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(57) ABSTRACT

A semiconductor device including a SRAM section and a
logic circuit section includes: a first n-type MIS transistor
including a first n-type gate electrode formed with a first gate
insulating film interposed on a first element formation region
of a semiconductor substrate in the SRAM section; and a
second n-type MIS transistor including a second n-type gate
electrode formed with a second gate insulating film inter-
posed on a second element formation region of the semi-
conductor substrate in the logic circuit section. A first
impurity concentration of a first n-type impurity in the first
n-type gate electrode is lower than a second impurity
concentration of a second n-type impurity in the second
n-type gate electrode.
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 2006-
217341 filed in Japan on Aug. 9, 2006, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a semiconductor
device including a SRAM section and a logic circuit section
and a manufacturing method thereof.

[0003] As is well known, dual gate structures have
become a mainstream in the art in association with increases
in accuracy of threshold voltages of n-type MIS transistors
and p-type MIS transistors which are accompanied by
voltage lowering in CMIS (Complementary Metal-Insula-
tor-Semiconductor) devices used in large-scale integrated
circuits.

[0004] In general, a dual gate structure employs a poly-
silicon electrode as an n-type gate electrode composing an
n-type MIS transistor and a polysilicon electrode as a p-type
gate electrode composing a p-type MIS transistor, wherein
an n-type impurity is introduced to the n-type gate electrode
while a p-type impurity is introduced to the p-type gate
electrode. In many cases, the n-type gate electrode and the
p-type gate electrode are formed integrally with each other
by siliciding the surface of one polysilicon pattern.

[0005] Of various methods for introducing a conductive
impurity to an n-type gate electrode or a p-type electrode,
the conductive impurity is introduced to a polysilicon film
before patterning the polysilicon film in some methods, and
the conductive impurity is introduced to the n-type gate
electrode and the p-type electrode while at the same time
being introduced to source/drain regions in other methods.
In both cases, thermal treatment is performed after implan-
tation of the conductive impurity for promoting mutual
diffusion of an n-type impurity in the n-type gate electrode
and a p-type impurity in the p-type electrode in the inte-
grally-formed n-type and p-type gate electrodes.

[0006] In order to reduce power consumption and cost,
miniaturization of semiconductor devices and improvement
on transistor characteristics are progressing more and more.
[0007] Referring to, for example, a semiconductor device
including a SRAM section and a logic circuit section, it is
demanded for further miniaturization of the semiconductor
device to reduce a width of an element isolation region that
electrically separate an n-type MIS transistor and a p-type
MIS transistor in the SRAM section to the limit on the level
that can secure the element isolation characteristics.

[0008] On the other hand, in the logic circuit section,
which determines the operation speed of the semiconductor
device, it is demanded to reduce the thickness of the gate
insulating film composing respective conductivity type MIS
transistors.

[0009] The use of a SiON film as the gate insulating film
for thickness reduction thereof for the purpose of improving
the transistor characteristics involves problems on reliabil-
ity, such as TDDB (Time Dependent Dielectric Breakdown),
and the like.
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[0010] Alternatively, the use of a high-k film, such as a
HfSiON, film or the like, which can achieve electrical
reduction in thickness of the gate insulating film rather than
physical reduction therein, involves difficulty in control on
threshold voltages of the transistors.

[0011] In view of the foregoing, in order to achieve
electrical reduction in thickness of the gate insulating film in
the case employing a combination of, for example, polysili-
con electrodes and an insulating film formed of a SiON film,
the impurity concentrations of the gate electrodes are
increased in some methods.

[0012] In addition, in the case employing a combination
of, for example, metal gate electrodes and a gate insulating
film formed of a SiON film or a high-k film, the impurity
concentrations of the gate electrodes are increased in some
methods for controlling the threshold voltage of the transis-
tors.

[0013] Nevertheless, the following problems are involved
in the semiconductor devices including the gate electrodes
of which impurity concentrations are increased for the
purpose of electrical reduction in thickness of the gate
insulating film or control on the threshold voltages of the
transistors. The problems in the semiconductor device will
be described as a conventional example with reference to
FIG. 6Ato FIG. 6C and FIG. 7A to FIG. 7B. FIG. 6A to FIG.
6C and FIG. 7A to FIG. 7B are sectional views of a main part
in the gate width direction of the semiconductor device for
showing respective steps of a semiconductor device manu-
facturing method in the conventional example.

[0014] First, as shown in FIG. 6A, element isolation
regions 301 formed of silicon oxide films buried in trenches
are formed selectively in upper parts of a semiconductor
substrate 300 made of p-type silicon by shallow trench
isolation (STI). Then, a SRAM section n-type well region
302 is formed in a p-type MIS formation region of the
semiconductor substrate 300 in the SRAM section while a
logic circuit section n-type well region 303 is formed in a
p-type MIS formation region of the semiconductor substrate
300 in the logic circuit section.

[0015] Next, a SRAM section gate insulating film 304
formed of a silicon oxynitride (SiON) film having a thick-
ness of 1.7 nm is formed in a region surrounded by the
element isolation regions 301 of the semiconductor substrate
3005 in the SRAM section while a logic circuit section gate
insulating film 305 formed of a SiON film having a thickness
of 1.7 nm is formed in a region surrounded by the element
isolation regions 301 of the semiconductor substrate 300 in
the logic circuit section. Then, low pressure CVD is per-
formed to form a gate electrode formation film 306 formed
of a polysilicon film having a thickness of 100 nm on the
entirety of the semiconductor substrate 300.

[0016] Subsequently, as shown in FIG. 6B, an n-type
impurity, such as phosphorous or the like is implanted to the
gate electrode formation film 306 on each of the n-type MIS
formation regions in the SRAM section and the logic circuit
section with a resist pattern 307 having openings in parts
corresponding to the n-type MIS formation regions in the
SRAM section and the logic circuit section as a mask to
form a SRAM section n-type gate electrode formation film
308 and a logic circuit section n-type gate electrode forma-
tion film 309. Then, the resist pattern 307 is removed.
[0017] Thereafter, as shown in FIG. 6C, a p-type impurity,
such as boron or the like is implanted to the gate electrode
formation film 306 on each of the p-type MIS formation
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regions in the SRAM section and the logic circuit section
with the use of a resist pattern 301 having openings in parts
corresponding to the p-type MIS formation regions in the
SRAM section and the logic circuit section as a mask to
form a SRAM section p-type gate electrode formation film
311 and a logic circuit section p-type gate electrode forma-
tion film 312. Then, the resist pattern 310 is removed.

[0018] Referring herein to the case employing a combi-
nation of polysilicon electrodes and a gate insulating film
made of a SiON, when the impurity concentration of an
n-type gate electrode composing an n-type MIS transistor is
increased, the transistor characteristics of the n-type MIS
transistor is improved effectively. In contrast, even when the
impurity concentration of a p-type gate electrode composing
a p-type MIS transistor is increased, the transistor charac-
teristics of the p-type MIS transistor is not improved and the
reliability of the gate insulating film composing the p-type
MIS transistor may lower.

[0019] To tackle this problem, conditions for implanting
phosphorous in the step of implanting the n-type impurity to
the n-type gate electrode formation films 308, 309 (see FIG.
6B) and conditions for implanting boron in the step of
implanting the p-type impurity to the p-type gate electrode
formation films 311, 312 (see FIG. 6C) are adjusted so that
the phosphorous concentration of the n-type gate electrode
formation films 308, 309 is two times or more the boron
concentration of the p-type gate electrode formation films
311, 312.

[0020] Next, as shown in FIG. 7A, patterning is performed
on the SRAM section n-type gate electrode formation film
308, the SRAM section p-type gate electrode formation film
311, the logic circuit section n-type gate electrode formation
film 309, and the logic circuit section p-type gate electrode
formation film 312 to form a SRAM section n-type gate
electrode 308A, a SRAM section p-type gate electrode
311A, alogic circuit section n-type gate electrode 309A, and
a logic circuit section p-type gate electrode 312A. Wherein,
the SRAM section n-type gate electrode 308A is formed
integrally with the SRAM section p-type electrode 312A
while the logic circuit section n-type gate electrode 309A is
formed integrally with the logic circuit section p-type gate
electrode 312A, as shown in FIG. 7A.

[0021] Subsequently, as shown in FIG. 7B, extension
regions (not shown), sidewalls (not shown), and source/
drain regions (not shown) which compose the respective
conductivity type MIS transistors are formed by known
techniques self-alignedly.

[0022] In thermal treatment, such as annealing for acti-
vating the source/drain regions and the like, the phosphorous
in the SRAM section n-type gate electrode 308A and the
boron in the SRAM section p-type gate electrode 311A
diffuse mutually in the integrally-formed n-type and p-type
gate electrodes 308A, 311A in the SRAM section. As well,
the phosphorous in the logic circuit section n-type gate
electrode 309A and the boron in the logic circuit section
p-type gate electrode 312A diffuse mutually in the inte-
grally-formed n-type and p-type gate electrodes 309A, 312A
in the logic circuit section.

