oxide
film 12C in the region C with the thermal oxidation process
that forms the thermal oxide film 12D.

[0181] Next, in the step of FIG. 39G, the resist pattern
15B is formed on the structure of FIG. 39F so as to expose
the region B, and the ONO film 14 and the amorphous
silicon film 13 and the tunneling oxide film 12A are removed
consecutively by a wet etching process while using the resist
pattern 15B as a mask. As a result, the surface of the Si
substrate 11 is exposed in the region B.

[0182] Furthermore, in the step of FIG. 39H, the resist
pattern 15B is removed, and a thermal oxidation process is
conducted at 800-1100° C. to form the thermal oxide film
12B on the Si substrate 11 in correspondence to the region
B with a thickness 1.5-9 nm. In the step of FIG. 39H, there
occurs an increase in the thickness of the thermal oxide films
12 C and 12D with the thermal oxidation process that forms
the thermal oxide film 12B.

[0183] Further, the process that explained previously with
reference to FIGS. 8I-8M is conducted after the step of FIG.
39H, and a semiconductor integrated circuit in which the
flash memory cell A, the low-voltage transistor B, the
mid-voltage transistor D and the high-voltage transistor C
are integrated on the Si substrate 11 is obtained.

[0184] According to this modification, the process of
forming a thermal oxide film and removing the thermal
oxide film by a wet etching process is is not repeated in any
of the regions A-D, and as a result, the problem of depres-
sion formation in the peripheral part of device regions A-D
is suppressed effectively as shown in FIGS. 40A-40D.
Thereby, the problem of modification of the threshold char-
acteristics in the low-voltage transistor region B and also in
the mid-voltage transistor region D, in which a thin gate
insulation film is formed, is successfully avoided.

[0185] This invention is effective also in the semiconduc-
tor integrated circuits that has an STI structure G as shown
in FIGS. 41A-41C. When the present invention is applied to
such an STI structure, the problem of thinning of the gate
insulation film in the peripheral part of device regions B and
C is effectively avoided.

[0186] According to this invention, it should be noted that
the etching process of the thermal oxide film by using HF is
conducted only in any of the regions B-D. Thus, the thresh-
old characteristics of the transistor formed on these regions
are stabilized further.

SECOND EMBODIMENT

[0187] FIGS. 42A-42K show the fabrication process of a
semiconductor integrated circuit according to a second
embodiment of this invention, wherein those parts corre-
sponding to the part described previously are designated by
the same reference numerals and description thereof will be
omitted.
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[0188]

[0189] An oxide film 110 is formed on the Si substrate 11
and a resist pattern 111A having an opening that expose the
mid-voltage transistor formation region B is formed on the
oxide film 110. Further, while using the resist pattern 111 as
a mask, an ion implantation process of nitrogen ions is
conducted under an accelerating voltage of 20-50 keV with
a dose 1x10**-1x10*° em™,

FIG. 42A is referred to.

[0190] Next, in the step of FIG. 42B, the resist pattern
111A is removed and a thermal oxidation process is applied
at the temperature of 800-1100° C. As a result, a tunneling
oxide film 12A is formed on the surface of Si substrate 11 in
each of the regions A-C. In the step of FIG. 42B, it should
be noted that the oxidization rate is small in the region D in
which nitrogen is introduced into the Si substrate 11. As a
result, the thermal oxide film 12D thus formed by a thermal
oxidation process has a smaller thickness as compared with
the thermal oxide film 12A that is formed concurrently.

[0191] Next, in the step of FIG. 42C, an amorphous
silicon film 13 and an ONO film 14 are deposited consecu-
tively, and a resist pattern 111B that exposes high-voltage
transistor region C is formed in the step of FIG. 42D.
Further, the ONO film 14 and the amorphous silicon film 13
and the tunneling oxide film 12A are removed by a wet
etching in the region C.

[0192] Further, in the step of FIG. 42E, the resist: pattern
111B is removed and a thermal oxidation process is applied
at 800-1100° C. As a result, the thermal oxide film 12 C is
formed on region C. In the thermal oxidation process of
FIG. 42E, it should be noted that the regions A, B D are
protected by the ONO film 14 having the nature of oxidiza-
tion resistance.

[0193] Next, in the step of FIG. 42F, a resist pattern 111
C exposing the low-voltage transistor region B is formed on
the structure of FIG. 42E, and the ONO film 14 and the
amorphous silicon film 13 and the thermal oxide film 12A
are removed consecutively by a wet etching process using
HF.

[0194] Next, in the step of FIG. 42G, the resist pattern 111
Cisremoved and a thermal oxidation process is applied with
the temperature of 800-1100° C. As a result, the thermal
oxide film 12B is formed with a thickness of 1.5-5 nm on the
Si substrate 11 surface in correspondence to the region B. In
the step of FIG. 42G, there occurs a growth of the thermal
oxide film 12C in the region C simultaneously to the
formation of the thermal oxide film 12B.

[0195] Next, in the step of FIG. 42H, the amorphous
silicon film 16 that is doped with P to a concentration level
of 2x10%°-3x10*! cm™ is deposited on the structure of FIG.
42G with a thickness of 100-250 nm. Further, in the step of
FIG. 421, the gate electrode structure 16F of stacked-type is
patterned in the flash-memory cell region A while using a
resist pattern 111D that covers the regions B-D as a mask. In
the step of FIG. 42G, it is possible to form a low-resistance
silicide film of WSi, CoSi, and the like on the amorphous
silicon film 16.

[0196] Next, in the step of FIG. 42], the amorphous
silicon film 16 is patterned in the region B and in the region
C while using another resist pattern 111E that covering the

Dec. 26, 2002

region A as a mask, and the gate electrode pattern 16B is
formed in the region B and the gate electrode pattern 16 C
is formed in the region C.

[0197] Next, in the process of FIG. 42K, a resist pattern
111F covering the regions A-C is formed, and the ONO film
14 and the amorphous silicon film 13 are patterned in the
region D while using the resist pattern 111F as a mask. As
a result, the gate electrode 16D is formed.

