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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method of
manufacturing a semiconductor device.

2. Description of the Related Art

[0002] In recent years, as the result of a reduction in
power consumption of the mobile equipment, and the
like, a demand for lower power consumption in semicon-
ductor devices such as LSIs, and so on, which are incor-
porated into the equipment, is increasing. As the semi-
conductor device capable of meeting such demand, there
is the MOS transistor having the dual gate structure. The
dual gate structure is a MOS transistor having such a
structure that an n-type impurity is introduced into a gate
electrode of an n-type MOS transistor and a p-type im-
purity is introduced into a gate electrode of a p-type MOS
transistor. A threshold voltage of the transistor can be
lowered if the same impurity as the conductivity type of
the channel is introduced into the gate electrode in this
manner, and thus the power consumption of the transis-
tor can be suppressed.
[0003] However, only a single kind of dual gate tran-
sistor of the identical driving voltage is rarely integrated
in an actual semiconductor device. Commonly, the tran-
sistor having the dual gate structure is employed as the
normal transistor for the logic circuit whose driving volt-
age is low, and this normal transistor is embedded with
a high-voltage transistor. For instance, in the driver IC in
the liquid crystal panel, the high-voltage driving transistor
used to apply a voltage to alignment electrodes of the
liquid crystal panel is formed together with the normal
transistor for the logic circuit.
[0004] The semiconductor device in which the normal
transistor having such dual gate structure and the high-
voltage transistor are integrated together is disclosed in
Fig.32 in Patent Literature 1.
[0005] FIG.1 to FIG.4 are sectional views showing the
essential part of processes in a method of manufacturing
a semiconductor device disclosed in Patent Literature 1.
[0006] First, as shown in FIG.1A, element isolation in-
sulating films 2 are buried in element isolation trenches
1a of a silicon substrate 1, and then a thermal oxide film
3 and an undoped polysilicon film 4 are formed sequen-
tially on the silicon substrate 1.
[0007] A normal transistor forming region I and a high-
voltage transistor forming region II are defined on the
silicon substrate 1. The thermal oxide film 3 in the high-
voltage transistor forming region II is formed thicker than
that in the normal transistor forming region I.
[0008] Then, as shown in FIG.1B, first to fourth gate
electrodes 4a to 4d are formed by patterning the polysil-
icon film 4.

[0009] Then, as shown in FIG.1C, first to fourth n-type
source/drain extensions 5a to 5d and first to fourth p-type
source/drain extensions 5e to 5h are formed by the ion
implantation using the first to fourth gate electrodes 4a
to 4d as a mask. In this case, individual implantations of
the p-type impurity and the n-type impurity in this ion im-
plantation are executed by using resist patterns (not
shown), and then the resist patterns are removed after
the ion implantation is ended.
[0010] Then, as shown in FIG.1D, an insulating film 6
is formed on the overall surface, and then a resist pattern
7 is formed on the insulating film 6 in the high-voltage
transistor forming region II. The resist pattern 7 has first
and second windows 7c, 7d on the gate electrodes 4c,
4d respectively. In contrast, the normal transistor forming
region I is not covered with the resist pattern 7 and is
exposed.
[0011] Then, as shown in FIG.1E, the insulating film 6
is etched back while using the resist pattern 7 as a mask.
Thus, the insulating film 6 is shaped into an insulating
sidewall 6a positioned besides the first to fourth gate elec-
trodes 4a to 4d respectively, and also the thermal oxide
film 3 located under the gate electrodes 4a to 4d is shaped
into first to fourth gate insulating films 3a to 3d respec-
tively. Also, the insulating film 6 under the first and second
windows 7c, 7d is etched by the etching-back. Thus, first
and second openings 6c, 6d are formed in the insulating
sidewall 6a and thus upper surfaces of the third and fourth
gate electrodes 4c, 4d are exposed from these openings
6c, 6d.
[0012] Also, out of the gate electrodes 4a to 4d, an
extended portion 6b that corresponds to the resist pattern
7 is formed to extend from the insulating sidewall 6a po-
sitioned besides the third and fourth gate electrodes 4c,
4d in the high-voltage transistor forming region II respec-
tively.
[0013] Meanwhile, prior to this step, the thermal oxide
film 3 is formed in the high-voltage transistor forming re-
gion II to have a thickness that is thicker than that in the
normal transistor forming region I. For this reason, in the
etching-back step, even if an etching time is set to remove
completely the thermal oxide film 3 and the insulating film
6 from the normal transistor forming region I, it is possible
that the etching is not completed owing to the etching
residue of the thick thermal oxide film 3 in the high-voltage
transistor forming region II and the thermal oxide film 3
still remains on the silicon substrate 1.
[0014] Therefore, in order not to leave the thermal ox-
ide film 3 in the high-voltage transistor forming region II,
an etching time is set in the etching-back step such that
the thermal oxide film 3 and the insulating film 6 can be
removed completely from the high-voltage transistor
forming region II.
[0015] However, the over-etching is caused by such
etching time in the normal transistor forming region I in
which the thermal oxide film 3 is formed thin. Thus, as
shown in FIG.1E, upper surfaces of the element isolation
insulating films 2 are etched and their height is lowered
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than that of the silicon substrate 1.
[0016] Then, as shown in FIG.1F, a resist pattern (not
shown) having windows from which n-type MOS transis-
tor forming regions are exposed is formed. Then, the n-
type impurity is ion-implanted simultaneously into the sil-
icon substrate 1 and the first and third gate electrodes
4a, 4c through the windows. As a result, first to fourth n-
type source/drain region 8a to 8d are formed in the silicon
substrate 1 on the side of the gate electrodes 4a, 4c, and
also the conductivity type of the gate electrodes 4a, 4c
is set to the n type. Also, according to the same processes
as above, first to fourth p-type source/drain regions 8e
to 8h are formed and at the same time the conductivity
type of the gate electrodes 4b, 4d is set to the p type.
[0017] In this ion implantation, since the impurity is
blocked by the insulating sidewalls 6a, the source/drain
regions 8a to 8h are not formed in the silicon substrate
1 under the insulating sidewalls 6a, and thus the
source/drain extensions 5a to 5h are still extended there-
under. The source/drain extensions 5a to 5h in the area
in which the source/drain regions 8a to 8h are not formed
are called the offset.
[0018] Then, as described above, since the extended
portion 6b is provided to the insulating sidewall 6a in the
high-voltage transistor forming region II, an offset W2 in
the high-voltage transistor forming region II becomes
longer than an offset W1 in the normal transistor forming
region I.
[0019] According to the steps applied up to now, basic
structures of an n-type MOS transistor TRn and a p-type
MOS transistor TRp having the dual gate structure are
completed in the normal transistor forming region I re-
spectively. In contrast, basic structures of an n-type high-
voltage MOS transistor TR(high)n and a p-type high-volt-
age MOS transistor TR(high)p are completed in the high-
voltage transistor forming region II. In the high-voltage
MOS transistors TR(high)n and TR(high)p, since a
source- drain interval is prolonged by the offset W2 that
is longer than the offset W1 of the normal transistor, a
source-drain withstand voltage can be enhanced. Also,
since the gate insulating films 3c, 3d are formed thicker
than the gate insulating films 3a, 3b of the normal tran-
sistor, a gate-source withstand voltage can be enhanced.
[0020] Then, as shown in FIG.1G, a refractory metal
layer is formed on the overall surface and then the re-
fractory metal layer is caused to react with the silicon by
the annealing. Thus, a silicide layer 9 is formed on the
source/drain regions 8a to 8h and the gate electrodes 4a
to 4d. Then, the unreacted refractory metal layer is re-
moved by the etching.
[0021] Then, as shown in FIG.1H, an interlayer insu-
lating film 10 is formed on the overall surface and is pat-
terned. Thus, first to eighth holes 10a to 10h are formed
on the source/drain region 8a to 8h, and also first to eighth
conductive plugs 11a to 11h are buried in the holes 10a
to 10h.
[0022] With the above, a basic structure of the semi-
conductor device in the prior art is completed.

[0023] According to the above prior art, as explained
with reference to FIG.1E, due to a difference in the ther-
mal oxide films 3 in respective regions I and II, the ele-
ment isolation insulating films 2 in the normal transistor
forming region I are etched at the time of forming the
sidewall insulating films 6a, and thus their height is low-
ered than the upper surface of the silicon substrate 1.
[0024] However, when the element isolation insulating
films 2 are etched in this manner, the silicide layer 9 is
also formed on the silicon substrate 1 exposed on the
side surface of the element isolation trench 1a, as shown
in FIG.2. Thus, the first n-type source/drain region 8a and
the silicon substrate 1 are short-circuited by the silicide
layer 9. As a result, it is impossible to control an electric
potential of the first n-type source/drain region 8a via the
first conductive plug 11a.
[0025] Also, in the ion-implantation step shown in
FIG.1F, as shown in an enlarged sectional view of FIG.3,
the n-type impurity is injected into the third gate electrode
4c through the first opening 6c in the insulating sidewall
6a, and thus a resistance of the third gate electrode 4c
is lowered.
[0026] In this case, it is only a doped portion 4e of the
third gate electrode 4c in the first opening 7c indicated
by the hatching that the n-type impurity is injected into.
Thus, the n-type impurity is not injected into the portions
covered with the insulating sidewalls 6a, and these por-
tions are left as undoped portions 4f.
[0027] However, when viewed from the carriers flowing
through a channel 13, the carriers are influenced by the
voltage of the third gate electrode 4c under the doped
portion 4e whereas the influence of the gate electrode is
reduced under the undoped portion 4f. Thus, the same
effect as the case where the gate insulating film 3c only
under the undoped portion 4f is made locally thick ap-
pears. According to this, a threshold voltage under the
undoped portion 4f is increased higher than that under
the doped portion 4e and therefore a channel resistance
is increased and also a driving ability of the transistor
TR(high)n is lowered.
[0028] In addition, the channel resistance depends on
a shape and a size of the undoped portion 4f. Therefore,
the channel resistance is changed depending upon a po-
sitional displacement between the first opening 7c and
the third gate electrode 4c and thus there is a possibility
that the driving ability is varied among a plurality of tran-
sistors.
[0029] Further, in the silicide step shown in FIG.1G, as
shown in an enlarged sectional view of FIG.4, it is only
in the portion under the first opening 7c of the insulating
sidewall 6a that the silicide layer 9 is formed on the upper
surface of the third gate electrode 4c. Thus, the silicide
layer 9 is not formed in the portion covered with the in-
sulating sidewall 6a, and the resistance of the third gate
electrode 4c cannot be sufficiently lowered.
[0030] The high-voltage transistors are also disclosed
in Patent Literatures 2, 3.
[0031] In Patent Literature 2, the structure capable of
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extending the offset of the source/drain extension by em-
ploying the dual sidewall in which two sidewalls are
stacked is proposed. However, a width of the inner side-
wall constituting the dual sidewall is almost 100 nm
roughly, and only a width of 0.2 mm is given at most by
the dual sidewall. For this reason, the width of the
source/drain extension cannot be sufficiently expanded
by the structure in Patent Literature 2 and thus it becomes
difficult to increase sufficiently the source-drain withstand
voltage of the high-voltage transistor.
[0032] Also, in Patent Literature 3, the process of form-
ing the thermal oxide film on side walls and the upper
surface of the gate electrode and then removing the ther-
mal oxide film only from the upper surface to form the
silicide layer therein is proposed. However, the thick ther-
mal oxide film cannot be formed on the side surfaces of
the gate electrode. Therefore, like Patent Literature 2,
the width of the source/drain extension cannot be suffi-
ciently expanded and thus the source-drain withstand
voltage cannot be enhanced.
[0033] In addition to the above, the technology to inte-
grate together the normal transistor and the high-voltage
transistor is also disclosed in Patent Literatures 4 to 10.

[Patent Literature 1] Patent Application Publication
(KOKAI) 2000-196037
[Patent Literature 2] Patent Application Publication
(KOKAI) 2001-93984
[Patent Literature 3] Patent Application Publication
(KOKAI) 2002-26139
[Patent Literature 4] Patent Application Publication
(KOKAI) Hei 10-242414
[Patent Literature 5] Patent Application Publication
(KOKAI) 2000-299390
[Patent Literature 6] Patent Application Publication
(KOKAI) Sho 55-63873
[Patent Literature 7] Patent Application Publication
(KOKAI) Hei 3-242977
[Patent Literature 8] Patent Application Publication
(KOKAI) Hei 7-263705
[Patent Literature 9] Patent Application Publication
(KOKAI) Hei 5-175228
[Patent Literature 10] Patent Application Publication
(KOKAI) Hei 4-279033

SUMMARY OF THE INVENTION

[0034] According to the present invention, there is pro-
vided a method of manufacturing a semiconductor de-
vice, comprising the steps of: forming an element isola-
tion insulating film, which defines first and second low-
voltage transistor forming regions and first and second
high-voltage transistor forming regions, on a semicon-
ductor substrate; forming a first gate insulating film on
the semiconductor substrate in the first and second high-
voltage transistor forming regions; forming a second gate
insulating film on the semiconductor substrate in the first
and second low-voltage transistor forming regions; form-

ing an undoped conductive film on the first and second
gate insulating films; implanting selectively a first con-
ductivity type impurity into the conductive film in the first
low-voltage transistor forming region and the first and
second high-voltage transistor forming regions; pattern-
ing the conductive film after the first conductivity type
impurity is implanted, to form first and second gate elec-
trodes in the first and second low-voltage transistor form-
ing regions respectively and form third and fourth gate
electrodes in the first and second high-voltage transistor
forming regions respectively; forming selectively first and
second source/drain extensions of first conductivity type
on the semiconductor substrate beside the first and third
gate electrodes respectively; forming selectively third
and fourth source/drain extensions of second conductiv-
ity type, which is opposite to the first conductivity type,
on the semiconductor substrate beside the second and
fourth gate electrodes respectively; forming first to fourth
insulating sidewalls beside the first to fourth gate elec-
trodes respectively; forming low-voltage first conductivity
type source/drain regions away from side surfaces of the
first gate electrode at a first interval after the first to fourth
insulating sidewalls are formed, and forming high-voltage
first conductivity type source/drain regions away from
side surfaces of the third gate electrode at a second in-
terval that is wider than the first interval; forming low-
voltage second conductivity type source/drain regions
away from side surfaces of the second gate electrode at
the first interval after the first to fourth insulating sidewalls
are formed, and forming high-voltage second conductiv-
ity type source/drain regions away from side surfaces of
the fourth gate electrode at the second interval that is
wider than the first interval; and introducing a second
conductivity type impurity into the second gate electrode;
wherein the step of forming the first to fourth insulating
sidewalls includes the steps of: forming a sidewall insu-
lating film, which covers the first to fourth gate electrodes,
in the first and second low-voltage transistor forming re-
gions and the first and second high-voltage transistor
forming regions, concurrently forming first and second
openings in the sidewall insulating film and the first gate
insulating film, which are beside the third and fourth gate
electrodes but are away from side surfaces of the third
and fourth gate electrodes at the second interval, and
leaving the sidewall insulating film on upper surfaces and
sides of the third and fourth gate electrode as the third
and the fourth insulating sidewalls, and in a separate step
to that of forming the first and second openings, etching
the third and fourth insulating sidewalls on upper surfaces
of the third and fourth gate electrodes to expose the third
and fourth gate electrodes except edges of the upper
surfaces thereof, and etching back the sidewall insulating
film in the first and second low-voltage transistor forming
regions to leave the film as the first and second insulating
sidewalls beside the first and second gate electrodes;
and wherein the first gate insulating film is formed thicker
than the second gate insulating film, in the step of forming
the first gate insulating film.
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[0035] In the manufacture of the MISFET disclosed in
US6569742, sidewalls in N-ch Transistors over both LV-
and HV-transistors are formed in one step. Furthermore,
sidewalls in P-ch Transistors over both LV- and HV-Tran-
sistors are formed in a separate step to that of forming
sidewalls in N-ch Transistors over both LV- and HV-tran-
sistors.
[0036] US2002/164858A1 discloses a method of man-
ufacturing a CMOS transistor in which a dopant is im-
planted into complementary high voltage regions of the
device before patterning to form the gate electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