[0023] The diffusion rate of phosphorous is higher than the
diffusion rate of boron in general. Therefore, the amount of
the phosphorous that diffuses from the respective n-type gate
electrodes 308A, 309A toward the respective p-type gate
electrodes 311 A, 312A is larger than the amount of the boron
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that diffuses from the respective p-type gate electrodes
311A, 312B toward the respective n-type gate electrodes
308A, 309A.

[0024] For this reason, the pn boundary between the
SRAM section n-type gate electrode 308A and the SRAM
section p-type gate electrode 311A shifts toward the SRAM
section p-type gate electrode 311A (see an arrow Ds in FIG.
7B) while the pn boundary between the logic circuit section
n-type gate electrode 309A and the logic circuit section
p-type gate electrode 312A shifts toward the logic circuit
section p-type gate electrode 312A (see an arrow Dl in FIG.
7B)

[0025] Thus formed on the semiconductor substrate 300 in
the SRAM section are, as shown in FIG. 7B: a SRAM
section n-type MIS transistor including the SRAM section
n-type gate electrode 308B formed with the SRAM section
gate insulating film 304 interposed and a SRAM section
p-type MIS transistor including the SRAM section p-type
gate electrode 311B formed with the SRAM section gate
insulating film 304 interposed. As well, there are formed on
the semiconductor substrate 300 in the logic circuit section:
a logic circuit section n-type MIS transistor including the
logic circuit section n-type gate electrode 309B formed with
the logic circuit section gate insulating film 305 interposed
and a logic circuit section p-type MIS transistor including
the logic circuit section p-type gate electrode 312B with the
logic circuit section gate insulating film 305 interposed.
[0026] In the semiconductor device in the conventional
example, as shown in FIG. 7B, in the SRAM section, which
is comparatively small in width of the element isolation
between the n-type MIS transistor and the p-type MIS
transistor, the pn boundary between the SRAM section
n-type gate electrode 308B and the SRAM section p-type
gate electrode 311B shifts over the element isolation region
301 to reach a point on the SRAM section gate insulating
film 304 located on the SRAM section n-type well region
302. This disables securing of the transistor characteristics
of the SRAM section p-type MIS transistor.

[0027] On the other hand, as shown in FIG. 7B, in the
logic circuit section, which is comparatively large in width
of the element isolation between the n-type MIS transistor
and the p-type MIS transistor, the pn boundary between the
logic circuit section n-type gate electrode 309B and the logic
circuit section p-type gate electrode 312B remains on the
element isolation region 301.

[0028] Particularly, in the case employing a combination
of polysilicon electrodes and a gate insulating film made of
SiON, the n-type gate electrode formation films 308, 309 are
formed so as to have high phosphorous concentration (two
times or more the boron concentration of the p-type gate
electrode formation films 311, 312, for example) for the
purpose of improving the transistor characteristics of the
n-type MIS transistors, and therefore, the amount of phos-
phorous that diffuses from the respective n-type gate elec-
trodes 308A, 309a toward the respective p-type gate elec-
trodes 311A, 312A may be more larger than the amount of
boron that diffuses from the respective p-type gate elec-
trodes 311A, 312A toward the respective n-type gate elec-
trodes 308A, 309A.

[0029] For this reason, in the SRAM section of the semi-
conductor device of the conventional example, which is
comparatively small in width of the element isolation
between the n-type MIS transistor and the p-type MIS
transistor, the width of the element isolation must be
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increased to prevent the pn boundary between the SRAM
section n-type gate electrode 308B and the SRAM section
p-type gate electrode 311B from reaching a point on the
SRAM section gate insulating film 304 located on the
SRAM section n-type well region 302.

[0030] However, when the width of the element isolation
between the SRAM section n-type MIS transistor and the
SRAM section p-type MIS transistor is increased for the
purpose of securing the transistor characteristics of the
SRAM section n-type MIS transistor and the SRAM section
p-type MIS transistor, the SRAM section increases in area to
increase the area of the semiconductor chip.

[0031] In sum, in the semiconductor device of the con-
ventional example, though the transistor characteristics of
the logic circuit section n-type MIS transistor and the logic
circuit section p-type MIS transistor can be improved, the
transistor characteristics of the SRAM section n-type MIS
transistor and the SRAM section p-type MIS transistor
cannot be improved and secured on the contrary. In addition,
in order to secure the transistor characteristics of the SRAM
section n-type MIS transistor and the SRAM section p-type
MIS transistor in the semiconductor device of the conven-
tional example, the width of the element isolation between
the SRAM section n-type MIS transistor and the SRAM
section p-type MIS transistor must be increased.

SUMMARY OF THE INVENTION

[0032] In view of the foregoing, the present invention has
its object of, in a semiconductor device including a SRAM
section and a logic circuit section, improving transistor
characteristics of a logic circuit section n-type MIS transis-
tor and a logic circuit section p-type MIS transistor and
securing transistor characteristics of a SRAM section n-type
MIS transistor and a SRAM section p-type transistor with no
increase in width of an element isolation between the SRAM
section n-type MIS transistor and the SRAM section p-type
MIS transistor invited.

[0033] To achieve the above object, a semiconductor
device in accordance with one aspect of the present inven-
tion includes: a first n-type MIS transistor including a first
n-type gate electrode formed with a first gate insulating film
interposed on a first element formation region of a semi-
conductor substrate in the SRAM section; and a second
n-type MIS transistor including a second n-type gate elec-
trode formed with a second gate insulating film interposed
on a second element formation region of the semiconductor
substrate in the logic circuit section, wherein a first impurity
concentration of a first n-type impurity in the first n-type
gate electrode is lower than a second impurity concentration
of a second n-type impurity in the second n-type gate
electrode. It is preferable to further includes: a first p-type
MIS transistor including a first p-type gate electrode formed
with a third gate insulating film interposed on a third element
formation region of the semiconductor substrate in the
SRAM section; and a first element isolation region formed
between the first element formation region and the third
element formation region of the semiconductor substrate,
wherein the first n-type gate electrode is integrally formed
with the first p-type gate electrode.

[0034] In the semiconductor device in accordance with the
above aspect of the present invention, the first impurity
concentration of the first n-type impurity in the first n-type
gate electrode composing the first n-type MIS transistor in
the SRAM section is lower than the second impurity con-
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centration of the second n-type impurity in the second n-type
gate electrode composing the second n-type MIS transistor
in the logic circuit section.

[0035] Accordingly, in the SRAM section, in which the
first n-type gate electrode is formed integrally with the first
p-type gate electrode composing the first p-type MIS tran-
sistor, the first n-type impurity in the first n-type gate
electrode less diffuses toward the first p-type gate electrode,
so that the pn boundary between the first n-type gate
electrode and the first p-type gate electrode is prevented
from reaching a point on the third gate insulating film in the
third element formation region over the first element isola-
tion region. As a result, the transistor characteristics of the
first n-type MIS transistor and the first p-type MIS transistor
are secured.

[0036] This eliminates the need to increase the width of
the element isolation between the first n-type MIS transistor
and the first p-type MIS transistor in the SRAM section for
the purpose of securing the transistor characteristics the first
n-type MIS transistor and the first p-type MIS transistor
therein, which results in minimization of the width of the
element isolation therebetween, leading to reduction in area
of the SRAM cells.

[0037] Inthe semiconductor device in accordance with the
aspect of the present invention, it is preferable that a third
impurity concentration of a p-type impurity in the first
p-type gate electrode is lower than the first impurity con-
centration.

[0038] Inthe semiconductor device in accordance with the
aspect of the present invention, it is preferable that a pn
boundary between the first n-type gate electrode and the first
p-type gate electrode is located at a point on the first element
isolation region.

[0039] Inthe semiconductor device in accordance with the
aspect of the present invention, it is preferable to further
includes: a second p-type MIS transistor including a second
p-type gate electrode formed with a fourth gate insulting
film interposed on a fourth element formation region of the
semiconductor substrate in the logic circuit section; and a
second element isolation region formed between the second
element formation and the fourth element formation region
of the semiconductor substrate, wherein the second n-type
gate electrode is formed integrally with the second p-type
gate electrode.

[0040] This increases the impurity concentration of the
second n-type gate electrode composing the second n-type
MIS transistor and the impurity concentration of the second
p-type gate electrode composing the second p-type MIS
transistor in the logic circuit section while the transistor
characteristics of the first n-type MIS transistor and the first
p-type MIS transistor are secured in the SRAM section with
no increase in width of the element isolation between the
first n-type MIS transistor and the first p-type MIS transistor
invited therein.

[0041] Hence, the transistor characteristics of the second
n-type MIS transistor and the second p-type MIS transistor
can be improved in the logic circuit section while the width
of the element isolation between the first n-type MIS tran-
sistor and the first p-type MIS transistor is minimized in the
SRAM section.

[0042] Inthe semiconductor device in accordance with the
aspect of the present invention, it is preferable that a pn
boundary between the second n-type gate electrode and the
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second p-type gate electrode is located at a point on the
second element isolation region.

[0043] In the semiconductor device in accordance with the
aspect of the present invention, it is preferable that the first
element isolation region has a width in a gate width direction
smaller than the second element isolation region.