[0198] Next, after the step of FIG. 42K, the process
corresponding to the steps of FIG. 20J-200 explained
previously is conducted, and a semiconductor integrated
circuit in which the flash memory cell A, the low-voltage
transistor B, the mid-voltage transistor D and the high-
voltage transistor C are integrated on the Si substrate 11 is
obtained.

[0199] In the present embodiment, too, it should be noted
that the process of applying a thermal oxidation process and
then a wet etching process is not repeated in any of the
regions B-D, and no deep depression is formed in the
peripheral part of the device region. Because of this, the
problem of thickness of the gate oxide film is reduced in the
peripheral part of the device region and associated problem
of change of the threshold characteristics of the MOS
transistors is successfully avoided.

[0200] FIGS. 43A-43C show the schematic construction
of the low-voltage transistor, the mid-voltage transistor and
the high-voltage transistor formed respectively on the
regions B, D and C according to the present embodiment,
wherein it should be noted that FIGS. 43A-43C shows the
state in which the resist pattern 11F and the ONO film 14
shown in FIG. 42K is removed.

[0201] As will be understood from the process explained
previously and from the process of FIG. 43B, an excellent
film quality is achieved for the gate insulation film 12D of
the mid-voltage transistor D In the present embodiment due
to the fact that the gate insulation film 12D is formed by a
single thermal oxidation step. Also, it becomes possible to
control the film thickness exactly. As a result, the operational
characteristics of the transistor D is improved.

[0202] Further, as will be understood from the process
explained previously and further from FIG. 43C, the second
thermal oxidation process takes place in this embodiment at
the occasion of formation of the gate insulation film 12C of
the high-voltage transistor C, simultaneously to the forma-
tion of the thermal oxide film 12B in the low-voltage
transistor region B. However, the increase of the film
thickness by such a thermal oxidation process is trifling, and
the thickness of the gate insulation film 12C is determined
substantially in the step of FIG. 42E. Because of this, the
operational characteristics of the high-voltage transistor C
are improved also in this embodiment.

THIRD EMBODIMENT

[0203] FIGS. 44A-44L show the fabrication process of a
semiconductor integrated circuit according to a third
embodiment of this invention, wherein those parts corre-
sponding to the part described previously are designated by
the same reference numerals and the description thereof will
be omitted.

[0204] In this embodiment, the process of FIGS. 44A-44G
is identical with the process of FIGS. 42A-42G, and the
same structure as FIG. 42G is obtained in the step of FIG.
44G.
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[0205] Next, in this embodiment, while using the resist
pattern 112A as a mask, the ONO film 14 is removed from
the mid-voltage transistor region D in the step of FIG. 44H,
and the amorphous silicon film 16, doped by P to a concen-
tration level of 2x10?°-3x10** cm™>, is deposited in the step
of FIG. 441 after removing the resist pattern 112A. Because
the amorphous silicon film 13 is exposed in region D in the
state of FIG. 44H, a structure in which the amorphous
silicon film 13 and the amorphous silicon film 16 are stacked
consecutively is obtained on the thermal oxide film 12D in
the region D.

[0206] Furthermore, in the step of FIGS. 44J-441, a pat-
terning process is implemented while using the resist pat-
terns 111D, 111E and also 111F as a mask, and a flash
memory cell is formed on the region A, a low-voltage
transistor is formed on the region B, a high-voltage transistor
is formed on the region C, and a mid-voltage transistor is
formed on the region D.

[0207] FIGS. 45A-45C show a schematic cross-sectional
view of the low-voltage transistor, the and mid-voltage
transistor and the high-voltage transistor formed respec-
tively on the region B, the region D and the region C.

[0208] FIGS. 45A-45C are referred to.

[0209] 1t is possible that in the semiconductor integrated
circuit of this embodiment to change the thickness of the
gate electrode in each region. In addition to such a change
of height of the gate electrode, it is possible to change
specific resistance gate between the amorphous silicon film
13 and the amorphous silicon film 16 in this embodiment.
Thereby, it becomes possible to change the gate resistance of
the transistors in the semiconductor integrated circuit
according to the needs. Such an adjustment of gate resis-
tance is especially important in semiconductor integrated
circuits including an analog circuit. It is desirable to form a
silicide layer on the surface of the amorphous silicon film 16
in the case of forming a gate electrode, which is required to
provide an especially low resistance.

FOURTH EMBODIMENT

[0210] FIGS. 46A-46L show the fabrication process of a
semiconductor integrated circuit according to a fourth
embodiment of this invention, wherein those parts corre-
sponding to the parts described previously are designated by
the same reference numerals and the description thereof will
be omitted.

[0211] FIGS. 46A-46L are referred to.

[0212] The process to FIGS. 46A-46G are substantially
the same with the processes of FIGS. 44A-44G described

previously. Accordingly, a structure corresponding to the
structure of FIG. 44G is obtained in the step of FIG. 46G.

[0213] Next, in the step of FIG. 46H, the amorphous
silicon film 16 doped with P to a concentration level of
2x10 -3x10** ¢cm™ is deposited on the structure of FIG.
46G by a CVD process with a thickness of 80-120 nm,
followed by the step of FIG. 461 in which the amorphous
silicon film 16 and the ONO film 14 are removed from the
region D while using the resist pattern 112A that exposes the
mid-voltage transistor region D as a mask.

[0214] Next, in the step of FIG. 46J, the resist pattern
112A is removed, and an amorphous silicon film 21 doped
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with P to a concentration level of 2x10%°-3x10** cm™ is

deposited by a CVD process with a thickness of 80-120 nm.
Alternatively, a low-resistance silicide film may be used for
the amorphous silicon film 21. Further, it is as well possible
to form a silicide layer after formation of the diffusion region
is place of the amorphous silicon film 21 by using a salicide
process.