FIGS.1A to 1H are sectional views showing the gist
of a method of manufacturing a semiconductor de-
vice in the prior art;
FIG.2 is an enlarged sectional view showing an event
that an element isolation insulating film is etched, in
the method of manufacturing the semiconductor de-
vice in the prior art;
FIG.3 is an enlarged sectional view showing an event
that an impurity is introduced only into a part of a
gate electrode, in the method of manufacturing the
semiconductor device in the prior art;
FIG.4 is an enlarged sectional view showing an event
that a silicide layer is formed on a part of an upper
surface of the gate electrode, in the method of man-
ufacturing the semiconductor device in the prior art;
FIGS.5A to 5S are sectional views showing a sem-
iconductor device according to a first embodiment
of the present invention in the manufacturing process
respectively;
FIG.6 is a plan view showing the semiconductor de-
vice resulting from a method according to the first
embodiment of the present invention;
FIGS.7A to 7G are sectional views showing a sem-
iconductor device according to a second embodi-
ment of the present invention in the manufacturing
process respectively;
FIG. 8 is a plan view showing the semiconductor
device resulting from a method according to the sec-
ond embodiment of the present invention;
FIG. 9 is a sectional view showing a high-voltage n-
type MOS transistor in the semiconductor device re-
sulting from a method according to the second em-
bodiment of the present invention;
FIGS.10A to 10G are sectional views showing a
semiconductor device according to a first example
which does not embody the present invention but is
useful for understanding it in the manufacturing proc-
ess respectively;
FIG.11 is a plan view showing the semiconductor
device according to the first example;
FIGS.12A and 12B are sectional views showing a
source/drain contact portion in a high-voltage tran-

sistor forming region in the first embodiment of the
present invention and the first example in an en-
larged fashion;
FIGS.13A to 13G are sectional views showing a
semiconductor device according to a second exam-
ple which does not embody the present invention but
is useful for understanding it;
FIG.14 is a plan view showing the semiconductor
device according to the second example;
FIGS.15A to 15E are sectional views showing a sem-
iconductor device according to a third example which
does not embody the present invention but is useful
for understanding it;
FIGS.16A to 16C are sectional views showing a sem-
iconductor device according to a fourth example
which does not embody the present invention but is
useful for understanding it; and
FIGS.17A to 17C are sectional views showing a sem-
iconductor device according to a fifth example which
does not embody the present invention but is useful
for understanding it.

DESCRIPTION OF THE EMBODIMENTS AND EXAM-
PLES

[0038] Next, embodiments of the present invention and
examples which do not embody the present invention will
be explained in detail with reference to the accompanying
drawings hereinafter.

(1) First embodiment

[0039] FIGS.5A to 5S are sectional views showing a
semiconductor device according to a first embodiment
of the present invention in the manufacturing process
respectively.
[0040] At first, the steps required until a sectional struc-
ture shown in FIG.5A is obtained will be explained here-
under.
[0041] First, a first thermal oxide film 21 of an about 10
nm thickness is formed by thermally oxidizing a surface
of a p-type silicon (semiconductor) substrate 20. A nor-
mal (low-voltage) transistor forming region I, a high-volt-
age transistor forming region II, and a resistor forming
region III are defined later on this surface of the substrate
by an element isolation insulating film. Then, a first silicon
nitride film 22 of an about 150 nm thickness is formed
thereon by the low pressure CVD method.
[0042] In this case, the high-voltage transistor forming
region II is further divided into a well contact region IIwell
and a pad region IIpad. A control plug used to control an
electric potential of a well in the high-voltage transistor
forming region II is formed later on the silicon substrate
20 in the well contact region IIwell. Also, the pad region
IIpad is a region in which the portion acting as the pad
portion is connected to the conductive plug in the gate
electrode in the high-voltage transistor forming region II.
[0043] Then, as shown in FIG.5B, first holes 22a are
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formed by patterning the first silicon nitride film 22 by
means of the RIE (Reactive Ion Etching) using a fluorine-
based gas as an etching gas. Then, the first thermal oxide
film 21 and the silicon substrate 20 are etched through
the first holes 22a by the RIE using a chlorine-based gas
as an etching gas. Thus, element isolation insulating
trenches 20a each having an about 400 nm depth are
formed.
[0044] Next, the steps required until a sectional struc-
ture shown in FIG.5C is obtained will be explained here-
under.
[0045] First, in order to recover the damage of the side
walls of the element isolation insulating trenches 20a
caused by the RIE, a thermal oxide film (not shown) of
an about 10 nm thickness is formed in the element iso-
lation insulating trenches 20a. Then, a silicon oxide film
is formed on the first silicon nitride film 22 by HDPCVD
(High Density Plasma CVD) using a silane as a reaction
gas, and thus the element isolation insulating trenches
20a are filled completely with the silicon oxide film. Then,
the extra silicon oxide film on the first silicon nitride film
22 is removed by the CMP (Chemical Mechanical Pol-
ishing) method, and thus the silicon oxide film is left in
the element isolation insulating trenches 20a as an ele-
ment isolation insulating film 23. Such element isolation
structure is also called the STI (Shallow Trench Isolation).
[0046] Then, as shown in FIG.5D, a second silicon ni-
tride film 24 of an about 10 nm thickness is formed on
the first silicon nitride film 22 by the low pressure CVD
method. Then, a silicon oxide film 25 of an about 10 nm
thickness is formed on the second silicon nitride film 24
by the low pressure CVD method executed at a substrate
temperature of about 750°C to 800°C.
[0047] Then, a first resist pattern 26 from which the
high- voltage transistor forming region II and the resistor
forming region III are exposed is formed on the silicon
oxide film 25. The second silicon nitride film 24 and the
silicon oxide film 25 in the regions II, III are removed by
the etching while using the first resist pattern 26 as a
mask. The first resist pattern 26 is removed after this
etching is finished.
[0048] Next, the steps required until a sectional struc-
ture shown in FIG.5E is obtained will be explained here-
under.
[0049] First, the first silicon nitride film 22 in the high-
voltage transistor forming region II is removed selectively
by the wet etching using a phosphoric acid as an etchant.
Here, the etching of the first and second silicon nitride
films 22, 24 located under the silicon oxide film 25 is
prevented by the silicon oxide film 25 in the normal tran-
sistor forming region I.
[0050] Then, the surface of the silicon substrate 20 in
the high-voltage transistor forming region II is thermally
oxidized once again. Thus, the thermal oxide film of an
about 30 to 100 nm thickness is formed and this film
serves as a first gate insulating film 27. Here, the silicon
substrate 20 in the normal transistor forming region I is
prevented by the second silicon nitride film 24 from being

oxidized upon the thermal oxidation.
[0051] Then, the p-type impurity and the n-type impu-
rity are ion- implanted into the silicon substrate 20 in the
high-voltage transistor forming region II while using the
first gate insulating films 27 as a through film, and thus
a first p-well 33 and a first n-well 34 are formed. This first
n-well 34 is also formed in the well contact region IIwell.
In this case, individual implantations of the p-type impu-
rity and the n-type impurity in this step are executed by
using resist patterns (not shown), and then the resist pat-
terns are removed after the ion implantation is ended.
[0052] Then, as shown in FIG.5F, a second resist pat-
tern 28 from which the normal transistor forming region
I is exposed is formed in the high-voltage transistor form-
ing region II and the resistor forming region III. Then, the
silicon oxide film 25 in the normal transistor forming re-
gion I is removed by the selective etching, i.e., the RIE
using a fluorine-based gas as an etching gas, while using
the second resist pattern 28 as a mask. Here, the second
silicon nitride film 24 located under the silicon oxide film
25 acts as the etching stopper in this etching.
[0053] Then, the second resist pattern 28 is removed.
[0054] Next, the steps required until a sectional struc-
ture shown in FIG.5G is obtained will be explained here-
under.
[0055] First, the first and second silicon nitride films
22, 24 in the normal transistor forming region I are re-
moved by the wet etching using the phosphoric acid as
an etchant. Then, a second thermal oxide film 30 of an
about 10 nm thickness is formed by thermally oxidizing
the surface of the silicon substrate 20 in the normal tran-
sistor forming region I.
[0056] Then, the p-type impurity and the n-type impu-
rity are ion-implanted into the silicon substrate 20 in the
normal transistor forming region I while using the second
thermal oxide film 30 as the through film. Thus, a second
p-well 31 and a second n-well 32 are formed. In this case,
individual implantations of the p-type impurity and the n-
type impurity in this step are executed by using resist
patterns (not shown), and then the resist patterns are
removed after the ion implantation is ended.
[0057] Then, as shown in FIG.5H, a third resist pattern
37 from which the normal transistor forming region I is
exposed is formed on the high-voltage transistor forming
region II and the resistor forming region III. The second
thermal oxide film 30 in the normal transistor forming re-
gion I is removed by the wet etching using an HF solution
while using the third resist pattern 37 as a mask.
[0058] Then, the third resist pattern 37 is removed.
[0059] Next, the steps required until a sectional struc-
ture shown in FIG.5I is obtained will be explained here-
under.
[0060] First, a thermal oxide film of an about 3 to 8 nm
thickness is formed by thermally oxidizing the surface of
the silicon substrate 20 in the normal transistor forming
region I, and this film is used as a second gate insulating
film 36.
[0061] Then, an undoped polysilicon film of an about
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180 nm thickness is formed on the first and second gate
insulating film 21, 36 and the element isolation insulating
films 23 in the regions I to III respectively by the low-
pressure CVD method using as a silane a reaction gas,
and this film is used as a conductive film 39.
[0062] Then, as shown in FIG.5J, a fourth resist pattern
40 from which the conductive film 39 in a normal n-type
MOS transistor forming region (first low-voltage transis-
tor forming region) In and the high-voltage transistor
forming region II is exposed is formed on a normal p-type
MOS transistor forming region (second low-voltage tran-
sistor forming region) Ip. Then, the P+ ion as the n-type
impurity is ion-implanted selectively into the conductive
film 39 under the conditions of an acceleration energy of
20 KeV and a dose amount of 431015 cm-3, while using
the fourth resist pattern 40 as a mask. As a result, the
conductive film 39 is still kept in its undoped condition in
the normal p-type MOS transistor forming region Ip, but
the conductivity of the conductive film 39 is set to the n
type in the normal n-type MOS transistor forming region
In, the high-voltage transistor forming region II, and the
resistor forming region III.
[0063] Then, the fourth resist pattern 40 is removed.
[0064] Next, the steps required until a sectional struc-
ture shown in FIG.5K is obtained will be explained here-
under.
[0065] First, the conductive film 39 is patterned by the
photolithography, and thus first and second gate elec-
trodes 39a, 39b are formed in the normal regions In, Ip
respectively. Also, the conductive film 39 in a high-volt-
age n-type MOS transistor forming region (first high-volt-
age transistor forming region) IIn and a high-voltage p-
type MOS transistor forming region (second high-voltage
transistor forming region) IIp is patterned by the photoli-
thography, and thus third and fourth gate electrodes 39c,
39d are formed in these regions IIn, IIp respectively.
[0066] These third and fourth gate electrodes 39c, 39d
are formed by patterning the portion of the conductive
film 39, into which the P+ ion is implanted, as shown in
FIG.5J. Therefore, these gate electrodes have such a
structure that the P+ ion is implanted into their entire parts.
[0067] Here, the third and fourth gate electrodes 39c,
39d are formed such that their portions acting as the pad
are extended on the element isolation insulating films 23.
In this case, in FIG.5K et seq., only the portion serving
as the pad of the fourth gate electrode 39d out of them
is illustrated in the pad region IIpad.
[0068] In addition, as the result of the above patterning,
a resistor pattern 39e serving later as a resistor element
is formed on the element isolation insulating films 23 in
the resistor forming region III. The conductivity type of
this resistor pattern 39e becomes the n type that is same
as the third and fourth gate electrodes 39c, 39d, as the
result of the ion implantation in FIG.5K.
[0069] Then, the As+ ion as the n-type impurity is ion-
implanted into the silicon substrate 20 in the normal n-
type MOS transistor forming region In under the condi-
tions of an acceleration energy of 10 KeV and a dose

amount of 331014 cm-3. Thus, a first n-type source/drain
extension 42a is formed in the silicon substrate 20 beside
the first gate electrode 39a.
[0070] Then, the BF2