[0044] In the semiconductor device in accordance with the
aspect of the present invention, it is preferable that the first
n-type gate electrode has a width in a gate width direction
smaller than the second n-type gate electrode.

[0045] In the semiconductor device in accordance with the
aspect of the present invention, it is preferable that the first
gate insulating film and the second gate insulating film are
formed of a same insulting film.

[0046] In the semiconductor device in accordance with the
aspect of the present invention, it is preferable that the first
n-type gate electrode and the second n-type gate electrode
are polysilicon electrodes.

[0047] To attain the above described object, a semicon-
ductor device manufacturing method in accordance with a
first aspect of the present invention includes the steps of: (a)
forming a first gate insulating film on a first element for-
mation region of a semiconductor substrate in a SRAM
section while forming a second gate insulating film on a
second element formation region of the semiconductor sub-
strate in a logic circuit section; (b) forming gate electrode
formation films on the first gate insulating film and the
second gate insulating film; (c) forming a first n-type gate
electrode formation film by introducing a first n-type impu-
rity at a first impurity concentration to the gate electrode
formation film on the first element formation region; (d)
forming a second n-type gate electrode formation film by
introducing a second n-type impurity at a second impurity
concentration higher than the first impurity concentration to
the gate electrode formation film on the second element
formation region; (e) forming, after the step (c) and the step
(d), a first n-type gate electrode and a second n-type gate
electrode by patterning the first n-type gate electrode for-
mation film and the second n-type gate electrode formation
film; and (f) performing, after the step (e), thermal treatment
to diffuse the first n-type impurity contained in the first
n-type gate electrode and the second n-type impurity con-
tained in the second n-type gate electrode.

[0048] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, the first n-type impurity is introduced at the first
impurity concentration to the gate electrode formation film
on the first element formation region in the SRAM section
to form the first n-type gate electrode formation film. As
well, the second n-type impurity is introduced at the second
impurity concentration higher than the first impurity con-
centration to the gate electrode formation film on the second
element formation region in the logic circuit section to form
the second n-type gate electrode formation film. Accord-
ingly, the first n-type gate electrode and the second n-type
gate electrode can be formed so that the impurity concen-
tration of the first n-type impurity in the first n-type gate
electrode in the SRAM section is lower than that of the
second n-type impurity in the second n-type gate electrode
in the logic circuit section.

[0049] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, it is preferable to further includes the step of (g)
forming, before the step (a), a first element isolation region
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in the semiconductor substrate in the SRAM section, the first
element isolation region separating the first element forma-
tion region and a third element formation region, wherein
the step (a) includes the step of forming a third gate
insulating film on the third element formation region, and
the step (b) includes the step of forming the gate electrode
formation film on the third gate insulating film, and the
method further includes the step of (h) forming, after the
step (b) and before the step (e), a first p-type gate electrode
formation film by introducing a first p-type impurity at a
third impurity concentration to the gate electrode formation
film on the third element formation region, wherein the step
(e) includes the step of forming a first p-type gate electrode
by patterning a first p-type gate electrode formation film, the
step (f) includes the step of diffusing the first p-type impurity
contained in the first p-type gate electrode, and in the step
(e), the first n-type gate electrode formation film and the first
p-type gate electrode formation film are patterned so that the
first n-type gate electrode and the first p-type gate electrode
are formed integrally with each other.

[0050] The thus formed first n-type gate electrode has low
impurity concentration of the first n-type impurity (specifi-
cally, lower than the impurity concentration of the second
n-type impurity in the second n-type gate electrode).
[0051] Accordingly, in the thermal treatment, the first
n-type impurity in the first n-type gate electrode less diffuses
toward the first p-type gate electrode in the integrally-
formed first n-type and p-type gate electrodes in the SRAM
section, so that the pn boundary between the first n-type gate
electrode and the first p-type gate electrode is prevented
from reaching a point on the third gate insulating film in the
third element formation region over the first element isola-
tion region. This secures the transistor characteristics of the
first n-type MIS transistor including the first n-type gate
electrode and the first p-type MIS transistor including the
first p-type gate electrode.

[0052] Hence, in contrast to the conventional example, it
is unnecessary to increase the width of the element isolation
between the first n-type MIS transistor and the first p-type
MIS transistor for the purpose of securing the transistor
characteristics of the first n-type MIS transistor and the first
p-type MIS transistor in the SRAM section, leading to
minimization of the width of the element isolation therebe-
tween to thus reduce the area of the SRAM cells.

[0053] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, it is preferable that a pn boundary between the
first n-type gate electrode and the first p-type gate electrode
after the thermal treatment in the step (f) is located at a point
on the first element isolation region.

[0054] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, it is preferable that the step (g) includes the step
of forming a second element isolation region in the semi-
conductor substrate in the logic circuit section, the second
element isolation region separating the second element
formation region and a fourth element formation region, the
step (a) includes the step of forming a fourth gate insulting
film on the fourth element formation region, and the step (b)
includes the step of forming the gate electrode formation
film on the fourth gate insulating film, and the method
further comprising the step of: (i) forming, after the step (b)
and before the step (e), a second p-type gate electrode
formation film by introducing a second p-type impurity at a
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fourth impurity concentration to the gate electrode formation
film on the fourth element formation region, wherein the
step (e) includes the step of forming a second p-type gate
electrode by patterning the second p-type gate electrode
formation film, the step (f) includes the step of diffusing the
second p-type impurity contained in the second p-type gate
electrode, and in the step (e), the second n-type gate elec-
trode formation film and the second p-type gate electrode
formation film are patterned so that the second n-type gate
electrode and the second p-type gate electrode are formed
integrally with each other.

[0055] With the above arrangement, the transistor charac-
teristics of the first n-type MIS transistor and the first p-type
MIS transistor are secured in the SRAM section with no
increase in width of the element isolation between the first
n-type MIS transistor and the first p-type MIS transistor
invited therein, and the impurity concentration of the second
n-type impurity in the second n-type gate electrode com-
posing the second n-type MIS transistor and the impurity
concentration of the second p-type impurity in the second
p-type gate electrode composing the second p-type MIS
transistor can be increased in the logic circuit section.
[0056] Hence, the transistor characteristics of the second
n-type MIS transistor and the second p-type MIS transistor
can be improved in the logic circuit section while the width
of the element isolation between the first n-type MIS tran-
sistor and the first p-type MIS transistor is minimized in the
SRAM section.

[0057] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, it is preferable that the step (h) and the step (i) are
performed simultaneously, the first p-type impurity is same
as the second p-type impurity, and the third impurity con-
centration is equal to the fourth impurity concentration.
[0058] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, it is preferable that a pn boundary between the
second n-type gate electrode and the second p-type gate
electrode after the thermal treatment in the step (f) is located
at a point on the second element isolation region.

[0059] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, it is preferable that in the step (g), the first element
isolation region has a width in a gate width direction smaller
than the second element isolation region.

[0060] In the semiconductor device manufacturing
method in accordance with the first aspect of the present
invention, it is preferable that in the step (e), the first n-type
gate electrode has a width in a gate width direction smaller
than the second n-type gate electrode.

[0061] To achieve the above described object, a semicon-
ductor device manufacturing method in accordance with a
second aspect of the present invention includes the steps of:
(a) forming a first gate insulating film on a first element
formation region of a semiconductor substrate in a SRAM
section while forming a second gate insulating film on a
second element formation region of the semiconductor sub-
strate in a logic circuit section; (b) forming gate electrode
formation films on the first gate insulating film and the
second gate insulating film; (c) forming a first n-type gate
electrode formation film by introducing a first n-type impu-
rity at a first impurity concentration to a part of the gate
electrode formation film on the first element formation
region which is a region other than a region located on at
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least one of end parts of the first element formation region
so that the first n-type gate electrode formation film is
composed of an impurity undoped region located at the one
end part thereof and an n-type impurity doped region; (d)
forming a second n-type gate electrode formation film by
introducing a second n-type impurity at a second impurity
concentration to the gate electrode formation film on the
second element formation region; (e) forming, after the step
(c) and the step (d), a first n-type gate electrode and a second
n-type gate electrode by patterning the first n-type gate
electrode formation film and the second n-type gate elec-
trode formation film; and (f) performing, after the step (e),
thermal treatment to diffuse the first n-type impurity con-
tained in the first n-type gate electrode and the second n-type
impurity contained in the second n-type gate electrode.
[0062] In the semiconductor device manufacturing
method in accordance with the second aspect of the present
invention, the first n-type impurity is introduced at the first
impurity concentration to only a part of the gate electrode
formation film on the first element formation region in the
SRAM section to form the first n-type gate electrode for-
mation film. In contrast, the second n-type impurity is
introduced at the second impurity concentration to the gate
electrode formation film on the second element formation
region in the logic circuit section to form the second n-type
gate electrode formation film. Accordingly, the impurity
concentration of the first n-type impurity in the first n-type
gate electrode in the SRAM section is lower than that of the
second n-type impurity in the second n-type gate electrode
in the logic circuit section.