[0215] Next, in the step of FIG. 46K, the stacked gate
structure 16F is formed in the flash-memory cell region A
while using the resist pattern 111D as a mask. In this
embodiment, the stacked gate structure 16F is formed of
stacking of the amorphous silicon pattern 13A, the ONO
pattern 14A, the amorphous silicon pattern 16A and an
amorphous silicon pattern 21A that is formed by patterning
the amorphous silicon film 21.

[0216] Next, in the step of FIG. 461, the amorphous
silicon film 21 and the amorphous silicon film 16 or 13
underneath the amorphous silicon film 12 are patterned by
using a different resist pattern 111G, and the gate electrode
16B is formed in the region B, the gate electrode 16C is
formed in the region C, the gate electrode 16D is formed in
the region D, each in the form of stacking of the amorphous
silicon films 16 and 21 or in the form of stacking of the
amorphous silicon films 13 and 21.

[0217] FIGS. 47A-47D show a schematic cross-sectional
structure of the flash memory cell and the low-voltage
transistor and the mid-voltage transistor and the high-volt-
age transistor that are formed on the Si substrate 11.

[0218] FIGS. 47A-47D is referred to.

[0219] 1t will be understood that is possible to arrange the
height of the gate electrodes 16B, 16C, and 16D in common,
by choosing the thicknesses of the amorphous silicon films
13, 16 and also 21 appropriately. By arranging the height of
the electrodes 16B-16D as such, it becomes possible to
pattern the gate electrodes of the transistor concurrently at
the time of forming a peripheral circuit that includes these
transistors. Further, it becomes possible to adjust resistance
value of the gate electrodes 16B-16D to a value required by
circuitry design, by changing the specific resistance of the
amorphous silicon films 13,16 and 21.

FIFTH EMBODIMENT

[0220] FIGS. 48A-48K show the fabrication process of a
semiconductor integrated circuit according to a fifth embodi-
ment of this invention, wherein those parts corresponding to
the parts described previously are designated by the same
reference numerals and the description thereof will be
omitted.

[0221] FIGS. 48A-48K are referred to.

[0222] The process of FIGS. 48A-48G is similar to the
processes of FIGS. 46A-46G described previously and a
structure corresponding to FIG. 46G is obtained in the
process of FIG. 48G.

[0223] Next, in the step of FIG. 48H, an amorphous
silicon film 16 doped with P to a concentration level of
2x10"-3x10*" cm™ is formed on the structure of FIG. 48G
by a CVD process with a thickness 120-250 nm, followed by
formation of an oxynitride film 16 by a CVD process with
a thickness of 20-150 nm. Further, a low-resistance silicide
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layer may be formed by a salicide process after formation of
the diffusion region according to the needs.

[0224] Next, in the step of FIG. 481, the oxynitride film 16
and the amorphous silicon film 16 are patterned in the
flash-memory cell region A while using a resist pattern 111H
as a mask to form an amorphous silicon pattern 16A.
Further, the amorphous silicon film 16 is removed from the
mid-voltage transistor region D.

[0225] Further, in the step of FIG. 48], the regions B-D
are covered by a resist pattern 1111, and the ONO film 14 and
the amorphous silicon pattern 13 are patterned in the flash-
memory cell region A while using the oxynitride film 160N
on the amorphous silicon pattern 16A as a mask, to form the
stacked gate electrode structure 16F.

[0226] Further, in the step of FIG. 48K, a resist pattern
111G that covers the flash-memory cell region A is formed,
and the oxynitride film 16 or the ONO film 14 and the
amorphous silicon film 16 or the amorphous silicon film 13
are patterned in each of the regions B-D while using the
resist pattern 111G as a mask. As a result, respective gate
electrodes are formed.

[0227] FIGS. 49A-49D show a schematic cross-sectional
structure of the flash memory cell A, the low-voltage tran-
sistor B, the mid-voltage transistor D and the high-voltage
transistor C formed in the semiconductor integrated circuit
according to this embodiment. It should be noted that
structure of FIGS. 49A-49D represents the state in which the
resist pattern 11G shown in FIG. 48K is removed and
further the oxynitride film 16 and the ONO film 14 are
removed.

[0228] As shown in FIGS. 49A-49D, especially in FIGS.
49B-49D, it becomes possible in this embodiment to arrange
the height of the gate electrodes of the low-voltage transistor
B, the mid-voltage transistor D and the high-voltage tran-
sistor C to a common height, by using the same thickness for
the amorphous silicon films 13 and 16. Further, it becomes
possible to change the gate resistance while using the same
gate electrode height in these gate electrodes, by causing to
differ the specific resistance of the amorphous silicon film 16
from the specific resistance of the amorphous silicon film 13.

SIXTH EMBODIMENT

[0229] FIGS. 50A-50] show the fabrication process of a
semiconductor integrated circuit according to a sixth
embodiment of this invention, wherein those parts corre-
sponding to the parts described previously are designated by
the same reference numerals and the description thereof will
be omitted. In this embodiment, the flash memory cell s
formed in the semiconductor integrated circuit has a gate
electrode of single layer structure explained previously with
reference to FIG. 17.

[0230] FIG. 50A is referred to.

[0231] It can be seen that the thermal oxide film 12B is
formed on the surface of the Si substrate 11 by a thermal
oxidation process at 800-1100° C. with a thickness of 1.5-5
nm, and an amorphous silicon film 31 doped with P to a
concentration level of 2x10°°-3x10*! ¢cm™ is deposited on
the structure of FIG. 50A in the step of FIG. 50B by a CVD
process with the thickness of 100-250 nm. According to the
needs, it is possible to form a low-resistance silicide layer
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such as WSi and CoSi on the surface of the amorphous
silicon film 31 formed as such by a salicide process after
formation of the diffusion regions.

[0232] Next, in the step of FIG. 50C, a resist pattern 32A
is formed on the structure of FIG. 50B so as to cover the
regions A and B and D, and the amorphous silicon film 31
and the thermal oxide film 12B are removed by an etching
process in the region C while using the resist pattern 32A as
a mask.