+ ion as the p-type impurity is ion-
implanted into the silicon substrate 20 in the normal p-
type MOS transistor forming region Ip under the condi-
tions of an acceleration energy of 10 KeV and a dose
amount of 331014 cm-3. Thus, a first p-type source/drain
extension 42b is formed in the silicon substrate 20 beside
the second gate electrode 39b.
[0071] Then, in order to make these extensions 42a,
42b hard to diffuse in the later annealing step, RTA (Rapid
Thermal Anneal) is applied to the silicon substrate 20 at
this point of time. The conditions of RTA are not partic-
ularly limited and, in the present embodiment, a substrate
temperature is set to 1000°C and a process time is set
to 10 second.
[0072] Then, the P+ ion as the n-type impurity and the
B+ ion as the p-type impurity are ion-implanted into the
silicon substrate in the high-voltage regions IIn, IIp re-
spectively. Thus, a second n-type source/drain extension
42c and a second p-type source/drain extension 42d are
formed in the silicon substrate 20 beside the third gate
electrode 39c and the fourth gate electrode 39d respec-
tively. The conditions of the ion implantation of the ex-
tensions 42c, 42d are not particularly limited. In the
present embodiment, as the conditions of the ion implan-
tation of the second n-type source/drain extension 42c,
an acceleration energy of 80 KeV and a dose amount of
231012 cm-3 are employed. Also, as the conditions of
the ion implantation of the second p-type source/drain
extension 42d, an acceleration energy of 30 KeV and a
dose amount of 0.2 to 131013 cm-3 are employed.
[0073] The impurity is diffused into the extensions 42a,
42b in the normal transistor forming region I to some ex-
tent by the above-mentioned RTA before the extensions
42c, 42d are formed in the high-voltage transistor forming
region II. Therefore, the impurity distribution in the exten-
sions 42c, 42d in the high-voltage transistor forming re-
gion II is ready to extend in later annealing steps in con-
trast to the normal transistor forming region I.
[0074] Also, the above acceleration energy applied to
the extensions 42c, 42d in the high-voltage transistor
forming region II is an example given when a thickness
of the first gate insulating film 27 is set to 30 to 40 nm.
The acceleration energy may be increased by almost 8
KeV in the P+ ion and almost 3 KeV in the B+ ion as the
thickness of the film is increased every 10 nm.
[0075] In addition, the P+ ion is also introduced into the
well contact region IIwell by the above ion implantation
applied to the second n-type source/drain extension 42c,
and thus a first n-type impurity diffusion region 42e is
formed.
[0076] Then, as shown in FIG.5L, a silicon oxide film
for covering the first to fourth gate electrodes 39a to 39d
and having a thickness of about 100 nm is formed on
respective regions I to III by the plasma CVD using a
silane as a reaction gas, and this film is used as a sidewall
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insulating film 43.
[0077] Next, the steps required until a sectional struc-
ture shown in FIG.5M is obtained will be explained here-
under.
[0078] First, a photoresist is coated on the sidewall in-
sulating film 43, and then a fifth resist pattern 44 is formed
by exposing/developing the photoresist. This fifth resist
pattern 44 has first and second windows 44a, 44b in por-
tions that are separated from respective sidewalls of the
third and fourth gate electrode 39c, 39d by a distance
d1. The distance d1 is not particularly limited and, in the
present embodiment, such distance is set to about 0.3
to 1.0 mm. Also, the first and second windows 44a, 44b
are formed away from the end portion of the element
isolation insulating film 23 by a distance d2 of about 0.1
mm.
[0079] Also, the fifth resist pattern 44 has a third win-
dow 44c in the well contact region IIwell of the first n-well
34.
[0080] Then, the first gate insulating film 27 and the
sidewall insulating film 43 are etched through the first
and second windows 44a, 44b, and thus first and second
openings 43g, 43h are formed under the first and second
windows 44a, 44b. Such etching is executed by the RIE
and also C4F8+O2+Ar, for example, is employed as an
etching gas.
[0081] As the result of this etching, the sidewall insu-
lating film 43 located beside the third and fourth gate
electrodes 39c, 39d are shaped into third and fourth in-
sulating sidewalls 43c, 43d having extended portions
43e, 43f.
[0082] Also, the sidewall insulating film 43 under the
third window 44c is removed by the above etching, and
thus a second hole 43r from which the first n-type impurity
diffusion region 42e in the well contact region IIwell is ex-
posed is formed in the sidewall insulating film 43.
[0083] Then, the fifth resist pattern 44 is removed.
[0084] Next, the steps required until a sectional struc-
ture shown in FIG.5N is obtained will be explained here-
under.
[0085] First, a sixth resist pattern 46 from which the
normal transistor forming region I is exposed is formed
on the high-voltage transistor forming region II and the
resistor forming region III. The sixth resist pattern 46 has
fourth and fifth windows 46a, 46b on the third and fourth
gate electrodes 39c, 39d and has an island-like pattern
on the resistor pattern 39e.
[0086] In this case, an overlapping distance d3 be-
tween the fourth and fifth windows 46a, 46b and the third
and fourth gate electrodes 39c, 39d is not particularly
limited and, in the present embodiment, the distance d3
is set to about 0.1 mm.
[0087] Then, the sidewall insulating film 43 in the nor-
mal transistor forming region I is etched back by about
100 nm by the RIE using C4F8+O2+Ar as an etching gas,
for example, while using the sixth resist pattern 46 as a
mask. Thus, the sidewall insulating film 43 is left as first
and second insulating sidewalls 43a, 43b beside the first

and second gate electrodes 39a, 39b.
[0088] Also, the third and fourth insulating sidewalls
43c, 43d located under the fourth and fifth windows 46a,
46b are etched by this etching, and thus third and fourth
openings 43j, 43k are formed. As a result, the upper sur-
faces of the third and fourth gate electrodes 39c, 39d
except their edge portions whose width is set to d3 are
exposed, and also the third and fourth insulating side-
walls 43c, 43d are extended onto the source/ drain ex-
tensions 42c, 42d from their edges.
[0089] Also, the sidewall insulating film 43 that under-
lies the sixth resist pattern 46 acting as a mask is pat-
terned like an island in the resistor forming region III, and
thus a contact region CR of the resistor pattern 39e is
exposed.
[0090] Then, the sixth resist pattern 46 is removed.
[0091] By the way, in an example not forming part of
the claimed invention, it may be considered that the
above step of forming the third and fourth openings 43j,
43k in the third and fourth insulating sidewalls 43c, 43d
is carried out by the etching step shown in FIG.5M.
[0092] However, since the etching step shown in
FIG.5M is the step applied to form the first and second
openings 43g, 43h, a thickness of the insulating films 27,
43 is added to an etching depth and thus its etching depth
is larger than a thickness of the sidewall insulating film
43 that corresponds to an etching depth to form the third
and fourth openings 43j, 43k. Therefore, if the third and
fourth openings 43j, 43k are formed simultaneously with
the etching step shown in FIG.5M, the first and second
openings 43g, 43h are not opened yet even after these
openings are formed. As a consequence, upper surfaces
of the third and fourth gate electrodes 39c, 39d are ex-
posed to the etching atmosphere until the first and second
openings 43g, 43h are opened. This situation is not pref-
erable because an energy of the plasma in the etching
atmosphere is transmitted to the first gate insulating film
27 located under the third and fourth gate electrodes 39c,
39d and thus the first gate insulating film 27 is degraded.
[0093] Next, the steps required until a sectional struc-
ture shown in FIG.5O is obtained will be explained here-
under.
[0094] First, a seventh resist pattern 47 from which the
normal n-type MOS transistor forming region In and the
high-voltage n-type MOS transistor forming region IIn are
exposed is formed on the silicon substrate 20. In this
case, the seventh resist pattern 47 has a sixth window
47a from which the fourth gate electrode 39d is exposed,
and has a planar shape that is smaller than the sidewall
insulating film 43 in the resistor forming region III. Also,
the well contact region IIwell is not covered with the sev-
enth resist pattern 47 and is exposed.
[0095] Then, the P+ ion is ion-implanted into the silicon
substrate 20 under the conditions of an acceleration en-
ergy of 10 to 15 KeV and a dose amount of 231015 cm-3,
while using the seventh resist pattern 47 as a mask. As
a result, a first n-type source/drain region (low-voltage
first conductivity type source/drain region) 48a is formed
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in the silicon substrate 20 beside the first gate electrode
39a.
[0096] Also, a second n-type source/drain region
(high-voltage first conductivity type source/drain region)
48c is formed in the silicon substrate 20 under the first
openings 43g in the high-voltage transistor forming re-
gion II, and also the P+ ion is implanted into the third and
fourth gate electrodes 39c, 39d. In addition, the P+ ion is
implanted into the portion of the resistor pattern 39e in
which the sidewall insulating film 43 is not formed in the
resistor forming region III, and a resistance of the portion
is lowered. Then, a deep second n-type impurity diffusion
region 48e whose impurity concentration is higher than
the first n-type impurity diffusion region 42e is formed in
the well contact region IIwell.
[0097] Meanwhile, according to the above ion implan-
tation, because the extended portion 43e of the third in-
sulating sidewall 43c in the high-voltage transistor form-
ing region II acts as a mask, the P+ ion is not implanted
into the silicon substrate 20 under this extended portion
43e. Therefore, an offset W3 (second interval) of the sec-
ond n-type source/drain region 48c formed as above is
equal to the distance d1 of the extended portion 43e and
is set to about 0.3 to 1.0 mm.
[0098] In contrast, the extended portion is not provided
to the first insulating sidewall 43a in the normal transistor
forming region I. Therefore, an offset W4 (first interval)
of the first n-type source/drain region 48a becomes small-
er than the offset W3 in the high-voltage transistor form-
ing region.
[0099] The seventh resist pattern 47 is removed after
this ion implantation is ended.
[0100] Next, the steps required until a sectional struc-
ture shown in FIG.5P is obtained will be explained here-
under.
[0101] First, an eighth resist pattern 50 having eighth
and ninth windows 50a, 50b, from which the source/drain
forming regions in the normal p-type MOS transistor
forming region Ip and the high-voltage p-type MOS tran-
sistor forming region IIp are exposed, is formed on the
silicon substrate 20. Also, the well contact region IIwell is
covered with the eighth resist pattern 50.
[0102] Then, the B+ ion is ion-implanted into the silicon
substrate 20 under the conditions of an acceleration en-
ergy of 5 KeV and a dose amount of 231015 cm-3, while
using the eighth resist pattern 50 as a mask. As a result,
a first p-type source/ drain region (high-voltage second
conductivity type source/drain region) 48d is formed on
the silicon substrate 20 under the second opening 43h,
and also a second p-type source/drain region (low-volt-
age second conductivity type source/drain region) 48b
is formed on the silicon substrate 20 beside the second
gate electrode 39b.
[0103] Then, according to this ion implantation, the B+

ion is ion-implanted into the second gate electrode 39b
that is kept in its undoped condition up to now, and thus
the conductivity type of the second gate electrode 39b is
set to the p type.

[0104] In this ion implantation, the extended portion
43f of the fourth insulating sidewall 43f acts as a mask.
Therefore, the B+ ion is not implanted into the silicon sub-
strate 20 under this extended portion 43f. Therefore, the
offset W3 of the first p-type source/drain region 48d is
equal to the distance d1 of the extended portion 43f and
is set to about 0.3 to 1.0 mm. Also, because the extended
portion is not provided to the second insulating sidewall
43b, which acts as a mask at the time of ion implantation,
in the second p-type source/drain region 48b, its offset
W4 becomes shorter than the above offset W3.
[0105] Then, the eighth resist pattern 50 is removed.
Then, the impurity injected into respective source/drain
regions 48a to 48d is activated by the RTA that is exe-
cuted in the nitrogen atmosphere at a substrate temper-
ature of 1000°C for a process time of 10 second.
[0106] According to the steps up to now, a basic struc-
ture consisting of an n-type normal MOS transistor
TR(low)n and a p-type normal MOS transistor TR(low)p
is completed in the normal transistor forming region I,
while a basic structure consisting of an n-type high-volt-
age MOS transistor TR(high)n and a p-type high-voltage
MOS transistor TR(high)p is completed in the high- volt-
age transistor forming region II.
Out of these transistors, the transistors TR(low)n,
TR(low)p in the normal transistor forming region I have
the same conductivity type of the gate electrode and the
source/drain regions, and are of the surface channel
type. Also, the dual gate structure can be realized by
such n-type and p-type transistors TR(low)n, TR(low)p of
the surface channel type in the normal transistor forming
region I.
[0107] In contrast, the offset W3 (see FIG.5O) of the
MOS transistor TR(high)n formed in the high-voltage
transistor forming region II is larger than the offset W4 in
the normal transistor forming region I. Therefore, the
source-drain withstand voltage can be enhanced in the
MOS transistor TR(high)n, so that this MOS transistor
TR(high)n can be employed as the high-voltage transistor
that is used to apply a high voltage to the alignment elec-
trodes in the liquid crystal panel, for example. For the
same reason, the MOS transistor TR(high)p can serve
as the high-voltage MOS transistor.
[0108] Also, a thickness of the first gate insulating film
27 constituting the high-voltage MOS transistors
TR(high)n, TR(high)p is set to about 30 to 100 nm, and
is thicker than a thickness (3 to 8 nm) of the second gate
insulating film 36. Therefore, the source-drain withstand
voltage of the high-voltage MOS transistors TR(high)n,
TR(high)p can be enhanced in contrast to the normal
MOS transistors TR(low)n, TR(low)p.
[0109] Now, the low voltage (normal) and the high volt-
age mentioned in this specification denotes an event that
one driving voltage is higher than the other driving volt-
age, and these voltage values are not particularly limited.
[0110] Next, the steps required until a sectional struc-
ture shown in FIG.5Q is obtained will be explained here-
under.
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[0111] First, a cobalt layer of an about 10 nm thickness
is formed as a refractory metal layer on the source/drain
regions 48a to 48d and the first to fourth gate electrodes
39a to 39d by the sputter method. Then, a silicide layer
52 is formed by causing the cobalt layer to react with the
silicon by the first RTA at a substrate temperature of
about 500°C. This silicide layer 52 is also formed on the
silicon substrate 20 in the well contact region IIwell. Then,
the unreacted cobalt layer on the element isolation insu-
lating film 23, and the like is removed by the wet etching
while employing a mixed solution consisting of APM (pure
water+hydrogen peroxide+NH4OH) and SPM (sulfuric
acid+ hydrogen peroxide) as an etchant.
[0112] Then, the RTA is applied again to the silicide
layer 52 at a substrate temperature higher than the first
RTA, e.g., a substrate temperature of about 840°C. The
crystals of the cobalt silicide layer 52 are transferred into
the low resistance phase by such high-temperature RTA,
so that a parasitic resistance of the MOS transistors
TR(low)n, TR(low)p, TR(high)n, TR(high)p can be sup-
pressed.
[0113] The cobalt silicide layer 52 is formed on the
overall upper surfaces of the first and second gate elec-
trodes 39a, 39b, but such cobalt silicide layer 52 is formed
only on the portions of the third and fourth gate electrodes
39c, 39d except the edge portions of the upper surfaces
of these gate electrodes.
[0114] Also, in the high-voltage transistor forming re-
gion II, the cobalt silicide layer 52 is also formed on the
contact region CR of the resistor pattern 39e, and a re-
sistance of the resistor pattern 39e in the contact region
CR is lowered.
[0115] Next, the steps required until a sectional struc-
ture shown in FIG.5R is obtained will be explained here-
under.
[0116] First, a silicon oxide film of an about 20 nm thick-
ness and a silicon nitride film of an about 70 nm thickness
are formed on the overall surface in this order by the
plasma CVD method, and thus these films are used as
an etching stopper film 55. In this case, the etching stop-
per film 55 may be formed of the silicon nitride film only.
But it is preferable that the silicon oxide film should be
formed together to relax a stress in the etching stopper
film 55.
[0117] Then, a silicon oxide film of an about 1000 nm
thickness is formed as an insulating film 56 on the etching
stopper film 55 by the HDPCVD method. The insulating
film 56 together with the etching stopper film 55 consti-
tutes a first interlayer insulating film 57.
[0118] Then, an upper surface of the first interlayer in-
sulating film 57 is polished and planarized by the CMP
method. Thus, a thickness of the first interlayer insulating
film 57 on the planar surface of the silicon substrate 20
is set to about 700 nm.
[0119] Then, the first interlayer insulating film 57 is pat-
terned by the photolithography and the etching. Thus,
first to fourth holes each having a depth that reaches the
silicide layer 52 on the source/drain regions 48a to 48d