[0063] In the semiconductor device manufacturing
method in accordance with the second aspect of the present
invention, it is preferable that the step (¢) and the step (d) are
performed simultaneously, the first n-type impurity is same
as the second n-type impurity, and the first impurity con-
centration is equal to the second impurity concentration.
[0064] Accordingly, the first n-type gate electrode and the
second n-type gate electrode can be formed so that the
impurity concentration of the first n-type impurity in the first
n-type gate electrode is lower than that of the second n-type
impurity in the second n-type gate electrode with no increase
in the number of manufacturing steps invited.

[0065] In the semiconductor device manufacturing
method in accordance with the second aspect of the present
invention, it is preferable to further include the step of: (g)
forming, before the step (a), a first element isolation region
in the semiconductor substrate in the SRAM section, the first
element isolation region separating the first element forma-
tion region and a third element formation region, wherein
the step (a) includes the step of forming a third gate
insulating film on the third element formation region, and
the step (b) includes the step of forming the gate electrode
formation film on the third gate insulating film, and the
method further includes the step of: (h) forming, after the
step (b) and before the step (e), a first p-type gate electrode
formation film by introducing a first p-type impurity at a
third impurity concentration to the gate electrode formation
film on the third element formation region, wherein the step
(e) includes the step of forming a first p-type gate electrode
by patterning the first p-type gate electrode formation film,
the step (f) includes the step of diffusing the first p-type
impurity contained in the first p-type gate electrode, and in
the step (e), the first p-type gate electrode formation region
and the first n-type gate electrode formation film, which is
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composed of the impurity undoped region and the n-type
impurity doped region, are patterned so that the first p-type
gate electrode and the first n-type gate electrode are formed
integrally with each other.

[0066] Accordingly, the thus formed n-type gate electrode
has low impurity concentration of the first n-type impurity
(specifically, lower than the impurity concentration of the
second n-type impurity in the second n-type gate electrode).
[0067] Whereby, in the SRAM section, in which the first
n-type gate electrode is formed integrally with the first
p-type gate electrode, the n-type impurity in the first n-type
gate electrode less diffuses toward the first p-type gate
electrode in the thermal treatment, so that the pn boundary
between the first n-type gate electrode and the first p-type
gate electrode is prevented from reaching a point on the third
gate insulating film of the third element formation region
over the first element isolation region. As a result, the
transistor characteristics of the first n-type MIS transistor
including the first n-type gate electrode and the first p-type
MIS transistor including the p-type gate electrode can be
secured.

[0068] Hence, in contrast to the conventional example, it
is unnecessary to increase the width of the element isolation
between the first n-type MIS transistor and the first p-type
MIS transistor in the SRAM section for the purpose of
securing the transistor characteristics of the first n-type MIS
transistor and the first p-type MIS transistor therein, leading
to minimization of the width of the element isolation
between the first n-type MIS transistor and the first p-type
MIS transistor to thus reduce the area of the SRAM cells.
[0069] In the semiconductor device manufacturing
method in accordance with the second aspect of the present
invention, it is preferable that a pn boundary between the
first n-type gate electrode and the first p-type gate electrode
after the thermal treatment in the step (f) is located at a point
on the first element isolation region.

[0070] In the semiconductor device manufacturing
method in accordance with the second aspect of the present
invention, it is preferable that the step (g) includes the step
of forming a second element isolation region in the semi-
conductor substrate in the logic circuit section, the second
element isolation region separating the second element
formation region and a fourth element formation region, the
step (a) includes the step of forming a fourth gate insulating
film on the fourth element formation region, and the step (b)
includes the step of forming the gate electrode formation
film on the fourth gate insulating film, and the method
further includes the step of (i) forming, after the step (b) and
before the step (e), a second p-type gate electrode formation
film by introducing a second p-type impurity at a fourth
impurity concentration to the gate electrode formation film
on the fourth element formation region, wherein the step (e)
includes the step of forming a second p-type gate electrode
by patterning the second p-type gate electrode formation
film, the step (f) includes the step of diffusing the second
p-type impurity contained in the second p-type gate elec-
trode, and in the step (e), the second n-type gate electrode
formation film and the second p-type gate electrode forma-
tion film are patterned so that the second n-type gate
electrode and the second p-type gate electrode are formed
integrally with each other.

[0071] With the above arrangement, the transistor charac-
teristics of the first n-type MIS transistor and the first p-type
MIS transistor can be secured in the SRAM section with no
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increase in width of the element isolation between the fist
n-type MIS transistor and the first p-type MIS transistor
invited therein, and the impurity concentration of the second
n-type impurity in the second n-type gate electrode com-
posing the second n-type MIS transistor and the impurity
concentration of the second p-type impurity in the second
p-type gate electrode composing the second p-type MIS
transistor can be increased in the logic circuit section.
[0072] Hence, the transistor characteristics of the second
n-type MIS transistor and the second p-type MIS transistor
can be improved in the logic circuit section while the width
of the element isolation between the first n-type MIS tran-
sistor and the first p-type MIS transistor is minimized in the
SRAM section.

[0073] As described above, according to the semiconduc-
tor device and the manufacturing methods thereof in accor-
dance with the aspects of the present invention, the transistor
characteristics of the first n-type MIS transistor and the first
p-type MIS transistor can be secured in the SRAM section
with no increase in width of the element isolation between
the first n-type MIS transistor and the first p-type MIS
transistor invited therein, leading to minimization of the
width of the element isolation therebetween. In addition, the
transistor characteristics of the second n-type MIS transistor
and the second p-type MIS transistor can be improved in the
logic circuit section that determines the operation speed of
the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074] FIG. 1A to FIG. 1C are sectional views of a main
part showing steps of a semiconductor device manufacturing
method in accordance with Embodiment 1 of the present
invention.

[0075] FIG. 2A and FIG. 2B are sectional views of the
main part showing steps of the semiconductor device manu-
facturing method in accordance with Embodiment 1 of the
present invention.

[0076] FIG. 3A and FIG. 3B are sectional views of the
main part showing steps of the semiconductor device manu-
facturing method in accordance with Embodiment 1 of the
present invention.

[0077] FIG. 4A to FIG. 4C are sectional views of a main
part showing steps of a semiconductor device manufacturing
method in accordance with Embodiment 2 of the present
invention.

[0078] FIG. 5A and FIG. 5B are sectional views of the
main part showing steps of the semiconductor device manu-
facturing method in accordance with Embodiment 2 of the
present invention.

[0079] FIG. 6A to FIG. 6C are sectional views of a main
part showing steps of a conventional semiconductor device
manufacturing method.

[0080] FIG. 7A and FIG. 7B are sectional views of the
main part showing steps of the conventional semiconductor
device manufacturing method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0081] Embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

Embodiment 1

[0082] A semiconductor device manufacturing method in
accordance with Embodiment 1 will be described with
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reference to FIG. 1A to FIG. 1C, FIG. 2A, FIG. 2B, FIG. 3A,
and FIG. 3B, which are sectional views of a main part in the
gate width direction showing respective steps of the semi-
conductor device manufacturing method in accordance with
Embodiment 1 of the present invention.

[0083] First, as shown in FIG. 1A, element isolation
regions 101 formed of silicon oxide films buried in trenches
are formed by shallow trench isolation (STI) selectively in
upper parts of a semiconductor substrate 100 made of p-type
silicon. Wherein, the width in the gate width direction of an
element isolation region 101, which separates an element
formation region of a SRAM section n-type MIS transistor
and an element formation region of a SRAM section p-type
MIS transistor, is set smaller than the width in the gate width
direction of an element isolation region 101, which separates
an element formation region of a logic circuit section n-type
MIS transistor and an element formation region of a logic
circuit section p-type MIS transistor. Then, a SRAM section
n-type well region 102 is formed in a p-type MIS formation
region of the semiconductor substrate 100 in the SRAM
section, and a logic circuit section n-type well region 103 is
formed in a p-type MIS formation region of the semicon-
ductor substrate 100 in the logic circuit section.

[0084] Next, a SRAM section gate insulating film 104
formed of a SiON (silicon oxynitride) film having a thick-
ness of 1.7 nm is formed in an element formation region (an
active region) of the semiconductor substrate 100 which is
surrounded by the element isolation regions 101 in the
SRAM section. As well, a logic circuit section gate insulat-
ing film 105 formed of a SiON film having a thickness of 1.7
nm is formed in an element formation region (an active
region) of the semiconductor substrate 100 which is sur-
rounded by the element isolation regions 101 in the logic
circuit section. Then, low pressure CVD is performed to
form a gate electrode formation film 106 formed of a
polysilicon film having a thickness of 100 nm on the entirety
of the semiconductor substrate 100.

[0085] Subsequently, as shown in FIG. 1B, an n-type
impurity, for example, phosphorous or the like is implanted
to the gate electrode formation film 106 on the n-type MIS
formation region in the logic circuit section with the use of
a resist pattern 1074 having an opening in a part correspond-
ing to the n-type MIS formation region in the logic circuit
section as a mask to form a logic circuit section n-type gate
electrode formation film 109. Then, the resist pattern 107«
is removed. Herein, the n-type impurity implantation (sec-
ond n-type impurity implantation) with respect to the logic
circuit section n-type gate electrode formation film 109 is
performed under the conditions of, for example, an implan-
tation energy of 10 keV and a dosage of 8x10'® atoms/cm?.