[0233] Further, in the process of FIG. 50D, the resist
pattern 32A is removed and a thermal oxidation process is
conducted at the temperature of 800-1100° C. to form the
thermal oxide film 12C on the surface of the Si substrate 11
exposed in the region C with a thickness of 5-50 nm. In the
step of FIG. 50D, it is noted that the oxide film 12 C grows
also on the amorphous silicon film 31 in the regions A-B and
D. However, no oxidation occurs in the surface of the Si
substrate 11, as these regions are covered by the amorphous
silicon film 31 and also the thermal oxide film 12B.

[0234] Next, resist pattern 32B that exposes region D is
formed on the structure of FIG. 50D in the step of FIG. S0E.
Further, an ion implantation process of nitrogen 10n45 is
conducted into the Si substrate 11 with a dose of 1x10 -1x
10" cm™2 under an accelerating voltage of 50-150 keV
while using the resist pattern 32B as a mask.

[0235] Next, in the step of FIG. 50F, the resist pattern 32B
is removed and a resist pattern 32C is formed so as to cover
the region B. While using the resist pattern 32C as a mask,
the thermal oxide film 12C, the amorphous silicon film 31
and the thermal oxide film 12B are removed in the region A
and also in the region D by an etching process.

[0236] Next, in the step of FIG. 50G, the resist pattern
32C is removed and a thermal oxidation process is con-
ducted at the temperature of 800-1100° C. As a result,
the-tunneling oxide film 12A is formed in the region A with
a thickness of 8-15 nm. In the step of FIG. 50G, there occurs
also a growth in the oxide film 12D in the region D.
However, the thickness of the thermal oxide film 12D is
suppressed to 5-10 nm, because the nitrogen ions are already
introduced to the Si substrate 11 in the step of FIG. 50E in
the region D. On the other hand, there occurs a further
growth of the thermal oxide film 12C in the region C.

[0237] Next, in the step of FIG. 50H, an amorphous
silicop film 33 doped with P to a concentration level of
2x10" -3x10** “™3 is deposited on the structure of FIG.
50G by a CVD process with a thickness of 120-250 nm.
According to the needs, it is possible to form a low-
resistance silicide layer on the surface of the amorphous
silicon film 33 by a salicide process after formation of the
diffusion region.

[0238] Next, in the step of FIG. 50I, the amorphous
silicon film 33 is patterned in the flash-memory cell region
A while using the pattern 32D as a mask. As a result, the
floating-gate electrode pattern 13A shown in FIG. 17 is
formed. Simultaneously to this, the amorphous silicon film
33 is removed from the region B in the step of FIG. 50I.

[0239] Furthermore, in the step of FIG. 50J, the thermal
oxide film 12C and the amorphous silicon film 311 are
patterned in the region B and the amorphous silicon film 33
is patterned in the regions C and also D, while using the



US 2002/0197800 A1l

resist pattern 32E as a mask. As are result, gate electrodes
corresponding to the gate electrodes 16B, 16 C and 16D of
the previous embodiment are formed.

[0240] FIGS. 51A-51D shows the regions A-D of the
semiconductor integrated circuit thus obtained according to
the present embodiment in an enlarged scale.

[0241] FIG. 51B is referred to.

[0242] 1t should be noted that the present embodiment
does not include the process of exposing the surface of the
Si substrate 11 to an HF etchant in the region B. Thus, there
occurs no etching of the field oxide film 11F in the peripheral
part of the region B, and thus, there occurs no formation of
depression in these regions. Further, it is noted that the
surface of the Si substrate 11 is subjected to an etching
process only once in any of the regions A, C and D. Thus,
the formation of depression in the field oxide film 11F along
the peripheral part of the device region is successfully
minimized as represented in FIGS. 51A, 51C and 51D. As
a result, the problem of modification of threshold charac-
teristics of the MOS transistor at the peripheral part of the
device region is eliminated. Further, the problem of decrease
of film thickness of the gate oxide film at the peripheral part
of the device region is avoided, and the reliability of the
MOS transistor is improved accordingly. Furthermore, the
problem of field reversal does not result in the semiconduc-
tor integrated circuit of this embodiment as the decrease of
thickness of the field oxide film 11F.

[0243] It should be noted that the above-noted effect of
this invention is obtained similarly even in the case the STI
structure 11G is used for the device isolation structure in
place of the field oxide film 11F as shown in FIGS. 52A-
52D. In other words, is possible to suppress the formation of
depression at the peripheral part of the device region effec-
tively as circled in FIGS. 52A-52C.

[0244] FIGS. 53A-53D show the structure of the tunneling
oxide film or the gate oxide film of the flash memory cell A,
the low-voltage transistor B, the mid-voltage transistor D
and the high-voltage transistor C obtained by this embodi-
ment.

[0245] As can be seen from FIGS. 53A-53C, the tunneling
oxide film of the flash memory cell A is formed of a single
thermal oxide film 12A. Similarly, the gate oxide films of the
low-voltage transistor B and the mid-voltage transistor D are
formed of a single thermal oxide film 12B or 12D. As a
result, the control of the film thickness of the gate oxide film
is easily achieved in these transistors and an excellent film
quality is guaranteed. Further, in the high-voltage transistor
C, too, the principal part of the gate oxide film 12 C is
formed by a single thermal oxidation process and excellent
film quality is guaranteed.

MODIFICATION

[0246] FIGS. 54A-541 show a modification of the sixth
embodiment of this invention.

[0247] FIGS. 54A-541 are referred to.