are formed. Also, fifth and sixth holes 57e, 57f are formed
in the well contact region IIwell and the pad region IIpad
in the high-voltage transistor forming region II by the pat-
terning respectively. Then, seventh holes 57g each hav-
ing a depth that reaches the contact region CR of the
resistor pattern 39e are formed in the first interlayer in-
sulating film 57 in the resistor forming region III.
[0120] The etching to form the holes 57a to 57g is ex-
ecuted in two steps, i.e., the etching to the insulating film
56 and the etching to the etching stopper film 55. The
first etching to the insulating film 56 is stopped by the
etching stopper film 55. In order to stop the etching in
such manner, the etching gas to increase a selective
etching ratio between the insulating film 56 and the etch-
ing stopper film 55 should be employed. In the present
embodiment, C9F8+O2+Ar is employed as the etching
gas. In contrast, in the etching of the etching stopper film
55 containing mainly the silicon nitride,
C4F8+CF4+O2+Ar is employed as the etching gas.
[0121] Such two-step etching and the etching gas em-
ployed therein are similar in respective embodiments de-
scribed later.
[0122] Then, a Ti (titanium) film of an about 20 to 50
nm thickness is formed on the first interlayer insulating
film 57 and on inner surfaces of first to seventh holes 57a
to 57g by the sputter method. Then, a surface layer of
the Ti film is nitrided by the RTA executed at a substrate
temperature of 650 to 700°C in the nitrogen atmosphere,
to enhance the barrier property of the Ti film. Then, a TiN
(titanium nitride) film of an about 50 nm thickness is
formed on the Ti film by the sputter method. Then, a W
(tungsten) film is formed on the TiN film by the CVD meth-
od using a tungsten hexafluoride as a reaction gas, to
bury completely the first to seventh holes 57a to 57g.
Then, extra Ti film, TiN film, and W film formed on the
first interlayer insulating film 57 are removed by the CMP
method, and thus these films are left in the first to seventh
holes 57a to 57g as first to seventh conductive plugs 58a
to 58g.
[0123] Out of these conductive plugs, two conductive
plugs 58g formed in the resistor forming region and the
resistor pattern 39e constitute the resistor element R.
The conductive plugs 58g function as two terminals of
the resistor element R.
[0124] Next, the steps required until a sectional struc-
ture shown in FIG.5S is obtained will be explained here-
under.
[0125] First, Ti film, TiN film, Cu-containing Al film, Ti
film, and TiN film are formed on the first interlayer insu-
lating film 57 in this order by the sputter method to have
a thickness of 50 nm, 12 nm, 400 nm, 5 nm, and 70 nm
respectively. Then, first-layer metal wirings 59 are formed
by patterning these stacked films by means of the pho-
tolithography.
[0126] Then, a silicon oxide film of an about 750 nm
thickness is formed on the first interlayer insulating film
57 and the first-layer metal wiring 59 by the HDPCVD
method. Spaces between the first-layer metal wirings 59
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are buried with the silicon oxide film. In addition, another
silicon oxide film of an about 1000 nm thickness is formed
on the silicon oxide film by the plasma CVD method using
TEOS as a reaction gas, whereby these two-layer silicon
oxide films constitute a second-layer insulating film 60.
Then, the second-layer insulating film 60 is planarized
by the CMP and is patterned, and thus an eighth hole
60a having a depth that comes up to the first-layer metal
wiring 59 is formed.
[0127] Then, a TiN film of an about 50 nm thickness is
formed on the second-layer insulating film 60 and an in-
ner surface of the eighth hole 60a by the sputter method.
Then, a W film of an about 200 to 300 nm thickness is
formed thereon by the CVD method and thus the eighth
hole 60a is buried completely by the W film. Then, the
TiN film and the W film remained on the second-layer
insulating film 60 are removed by the CMP method, and
these films are left in the eighth hole 60a as an eighth
conductive plug 61.
[0128] Then, Ti film, TiN film, Cu-containing Al film, Ti
film, and TiN film are formed on respective upper surfaces
of the second-layer insulating film 60 and the eighth con-
ductive plugs 61 in this order by the sputter method to
have a thickness of 50 nm, 12 nm, 400 nm, 5 nm, and
70 nm respectively. Then, second-layer metal wirings 63
are formed by patterning these films.
[0129] Then, a silicon oxide film of an about 750 nm
thickness is formed on the second-layer metal wirings 63
and the second-layer insulating film 60 by the HDPCVD
method, and this film is used as a third interlayer insulat-
ing film 62. Then, a silicon nitride film of an about 500
nm thickness is formed as a passivating film 64 on the
third interlayer insulating film 62 by the plasma CVD
method.
[0130] Then, the step of opening the pad openings in
the passivating film 64 and the third interlayer insulating
film 62 by the photolithography to expose the pad portions
of the second-layer metal wirings 63 under the openings
is carried out. But their details will be omitted herein.
[0131] According to the steps executed up to now, a
basic structure of the semiconductor device manufac-
tured by the method according to the present embodi-
ment is completed.
[0132] Here, FIG. 6 is a plan view showing the high-
voltage transistor forming region II of this semiconductor
device in an enlarged fashion, and planar layouts of re-
spective resist patterns formed in the above are also il-
lustrated in FIG. 6. Then, sectional views of respective
regions IIn, IIp in above FIGS.5A to 5S correspond to
cross sections taken along an A1-A1 line and a B1-B1
line in FIG.6 respectively. Also, a sectional view of the
well contact region IIwell corresponds to a cross section
taken along a C1-C1 line in FIG.6, and a sectional view
of the pad region IIpad corresponds to a cross sectional
taken along a D1-D1 line in FIG.6.
[0133] In FIG.6, d4 is an interval between the first win-
dow 44a of the fifth resist pattern 44 and the third con-
ductive plug 58c and has a value of about 0.15 mm, for

example. Also, d5 is an interval between the first window
44a and the second n-type source/drain extension 42c
and has a value of about 0.15 mm, for example. Also, d6
is a protruded distance of the sixth resist pattern 46 from
the first n-type impurity diffusion region 42e in the well
contact region IIwell and has a value of about 0.2 mm, for
example. Also, d7 is a distance between the third window
44c of the fifth resist pattern 44 and an edge of the first
n-type impurity diffusion region 42e and has a value of
about 0.1 mm, for example.
[0134] In this case, respective gate lengths L1, L2 of
the third and fourth gate electrodes 39c, 39d are not par-
ticularly limited. In the present embodiment and subse-
quent embodiments, L1 is set to about 1 to 2 mm and L2
is set to about 0.6 to 2 mm.
[0135] In the present embodiment explained as above,
the impurity is doped into the conductive film 39 in the
high-voltage transistor forming region II, as shown in
FIG.5J, and then the third and fourth insulating sidewalls
43c, 43d are formed in the high-voltage transistor forming
region II, as shown in FIG.5M. Therefore, since there is
no necessity of doping the impurity into the third and
fourth gate electrodes 39c, 39d after the third and fourth
insulating sidewalls 43c, 43d are formed, the undoped
portion is not formed in the gate electrode of the high-
voltage transistor, unlike the prior art. As a result, a var-
iation in the driving ability due to an increase in the thresh-
old voltage caused by the undoped portion, a shape of
the undoped portion, and the like is not generated in the
high voltage transistor, and therefore the high-quality
semiconductor device in which the high voltage transistor
and the dual-gate type normal transistor are integrated
together can be provided.
[0136] Also, in the present embodiment, the step of
forming the first and second openings 43g, 43h in the
high-voltage transistor forming region II, explained in
FIG.5M, and the step of forming the first and second in-
sulating sidewalls 43a, 43b in the normal transistor form-
ing region I, explained in FIG.5N, are carried out sepa-
rately.
[0137] An etching depth in the step of FIG.5M corre-
sponds to a total thickness of the sidewall insulating film
43 and the first gate insulating film 27 whereas an etching
depth in the step of FIG.5N corresponds to a total thick-
ness of the sidewall insulating film 43 and the second
gate insulating film 36. Therefore, the etching depths in
these steps are different mutually by a thickness differ-
ence between the first gate insulating film 27 and the
second gate insulating film 36. In the present embodi-
ment, even though the etching depths are different in this
way, these two etching steps are executed separately as
above. As a result, unlike the prior art in which these
etching steps are executed simultaneously, such an
event can be prevented that the element isolation insu-
lating film 23 is etched excessively.
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(2) Second embodiment

[0138] Next, a second embodiment of the present in-
vention will be explained hereunder.
[0139] FIGS.7A to 7G are sectional views showing a
semiconductor device according to the present embod-
iment in the manufacturing process respectively. In these
Figures, the same reference symbols as those in the first
embodiment are affixed to the same elements as those
in the first embodiment, and their explanation will be omit-
ted herein.
[0140] In the above first embodiment, as shown in
FIG.5J, while covering only the normal p-type MOS tran-
sistor forming region Ip with the fourth resist pattern 40,
the P+ ion as the n-type impurity is introduced into the
conductive film 39 located in remaining regions.
[0141] In contrast, in the present embodiment, as
shown in FIG.7A, only the normal n-type MOS transistor
forming region In is covered with the fourth resist pattern
40. Then, the B+ ion as the p-type impurity is ion-implant-
ed selectively into portions of the conductive film 39,
which are not covered with the fourth resist pattern 40,
under the conditions of an acceleration energy of 7 KeV
and a dose amount of 431015 cm-3, while using the eighth
resist pattern 50 as a mask.
[0142] As the result of such ion-implantation, the con-
ductive film 39 in the normal n-type MOS transistor form-
ing region In is still kept in its undoped condition, while
the conductivity type of the conductive film 39 in the nor-
mal p-type MOS transistor forming region Ip and the high-
voltage transistor forming region II is set to the p type.
[0143] Then, the fourth resist pattern 40 is removed.
[0144] The third and fourth gate electrodes 39c, 39d
are formed by patterning the conductive film 39 into which
the B+ ion is implanted, as shown in FIG.7A. The B+ ion
is implanted into all portions of the structure.
[0145] Then, as shown in FIG.7B, in compliance with
the same steps as in FIG.5K, the first to fourth gate elec-
trodes 39a to 39d are formed and also the first and second
n-type source/drain extensions 42a, 42c and the first and
second p-type source/drain extensions 42b, 42d are
formed in the silicon substrate 20 beside these gate elec-
trodes 39a to 39d.
[0146] Then, as shown in FIG.7C, in compliance with
the steps as in FIG.5M explained in the first embodiment,
the first gate insulating film 27 and the sidewall insulating
film 43 are etched to form the first and second openings
43g, 43h.
[0147] The distance d1 between the first and second
openings 43g, 43h and the third and fourth gate elec-
trodes 39c, 39d and the distance d2 between the element
isolation insulating film 23 and the first and second win-
dows 44a, 44b are similar to those in the first embodi-
ment.
[0148] Then, as shown in FIG.7D, in compliance with
the steps as in FIG.5N explained in the first embodiment,
the first and second sidewalls 43a, 43b are formed in the
normal transistor forming region I by the etching using