[0086] Thereafter, as shown in FIG. 1C, a p-type impurity,
for example, boron or the like is implanted to the gate
electrode formation film 106 on the p-type MIS formation
region in the logic circuit section with the use of a resist
pattern 110g having an opening in a part corresponding to
the p-type MIS formation region in the logic circuit section
as a mask to form a logic circuit section p-type gate
electrode formation film 112. Then, the resist pattern 110a is
removed. Herein, the p-type impurity implantation (fourth
p-type impurity implantation) with respect to the logic
circuit section p-type gate electrode formation film 112 is
performed under the conditions of, for example, an implan-
tation energy of 5 keV and a dosage of 3x10"° atoms/cm”.
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[0087] Next, as shown in FIG. 2A, an n-type impurity, for
example, phosphorous or the like is implanted to the gate
electrode formation film 106 on the n-type MIS formation
region in the SRAM section with the use of a resist pattern
1075 having an opening in a part corresponding to the n-type
MIS formation region in the SRAM section as a mask to
form a SRAM section n-type gate electrode formation film
108. Then, the resist pattern 1075 is removed. Herein, the
n-type impurity implantation (first n-type impurity implan-
tation) with respect to the SRAM section n-type gate elec-
trode formation film 108 is performed under the conditions
of, for example, an implantation energy of 10 keV and a
dosage of 4x10'® atms/cm?.

[0088] Subsequently, as shown in FIG. 2B, a p-type impu-
rity, for example, boron or the like is implanted to the gate
electrode formation film 106 on the p-type MIS formation
region in the SRAM section with the use of a resist pattern
1105 having an opening in a part corresponding to the p-type
MIS formation region in the SRAM section as a mask to
form a SRAM section p-type gate electrode formation film
111. Then, the resist pattern 1075 is removed. Herein, the
p-type impurity implantation (third p-type impurity implan-
tation) with respect to the SRAM section p-type gate elec-
trode formation film 111 is performed under the conditions
of, for example, an implantation energy of 5 keV and a
dosage of 2x10*° atms/cm?.

[0089] The conditions for each conductivity type impurity
implantation are listed below.

Conditions for the Second n-Type Impurity Implantation

[0090]
[0091]

Second implantation energy: 10 keV
Second dosage: 8x10'° atoms/cm?®
Conditions for the Fourth n-Type Impurity Implantation

[0092]
[0093]

Fourth implantation energy: 5 keV
Fourth dosage: 3x10'® atoms/cm?>
Conditions for the First n-Type Impurity Implantation

[0094]
[0095]

First implantation energy: 10 keV
First dosage: 4x10'® atoms/cm?®

Conditions for the Third n-Type Impurity Implantation

[0096] Third implantation energy: 5 keV
[0097] Third dosage: 2x10'® atoms/cm>
[0098] Thereafter, patterning is performed on the logic

circuit section n-type gate electrode formation film 109, the
logic circuit section p-type gate electrode formation film
112, the SRAM section n-type gate electrode formation film
108, and the SRAM section p-type gate electrode formation
film 111 to form a logic circuit section n-type gate electrode
109A, a logic circuit section p-type gate electrode 112A, a
SRAM section n-type gate electrode 108A, and a SRAM
section p-type gate electrode 111A, as shown in FIG. 3A.
Wherein, the logic circuit section n-type gate electrode 109A
is formed integrally with the logic circuit section p-type gate
electrode 112A while the SRAM section n-type gate elec-
trode 108A is formed integrally with the SRAM section
p-type gate electrode 111A, as shown in FIG. 3A. Further,
the SRAM section n-type gate electrode 108A and the
SRAM section p-type gate electrode 111 A have widths in the
gate width direction smaller than the logic circuit section
n-type gate electrode 109A and the logic circuit section
p-type gate electrode 112A, respectively.
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[0099] Next, as shown in FIG. 3B, extension regions (not
shown), sidewalls (not shown), and source/drain regions
(not shown) which compose the respective conductivity type
MIS transistors are formed self-alignedly by known tech-
niques.

[0100] In thermal treatment of, for example, annealing for
activating the source/drain regions, the phosphorous in the
logic circuit section n-type gate electrode 109A and the
boron in the logic circuit section p-type gate electrode 112A
diffuse mutually in the integrally-formed logic circuit sec-
tion n-type and p-type gate electrodes 109A, 112A while the
phosphorous in the SRAM section n-type gate electrode
108A and the boron in the SRAM section p-type gate
electrode 111A diffuse mutually in the integrally formed
SRAM section n-type and p-type gate gate electrodes 108 A,
111A.

[0101] In general, the diffusion rate of phosphorous is
larger than the diffusion rate of boron. For this reason, the
phosphorous in the respective n-type gate electrodes 109A,
108A diffuses toward the respective p-type gate electrodes
112A, 111A more than the boron in the respective p-type
gate electrodes 112A, 111 A diffuses toward the respective
n-type gate electrodes 109A, 108A.

[0102] Accordingly, the pn boundary between the logic
circuit section n-type gate electrode 109A and the logic
circuit section p-type gate electrode 112A shifts toward the
logic circuit section p-type gate electrode 112A (see an
arrow DI in FIG. 3B) while the pn boundary between the
SRAM section n-type gate electrode 108A and the SRAM
section p-type gate electrode 111A shifts toward the SRAM
section p-type gate electrode 111 A (see an arrow Ds in FIG.
3B).

[0103] Thus, as shown in FIG. 3B, the logic circuit section
n-type MIS transistor and the logic circuit section p-type
MIS transistor are formed on the semiconductor substrate
100 in the logic circuit section. The logic circuit section
n-type MIS transistor includes the logic circuit section
n-type gate electrode 109B formed with the logic circuit
section gate insulating film 105 interposed while the logic
circuit section p-type MIS transistor includes the logic
circuit section p-type gate electrode 112B formed with the
logic circuit section gate insulating film 105 interposed. On
the other hand, the SRAM section n-type MIS transistor and
the SRAM section p-type MIS transistor are formed on the
semiconductor substrate 100 in the SRAM section. The
SRAM section n-type MIS transistor includes the SRAM
section n-type gate electrode 108B formed with the SRAM
section gate insulating film 104 interposed while the SRAM
section p-type MIS transistor includes the SRAM section
p-type gate electrode 111B formed with the SRAM section
gate insulating film 104 interposed. Wherein, the pn bound-
ary between the logic circuit section n-type gate electrode
109B and the logic circuit section p-type gate electrode
112B is located at a point on the element isolation region 101
between the element formation region of the logic circuit
section n-type MIS transistor and the element formation
region of the logic circuit section p-type MIS transistor. As
well, the pn boundary between the SRAM section n-type
gate electrode 108B and the SRAM section p-type gate
electrode 111B is located at a point on the element isolation
region 101 between the element formation region of the
SRAM section n-type MIS transistor and the element for-
mation region of the SRAM section p-type MIS transistor.
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[0104] Thus, the semiconductor device in accordance with
the present embodiment is manufactured.

[0105] In the present embodiment, the first dosage of
phosphorous implanted to the SRAM section n-type gate
electrode formation film 108 is set smaller (for example,
4x10" atms/cm?) than the second dosage of phosphorous
implanted to the logic circuit section n-type gate electrode
formation film 109 (for example, 8x10'® atoms/cm?) so that
the phosphorous concentration of the SRAM section n-type
gate electrode 108B is lower than the phosphorous concen-
tration of the logic circuit section n-type gate electrode
109B.

[0106] This reduces the distance that the ph boundary
between the SRAM section n-type gate electrode 108B and
the SRAM section p-type gate electrode 111B shifts (see the
arrow Ds in FIG. 3B) when compared with the distance that
the ph boundary between the logic circuit section n-type gate
electrode 109B and the logic circuit section p-type gate
electrode 112B shifts (see the arrow DI in FIG. 3B).

[0107] The distance Ds means a distance from the pn
boundary between the SRAM section n-type gate electrode
108A and the SRAM section p-type gate electrode 111A
before annealing for activating the source/drain regions to
the pn boundary therebetween after the annealing therefor.
Similarly, the distance DI means a distance from the pn
boundary between the logic circuit section n-type gate
electrode 109A and the logic circuit section p-type gate
electrode 112A before annealing for activating the source/
drain regions to the pn boundary therebetween after the
annealing therefor.

[0108] The reduction in distance prevents excessive dif-
fusion of the phosphorous in the SRAM section n-type gate
electrode 108A toward the SRAM section p-type gate elec-
trode 111A to prevent the pn boundary between the SRAM
section n-type gate electrode 108B and the SRAM section
p-type gate electrode 111B from reaching a point on the
SRAM section gate insulating film 104 located on the
SRAM section n-type well 202 over the element isolation
region 101. Hence, the transistor characteristics of the
SRAM section n-type MIS transistor and the SRAM section
p-type MIS transistor can be secured.