[0248] The process of FIGS. 54A-54D is similar to the
process of FIGS. 50A-50D explained previously, and thus,
a structure corresponding to the step of FIG. 50D is obtained
in the step of FIG. 54D).
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[0249] Next, in the step of FIG. 54F, the resist pattern 32B
exposing the region D is formed similarly to the step of FIG.
50K explained before. In the step of FIG. 54E, the thermal
oxide film 12C and the amorphous silicon film 31 are
removed while using the resist pattern 32B as a mask.
Further in the step of FIG. 54F, an ion implantation process
of nitrogen ions is conducted into the silicon substrate 11
under an accelerating voltage of 20-50 keV with a dose of
1x10'*-1x10'* c¢m™2, while using the same resist pattern
32B as a mask. Thereby, it should be noted that no ion
implantation of the nitrogen ions takes place in the regions
A, B and C, as the surface of the substrate is covered by the
resist pattern 32B except for the region D.

[0250] Next, in the step of FIG. 54G, the thermal oxide
film 12B is removed from the region D while using the same
resist pattern 32B as a mask, and the resist pattern 32B is
removed further in the step of FIG. 54H. Further, the
thermal oxide film 12 C and the amorphous silicon film 31
are removed from the flash-memory cell region A while
using a newly formed resist pattern 32F as a mask.

[0251] Next, the resist pattern 32F is removed in the step
of FIG. 541, and as a result, a structure similar to the one
explained previously with reference to FIG. 50G is
obtained.

[0252] Thus, by conducting the process of FIGS. 50H-507,
a semiconductor integrated circuit having the feature of
FIGS. 51A-51D, FIGS. 52A-52D and FIGS. 53A-53D
explained previously is obtained.

SEVENTH EMBODIMENT

[0253] FIGS. 55A-55] show the fabrication process of a
semiconductor integrated circuit according to a seventh
embodiment of this invention, wherein those parts corre-
sponding to the parts described previously are designated by
the same reference numerals and the description thereof will
be omitted.

[0254] In this embodiment, a flash memory cell having the
single layer gate electrode structure explained previously
with reference to the embodiment of FIGS. 50A-50J is
formed in the region A, except that the flash memory cell
formed in this embodiment uses an ONO film for the
tunneling insulation film.

[0255] FIG. 55A is referred to.

[0256] On the Si substrate 11, the ONO film 14 is formed
in each of the regions A-D by forming an SiN film on a
thermal oxide film formed by a thermal oxidation process at
800-1100° C., by conducting a CVD processes at 600-800°
C. with a thickness of 8-15 nm. Further, a thermal oxide film
is formed on the surface of the SiN film with a thickness of
4-10 nm by conducting a thermal oxidation process at
900-1000° C.

[0257] Next. in the step of FIG. 55B, a resist pattern 42A
is formed on the structure of FIG. 55A so as to expose the
region C, and the ONO film 14 is removed by an etching
process from the region D while using the resist pattern 42A
as a mask.

[0258] Next, a thermal oxidation process is applied to the
structure of FIG. 55B at the temperature of 800-1100° C. in
the step of FIG. 55C, and the thermal oxide film 12 is
formed with a thickness of 5-50 nm. As the regions A, B and
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D are covered by the ONO film 14 in the step of FIG. 55C,
no oxidation occurs on the surface of the Si substrate 11.

[0259] Next, in the step of FIG. 55D, a resist pattern 42B
is formed on structure of FIG. 55C so as to expose the
region D, and the ONO film 14 is removed while using the
resist pattern 42B as a mask. As a result, the surface of Si
substrate 11 is exposed in the region D.

[0260] Next, in the step of FIG. 55E, the resist pattern 42B
is removed, and a thermal oxidation process is applied at the
temperature of 800-1100° C. As a result, the thermal oxide
film 12D is formed on the region C with the thickness of
5-10 nm. As a result of the thermal oxidation process of
FIG. 55E, the thickness of thermal oxide film 12C is
increased in the region C. On the other hand, the surface of
the Si substrate 11 is not oxidized as the regions A and B are
covered by the ONO film 14.

[0261] Next, in the process of FIG. 55F, a resist pattern 42
C is formed on the structure of FIG. 55E so as to expose the
region B, and the ONO film 14 is removed by a wet etching
process from the region B while using the resist pattern 42
C as a mask. As a result, the surface of the Si substrate 11
is exposed.

[0262] Next, in the step of FIG. 55G, the resist pattern
42C is removed, and a thermal oxidation processes is
conducted at the temperature of 800-1100° C. As a result, the
thermal oxide film 12B having a thickness of 1.5-5 nm is
formed on the surface of the Si substrate 11.

[0263] Next, in the step of FIG. 55H, an amorphous
silicon film doped with P to a concentration level of 2x10 -
3x10** cm™ is deposited on the structure of FIG. 535G with
a thickness of 150-200 nm. Further, while using the resist
pattern 42D as a mask, the control gate electrode 16A is
formed on the region A, the gate electrode 16B is formed on
region B, the gate electrode 16C is formed on the region C,
and the gate electrode 16D is formed on the region D in the
step of FIG. 551.

[0264] Next, in the step of FIG. 557, the resist pattern 42E
is removed and a resist pattern 42D is formed so as to expose
the region A. Further, an ion implantation process of As* is
conducted in the region A under an accelerating voltage of
30-50 keV with a dose of 1x10*°-4x10"° cm™2 while using
the control gate electrode 16A as a self-aligned mask. As a
result, the source region 115 and the drain region 1lc are
formed.

[0265] Further, by conducting the step of FIG. 507 and the
steps thereafter, a semiconductor integrated circuit having
the flash memory cell of SONOS structure similar to those
explained previously with reference to FIGS. 51A-51D,
FIGS. 52A-52D and FIGS. 53A-53D is obtained.

EIGHTH EMBODIMENT

[0266] FIG. 56 is a plane view showing the construction
of a flash memory cell according to an eighth embodiment
of this invention.

[0267] FIG. 56 is referred to.

[0268] On the surface of Si substrate 11, there are formed
a pair of n*-type diffusion regions 11, and also 11 , defined
by the field oxide film 11F as the source region and the drain
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region. Further, the control gate electrode 16A is formed on
the Si substrate 11 so as to traverse the diffusion regions 11,
and 11,

[0269] FIG. 57 shows the flash memory cell of FIG. 116
in a cross-sectional view taken along Y-Y'

[0270] FIG. 57 is referred to.