the sixth resist pattern 46 as a mask. At the same time,
the third and fourth openings 43j, 43k are formed in the
third and fourth sidewalls 43c, 43d on the third and fourth
gate electrodes 39c, 39d, and also the sidewall insulating
film 43 on the contact region CR in the resistor forming
region III is removed by the etching.
[0149] Then, the sixth resist pattern 46 is removed.
[0150] Next, the steps required until a sectional struc-
ture shown in FIG.7E is obtained will be explained here-
under.
[0151] First, the photoresist is coated on respective re-
gions I to III, and then the seventh resist pattern 47 is
formed by exposing/developing the photoresist. Then,
the P+ ion is ion- implanted into the silicon substrate 20
under the conditions of an acceleration energy of 10 to
15 KeV and a dose amount of 231015 cm-3, while using
the seventh resist pattern 47 as a mask. As a result, the
second n-type source/drain region 48c is formed in the
silicon substrate 20 under the first openings 43g in the
high-voltage transistor forming region II. Also, the pad
region IIpad is covered with the seventh resist pattern 47.
Then, the seventh resist pattern 47 is opened in the well
contact region IIwell, and the deep second n-type impurity
diffusion region 48e whose impurity concentration is
higher than the first n-type impurity diffusion region 42e
is formed therein.
[0152] Then, the P+ ion is implanted into the first gate
electrode 39a, which is still kept in its undoped state, by
this ion implantation and thus the conductivity type of the
first gate electrode 39a is set to the n type.
[0153] Then, the seventh resist pattern 47 is removed.
[0154] Next, the steps required until a sectional struc-
ture shown in FIG.7F is obtained will be explained here-
under.
[0155] First, the eighth resist pattern 50 having the
eighth and ninth windows 50a, 50b from which the normal
p-type MOS transistor forming region Ip and the high-
voltage p-type MOS transistor forming region IIp are ex-
posed is formed on the silicon substrate 20. Also, the
eighth resist pattern 50 has a tenth window 50d from
which the third gate electrode 39c is exposed. In this
case, the pad region IIpad and the contact region CR in
the resistor forming region III are not covered with the
eighth resist pattern 50 and are exposed. Also, the well
contact region IIwell is covered with the eighth resist pat-
tern 50.
[0156] Then, the B+ ion is ion-implanted into the silicon
substrate 20 under the conditions of an acceleration en-
ergy of 5 KeV and a dose amount of 231015 cm-3, while
using the eighth resist pattern 50 as a mask. As a result,
the first p-type source/drain region 48d is formed on the
silicon substrate 20 under the second opening 43h, and
also the second p-type source/drain region 48b is formed
on the silicon substrate 20 beside the second gate elec-
trode 39b.
[0157] Then, the eighth resist pattern 50 is removed.
Then, the impurity injected into respective source/drain
regions 48a to 48d is activated by the RTA that is exe-
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cuted in the nitrogen atmosphere at a substrate temper-
ature of 1000°C for a process time of 10 second.
[0158] In the present embodiment, the B+ ion is intro-
duced previously into the conductive film 39 in the normal
p-type MOS transistor forming region Ip in the step in
FIG.7A. In this case, since the B+ ion is ready to move
rather than other ions, it is possible that such B+ ion pierc-
es the second gate insulating film 36 and is diffused into
the silicon substrate 20 in the annealing steps applied
until the second p-type source/drain region 48b is formed.
Therefore, in the case where many annealing steps are
applied, the conductive film 39 in this portion may be kept
in its undoped condition and then the B+ ion may be ion-
implanted into the second gate electrode 39b upon im-
planting the ion to form the second p-type source/drain
region 48b. In contrast, in the case where few annealing
steps are applied, the B+ ion may be introduced into the
conductive film 39 in the normal p-type MOS transistor
forming region Ip in the step in FIG.7A.
[0159] According to the steps applied up to now, the
basic structures of the normal n-type MOS transistor TR
(low)n and the normal p-type MOS transistor TR (low)p
are completed in the normal transistor forming region I
respectively, and also the basic structures of the n-type
high-voltage MOS transistor TR (high)n and the p-type
high-voltage MOS transistor TR (high)p are completed in
the high-voltage transistor forming region II.
[0160] Then, as shown in FIG.7G, the silicide layer 52
is formed in respective regions I to III by executing the
steps in FIG.5Q explained in the first embodiment.
[0161] After this, the process goes to the steps of form-
ing the interlayer insulating film and the metal wirings.
Since theses steps are similar to those in the first em-
bodiment, their explanation will be omitted herein.
[0162] FIG.8 is a plan view showing the high-voltage
transistor forming region II of the semiconductor device
in an enlarged fashion, and planar layouts of respective
resist patterns formed in the above are also illustrated in
FIG.8. Then, sectional views of respective regions IIn, IIp
in above FIGS.7A to 7G correspond to cross sections
taken along an A2-A2 line and a B2-B2 line in FIG.8 re-
spectively. Also, a sectional view of the well contact re-
gion IIwell corresponds to a cross section taken along a
C2-C2 line in FIG. 8, and a sectional view of the pad
region IIpad corresponds to a cross section taken along
a D2-D2 line in FIG.8.
[0163] Since meanings and values of respective dis-
tances d4 to d7 in FIG.8 are identical to those explained
in FIG. 6 in the device resulting from the method accord-
ing to the first embodiment, their explanation will be omit-
ted herein.
[0164] According to the present embodiment ex-
plained as above, the B+ ion as the p-type impurity is
introduced previously into the conductive film 39 in the
high-voltage transistor forming region II, and then the
third and fourth gate electrodes 39c, 39d are formed by
patterning the conductive film 39. Therefore, such a
structure can be obtained that the B+ ion can be intro-

duced uniformly into all portions of these gate electrodes
39c, 39d, and thus the undoped portion is not formed in
the gate electrodes 39c, 39d unlike the prior art. As a
result, a reduction and a variation in the driving ability of
the transistor due to the presence of the undoped portion
can be prevented.
[0165] In addition, in the present embodiment, the con-
ductivity type of the third gate electrode 39c constituting
the n-type high-voltage MOS transistor TR(high)n is the
p type and is the opposite conductivity type to the n-chan-
nel. If the conductivity type of the channel is opposite to
the gate electrode, the channel 60 is provided as the
buried channel that is formed deeper than the surface of
the silicon substrate 20, as shown in FIG.9. Since the
carriers travels through the buried channel that is located
deeper than the surface of the silicon substrate 20, the
carriers are hardly scattered by the interface state density
that exists on the surface of the substrate. As a result, a
mobility of the carriers can be improved and also the tran-
sistor with the high driving ability can be obtained.
[0166] In addition, according to such buried channel,
merely a low channel density is required to get the thresh-
old voltage that is equal to the surface channel generated
on the substrate surface, and also a concentration gra-
dient of the impurity at the jointed portion between the
second n-type source/drain region 48c and the channel
can be made gentle. Therefore, the higher withstand volt-
age of the second n-type source/drain region 48c can be
realized.

(3) First Example

[0167] In the first embodiment, as shown in FIG.5P,
the extended portions 43e, 43f are provided to the third
and fourth insulating sidewalls 43c, 43d in the high-volt-
age transistor forming region II. Then, respective offsets
of the first p-type source/drain region 48d and the second
n-type source/drain region 48c are increased by the ion
implantation using the extended portions 43e, 43f as a
mask. Thus, the withstand voltages of the MOS transis-
tors TR(high)n and TR(high)p are enhanced.
[0168] In contrast, in the first example which does not
embody the present invention, the offsets of the
source/drain regions 48c, 48d are increased not by pro-
viding the extended portions 43e, 43f to the third and
fourth insulating sidewalls 43c, 43d.
[0169] FIGS.10A to 10G are sectional views showing
a semiconductor device according to the present exam-
ple. In these Figures, the same reference symbols as
those in the first embodiment are affixed to the same
elements as those in the first embodiment, and their ex-
planation will be omitted herein.
[0170] First, the steps in FIGS.5A to 5K explained in
the first embodiment are carried out, and then the steps
explained in FIG.5L in the first embodiment are carried
out. Thus, as shown in FIG.10A, the sidewall insulating
film 43 is formed on the first to fourth gate electrodes 39a
to 39d and the first and second gate insulating films 27,
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36. As the sidewall insulating film 43, for example, a sil-
icon oxide film of an about 100 nm thickness, which is
formed by the plasma CVD method executed at a sub-
strate temperature of almost 750°C to 800°C, may be
employed.
[0171] Then, as shown in FIG.10B, the island-like sixth
resist pattern 46 is formed on the resistor pattern 39e.
Then, the sidewall insulating film 43 is etched back by
the RIE while using the sixth resist pattern 46 as a mask.
Thus, the first to fourth insulating sidewalls 43a to 43d
are formed beside the first to fourth gate electrodes 39a
to 39d, and also the sidewall insulating film 43 on the
contact region CR of the resistor pattern 39e is removed.
The etching gas in this RIE is not particularly limited, but
C4F8+O2+Ar is employed in the present embodiment.
[0172] In this etching back, the sidewall insulating film
43 is over-etched by a film thickness ratio 10 % to the
thickness of about 100 nm, i.e., 10 nm. As a result, the
first gate insulating film 27 having a thickness of 30 to
100 nm originally is etched by 10 nm in depth by the
above etching-back, and a thickness thereof is reduced
to about 20 to 90 nm.
[0173] In contrast, the second insulating film 36 formed
in the normal transistor forming region I has a thickness
of about 3 to 8 nm that is very thinner than the first gate
insulating film 27. For this reason, the second gate insu-
lating film 36 located beside the first and second gate
electrodes 39a, 39b is etched in forming the first to fourth
insulating sidewalls 43a to 43d and is removed.
[0174] Then, as shown in FIG. 10C, the photoresist is
coated in respective regions I to III, and then the fifth
resist pattern 44 is formed by exposing/developing the
photoresist.
[0175] Like the first embodiment, the fifth resist pattern
44 has the first and second windows 44a, 44b. A distance
d1 between the windows 44a, 44b and the side surfaces
of the third and fourth gate electrode 39c, 39d is set to
about 0.3 to 1.0 mm. Then, a distance d2 between the
windows 44a, 44b and the end portion of the element
isolation insulating film 23 is set to about 0.1 mm.
[0176] Then, the first gate insulating film 27 is etched
by the RIE through the first and second windows 44a,
44b. Thus, fifth and sixth openings 27a, 27b are formed
in the first gate insulating film 27 on the source/drain ex-
tensions 42c, 42d.
[0177] In this case, the fifth resist pattern 44 has the
third window 44c, and the first gate insulating film 27 un-
der the third window 44c is removed by the etching using
the RIE.
[0178] Then, the fifth resist pattern 44 is removed.
[0179] Then, as shown in FIG. 10D, the photoresist is
coated in respective regions I to III, and then the seventh
resist pattern 47 is formed by exposing/developing the
photoresist. The seventh resist pattern 47 has an elev-
enth window 47d from which the normal n-type MOS tran-
sistor forming region In is exposed, and twelfth window
47e on the second n-type source/drain region. Also, the
contact region CR of the resistor pattern 39e is not cov-

ered with the seventh resist pattern 47 and is still ex-
posed.
[0180] Then, the P+ ion is ion-implanted into the silicon
substrate 20 under the conditions of an acceleration en-
ergy of 10 to 15 KeV and a dose amount of 2 3 1015

cm-3, while using the seventh resist pattern 47 as a mask.
As a result of such ion implantation, the first n-type
source/drain region 48a is formed in the silicon substrate
20 beside the first gate electrode 39a. Also, the P+ ion is
implanted into the silicon substrate 20 in the high-voltage
transistor forming region II through the fifth opening 27a,
and thus the second n-type source/drain region 48c is
formed. Also, the deep second n-type impurity diffusion
region 48e whose impurity concentration is higher than
the first n-type impurity diffusion region 42e is formed in
the well contact region IIwell.
[0181] Upon the ion implantation, since the third gate
electrode 39c and the neighboring first gate insulating
film 27 are covered with the seventh resist pattern 47 in
the high-voltage transistor forming region II, the P+ ion
is not implanted into the silicon substrate 20 under the
first gate insulating film 27. Therefore, the second n-type
source/drain region 48c is selectively formed only under
the fifth opening 27a, and also the offset W3 is equal to
a distance d1 between the side surface of the third gate
electrode 39c and the fourth opening 27a and is set to
about 0.3 to 1.0 mm.
[0182] In contrast, since the first gate electrode 39a is
not covered with the seventh resist pattern in the normal
transistor forming region, the offset W4 of the first n-type
source/drain region 48a becomes smaller than the offset
W3 in the high-voltage transistor forming region.
[0183] The seventh resist pattern 47 is removed after
this ion implantation is ended.
[0184] Then, as shown in FIG. 10E, the eighth resist
pattern 50 having the eighth and ninth windows 50a, 50b,
from which the source/drain forming regions in the normal
p-type MOS transistor forming region Ip and the high-
voltage p-type MOS transistor forming region IIp are ex-
posed, is formed in respective regions I to III. Also, the
well contact region IIwell is covered with the eighth resist
pattern 50.
[0185] Then, the B+ ion is ion-implanted into the silicon
substrate 20 under the conditions of an acceleration en-
ergy of 5 KeV and a dose amount of 2 3 1015 cm-3, while
using the eighth resist pattern 50 as a mask. As a result,
the first p-type source/drain region 48d is formed on the
silicon substrate 20 under the sixth opening 27b, and
also the second p-type source/drain region 48b is formed
on the silicon substrate 20 beside the second gate elec-
trode 39b.
[0186] Then, according to this ion implantation, the B+

ion is implanted into the second gate electrode 39b that
is still kept in its undoped condition, and thus the con-
ductivity type of the second gate electrode 39b is set to
the p type.
[0187] In this ion implantation, because the fourth gate
electrode 39d and the neighboring first gate insulating
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film 27 are covered with the eighth resist pattern 50, the
B+ ion is not implanted into the silicon substrate 20 under
the first gate insulating film 27. Therefore, the offset W3
of the first p-type source/drain region 48d is equal to the
distance d1 between the side surface of the third gate
electrode 39c and the fifth opening 27a, and is set to
about 0.3 to 1.0 mm.
[0188] In contrast, because the second gate electrode
39b is not covered with the eighth resist pattern 50 in the
normal transistor forming region I, the offset W4 of the
second p-type source/drain region 48b becomes shorter
than the offset W3 in the high-voltage transistor forming
region II.
[0189] Then, the eighth resist pattern 50 is removed.
Then, the impurity injected into respective source/drain
regions 48a to 48d is activated by the RTA that is exe-
cuted in the nitrogen atmosphere at a substrate temper-
ature of 1000°C for a process time of 10 second.
[0190] According to the steps up to now, the basic
structure consisting of the n-type normal MOS transistor
TR(low)n and the p-type normal MOS transistor TR(low)p
is completed in the normal transistor forming region I,
while the basic structure consisting of the n-type high-
voltage MOS transistor TR(high)n and the p-type high-
voltage MOS transistor TR(high)p is completed in the
high-voltage transistor forming region II.
[0191] Out of these transistors, the transistors TR
(low)n, TR(low)p in the normal transistor forming region
I have the dual gate structure similar to the ones manu-
factured according to the first embodiment.
[0192] Then, because the offsets W3 of the MOS tran-
sistors TR(high)n, TR(high)p formed in the high-voltage
transistor forming region II becomes larger than the offset
W4 in the normal transistor forming region I, the source-
drain withstand voltage can be enhanced. Also, because
a thickness of the first gate insulating film 27 constituting
these transistors TR(high)n, TR(high)p is thicker than a
thickness of the second gate insulating film 36, the
source-drain withstand voltage of the MOS transistors
TR(high)n, TR(high)p can be enhanced in contrast to the
normal MOS transistors TR(low)n, TR(low)p.
[0193] Then, as shown in FIG.10F, the silicide layer 52
is formed on the source/drain regions 48a to 48d and
upper surfaces of the first to fourth gate electrodes 39a
to 39d by executing the steps in FIG. 5Q in the first em-
bodiment. Also, the silicide layer 52 is formed in the con-
tact region CR of the resistor pattern 39e, and a resist-
ance of the portion of the resistor pattern 39e is lowered.
At this time, since a sufficiently thick residual film of the
first gate insulating film 27 is still left on the extensions
42c, 42d between the fifth and sixth openings 27a, 27b
and the gate electrodes 39c, 39d in the high-voltage tran-
sistor forming region II, the silicide layer 52 is not formed.
[0194] Meanwhile, in the present example, unlike the
first and second embodiments, the third and fourth insu-
lating sidewalls 43c, 43d in the high-voltage transistor
forming region II are not extended onto the upper surfac-
es of the third and fourth gate electrodes 39c, 39d. There-