[0109] Accordingly, in contrast to the conventional
example, it is unnecessary to increase the width of the
element isolation between the SRAM section n-type MIS
transistor and the SRAM section p-type MIS transistor for
the purpose of securing the transistor characteristics of the
SRAM section n-type MIS transistor and the SRAM section
p-type MIS transistor, which leads to minimization of the
width of the element isolation therebetween, resulting in
reduction in area of the SRAM cells.

[0110] In addition, the impurity concentration of the logic
circuit section n-type gate electrode 109B and the impurity
concentration of the logic circuit section p-type gate elec-
trode 112B can be increased while the transistor character-
istics of the SRAM section n-type MIS transistor and the
SRAM section p-type MIS transistor are secured with no
increase in width of the element isolation between the
SRAM section n-type MIS transistor and the SRAM section
p-type MIS transistor invited.

[0111] As aresult, the transistor characteristics of the logic
circuit section n-type MIS transistor and the logic circuit
section p-type MIS transistor can be improved while the
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width of the element isolation between the SRAM section
n-type MIS transistor and the SRAM section p-type MIS
transistor is minimized.

[0112] As described above, according to the present
embodiment, the dosage of the n-type impurity with respect
to the SRAM section n-type gate electrode formation film
108 is set smaller than the dosage of the n-type impurity with
respect to the logic circuit section n-type gate electrode
formation film 108, so that the width of the element isolation
between the SRAM section n-type MIS transistor and the
SRAM section p-type MIS transistor is minimized. Further,
the transistor characteristics of the logic circuit section
n-type MIS transistor and the logic circuit section p-type
MIS transistor can be improved in the logic circuit section
that determines the operation speed of the semiconductor
device.

[0113] It is noted that though the implantation steps are
performed separately in Embodiment 1 as the second n-type
impurity implantation with respect to the logic circuit sec-
tion n-type gate electrode formation film 109 (see FIG. 1B),
the fourth p-type impurity implantation with respect to the
logic circuit section p-type gate electrode formation film 112
(see FIG. 1C), the first n-type impurity implantation with
respect to the SRAM section n-type gate electrode formation
film 108 (see FIG. 2A), and the third p-type impurity
implantation with respect to the SRAM section p-type gate
electrode formation film 111 (see FIG. 2B), the present
invention is not limited thereto.

[0114] For example, for reducing the number of the semi-
conductor device manufacturing steps, the fourth p-type
impurity implantation with respect to the logic circuit sec-
tion p-type gate electrode formation film 112 may be per-
formed simultaneously with the third p-type impurity
implantation with respect to the SRAM section p-type gate
electrode formation film 111.

Embodiment 2

[0115] A semiconductor device manufacturing method in
accordance with Embodiment 2 will be described below
with reference to FIG. 4A to FIG. 4C, FIG. 5A, and FI1G. 5B,
which are sectional views of a main part in the gate width
direction showing respective steps of the semiconductor
device manufacturing method in accordance with Embodi-
ment 2 of the present invention.

[0116] First, as shown in FIG. 4A, element isolation
regions 201 formed of silicon oxide films buried in trenches
are formed by shallow trench isolation (STI) selectively in
upper parts of a semiconductor substrate 200 made of p-type
silicon. Wherein, the width in the gate width direction of an
element isolation region 201, which separates an element
formation region of a SRAM section n-type MIS transistor
and an element formation region of a SRAM section p-type
MIS transistor, is set smaller than the width in the gate width
direction of an element isolation region 201, which separates
an element formation region of a logic circuit section n-type
MIS transistor and an element formation region of a logic
circuit section p-type MIS transistor. Then, a SRAM section
n-type well region 202 is formed in a p-type MIS formation
region of the semiconductor substrate 200 in the SRAM
section, and a logic circuit section n-type well region 203 is
formed in a p-type MIS formation region of the semicon-
ductor substrate 200 in the logic circuit section.

[0117] Next, a SRAM section gate insulating film 204
formed of a SiON (silicon oxynitride) film having a thick-
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ness of 1.7 nm is formed in an element formation region (an
active region) of the semiconductor substrate 200 which is
surrounded by the element isolation regions 201 in the
SRAM section. As well, a logic circuit section gate insulat-
ing film 205 formed of a SiON film having a thickness of 1.7
nm is formed in an element formation region (an active
region) of the semiconductor substrate 200 which is sur-
rounded by the element isolation regions 201 in the logic
circuit section. Then, low pressure CVD is performed to
form a gate electrode formation film 206 formed of a
polysilicon film having a thickness of 100 nm on the entirety
of the semiconductor substrate 200.

[0118] Subsequently, as shown in FIG. 4B, an n-type
impurity, for example, phosphorous or the like is implanted
to a part of the gage electrode formation film 206 on the
n-type MIS formation region in the SRAM section and the
gate electrode formation film 206 on the n-type MIS for-
mation region in the logic circuit section with the use of a
resist pattern 207 having openings in parts corresponding the
part of the n-type MIS formation region in the SRAM
section and the n-type MIS formation region in the logic
circuit section as a mask to form a SRAM section n-type
gate electrode formation film 208 and a logic circuit section
n-type gate electrode formation film 209. Then, the resist
pattern 207 is removed. Herein, the n-type impurity implan-
tation (first n-type impurity implantation) with respect to the
SRAM section n-type gate electrode formation film 208 and
the n-type impurity implantation (second n-type impurity
implantation) with respect to the logic circuit section n-type
gate electrode formation film 209 are performed under the
conditions of, for example, an implantation energy of 10
keV and a dosage of 8x10*® atoms/cm?. In this way, in the
present embodiment, the first n-type impurity is implanted to
only a part of the gate electrode formation film 206 on the
n-type MIS formation region in the SRAM section.

[0119] Thereafter, as shown in FIG. 4C, a p-type impurity,
for example, boron or the like is implanted to the gate
electrode formation film 206 on the p-type MIS formation
region in the SRAM section and the gate electrode formation
film 206 on the p-type MIS formation region in the logic
circuit section with the use of a resist pattern 210 having
openings in parts corresponding to the p-type MIS formation
regions in the SRAM section and the logic circuit section as
a mask to form a SRAM section p-type gate electrode
formation film 211 and a logic circuit section p-type gate
electrode formation film 212. Then, the resist pattern 210 is
removed. Wherein, the p-type impurity implantation (third
p-type impurity implantation) with respect to the SRAM
section p-type gate electrode film 211 and the p-type impu-
rity implantation (fourth p-type impurity implantation) with
respect to the logic circuit section p-type gate electrode
formation film 212 are performed under the conditions of,
for example, an implantation energy of 5 keV and dosage of
3x10" atms/cm?.

[0120] In the present embodiment, the first n-type impu-
rity is implanted to only a part of the gate electrode forma-
tion film 206 on the n-type MIS formation region in the
SRAM section in the step shown in FIG. 4B so that an
undoped SRAM section gate electrode formation film 2064
intervenes between the SRAM section p-type gate electrode
formation film 211 and the SRAM section n-type gate
electrode formation film 208, as shown in FIG. 4C.
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[0121] Conditions for each conductivity type impurity
implantation are listed below.
Conditions for the First n-Type Impurity Implantation

[0122]
[0123]

First implantation energy: 10 keV
First dosage: 8x10*> atoms/cm>
Conditions for the Second n-Type Impurity Implantation

[0124]
[0125]

Second implantation energy: 10 keV
Second dosage: 8x10'> atoms/cm?
Conditions for the Third n-Type Impurity Implantation

[0126]
[0127]

Third implantation energy: 5 keV
Third dosage: 3x10"> atoms/cm>

Conditions for the Fourth n-Type Impurity Implantation

[0128] Fourth implantation energy: 5 keV
[0129] Fourth dosage: 3x10'° atoms/cm?®
[0130] Thereafter, as shown in FIG. 5A, patterning is

performed on the undoped SRAM section gate electrode
formation film 206a, the SRAM section n-type gate elec-
trode formation film 208, the SRAM section p-type gate
electrode formation film 211, the logic circuit section n-type
gate electrode formation film 209, and the logic circuit
section p-type gate electrode formation film 212 to form a
SRAM section n-type gate electrode 208A, a SRAM section
p-type gate electrode 211A, a logic circuit section n-type
gate electrode 209A and, a logic circuit section p-type gate
electrode 212A.

[0131] Wherein, as shown in FIG. 5A, the SRAM section
n-type gate electrode 208A includes an n-type impurity
doped region 2085 and an impurity undoped region 2065
located adjacently to one of the end parts of the SRAM
section p-type gate electrode 211A. Further, the SRAM
section n-type gate electrode 208A is formed integrally with
the SRAM section p-type gate electrode 211A while the
logic circuit section n-type gate electrode 209A is formed
integrally with the logic circuit section p-type gate electrode
212A, as shown in FIG. 5A. Moreover, the SRAM section
n-type gate electrode 208A and the SRAM section p-type
gate electrode 211A have widths in the gate width direction
smaller than the logic circuit section n-type gate electrode
209A and the logic circuit section p-type gate electrode
212A, respectively.