[0271] The ONO film 14 is formed on the Si substrate 11
and it will be noted that the control gate electrode 16A
extends on the ONO film 14 from the diffusion region 11, to
the diffusion region to 11 .

[0272] FIGS. 58A and 58B explain the principle of the
flash memory cell of FIGS. 56 and 57.

[0273] FIG. 58A is referred to.

[0274] At the time of writing operation, a writing voltage
of +10V is applied to the control gate electrode 16A, and a
writing voltage of +5V is applied to the drain region 11m. As
a result, the electrons flowing from the source region 111 to
the drain region 11m form hot electrons in the Si substrate
11 in the vicinity of the drain region 11m, and the hot
electrons thus formed are injected into the ONO film 14. The
hot electrons are thereby held therein as information.

[0275] Inthe case of erasing information that was already
written into the ONO film, an erasing voltage of =10V is
applied to the control gate electrode 16A and an erasing
voltage of +5V is applied to the drain electrode 105 as shown
in FIG. 58B. As a result, the holes flowing through the Si
substrate 11 from the source region 11, to the drain region of
11, form hot holes in the vicinity of the drain region 11m,
and the hot holes thus formed are injected into the ONO film
14. Thereby, the electrons held therein are neutralized. It
should be noted that the writing operation of FIG. S8A may
be conducted by inducing drain avalanche. Further, it is
possible to conduct the erasing operation of FIG. 58B also
by inducing drain avalanche.

[0276] FIGS. 59A and 59B show the fabrication process
of a semiconductor integrated circuit that includes the flash
memory cell of FIG. 56, wherein those parts corresponding
to the parts described previously are designated by the same
reference numerals and the description thereof will be
omitted.

[0277] FIG. 59A is referred to.

[0278] An ONO film 14 similar to the embodiments
explained previously is formed on the Si substrate 11 in each
of the regions A-D, and a resist pattern 52A is formed in the
step of FIG. 59B on the structure of FIG. 59A so as to cover
the regions B-D. Further, while using the resist pattern 52A
as a mask, in region A an ion implantation process of As* is
conducted under accelerating voltage of 30-50 keV with a
dose of 1x10%°-4x10*> cm™2. As a result, the source region
11, and the drain region 11  are formed.

[0279] Next, by implementing the process similar to those
of FIGS. 50C-50] after the step of FIG. 59B while replacing
the thermal oxide film 12b with the ONO film 14, the
semiconductor integrated circuit that having the character-
istic explained with reference to FIGS. 51A-51D, FIGS.
52A-52D and FIGS. 52A-52D is obtained.

[0280] It should be noted that the present invention is
applicable also to the case in which the flash memory is a
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general non-volatile memory device such as an EEPROM
that uses a high-voltage transistor in addition to a low-
voltage transistor for generating erase voltage. In an
EEPROM, flash erasing is not carried out contrary to a flash
memory. Further, the non-volatile memory device may be a
mask ROM, an EPROM, and the like, as long as the
non-volatile memory device is used together with a low-
voltage transistor and a high-voltage transistor.

[0281] Further, the present invention is not limited to the
embodiments described heretofore, but various variations
and modifications may be made without departing from the
scope of the invention.

What is claimed is:
1. A method of fabricating a semiconductor integrated
circuit device, comprising the steps of:

forming a device isolation structure on a surface of a
semiconductor substrate so as to define at least a first
active region, a second active region and a third active
region,

introducing an impurity element that suppresses oxidation
of said semiconductor substrate into said first active
region;

applying a thermal oxidation process to said surface of
said semiconductor substrate to form a first insulation
film so as to cover said semiconductor substrate surface
in said first active region with a first thickness and a
second insulation film so as to cover said semiconduc-
tor substrate surface in said second and third active
regions with a second thickness;

forming an oxidation-resistant film on said surface of said
semiconductor substrate so as to cover at least said first
active region and said second active region and said
third active region;

exposing said surface of said semiconductor substrate by
removing said oxidation-resistant film and said second
insulation film from said third active region while
leaving said oxidation-resistant film on said first and
second active regions;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a third thermal oxide film on said
third active region with a third thickness and to increase
a thickness of said second thermal oxide film simulta-
neously.
2. A method of fabricating a semiconductor integrated
circuit, comprising the steps of:

forming a device isolation structure on a surface of a
semiconductor substrate so as to define at least a
non-volatile memory cell region and a first active
region and a second active region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a tunneling oxide film on said
surface of said semiconductor substrate so as to cover
said non-volatile memory cell region and said first
active region and said second active region;

depositing a silicon film and an oxidation-resistant insu-
lation film including a nitride film consecutively on
said semiconductor substrate so as to include at least
said non-volatile memory cell region and said first
active region and said second active region;
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exposing said surface of said semiconductor substrate
selectively in said first active region;

applying a thermal oxidation process to said semiconduc-
tor substrate so as to form a first insulation film on said
surface of said semiconductor substrate in said first
region;

exposing said surface of said semiconductor substrate
selectively in said second active region; and

applying a thermal oxidation process to said semiconduc-
tor substrate so as to form a second insulation film in
said second region.
3. A method of fabricating a semiconductor integrated
circuit, comprising the steps of:

forming a device isolation region on a surface of a
semiconductor substrate so as to define at least a
non-volatile memory cell region, a first active region
and a second active region,

applying a thermal oxidation process to said semiconduc-
tor substrate to form a tunneling oxide film so as to
cover at least said non-volatile memory cell region and
said first active region and said second active region;

depositing a silicon film on said semiconductor substrate
so as to include at least said flash memory cell region
and said first and second active regions;

removing said silicon film selectively from said first and
second active regions;

depositing an oxidation-resistant insulation film on said
semiconductor substrate so as to cover at least said
non-volatile memory cell region and said first active
region and said second active region;

exposing said surface of said semiconductor substrate by
removing said oxidation-resistant insulation film selec-
tively from said first active region;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film remaining on said semiconductor substrate
as an anti-oxidation mask, to form a first insulation film
so as to cover said surface of said semiconductor
substrate in said first active region;

removing said oxidation-resistant insulation film selec-
tively in said second active region to expose said
surface of said semiconductor substrate;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film remaining on said semiconductor substrate
as an anti-oxidation mask to form a second insulation
film in said second active region so as to cover said
surface of said semiconductor substrate.