fore, the silicide layer 52 is formed on the overall upper
surfaces of the third and fourth gate electrodes 39c, 39d.
As a result, in the present example, in contrast to the
prior art in which the silicide layer is formed on a part of
the upper surfaces of the gate electrodes, a resistance
of the third and fourth gate electrodes 39c, 39d in the
high-voltage transistor forming region can be sufficiently
reduced.
[0195] Then, as shown in FIG. 10G, the first interlayer
insulating film 57 consisting of the etching stopper film
55 and the insulating film 56 is formed by executing the
steps in FIG.5R in the first embodiment. Then, the first
to seventh holes 57a to 57g are formed in the first inter-
layer insulating film 57 by the photolithography. Then,
the first to seventh conductive plugs 58a to 58g formed
by stacking the Ti film, the TiN film, and the W film in this
order are buried in the first to seventh holes 57a to 57g,
whereby a basic structure of the semiconductor device
according to the first example 1 is completed.
[0196] Then, like FIG.5S in the first embodiment, the
process goes to the step of forming the first-layer metal
wirings 59 and the second interlayer insulating film 60,
but their details will be omitted herein.
[0197] FIG.11 is a plan view showing the high-voltage
transistor forming region II of the semiconductor device
in an enlarged fashion, and planar layouts of respective
resist patterns formed in the above are also illustrated in
FIG.11. Then, sectional views of respective regions IIn,
IIp in above FIGS. 10A to 10G correspond to cross sec-
tionals taken along an A3-A3 line and a B3-B3 line in
FIG.11 respectively. Also, a sectional view of the well
contact region IIwell corresponds to a cross section taken
along a C3-C3 line in FIG. 11, and a sectional view of
the pad region IIpad corresponds to a cross section taken
along a D3-D3 line in FIG.11.
[0198] Since meanings and values of the distances d5,
d7 in FIG.11 are equal to those in the first embodiment,
their explanation will be omitted. While d8 is an interval
between the first window 44a of the fifth resist pattern 44
and the seventh resist pattern 47 and has a value of about
0.15 mm, for example.
[0199] According to the first example explained in the
above, like the first embodiment, the P+ ion is introduced
previously as the impurity into the conductive film 39 in
the high-voltage transistor forming region II, and then the
third and fourth gate electrodes 39c, 39d are formed by
patterning the conductive film 39. Therefore, the impurity
distribution in the gate electrodes 39c, 39d can be made
uniform, and thus the undoped portion is not formed in
the gate electrodes unlike the prior art. As a result, a
reduction and a variation in the driving ability of the tran-
sistor due to the presence of the undoped portion can be
prevented.
[0200] In addition, in the first example, the silicide layer
52 can be formed on the overall upper surfaces of the
third and fourth gate electrodes 39c, 39d in the high-volt-
age transistor forming region II. Therefore, in contrast to
the prior art in which the silicide layer is formed on a part
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of the upper surfaces of the gate electrodes, the resist-
ance of the gate electrodes 39c, 39d can be further re-
duced.
[0201] Now, FIG.12A is a sectional view showing the
source/drain contact portion in the high-voltage transistor
forming region II in the first embodiment in an enlarged
fashion, and FIG.12B is a sectional view showing the
same source/drain contact portion in the first example.
[0202] As shown in FIG.12A, in the first embodiment,
the stacked film consisting of the first gate insulating film
27 and the extended portion 43e is formed thick around
the second n-type source/drain region 48c. Therefore, a
recess 55a whose depth corresponds to a level differ-
ence between this stacked film and the silicon substrate
20 is formed on the etching stopper film 55, and then an
unopened portion 57h on which the recess 55a is reflect-
ed is formed on the bottom of the third hole 57c. In the
case where the third hole 57c and the second n-type
source/drain region 48c are precisely aligned, the prob-
lem is not particularly caused even when such unopened
portion 57h is present. However, in the case where they
are incorrectly aligned, an occupied area of the unopened
portion 57h is increased. As a result, there is a likelihood
that a contact resistance between the third conductive
plug 58c (see FIG.5R) and the second n-type
source/drain region 48c is increased.
[0203] In contrast, as shown in FIG.12B, in the first
example, since the extended portion 43e is not formed,
the recess 55a formed in the etching stopper film 55 be-
comes shallower than the first embodiment. Therefore,
since the unopened portion 57h owing to the recess 55a
is seldom generated, the contact resistance between the
third conductive plug 58c and the second n-type
source/drain region 48c is hard to increase even though
an alignment between the third hole 57c and the second
n-type source/drain region 48c is slightly incorrect.

(4) Second Example

[0204] In the above first example, in order to dope the
impurity uniformly into the third and fourth gate electrodes
39c, 39d, the impurity is doped previously into the con-
ductive film 39 in the high-voltage transistor forming re-
gion II. In contrast, in the second example, which does
not embody the present invention, the thickness of the
first gate insulating film 27 is made thicker than that in
the first example, and then the impurity is doped uniformly
into the third and fourth gate electrodes 39c, 39d while
preventing the ion-implantation of the impurity into the
silicon substrate 20 except the source/drain regions by
the thick first gate insulating film 27, after the third and
fourth gate electrodes 39c, 39d are formed.
[0205] FIGS.13A to 13G are sectional views showing
a semiconductor device according to the second exam-
ple in the manufacturing process respectively. In these
Figures, the same reference symbols as those in the first
example are affixed to the same elements as those in
the first example, and their explanation will be omitted

herein.
[0206] At first, the steps required until a sectional struc-
ture shown in FIG.13A is obtained will be explained here-
under.
[0207] First, the conductive film 39 made of the un-
doped polysilicon is formed on respective regions I to III
by executing the steps explained in the first embodiment
and shown in FIGS. 5A to 5I.
[0208] Then, unlike the first and second embodiments
and the first example, the impurity is not introduced into
the conductive film 39 and then the conductive film 39 is
patterned. Thus, the first to fourth undoped gate elec-
trodes 39a to 39d, as shown in FIG.13A, are formed on
respective regions I, II.
[0209] Also, in the second example, the thickness of
the first gate insulating film 27 is set to 70 to 90 nm, and
a lower limit of the thickness is made thicker than 20 nm
in the first embodiment.
[0210] Then, while employing the same conditions as
explained in FIG.5K of the first embodiment, the first and
second n-type source/drain extensions 42a, 42c and the
first and second p-type source/drain extensions 42b, 42d
are formed on the silicon substrate 20.
[0211] Then, as shown in FIG.13B, the sidewall insu-
lating film 43 is formed in respective regions I to III in the
same way as that in FIG. 10A of the first example. Before
depositing sidewall insulating film 43, P+ ion implantation
(for example under the condition of P+20keV and 4 3
1015cm-2) is executed into the resistor pattern 39e and
the resistor pattern 39e is doped.
[0212] Then, as shown in FIG.13C, the island-like sixth
resist pattern 46 is formed on the resistor pattern 39e.
Then, the sidewall insulating film 43 is etched back by
the RIE while using the sixth resist pattern 46 as a mask.
Thus, the first to fourth insulating sidewalls 43a to 43d
are formed beside the first to fourth gate electrodes 39a
to 39d, and also the sidewall insulating film 43 on the
contact region CR of the resistor pattern 39e is removed.
In this etching back, the sidewall insulating film 43 is over-
etched by a film thickness ratio 10 % to the thickness of
about 100 nm, i.e., 10 nm. As a result, the first gate in-
sulating film 27 having originally a thickness of 70 to 90
nm is etched by 10 nm in depth by the above etching-
back, and a thickness thereof is reduced to about 60 to
80 nm.
[0213] Then, the sixth resist pattern 46 is removed.
[0214] Then, as shown in FIG.13D, the first gate insu-
lating film 27 under the first and second windows 44a,
44b of the fifth resist pattern 44 is etched by executing
the same steps as explained in the first example and
shown in FIG. 10C, and thus the fifth and sixth openings
27a, 27b are formed. Then, the fifth resist pattern 44 is
removed.
[0215] Next, the steps required until a sectional struc-
ture shown in FIG.13E is obtained will be explained here-
under.
[0216] First, the photoresist is coated on respective re-
gions I to III, and then the seventh resist pattern 47 is
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formed by exposing/developing the photoresist. The sev-
enth resist pattern 47 has the eleventh and twelfth win-
dows 47d, 47e from which the normal n-type MOS tran-
sistor forming region In and the high-voltage n-type MOS
transistor forming region IIn are exposed respectively.
[0217] In this event, unlike the first example, the third
gate electrode 39c is not covered with the seventh resist
pattern 47 and is exposed.
[0218] Also, the well contact region IIwell is not covered
with the seventh resist pattern 47 and is exposed.
[0219] Further, the seventh resist pattern 47 has the
thirteenth window 47f from which the fourth gate elec-
trode 39d is exposed. Also, the contact region CR of the
resistor pattern 39e is not covered with the seventh resist
pattern 47 and is still exposed.
[0220] Then, the P+ ion is ion-implanted into the silicon
substrate 20 under the conditions of an acceleration en-
ergy of 10 to 15 KeV and a dose amount of 2 3 1015

cm-3, while using the seventh resist pattern 47 as a mask.
[0221] As a result, in the normal n-type MOS transistor
forming region In, the first n-type source/drain region 48a
is formed in the silicon substrate 20 beside the first gate
electrode 39a, and also the P+ ion is introduced into the
first gate electrode 39a that was kept in its undoped con-
dition. Thus, the conductivity type of the first gate elec-
trode 39a is set to the n type.
[0222] Also, in the high-voltage n-type MOS transistor
forming region IIn, since the first gate insulating film 27
which is thicker than the first example and whose thick-
ness is 80 to 100 nm can block the P+ ion, the second n-
type source/drain region 48c can be formed selectively
in the silicon substrate 20 under the fifth opening 27a
even though the seventh resist pattern 47 is not provided.
Then, the deep second n-type impurity diffusion region
48e whose impurity concentration is higher than the first
n-type impurity diffusion region 42e is formed in the well
contact region IIwell.
[0223] Then, the P+ ion is implanted into all portions of
the third and fourth gate electrodes 39c, 39d that were
kept in their undoped condition. Thus, the conductivity
type of these gate electrodes 39c, 39d is set to the n type.
[0224] Then, the seventh resist pattern 47 is removed.
[0225] Then, as shown in FIG.13F, the same ion im-
plantation step explained in the first example and shown
in FIG. 10E is carried out. Thus, the conductivity type of
the second gate electrode 39b is set to the p type and
also the second p-type source/drain region 48b is formed
beside the second gate electrode 39b in the silicon sub-
strate 20. As the result of this ion implantation, the first
p-type source/drain region 48d is formed in the silicon
substrate 20 under the sixth opening 27b in the first gate
insulating film 27 in the high-voltage transistor forming
region II.
[0226] The eighth resist pattern 50 used as a mask is
removed after this ion implantation is ended.
[0227] According to the steps executed up to now, the
basic structure consisting of the n-type normal MOS tran-
sistor TR(low)n and the p-type normal MOS transistor

TR(low)p is completed in the normal transistor forming
region I, while the basic structure consisting of the n-type
high-voltage MOS transistor TR(high)n and the p-type
high-voltage MOS transistor TR(high)p is completed in
the high-voltage transistor forming region II.
[0228] Then, as shown in FIG.13G, the silicide layer
52 is formed on respective regions I to III by executing
the same steps as explained in the first example and
shown in FIG.10F.
[0229] With the above, major steps in the method of
manufacturing the semiconductor device according to
the second example are ended.
[0230] Now, FIG. 14 is a plan view showing the high-
voltage transistor forming region II of the semiconductor
device according to the second example in an enlarged
fashion, and planar layouts of respective resist patterns
formed in the above are also illustrated in FIG.14. Then,
sectional views of respective regions IIn, IIp in above
FIGS.13A to 13G correspond to cross sectionals taken
along an A4-A4 line and a B4-B4 line in FIG.14 respec-
tively. Also, a sectional view of the well contact region
IIwell corresponds to a cross section taken along a C4-
C4 line in FIG.14, and a sectional view of the pad region
IIpad corresponds to a cross section taken along a D4-
D4 line in FIG.14.
[0231] Since the meanings and the values of the dis-
tances d4, d5, d7 in FIG.14 are equal to the first embod-
iment, their explanation will be omitted herein.
[0232] According to the above second example, the
third and fourth insulating sidewalls 43c, 43d do not cover
the upper surfaces of the third and fourth gate electrodes
39c, 39d. For this reason, the impurity can be introduced
into the overall upper surfaces of the third and fourth gate
electrodes 39c, 39d in the ion implantation step shown
in FIG.13E, so that the undoped portion can be prevented
from being formed in these gate electrodes 39c, 39d.
[0233] In addition, in the step explained in FIG.13G,
the silicide layer 52 can be formed on all the upper sur-
faces of the third and fourth gate electrodes 39c, 39d.
Therefore, the resistance of the gate electrodes 39c, 39d
can be sufficiently lowered in comparison with the prior
art by which the silicide layer is formed only on a part of
the upper surfaces.