[0132] Subsequently, as shown in FIG. 5B, extension
regions (not shown), sidewalls (not shown), and source/
drain regions (not shown) which compose the respective
conductivity type MIS transistors are formed self-alignedly
by known techniques.

[0133] In thermal treatment of, for example, annealing for
activating the source/drain regions, the phosphorous in the
n-type impurity doped region 2085 composing the SRAM
section n-type gate electrode 208A and the boron in the
SRAM section p-type gate electrode 212A diffuse mutually
in the integrally-formed SRAM section n-type and p-type
gate electrodes 208A, 211A. Similarly, the phosphorous in
the logic circuit section n-type gate electrode 209A and the
boron in the logic circuit section p-type gate electrode 212A
diffuse mutually in the integrally-formed logic circuit sec-
tion n-type and p-type gate electrodes 209A, 212A. Herein,
RTA treatment is performed as the thermal treatment at a
temperature of 900° C. for 30 seconds, for example.
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[0134] In general, the diffusion rate of phosphorous is
larger than the diffusion rate of boron. For this reason, the
phosphorous in the respective n-type gate electrodes 208A,
209A diffuses toward the respective p-type gate electrodes
211A, 212A more than the boron in the respective p-type
gate electrodes 211A, 212A diffuses toward the respective
n-type gate electrodes 208A, 209A.

[0135] Accordingly, the pn boundary between the SRAM
section n-type gate electrode 208A and the SRAM section
p-type gate electrode 211A shifts toward the SRAM section
p-type gate electrode 211A (see an arrow Ds in FIG. 5B)
while the pn boundary between the logic circuit section
n-type gate electrode 209A and the logic circuit section
p-type gate electrode 212A shifts toward the logic circuit
section p-type gate electrode 212A (see an arrow Dl in FIG.
5B).

[0136] Thus, as shown in FIG. 5B, the SRAM section
n-type MIS transistor and the SRAM section p-type MIS
transistor are formed on the semiconductor substrate 200 in
the SRAM section. The SRAM section n-type MIS transistor
includes the SRAM section n-type gate electrode 208B
formed with the SRAM section gate insulating film 204
interposed while the SRAM section p-type MIS transistor
includes the SRAM section p-type gate electrode 211B
formed with the SRAM section gate insulating film 204
interposed. On the other hand, the logic circuit section
n-type MIS transistor and the logic circuit section p-type
MIS transistor are formed on the semiconductor substrate
200 in the logic circuit section. The logic circuit section
n-type MIS transistor includes the logic circuit section
n-type gate electrode 209B formed with the logic circuit
section gate insulating film 205 interposed while the logic
circuit section p-type MIS transistor includes the logic
circuit section p-type gate electrode 212B formed with the
logic circuit section gate insulating film 205 interposed.
Wherein, the pn boundary between the logic circuit section
n-type gate electrode 209B and the logic circuit section
p-type gate electrode 212B is located at a point on the
element isolation region 201 between the element formation
region of the logic circuit section n-type MIS transistor and
the element formation region of the logic circuit section
p-type MIS transistor. As well, the pn boundary between the
SRAM section n-type gate electrode 208B and the SRAM
section p-type gate electrode 211B is located at a point on
the element isolation region 201 between the element for-
mation region of the SRAM section n-type MIS transistor
and the element formation region of the SRAM section
p-type MIS transistor.

[0137] Thus, the semiconductor device in accordance with
the present embodiment is manufactured.

[0138] In the step shown in FIG. 4B in the present
embodiment, phosphorous is implanted to the gate electrode
formation film 206 on the n-type MIS formation region in
the logic circuit section while being implanted to only a part
of the gate electrode formation film 206 on the n-type MIS
formation region in the SRAM section so that the SRAM
section n-type gate electrode 208B has phosphorous con-
centration lower than the logic circuit section n-type gate
electrode 209B.

[0139] This allows the phosphorous in the n-type impurity
doped region 2085 composing the SRAM section n-type
gate electrode 208A to diffuse to the impurity undoped
region 20654, as shown in FIG. 5B. Accordingly, the phos-
phorous in the SRAM section n-type gate electrode 208A
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diffuses to the SRAM section p-type gate electrode 211A
indirectly through the impurity undoped region 20654.
[0140] As a result, the phosphorous in the SRAM section
n-type gate electrode 208A less diffuses toward the SRAM
section p-type gate electrode 211A to prevent the pn bound-
ary between the SRAM section n-type gate electrode 208B
and the SRAM section p-type gate electrode 211B from
reaching a point on the SRAM section gate insulating film
204 located on the SRAM section n-type well region 202
over the element isolation region 201, thereby securing the
transistor characteristics of the SRAM section n-type MIS
transistor and the SRAM section p-type MIS transistor.
[0141] Accordingly, in contrast to the conventional
example, it is unnecessary to increase the width of the
element isolation between the SRAM section n-type MIS
transistor and the SRAM section p-type MIS transistor for
the purpose of securing the transistor characteristics of the
SRAM section n-type MIS transistor and the SRAM section
p-type MIS transistor, which leads to minimization of the
width of the element isolation therebetween, resulting in
reduction in area of the SRAM cells.

[0142] In addition, the impurity concentration of the logic
circuit section n-type gate electrode 209B and the impurity
concentration of the logic circuit section p-type gate elec-
trode 212B can be increased while the transistor character-
istics of the SRAM section n-type MIS transistor and the
SRAM section p-type MIS transistor are secured with no
increase in width of the element isolation between the
SRAM section n-type MIS transistor and the SRAM section
p-type MIS transistor invited.

[0143] Hence, the transistor characteristics of the logic
circuit section n-type MIS transistor and the logic circuit
section p-type MIS transistor can be improved while the
width of the element isolation between the SRAM section
n-type MIS transistor and the SRAM section p-type MIS
transistor is minimized.

[0144] As described above, in the present embodiment, the
n-type impurity is implanted to only a part of the gate
electrode formation film 206 on the n-type MIS formation
region in the SRAM section to minimize the width of the
element isolation between the SRAM section n-type MIS
transistor and the SRAM section p-type MIS transistor.
Further, the transistor characteristic of the logic circuit
section n-type MIS transistor and the logic circuit section
p-type MIS transistor can be improved in the logic circuit
section that determines the operation speed of the semicon-
ductor device.

[0145] It is noted that though Embodiments 1 and 2 refer
to the case using a SiONn film as the gate insulating film
composing each conductivity type MIS transistor, the
present invention is not limited thereto and may use a high-k
film, such as HfSiON film or the like.

[0146] Similarly, though Embodiments 1 and 2 refers to
the case using polysilicon electrodes of which surfaces are
silicided as the gate electrodes composing the respective
conductivity type MIS transistors, the present invention is
not limited thereto and may use, for example, FUSI (Full
Silicided) electrodes of which entireties are silicided as the
gate electrodes.

[0147] In Embodiments 1 and 2, which employs a com-
bination of polysilicon electrodes and a SiON film, the
impurity concentrations of the logic circuit section gate
electrodes are increased to reduce the logic circuit section
gate insulating film in thickness electrically, thereby improv-
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ing the transistor characteristics of the logic circuit section
MIS transistors. The present invention, however, is not
limited thereto. For example, in the case employing a
combination of, for example, FUSI gate electrodes and a
high-k film or a SiON film, when the impurity concentra-
tions of the logic circuit section gate electrodes are increased
for controlling the threshold voltages of the logic circuit
section MIS transistors, the transistor characteristics of the
logic circuit section MIS transistors can be improved simi-
larly.

[0148] As described above, the present invention mini-
mizes the width of the element isolation between the SRAM
section n-type MIS transistor and the SRAM section p-type
MIS transistor while improving the transistor characteristics
of the logic circuit section n-type MIS transistor and the
logic circuit section p-type MIS transistor and, therefore, is
useful for semiconductor devices including a SRAM section
and a logic circuit section and manufacturing methods
thereof.

What is claimed is:
1. A semiconductor device including a SRAM section and
a logic circuit section, comprising:

a first n-type MIS transistor including a first n-type gate
electrode formed with a first gate insulating film inter-
posed on a first element formation region of a semi-
conductor substrate in the SRAM section; and

a second n-type MIS transistor including a second n-type
gate electrode formed with a second gate insulating
film interposed on a second element formation region
of the semiconductor substrate in the logic circuit
section,

wherein a first impurity concentration of a first n-type
impurity in the first n-type gate electrode is lower than
a second impurity concentration of a second n-type
impurity in the second n-type gate electrode.

2. The semiconductor device of claim 1, further compris-

ing:

a first p-type MIS transistor including a first p-type gate
electrode formed with a third gate insulating film
interposed on a third element formation region of the
semiconductor substrate in the SRAM section; and

a first element isolation region formed between the first
element formation region and the third element forma-
tion region of the semiconductor substrate,

wherein the first n-type gate electrode is integrally formed
with the first p-type gate electrode.

3. The semiconductor device of claim 2,

wherein a third impurity concentration of a p-type impu-
rity in the first p-type gate electrode is lower than the
first impurity concentration.

4. The semiconductor device of claim 2,

wherein a pn boundary between the first n-type gate
electrode and the first p-type gate electrode is located at
a point on the first element isolation region.