4. A method of fabricating a semiconductor device, com-

prising the steps of:

forming a device isolation structure on a surface of a
semiconductor substrate so as to define a non-volatile
memory cell region and a first active region and a
second active region and a third active region;

introducing an impurity element that suppresses oxidation
of said semiconductor substrate into said first active
region;
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applying a thermal oxidation process to said semiconduc-
tor substrate to form a tunneling oxide film having a
first thickness in said non-volatile memory cell region
and in said second and third active regions with a first
thickness and a first insulation film in said having a
second thickness smaller than said first thickness in
said first active region;

depositing a silicon film and an oxidation-resistant film
consecutively on said semiconductor substrate so as to
include said non-volatile memory cell region and said
first through third active regions;

removing said oxidation-resistant film selectively in said
second active region to expose said surface of said
semiconductor substrate;

forming a second insulation film in said second active
region so as to cover said surface of said semiconductor
substrate in said second region by applying a thermal
oxidation process to said semiconductor substrate
while using said oxidation-resistant insulation film
remaining on said semiconductor substrate as an anti-
oxidation mask;

exposing said surface of said semiconductor substrate in
said third active region by selectively removing said
oxidation-resistant insulation film therefrom,;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film as a mask to form a third insulation film in
said third active region so as to cover said surface of
said semiconductor substrate.
5. Amethod of fabricating a semiconductor device, com-
prising the steps of:

forming a device isolation structure on a surface of a
semiconductor substrate so as to define a non-volatile
memory cell region, a first active region, a second
active region and a third active region;

introducing an impurity element suppressing oxidation
into said first active region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a tunneling oxide film having a
first thickness in said non-volatile memory cell region
and in said second and third active regions and a first
insulation film having second thickness smaller than
said first thickness in said first active region;

depositing a first silicon film and an oxidation-resistant
insulation film consecutively on said semiconductor
substrate so as to cover said tunneling oxide film in
each of said non-volatile memory cell region and in
said second and third active regions and so as to cover
said first insulation film in said first active region;

exposing said surface of said semiconductor substrate in
said second active region by selectively removing said
oxidation-resistant insulation film;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film remaining on said semiconductor substrate
as a mask to form a second insulation film so as to cover
said surface of said semiconductor substrate in said
second active region;
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exposing said surface of said semiconductor substrate by
selectively removing said oxidation-resistant insulation
film from said third active region;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film remaining on said semiconductor substrate
as a mask to form a third thermal oxide film so as to
cover said surface of said semiconductor substrate in
said third active region;

removing said oxidation-resistant insulation film selec-
tively from said first active region; and

depositing a second silicon film on said semiconductor
substrate so as to cover said non-volatile memory cell
region and said first through third active regions.
6. A method of fabricating a semiconductor integrated
circuit, comprising the steps of:

forming a device isolation structure on a surface of a
semiconductor substrate so as to define a non-volatile
memory cell region, a first active region, a second
active region and a third active region;

introducing an impurity element suppressing oxidation
into said first active region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a tunneling oxide film having a
first thickness in said non-volatile memory cell region
and in said second and third active regions and a first
insulation film having a second thickness smaller than
said first thickness in said first active region;

depositing a first silicon film and an oxidation-resistant
insulation film consecutively on. said semiconductor
substrate so as to include said non-volatile memory cell
region and said first through third active regions;

exposing said surface of said semiconductor substrate by
removing said oxidation-resistant insulation film selec-
tively from said second active region;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film remaining on said semiconductor substrate
as an anti-oxidation mask to form a second insulation
film in said second active region so as to cover said
surface of said semiconductor substrate;

exposing said surface of said semiconductor substrate by
removing said oxidation-resistant insulation film selec-
tively from said third active region;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film remaining on said semiconductor substrate
as a mask to form a third insulation film on said third
active region so as to cover said surface of said semi-
conductor substrate;

depositing a second silicon film on said semiconductor
substrate so as to include said non-volatile memory cell
region and said first through third active regions; and

removing said second silicon film and said oxidation-

resistant insulation film from said first active region
selectively.

7. A method as claimed in claim 6,further comprising the

step of depositing a third silicon film on said semiconductor
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substrate so as to include said non-volatile memory cell
region and said first through third active regions.

8. A method of fabricating a semiconductor integrated
circuit device, comprising the steps of:

forming a device isolation structure on a surface of a
semiconductor substrate so as to define a non-volatile
memory cell region, a first active region, a second
active region and a third active region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a tunneling oxide film in said
non-volatile memory cell region and in said second and
third active regions with a first thickness and a first
insulation film having a second thickness smaller than
said first thickness in said first region;

depositing a first silicon film and an oxidation-resistant
insulation film on said semiconductor substrate so as to
cover said tunneling oxide film in each of said non-
volatile memory cell region and said second and third
active regions and so as to cover said first insulation
film in said first active region;

exposing said surface of said semiconductor substrate by
selectively removing said oxidation-resistant insulation
film from said second active region;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film as a mask to form a second insulation film
in said second active region so as to cover said surface
of said semiconductor substrate;

exposing said surface of said semiconductor substrate in
said third active region by removing said oxidation-
resistant insulation film selectively;

applying a thermal oxidation process to said semiconduc-
tor substrate while using said oxidation-resistant insu-
lation film remaining on said semiconductor substrate
as an anti-oxidation mask to form a third insulation film
in said third active region so as to cover said surface of
said semiconductor substrate;