(5) Third Example

[0234] The third example, which does not embody the
present invention, gives a variation of the second exam-
ple, and both the n-type high-voltage MOS transistor
TR(high)n and the p-type high-voltage MOS transistor
TR(high)p are of the surface channel type.
[0235] FIGS.15A to 15E are sectional views showing
a semiconductor device according to the third example
in the manufacturing process. In these Figures, the same
reference symbols as those in the second example are
affixed to the same elements as those in the second ex-
ample, and their explanation will be omitted herein.
[0236] First, as shown in FIG.15A, the first to fourth
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insulating sidewalls 43a to 43d are formed on the side
surfaces of the first to fourth gate electrodes 39a to 39d
by executing the steps explained in the second example
and shown in FIG.13C.
[0237] In the third example, like the second example,
the first gate insulating 27 in the high-voltage transistor
forming region I is employed as a mask of the ion implan-
tation upon forming the source/drain regions. Therefore,
the first gate insulating film 27 is formed thicker than the
first example, e.g., to have a thickness of about 80 to 100
nm. In the etching step of forming the sidewalls, the first
gate insulating film 27 is etched by about 10 nm, and this
an etching residue of about 70 nm to 90 nm still remains.
[0238] Then, the steps explained in the second exam-
ple and shown in FIG.13D are executed. Thus, as shown
in FIG.15B, the fifth and sixth openings 27a, 27b are
formed by etching the first gate insulating 27 under the
first and second windows 44a, 44b in the fifth resist pat-
tern 44. Then, the fifth resist pattern 44 is removed.
[0239] Then, as shown in FIG.15C, the seventh resist
pattern 47 is formed in respective regions I to III, like the
FIG.13E in the second example. However, in the third
example, unlike the second example, the thirteenth win-
dow 47f from which the fourth gate electrode 39d is ex-
posed is not formed in the seventh resist pattern 47, and
the fourth gate electrode 39d is still covered with the sev-
enth resist pattern 47.
[0240] Then, the P+ ion is ion-implanted into the silicon
substrate 20 under the same conditions as those in the
second example, while employing the seventh resist pat-
tern 47 as a mask. As a result, the first n-type source/drain
region 48a is formed in the silicon substrate 20 beside
the first gate electrode 39a, and also the P+ ion is intro-
duced into the entire portions of the first and third gate
electrodes 39a, 39c. Thus, the conductivity type of these
gate electrodes is set to the n type.
[0241] Also, in the high-voltage n-type MOS transistor
forming region IIn, the second n-type source/drain region
48c is formed selectively only in the silicon substrate 20
under the fifth opening 27a because the first gate insu-
lating film 27 that is thick like 80 to 100 nm acts as a mask.
[0242] Also, in the well contact region IIwell, the second
n-type impurity diffusion region 48e that has a higher im-
purity concentration and is deeper than the first n-type
impurity diffusion region 42e is formed.
[0243] Then, the seventh resist pattern 47 is removed.
[0244] Then, as shown in FIG.15D, the eighth resist
pattern 50 having the eighth and ninth windows 50a, 50b
from which the normal p-type MOS transistor forming re-
gion Ip and the high-voltage p-type MOS transistor form-
ing region IIp are exposed respectively is formed on the
silicon substrate 20. Then, the B+ ion is implanted into
the silicon substrate 20 under the same ion-implantation
conditions as those in the second example.
[0245] As a result, in the normal transistor forming re-
gion I, the second p-type source/drain region 48b is
formed in the silicon substrate 20 beside the second gate
electrode 39b. Also, in the high-voltage transistor forming

region II, the first p-type source/drain region 48d is se-
lectively formed under the fifth opening 27b because the
first gate insulating film 27 that is thicker than the first
example serve as a mask.
[0246] Also, the B+ ion is implanted into the entire por-
tions of the second and fourth gate electrodes 39b, 39d,
and thus the conductivity type of these gate electrodes
is set to the P type.
[0247] Then, the eighth resist pattern 50 is removed.
[0248] Then, as shown in FIG.15E, the silicide layer
52 is formed on respective regions I to III by executing
the same steps explained in the first example and shown
in FIG.10F.
[0249] With the above, major steps in the method of
manufacturing the semiconductor device according to
the third example are ended.
[0250] According to the third example, for the reason
explained in the second example, the impurity can be
introduced uniformly not to form the undoped portions in
the third and fourth gate electrodes 39c, 39d, and also
the silicide layer 52 can be formed on the overall upper
surfaces of these gate electrodes 39c, 39d.
[0251] Further, in the third example, both the n-type
high-voltage MOS transistor TR(high)n and the p-type
high-voltage MOS transistor TR(high)p have the surface
channel structure in which the gate electrode and the
channel have the same conductivity type. Therefore,
these transistor TR(high)n, TR(high)p can withstand
much more the short channel effect.

(6) Fourth Example

[0252] The fourth example, which does not embody
the present invention, is a variation of the third example,
and both the n-type high-voltage MOS transistor
TR(high)n and the p-type high- voltage MOS transistor
TR(high)p are of the buried channel type.
[0253] FIGS.16A to 16C are sectional views showing
a semiconductor device according to the fourth example
in the manufacturing process respectively. In these Fig-
ures, the same reference symbols as those in the third
example are affixed to the same elements as those in
the third example, and their explanation will be omitted
herein.
[0254] First, as shown in FIG.16A, the seventh resist
pattern 47 is formed in respective regions I to III in the
same way as the steps in FIG.15C in the third example.
In this case, in the fourth example, the thirteenth window
47f from which the fourth gate electrode 39d is exposed
is formed in the seventh resist pattern 47, and also the
third gate electrode 39c is covered with the seventh resist
pattern 47.
[0255] Then, the P+ ion is ion-implanted into the silicon
substrate 20 under the same conditions as those in the
second example, while using the seventh resist pattern
47 as a mask. As a result, the first n-type source/drain
region 48a is formed on the silicon substrate 20 beside
the first gate electrode 39a, and also the second n-type
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source/drain region 48c is formed on the silicon substrate
20 under the fifth opening 27a.
[0256] At this time, in the high-voltage n-type MOS
transistor forming region IIn, the P+ ion is not implanted
into the portions of the silicon substrate 20 out of the fifth
opening 27a because the thick first gate insulating film
27 whose thickness is 80 to 100 nm acts as a mask.
[0257] Also, the P+ ion is introduced into the entire por-
tions of the first and fourth gate electrodes 39a, 39d being
kept in their undoped condition by this ion implantation,
and thus the conductivity type of these gate electrodes
is set to the n type.
[0258] Then, in the well contact region IIwell, the second
n-type impurity diffusion region 48e that has a higher con-
centration and is deeper than the first n-type impurity
diffusion region 42e is formed.
[0259] Then, the seventh resist pattern 47 is removed.
[0260] Then, as shown in FIG.16B, the eighth resist
patter 50 having the eighth window 50a, from which the
normal p-type MOS transistor forming region Ip is ex-
posed, and the ninth window 50b, from which the
source/drain forming region in the high- voltage p-type
MOS transistor forming region IIp is exposed, is formed
on the silicon substrate 20. In this case, in the fourth
example, unlike the third example, the fourth gate elec-
trode 39d is not exposed from the ninth window 50b, and
such fourth gate electrode 39d is still covered with the
eighth resist patter 50. Also, the tenth window 50d from
which the third gate electrode 39c in the high-voltage
transistor forming region II is exposed is formed in the
eighth resist patter 50.
[0261] Then, the B+ ion as the p-type impurity is ion-
implanted into the silicon substrate 20 under the same
conditions as those in the second example, while em-
ploying the eighth resist pattern 50 as a mask. As a result,
in the normal transistor forming region I, the second p-
type source/drain region 48b is formed on the silicon sub-
strate 20 beside the second gate electrode 39b.
[0262] Also, in the high-voltage transistor forming re-
gion II, the first p-type source/drain region 48d is formed
selectively only in the silicon substrate 20 under the sixth
opening 27b because the thick first gate insulating film
27 whose thickness is 80 to 100 nm acts as a mask in
the ion implantation.
[0263] Also, the B+ ion is implanted into the entire por-
tions of the second and fourth gate electrodes 39b, 39d
by this ion implantation, and thus the conductivity type
of these gate electrodes 39b, 39d is set to the p type.
[0264] Then, the eighth resist pattern 50 is removed.
[0265] Then, as shown in FIG.16C, the silicide layer
52 is formed on respective regions I to III, like the first to
third examples.
[0266] With the above, major steps of the method of
manufacturing the semiconductor device according to
the fourth example are ended.
[0267] According to the fourth example, like the second
and third examples, the impurity is introduced uniformly
into the third and fourth gate electrodes 39c, 39d in the

high-voltage transistor forming region II, and thus there
is no possibility of forming the undoped portion in these
gate electrodes 39c, 39d. In addition, since the silicide
layer 52 is formed on the overall upper surfaces of the
third and fourth gate electrodes 39c, 39d, the resistance
of the gate electrodes 39c, 39d can be lowered sufficient-
ly rather than the prior art.
[0268] Further, both the n-type high-voltage MOS tran-
sistor TR(high)n and the p-type high-voltage MOS tran-
sistor TR(high)p are of the buried channel type. There-
fore, like the second embodiment, merely a low channel
concentration is required to get the same threshold volt-
age as the surface channel type, and also a concentration
gradient of the impurity in the jointed portion between the
source/drain regions 48c, 48d and the channel can be
made gentle. As a result, the higher withstand voltage of
the source/drain regions 48c, 48d can be realized.
[0269] Moreover, in the buried channel type, for the
same reason as explained in the second embodiment,
the driving ability of the MOS transistors TR(high)n,
TR(high)p can be enhanced.

(7) Fifth Example

[0270] In the above first to fourth examples, the silicon
oxide film is formed as the sidewall insulating film 43. In
contrast, in the fifth example, which does not embody the
present invention, the silicon nitride film is formed as the
sidewall insulating film 43.
[0271] FIGS.17A to 17C are sectional views showing
a semiconductor device according to the fifth example in
the manufacturing process respectively. In these Fig-
ures, the same reference symbols as those in the first to
fourth examples are affixed to the same elements as
those in the first to fourth examples, and their explanation
will be omitted herein.
[0272] First, the steps explained in the second example
are carried out. Then, as shown in FIG.17A, the silicon
nitride film of an about 100 nm thickness is formed on
the first to fourth gate electrodes 39a to 39d and the first
and second gate insulating films 27, 36 by the CVD meth-
od at a substrate temperature of 650 to 750°C, and then
this film is used as the sidewall insulating film 43. Before
depositing silicon nitride film 43, P+ ion implantation (for
example under the condition of P+20keV and 4 3
1015cm-2) is executed into the resistor pattern 39e and
the resistor pattern 39e is doped.
[0273] In this case, the first to fourth gate electrodes
39a to 39d may be subjected to the implantation of the
impurity before the sidewall insulating film 43 is formed,
like the first example, or may be kept in their undoped
condition, like the second and third examples.
[0274] Then, as shown in FIG.17B, the island-like sixth
resist pattern 46 is formed on the resistor pattern 39e.
Then, the sidewall insulating film 43 is etched back by
the RIE while employing the sixth resist pattern 46 as a
mask. Thus, the first to fourth insulating sidewalls 43a to
43d are formed beside the first to fourth gate electrodes
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39a to 39d respectively, and also the sidewall insulating
film 43 on the contact region CR of the resistor pattern
39e is removed.
[0275] Because a mixed gas consisting of CHF3 and
O2, for example, is used as an etching gas in this RIE, a
selective etching ratio between the first and second gate
insulating films 27, 36 made of the silicon oxide and the
sidewall insulating film 43 made of the silicon nitride can
be increased like almost 1:5. As a result, the gate insu-
lating films 27, 36 are hardly eroded in the etching-back,
and therefore the thicknesses of these films obtained af-
ter the etching is finished are substantially equal to those
obtained before the etching.
[0276] Then, the sixth resist pattern 46 is removed.
[0277] Then, as shown in FIG.17C, the fifth resist pat-
tern 44 is formed on respective regions I to III by applying
the steps explained in the second example and shown
in FIG.13D. Then, the first gate insulating film 27 is etched
through the first and second windows 44a, 44b in the fifth
resist pattern 44. Thus, the fourth and fifth openings 27a,
27b are formed, and also the first gate insulating film 27
located under the third window 44c is removed.
[0278] Then, the fifth resist pattern 44 is removed.
[0279] Subsequently, as shown in FIG.16B, the basic
structures of the foregoing transistors TR(low)n,
TR(low)p, TR(high)n, and TR(high)p are completed by ex-
ecuting the steps explained in the fourth example and
shown in FIGS.16A to 16C, for example.
[0280] According to an embodiment of the present in-
vention, the impurity can be introduced into all the por-
tions of the third and fourth gate electrodes formed in the
high-voltage transistor forming region. Therefore, the un-
doped portion into which no impurity is introduced is not
formed in these gate electrodes, and a reduction and a
variation in the driving ability of the high-voltage transistor
due to the undoped portion can be prevented.
[0281] In addition, since the silicide layer is formed on
the overall upper surfaces of the third and fourth gate
electrodes, the resistance of these gate electrodes can
be reduced sufficiently in contrast to the prior art.

Claims

1. A method of manufacturing a semiconductor device,
comprising the steps of:

forming an element isolation insulating film (23),
which defines first and second low-voltage tran-
sistor forming regions (In, Ip) and first and second
high-voltage transistor forming regions (IIn, IIp),
on a semiconductor substrate (20);
forming a first gate insulating film (27) on the
semiconductor substrate (20) in the first and
second high-voltage transistor forming regions
(IIn, IIp);
forming a second gate insulating film (36) on the
semiconductor substrate (20) in the first and

second low-voltage transistor forming regions
(In, Ip) ;
forming an undoped conductive film (39) on the
first and second gate insulating films (27, 36);
implanting selectively a first conductivity type
impurity into the conductive film (39) in the first
low-voltage transistor forming region (In) and
the first and second high-voltage transistor form-
ing regions (IIn, IIp) ;
patterning the conductive film (39) after the first
conductivity type impurity is implanted, to form
first and second gate electrodes (39a, 39b) in
the first and second low-voltage transistor form-
ing regions (In, Ip) respectively and form third
and fourth gate electrodes (39c, 39d) in the first
and second high-voltage transistor forming re-
gions (IIn, IIp) respectively;
forming selectively first and second source/drain
extensions (42a, 42c) of first conductivity type
on the semiconductor substrate (20) beside the
first and third gate electrodes (39a, 39c) respec-
tively;
forming selectively third and fourth source/drain
extensions (42b, 42d) of second conductivity
type, which is opposite to the first conductivity
type, on the semiconductor substrate (20) be-
side the second and fourth gate electrodes (39b,
39d) respectively;
forming first to fourth insulating sidewalls (43a
to 43d) beside the first to fourth gate electrodes
(39a to 39d) respectively;
forming low-voltage first conductivity type
source/drain regions (48a) away from side sur-
faces of the first gate electrode (39a) at a first
interval (w4) after the first to fourth insulating
sidewalls (43a to 43d) are formed, and forming
high-voltage first conductivity type source/drain
regions (48c) away from side surfaces of the
third gate electrode (39c) at a second interval
(w3) that is wider than the first interval (w4);
forming low-voltage second conductivity type
source/drain regions (48b) away from side sur-
faces of the second gate electrode (39b) at the
first interval (w4) after the first to fourth insulating
sidewalls (43a to 43d) are formed, and forming
high-voltage second conductivity type
source/drain regions (48d) away from side sur-
faces of the fourth gate electrode (39d) at the
second interval (w3) that is wider than the first
interval (w4); and
introducing a second conductivity type impurity
into the second gate electrode (39b);
wherein the step of forming the first to fourth
insulating sidewalls (43a to 43d) includes the
steps of:

forming a sidewall insulating film (43), which
covers the first to fourth gate electrodes
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(39a to 39d), in the first and second low-
voltage transistor forming regions (In, Ip)
and the first and second high-voltage tran-
sistor forming regions (IIn, IIp), concurrently
forming first and second openings (43g,
43h) in the sidewall insulating film (43) and
the first gate insulating film (27), which are
beside the third and fourth gate electrodes
(39c, 39d) but are away from side surfaces
of the third and fourth gate electrodes (39c,
39d) at the second interval (w3), and leaving
the sidewall insulating film (43) on upper
surfaces and sides of the third and fourth
gate electrode (39c, 39d) as the third and
the fourth insulating sidewalls (43c, 43d),
and
in a separate step to that of forming the first
and second openings (43g, 43h), etching
the third and fourth insulating sidewalls
(43c, 43d) on upper surfaces of the third and
fourth gate electrodes (39c, 39d) to expose
the third and fourth gate electrodes (39c,
39d) except edges of the upper surfaces
thereof, and etching back the sidewall insu-
lating film (43) in the first and second low-
voltage transistor forming regions (In, Ip) to
leave the film (43) as the first and second
insulating sidewalls (43a, 43b) beside the
first and second gate electrodes (39a, 39b);
and
wherein the first gate insulating film (27) is
formed thicker than the second gate insu-
lating film (36), in the step of forming the
first gate insulating film (27).