5. The semiconductor device of claim 2, further compris-

ing:

a second p-type MIS transistor including a second p-type
gate electrode formed with a fourth gate insulting film
interposed on a fourth element formation region of the
semiconductor substrate in the logic circuit section; and

a second element isolation region formed between the
second element formation and the fourth element for-
mation region of the semiconductor substrate,
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wherein the second n-type gate electrode is formed inte-
grally with the second p-type gate electrode.

6. The semiconductor device of claim 5,

wherein a pn boundary between the second n-type gate
electrode and the second p-type gate electrode is
located at a point on the second element isolation
region.

7. The semiconductor device of claim 5,

wherein the first element isolation region has a width in a
gate width direction smaller than the second element
isolation region.

8. The semiconductor device of claim 1,

wherein the first n-type gate electrode has a width in a
gate width direction smaller than the second n-type gate
electrode.

9. The semiconductor device of claim 1,

wherein the first gate insulating film and the second gate
insulating film are formed of a same insulting film.

10. The semiconductor device of claim 1,

wherein the first n-type gate electrode and the second
n-type gate electrode are polysilicon electrodes.

11. A semiconductor device manufacturing method, com-

prising the steps of:

(a) forming a first gate insulating film on a first element
formation region of a semiconductor substrate in a
SRAM section while forming a second gate insulating
film on a second element formation region of the
semiconductor substrate in a logic circuit section;

(b) forming gate electrode formation films on the first gate
insulating film and the second gate insulating film;
(c) forming a first n-type gate electrode formation film by
introducing a first n-type impurity at a first impurity
concentration to the gate electrode formation film on

the first element formation region;

(d) forming a second n-type gate electrode formation film
by introducing a second n-type impurity at a second
impurity concentration higher than the first impurity
concentration to the gate electrode formation film on
the second element formation region;

(e) forming, after the step (¢) and the step (d), a first n-type
gate electrode and a second n-type gate electrode by
patterning the first n-type gate electrode formation film
and the second n-type gate electrode formation film;
and

(f) performing, after the step (e), thermal treatment to
diffuse the first n-type impurity contained in the first
n-type gate electrode and the second n-type impurity
contained in the second n-type gate electrode.

12. The semiconductor device manufacturing method of
claim 11, further comprising the step of (g) forming, before
the step (a), a first element isolation region in the semicon-
ductor substrate in the SRAM section, the first element
isolation region separating the first element formation region
and a third element formation region,

wherein the step (a) includes the step of forming a third
gate insulating film on the third element formation
region, and

the step (b) includes the step of forming the gate electrode
formation film on the third gate insulating film, and

the method further comprising the step of (h) forming,
after the step (b) and before the step (e), a first p-type
gate electrode formation film by introducing a first
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p-type impurity at a third impurity concentration to the
gate clectrode formation film on the third element
formation region,
wherein the step (e) includes the step of forming a first
p-type gate electrode by patterning a first p-type gate
electrode formation film,
the step (f) includes the step of diffusing the first p-type
impurity contained in the first p-type gate electrode,
and
in the step (e), the first n-type gate electrode formation
film and the first p-type gate electrode formation film
are patterned so that the first n-type gate electrode and
the first p-type gate electrode are formed integrally with
each other.
13. The semiconductor device manufacturing device of
claim 12,
wherein a pn boundary between the first n-type gate
electrode and the first p-type gate electrode after the
thermal treatment in the step (f) is located at a point on
the first element isolation region.
14. The semiconductor device manufacturing method of
claim 12,
wherein the step (g) includes the step of forming a second
element isolation region in the semiconductor substrate
in the logic circuit section, the second element isolation
region separating the second element formation region
and a fourth element formation region,
the step (a) includes the step of forming a fourth gate
insulting film on the fourth element formation region,
and
the step (b) includes the step of forming the gate electrode
formation film on the fourth gate insulating film, and
the method further comprising the step of: (i) forming,
after the step (b) and before the step (e), a second p-type
gate electrode formation film by introducing a second
p-type impurity at a fourth impurity concentration to
the gate electrode formation film on the fourth element
formation region,
wherein the step (e) includes the step of forming a second
p-type gate electrode by patterning the second p-type
gate electrode formation film,
the step (f) includes the step of diffusing the second p-type
impurity contained in the second p-type gate electrode,
and
in the step (e), the second n-type gate electrode formation
film and the second p-type gate electrode formation
film are patterned so that the second n-type gate elec-
trode and the second p-type gate electrode are formed
integrally with each other.
15. The semiconductor device manufacturing method of
claim 14,
wherein the step (h) and the step (i) are performed
simultaneously,
the first p-type impurity is same as the second p-type
impurity, and
the third impurity concentration is equal to the fourth
impurity concentration.
16. The semiconductor device manufacturing method of
claim 14,
wherein, a pn boundary between the second n-type gate
electrode and the second p-type gate electrode after the
thermal treatment in the step (f) is located at a point on
the second element isolation region.
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17. The semiconductor device manufacturing method of
claim 14,

wherein in the step (g), the first element isolation region
has a width in a gate width direction smaller than the
second element isolation region.

18. The semiconductor device manufacturing method of

claim 11,

wherein in the step (e), the first n-type gate electrode has
a width in a gate width direction smaller than the
second n-type gate electrode.

19. A semiconductor device manufacturing method, com-

prising the steps of:

(a) forming a first gate insulating film on a first element
formation region of a semiconductor substrate in a
SRAM section while forming a second gate insulating
film on a second element formation region of the
semiconductor substrate in a logic circuit section;

(b) forming gate electrode formation films on the first gate
insulating film and the second gate insulating film;

(c) forming a first n-type gate electrode formation film by
introducing a first n-type impurity at a first impurity
concentration to a part of the gate electrode formation
film on the first element formation region which is a
region other than a region located on at least one of end
parts of the first element formation region so that the
first n-type gate electrode formation film is composed
of an impurity undoped region located at the one end
part thereof and an n-type impurity doped region;

(d) forming a second n-type gate electrode formation film
by introducing a second n-type impurity at a second
impurity concentration to the gate electrode formation
film on the second element formation region;

(e) forming, after the step (¢) and the step (d), a first n-type
gate electrode and a second n-type gate electrode by
patterning the first n-type gate electrode formation film
and the second n-type gate electrode formation film;
and

(f) performing, after the step (e), thermal treatment to
diffuse the first n-type impurity contained in the first
n-type gate electrode and the second n-type impurity
contained in the second n-type gate electrode.

20. The semiconductor device manufacturing method of

claim 19,

wherein the step (c) and the step (d) are performed
simultaneously,

the first n-type impurity is same as the second n-type
impurity, and

the first impurity concentration is equal to the second
impurity concentration.

21. The semiconductor device manufacturing method of
claim 19, further comprising the step of: (g) forming, before
the step (a), a first element isolation region in the semicon-
ductor substrate in the SRAM section, the first element
isolation region separating the first element formation region
and a third element formation region,

wherein the step (a) includes the step of forming a third
gate insulating film on the third element formation
region, and
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the step (b) includes the step of forming the gate electrode
formation film on the third gate insulating film, and

the method further comprising the step of: (h) forming,
after the step (b) and before the step (e), a first p-type
gate electrode formation film by introducing a first
p-type impurity at a third impurity concentration to the
gate clectrode formation film on the third element
formation region,

wherein the step (e) includes the step of forming a first
p-type gate electrode by patterning the first p-type gate
electrode formation film,

the step (f) includes the step of diffusing the first p-type
impurity contained in the first p-type gate electrode,
and

in the step (e), the first p-type gate electrode formation
region and the first n-type gate electrode formation
film, which is composed of the impurity undoped
region and the n-type impurity doped region, are pat-
terned so that the first p-type gate electrode and the first
n-type gate electrode are formed integrally with each
other.

22. The semiconductor device manufacturing method of

claim 21,

wherein a pn boundary between the first n-type gate
electrode and the first p-type gate electrode after the
thermal treatment in the step (f) is located at a point on
the first element isolation region.

23. The semiconductor device manufacturing method of

claim 21,

wherein the step (g) includes the step of forming a second
element isolation region in the semiconductor substrate
in the logic circuit section, the second element isolation
region separating the second element formation region
and a fourth element formation region,

the step (a) includes the step of forming a fourth gate
insulating film on the fourth element formation region,
and

the step (b) includes the step of forming the gate electrode
formation film on the fourth gate insulating film, and

the method further comprising the step of (i) forming,
after the step (b) and before the step (e), a second p-type
gate electrode formation film by introducing a second
p-type impurity at a fourth impurity concentration to
the gate electrode formation film on the fourth element
formation region,

wherein the step (e) includes the step of forming a second
p-type gate electrode by patterning the second p-type
gate electrode formation film,

the step (f) includes the step of diffusing the second p-type
impurity contained in the second p-type gate electrode,
and

in the step (e), the second n-type gate electrode formation
film and the second p-type gate electrode formation
film are patterned so that the second n-type gate elec-
trode and the second p-type gate electrode are formed
integrally with each other.
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