depositing a second silicon film on said semiconductor
substrate so as to include said non-volatile memory cell
region and said first through third active regions; and

forming a control gate pattern in said non-volatile
memory cell region by patterning said second silicon
film and simultaneously removing said second silicon
film from said first active region.
9. A method of fabricating a semiconductor integrated
circuit, comprising the steps of:

forming a device isolation structure on a surface of a
semiconductor substrate so as to define a non-volatile
memory cell region and a first active region and a
second active region and a third active region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a first insulation film in said
non-volatile memory cell region and said first through
third active regions;

depositing a first silicon film on said semiconductor
substrate so as to include said non-volatile memory cell
region and said first through third active regions;
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exposing said surface of said semiconductor substrate
selectively in said second active region by removing
said first silicon film said second active region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a second insulation film inn said
second active region so as to cover said surface of said
semiconductor substrate in said second active region;

introducing an impurity element suppressing oxidation
into said semiconductor substrate in said third active
region;

exposing said surface of said semiconductor substrate by
removing said first silicon film and said first insulation
film selectively from said non-volatile memory cell
region and said third active region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a tunneling oxide film so as to
cover said surface of said semiconductor substrate in
said non-volatile memory cell region and simulta-
neously a third insulation film so as to cover said
surface of said semiconductor substrate in said third
active region;

depositing a second silicon film on said semiconductor
substrate so as to include said non-volatile memory cell
region and said first through third active regions;

forming a gate electrode in said nonvolatile memory cell
region by patterning said second silicon film and simul-
taneously removing said silicon film from said first
active region.
10. A method of fabricating a semiconductor integrated
circuit, comprising the steps of:

forming a device isolation structure on a semiconductor
substrate so as to define a non-volatile memory cell
region and first through third active regions;

forming a first oxidation film, a nitride film and a second
oxide film on each of said non-volatile memory cell
region and said first through third active regions so as
to cover said surface of said semiconductor substrate;

exposing said surface of said semiconductor substrate by
selectively removing said first oxide film, said nitride
film and said second oxide film from said first active
region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a first insulation film on said
surface of said semiconductor substrate in said first
active region;

exposing said surface of said semiconductor substrate by
selectively removing said first oxide film, said nitride
film and said second oxide film from said second active
region;

applying a thermal oxidation process to said semiconduc-
tor substrate to form a second insulation film on said
surface of said semiconductor substrate in said second
active region;

exposing said surface of said semiconductor substrate by
selectively removing said first oxide film, said nitride
film and said second oxide film from said third active
region; and
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applying a thermal oxidation process to said semiconduc-
tor substrate to form a third insulation film in said third
active region.
11. A method of fabricating a semiconductor integrated
circuit, comprising the steps of:

forming a device isolation structure on a semiconductor
substrate so as to define a non-volatile memory cell
region and first through third active regions;

forming a first oxide film, a nitride film and a second
oxide film on each of said non-volatile memory cell
region and said first through third active regions so as
to cover a surface of said semiconductor substrate;

exposing said surface of said semiconductor substrate by
removing said first oxide film, said nitride film and said
second oxide film selectively from said first active
region;

applying a thermal oxidation process to said semiconduc-
tor substrate, said first oxide film, said nitride film and
said second oxide film to form a first insulation film on
said surface of said semiconductor substrate in said first
active reigon;

exposing said surface of said semiconductor substrate by
removing said first oxide film, said nitride film and said
second oxide film selectively from said second active
region;

applying a thermal oxidation process to said semiconduc-
tor substrate, said first oxide film, said nitride film and
said second oxide film to form a second insulation film
on said surface of said semiconductor substrate in said
second active region;

exposing said surface of said semiconductor substrate by
selectively removing said first oxide film, said nitride
film and said second oxide film from said third active
region;

applying a thermal oxidation process to said semiconduc-
tor substrate, said first oxide film, said nitride film and
said second oxide film to form a third insulation film on
said surface of said semiconductor substrate in said
third active region.

12. A method as claimed in claim 1, wherein said oxida-
tion-resistant insulation film has a structure in which a
nitride film is sandwiched by a pair of oxide films.

13. A method as claimed in claim 1, wherein one of said
first and second insulation films has a structure in which a
plurality of insulation films are stacked.
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14. A method as claimed in claim 4, wherein one of said
first through third insulation films has a structure in which a
plurality of insulation films are stacked.

15. Amethod as claimed in claim 1, wherein said impurity
element is nitrogen.

16. A semiconductor integrated circuit, comprising:

a semiconductor substrate;

a non-volatile memory formed in a memory cell region of
said semiconductor substrate;

a first MOS transistor formed on a first device region of
said semiconductor substrate, said first MOS transistor
having a first gate insulation film of first thickness and
a first gate electrode;

a second MOS transistor formed on a second device
region of said semiconductor substrate, said second
MOS transistor having a second gate oxide film of
second thickness and a second gate electrode; and

a third MOS transistor formed on a third device region of
said semiconductor substrate, said third MOS transistor
having a third gate insulation film of third thickness and
a third gate electrode;

said first thickness being smaller than said second thick-
ness, said second thickness being smaller than said
third thickness,

said first through third gate electrodes having a substan-

tially identical height.

17. A semiconductor integrated circuit as claimed in claim
16, wherein said first and third gate electrodes have a
structure in which a second silicon film is stacked on a first
silicon film, said second gate electrode has a structure in
which said second silicon film is stacked on a third silicon
film, and wherein said non-volatile memory is formed of a
floating gate electrode formed of said third silicon film and
a control gate electrode formed on said floating gate elec-
trode via an insulation film and having a structure in which
said first silicon film and said second silicon film are stacked
consecutively.

18. A semiconductor integrated circuit as claimed in claim
16, wherein said non-volatile memory comprises a floating
gate electrode of a first silicon film and a control gate
electrode of a second silicon film formed on said floating
gate electrode via an insulation film, said first and third gate
electrodes being formed of said second silicon film, said
second gate electrodes being formed of said first silicon film.
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