2. A method of manufacturing a semiconductor device,
according to claim 1, wherein the step of forming the
high-voltage first and second conductivity type
source/drain regions (48c, 48d) is executed by im-
planting a first conductivity type impurity into the
semiconductor substrate (20) via the first opening
(43g) and implanting a second conductivity type im-
purity into the semiconductor substrate (20) via the
second opening (43h).

3. A method of manufacturing a semiconductor device,
according to claim 2, further comprising the step of:

forming a silicide layer (52) on upper surfaces
of the first and second gate electrodes (39a,
39b) and upper surfaces of the third and fourth
gate electrodes (39c, 39d) except the edge por-
tions after the first and second insulating side-
walls (43a, 43b) are formed.

Patentansprüche

1. Ein Verfahren zum Herstellen einer
Halbleitervorrichtung, umfassend die Schritte:

Ausbilden eines Elementsisolations-Isolierfilms
(23), welcher erste und zweite
Niederspannungstransistorausbildungsberei-
che (In, Ip) und erste und zweite
Hochspannungstransistorausbildungsbereiche
(IIn, IIp) definiert, auf einem Halbleitersubstrat
(20);
Ausbilden eines ersten Gate-Isolierfilms (27) auf
dem Halbleitersubstrat (20) in dem ersten und
dem zweiten Hochspannungstransistorausbil-
dungsbereich (IIn, IIp);
Ausbilden eines zweiten Gate-Isolierfilms (36)
auf dem Halbleitersubstrat (20) in dem ersten
und dem zweiten Niederspannungstransistor-
ausbildungsbereich (In, Ip);
Ausbilden eines nicht-dotierten leitenden Films
(39) auf dem ersten und dem zweiten Gate-Iso-
lierfilm (27, 36);
selektives Implantieren einer ersten Lei-
tungstypstörstelle in den leitenden Film (39) in
dem ersten Niederspannungstransistorausbil-
dungsbereich (In) und dem ersten und dem
zweiten Hochspannungstransistorausbildungs-
bereich (IIn, IIp);
Mustern des leitenden Films (39), nachdem die
erste Leitungstypstörstelle implantiert ist, zum
Ausbilden von einer ersten und einer zweiten
Gate-Elektrode (39a, 39b) in dem ersten und
dem zweiten Niederspannungstransistorausbil-
dungsbereich (In, Ip) jeweils und zum Ausbilden
einer dritten und einer vierten Gate-Elektrode
(39c, 39d) jeweils in dem ersten und dem zwei-
ten Hochspannungstransistorausbildungsbe-
reich (IIn, IIp) ;
selektives Ausbilden von ersten und zweiten
Source/Drain Erweiterungen (42a, 42c) eines
ersten Leitungstyps auf dem Halbleitersubstrat
(20) jeweils neben der ersten und der dritten
Gate-Elektrode (39a, 39c);
selektives Ausbilden von dritten und vierten
Source/Drain Erweiterungen (42b, 42d) eines
zweiten Leitungstyps, welcher entgegengesetzt
zu dem ersten Leitungstyp ist, auf dem Halblei-
tersubstrat (20) jeweils neben der zweiten und
der vierten Gate-Elektrode (39b, 39d) ;
Ausbilden von ersten bis vierten Isolierseiten-
wänden (43a bis 43d) jeweils neben den ersten
bis vierten Gate-Elektroden (39a bis 39d);
Ausbilden von Niederspannungs-Sour-
ce-/Drainbereichen eines ersten Leitungstyps
(48a) weg von Seitenoberflächen der ersten
Gate-Elektrode (39a) bei einem ersten Intervall
(w4), nachdem die ersten bis vierten Isoliersei-
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tenwände (43a bis 43d) ausgebildet sind, und
Ausbilden von Hochspannungs-Source-/Drain-
bereichen eines ersten Leitungstyps (48c) weg
von Seitenoberflächen der dritten Gate-Elektro-
de (39c) bei einem zweiten Intervall (w3), wel-
ches breiter als das erste Intervall (w4) ist;
Ausbilden von Niederspannungs-Sour-
ce-/Drainbereichen eines zweiten Leitungstyps
(48b) weg von Seitenoberflächen der zweiten
Gate-Elektrode (39b) bei dem ersten Intervall
(w4), nachdem die ersten bis vierten Isoliersei-
tenwände (43a bis 43d) ausgebildet sind, und
Ausbilden von Hochspannungs-Source-/Drain-
bereichen eines zweiten Leitungstyps (48d) weg
von Seitenoberflächen der vierten Gate-Elektro-
de (39d) bei dem zweiten Intervall (w3), welches
breiter als das erste Intervall (w4) ist; und
Einführen einer zweiten Leitungstypstörstelle in
die zweite Gate-Elektrode (39b);
wobei der Schritt zum Ausbilden der ersten bis
vierten Isolierseitenwände (43a bis 43d) die
Schritte umfasst:

Ausbilden eines Seitenwandisolierfilms
(43), welcher die ersten bis vierten Gate-
Elektroden (39a bis 39d) abdeckt, in dem
ersten und dem zweiten Niederspannungs-
transistorausbildungsbereich (In, Ip) und
dem ersten und dem zweiten
Hochspannungstransistorausbildungsbe-
reich (IIn, IIp),
gleichzeitiges Ausbilden von ersten und
zweiten Öffnungen (43g, 43h) in dem Sei-
tenwandisolierfilm (43) und dem ersten
Gate-Isolierfilm (27), welche neben der drit-
ten und vierten Gate-Elektrode (39c, 39d)
sind, allerdings weg von Seitenoberflächen
der dritten und der vierten Gate-Elektrode
(39c, 39d) bei dem zweiten Intervall (w3),
und Belassen des Seitenisolierfilms (43) auf
oberen Oberflächen und Seiten der dritten
und der vierten Gate-Elektrode (39c, 39d)
als die dritte und die vierte Isolierseiten-
wand (43c, 43d), und
in einem getrennten Schritt zu dem des Aus-
bildens der ersten und der zweiten Öffnun-
gen (43g, 43h), Ätzen der dritten und der
vierten Isolierseitenwand (43c, 43d) auf
oberen Oberflächen der dritten und der vier-
ten Gate-Elektrode (39c, 39d) zum Freile-
gen der dritten und der vierten Gate-Elek-
trode (39c, 39d) mit Ausnahme von Rän-
dern der oberen Oberflächen davon, und
Zurückätzen des Seitenwandisolierfilms
(43) in dem ersten und dem zweiten
Niederspannungstransistorausbildungsbe-
reich (In, Ip) zum Belassen des Films (43)
als die erste und die zweite Isolierseiten-

wand (43a, 43b) neben der ersten und der
zweiten Gate-Elektrode (39a, 39b); und
wobei der erste Gate-Isolierfilm (27) dicker
als der zweite Gate-Isolierfilm (36) ausge-
bildet ist, in dem Schritt zum Ausbilden des
ersten Gate-Isolierfilms (27).

2. Herstellungsverfahren einer Halbleitervorrichtung
gemäß Anspruch 1, wobei der Schritt zum Ausbilden
der Hochspannungs-Source-/Drainbereiche des
ersten und zweiten Leitungstyps (48c, 48d) ausge-
führt wird durch Implantieren einer ersten Lei-
tungstypstörstelle in das Halbleitersubstrat (20) über
die erste Öffnung (43g) und Implantieren einer zwei-
ten Leitungstypstörstelle in das Halbleitersubstrat
(20) über die zweite Öffnung (43h).

3. Herstellungsverfahren einer Halbleitervorrichtung
gemäß Anspruch 2, weiter umfassend den Schritt:

Ausbilden einer Silizidschicht (52) auf oberen
Oberflächen der ersten und der zweiten Gate-
Elektrode (39a, 39b) und oberen Oberflächen
der dritten und der vierten Gate-Elektrode (39c,
39d) mit Ausnahme der Randteile, nachdem die
erste und die zweite Isolierseitenwand (43a,
43b) ausgebildet sind.

Revendications

1. Procédé de fabrication d’un dispositif semi-conduc-
teur, qui comprend les étapes qui consistent à :

former un film d’isolation d’élément (23), qui dé-
finit une première et une seconde zone de for-
mation de transistor à basse tension (In, Ip), et
une première et une seconde zone de formation
de transistor à haute tension (IIn, IIp), sur un
substrat semi-conducteur (20) ;
former un premier film d’isolation de grille (27)
sur le substrat semi-conducteur (20) dans la pre-
mière et la seconde zone de formation de tran-
sistor à haute tension (IIn, IIp) ;
former un second film d’isolation de grille (36)
sur le substrat semi-conducteur (20) dans la pre-
mière et la seconde zone de formation de tran-
sistor à basse tension (In, Ip) ;
former un film conducteur non dopé (39) sur le
premier et le second film isolant de grille (27,
36) ;
implanter sélectivement une impureté d’un pre-
mier type de conductivité dans le film conducteur
(39) dans la première zone de formation de tran-
sistor à basse tension (In) et la première et la
seconde zone de formation de transistor à haute
tension (IIn, IIp) ;
graver le film conducteur (39) après que l’impu-
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reté d’un premier type de conductivité a été im-
plantée, afin de former une première et une se-
conde électrode de grille (39a, 39b) dans la pre-
mière et la seconde zone de formation de tran-
sistor à basse tension (In, Ip), respectivement,
et de former une troisième et une quatrième
électrode de grille (39c, 39d) dans la première
et la seconde zone de formation de transistor à
haute tension (IIn, IIp), respectivement ;
former sélectivement une première et une se-
conde extension de source/drain (42a, 42c) d’un
premier type de conductivité sur le substrat
semi-conducteur (20), en plus de la première et
de la troisième électrode de grille (39a, 39c),
respectivement ;
former sélectivement une troisième et une qua-
trième extension de source/drain (42b, 42d)
d’un second type de conductivité, qui est opposé
au premier type de conductivité, sur le substrat
semi-conducteur (20), en plus de la seconde et
de la quatrième électrode de grille (39b, 39d),
respectivement ;
former une première à une quatrième paroi la-
térale isolante (43a à 43d) en plus de la première
à la quatrième électrode de grille (39a à 39d),
respectivement ;
former des zones de source/drain à basse ten-
sion d’un premier type de conductivité (48a) éloi-
gnées des surfaces latérales de la première
électrode de grille (39a) à un premier intervalle
(w4) après que la première à la quatrième paroi
latérale isolante (43a à 43d) ont été formées, et
former des zones de source/drain à haute ten-
sion d’un premier type de conductivité (48c) éloi-
gnées des surfaces latérales de la troisième
électrode de grille (39c) à un second intervalle
(w3) plus large que le premier intervalle (w4) ;
former des secondes zones de source/drain à
basse tension d’un second type de conductivité
(48b) éloignées des surfaces latérales de la se-
conde électrode de grille (39b) au premier inter-
valle (w4) après que la première à la quatrième
paroi latérale isolante (43a à 43d) ont été for-
mées, et former des secondes zones de sour-
ce/drain à haute tension d’un second type de
conductivité (48d) éloignées des surfaces laté-
rales de la quatrième électrode de grille (39d)
au second intervalle (w3) qui est plus large que
le premier intervalle (w4) ; et
introduire une impureté d’un second type de
conductivité dans la seconde électrode de grille
(39b) ;
dans lequel l’étape de formation de la première
à la quatrième paroi latérale isolante (43a à 43d)
comprend les étapes qui consistent à :

former un film d’isolation de paroi latérale
(43), qui recouvre la première à la quatrième

électrode de grille (39a à 39d), dans la pre-
mière et la seconde zone de formation de
transistor à basse tension (In, Ip) et la pre-
mière et la seconde zone de formation de
transistor à haute tension (IIn, IIp),
former en même temps une première et une
seconde ouverture (43g, 43h) dans le film
d’isolation de paroi latérale (43), et le pre-
mier film d’isolation de grille (27), qui s’ajou-
tent à la troisième et à la quatrième électro-
de de grille (39c, 39d), mais sont éloignées
des surfaces latérales des troisième et qua-
trième électrodes de grille (39c, 39d) au se-
cond intervalle (w3), et laisser le film d’iso-
lation de paroi latérale (43) sur les surfaces
supérieures et les côtés de la troisième et
de la quatrième électrode de grille (39c,
39d) en guise de troisième et de quatrième
paroi latérale isolante (43c, 43d), et
lors d’une étape distincte de celle qui con-
siste à former la première et la seconde
ouverture (43g, 43h), graver la troisième et
la quatrième paroi latérale isolante (43c,
43d) sur les surfaces supérieures de la troi-
sième et de la quatrième électrode de grille
(39c, 39d) afin d’exposer la troisième et la
quatrième électrode de grille (39c, 39d), ex-
cepté les bords des surfaces supérieures
de celles-ci, et graver à nouveau le film
d’isolation de paroi latérale (43) dans la pre-
mière et la seconde zone de formation de
transistor à basse tension (In, Ip) afin de lais-
ser le film (43) en guise de première et de
seconde paroi latérale isolante (43a, 43b)
en plus de la première et de la seconde élec-
trode de grille (39a, 39b) ; et
dans lequel le premier film d’isolation de
grille (27) est plus épais que le second film
d’isolation de grille (36), à l’étape de forma-
tion du premier film d’isolation de grille (27).

2. Procédé de fabrication d’un dispositif semi-conduc-
teur selon la revendication 1, dans lequel l’étape de
formation de la première et de la seconde zone de
source/drain à haute tension d’un premier et d’un
second type de conductivité (48c, 48d) est exécutée
en implantant une impureté d’un premier type de
conductivité dans le substrat semi-conducteur (20)
par le biais de la première ouverture (43g), et en
implantant une impureté d’un second type de con-
ductivité dans le substrat semi-conducteur (20) par
le biais de la seconde ouverture (43h).

3. Procédé de fabrication d’un dispositif semi-conduc-
teur selon la revendication 2, qui comprend en outre
l’étape qui consiste à :

former une couche de siliciure (52) sur les sur-
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faces supérieures de la première et de la secon-
de électrode de grille (39a, 39b) et les surfaces
supérieures de la troisième et de la quatrième
électrode de grille 39c, 39d), excepté les parties
de bords, après que la première et la seconde
paroi latérale isolante (43a, 43b) ont été for-
mées.
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