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(57) ABSTRACT 

A semiconductor device includes: a high dielectric constant 
gate insulating ?lm formed on an active region in a substrate; 
a gate electrode formed on the high dielectric constant gate 
insulating ?lm; and an insulating sideWall formed on each 
side surface of the gate electrode. The high dielectric constant 
gate insulating ?lm is continuously formed so as to extend 
from under the gate electrode to under the insulating sideWall. 
At least part of the high dielectric constant gate insulating ?lm 
located under the insulating sideWall has a smaller thickness 
than a thickness of part of the high dielectric constant gate 
insulating ?lm located under the gate electrode. 
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SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a semiconductor 
device and a method for fabricating the semiconductor 
device. Speci?cally, the present invention relates to a struc 
ture of a MISFET (metal insulator semiconductor ?eld-effect 
transistor) and a method for fabricating the MISFET and, 
more particularly, relates to techniques for improving the 
driving poWer and reliability of a MISFET. 
[0003] 2. Description of PriorArt 
[0004] In recent years, as the degree of integration, function 
and operation speed of semiconductor integrated circuit 
devices have been highly improved, there have been attempts 
to reduce a junction depth of an extension according to a 
scaling rule and, at the same time, to use, as a gate insulating 
?lm of a MISFET, a high dielectric constant ?lm formed of a 
Hf based oxide, Al based oxide or the like, Which has a 
relative dielectric constant of 10 or more, instead of an SiO2 
based insulating ?lm having a relative dielectric constant of 
about 4. 
[0005] FIGS. 16A and 16B are cross-sectional vieWs illus 
trating respective structures of knoWn MISFETs using a high 
dielectric constant gate insulating ?lm, respectively (see Ken 
Watanabe, H?SiON-CMOS technology for achieving high 
performance and high reliability, Semi. Forum Japan, 2005). 
[0006] As shoWn in FIG. 16A, a gate electrode 105 is 
formed on a region of a Well 102 surrounded by a STI (shal 
loW trench isolation) 103. The region of the Well 102 sur 
rounded by the STI serves as an active region of a substrate 
101. The gate electrode 105 is provided on the region With a 
high dielectric constant gate insulating ?lm 104 interposed 
therebetWeen. An insulating sideWall 107 is formed on each 
side of the gate electrode 105. An extension region 110 is 
formed in part of the Well 102 located under the insulating 
sideWall 107. A pocket region 1 1 1 is formed in part of the Well 
102 located under the extension region 110. Source/drain 
regions 112 are formed so that each of the source/drain 
regions 112 is provided in parts of the Well 102 located at the 
external side to the extension region 110 and the pocket 
region 111 When vieWed from the gate electrode 105. 
[0007] A structure shoWn in FIG. 16B is different from a 
structure shoWn in FIG. 16A in that a sideWall 107 is formed 
on each side of a gate electrode 105 With an insulating offset 
sideWall 106 interposed therebetWeen. Thus, an overlapping 
amount of the gate electrode 105 and an extension region 110 
can be optimiZed in a simple manner. 

SUMMARY OF THE INVENTION 

[0008] HoWever, in a structure of a knoWn MISFET using a 
high dielectric constant gate insulating ?lm, side end portions 
of the high dielectric constant gate insulating ?lm are in direct 
contact With sideWalls. Thus, in forming sideWalls of, for 
example, a silicon oxide ?lm or the like, a composition of the 
side end portions of the high dielectric constant gate insulat 
ing ?lm becomes closer to SiO2 or like other inconvenience 
occurs. As a result, reduction in the dielectric constant and 
insulation property of the high dielectric constant gate insu 
lating ?lm is caused at gate electrode end part, so that device 
characteristics of the MISFET are deteriorated and the reli 
ability of the gate insulating ?lm is degraded. 
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[0009] In vieW of the above-described problems, it is there 
fore an object of the present invention to improve character 
istics of a MISFET Without degrading of a high dielectric 
constant gate insulating ?lm. 
[0010] To achieve the above-described object, the inventors 
of the present application have devised a MISFET structure in 
Which a high dielectric constant gate insulating ?lm is kept 
remaining under sideWalls to prevent end portions of the high 
dielectric constant gate insulating ?lm from being in contact 
With the sideWalls, and a method for forming the MISFET 
structure. In the mean time, When the high dielectric constant 
gate insulating ?lm is kept remaining under the sideWalls, a 
capacitance betWeen gate/drain regions is increased, thus 
resulting in adverse effects on circuit speed. Also, in such 
cases, When extension implantation or LDD (lightly doped 
drain) implantation is performed, it is necessary to implant 
ions through a high dielectric constant ?lm. Thus, When ion 
implantation is performed, expansion of an implanted impu 
rity in the depth direction is increased, in other Words, a 
junction point of an extension or an LDD is located at a large 
depth, so that desired device characteristics can not be 
obtained. This is because implantation acceleration energy is 
increased for the folloWing reasons. 
[0011] Reason 1)With use of a high dielectric constant ?lm 
as a gate insulating ?lm, a desired dielectric constant can be 
achieved even Without having the thickness of the high dielec 
tric constant ?lm reduced. Therefore, the thickness of the high 
dielectric constant ?lm has to be set at a large value. 

[0012] Reason 2) A high dielectric constant ?lm contains 
heavy metal and Rp (projection range) of implanted ions is 
small. 
[0013] To cope With this problem, the inventors have 
devised a MISFET structure in Which a high dielectric con 
stant gate insulating ?lm is kept remaining under sideWalls 
and part of the high dielectric constant gate insulating ?lm 
located under the sideWalls is made to have a smaller thick 
ness than a thickness of part of the high dielectric constant 
gate insulating ?lm located under a gate electrode, and a 
method for forming the MISFET structure. 
[0014] Speci?cally, a semiconductor device according to 
the present invention includes: a gate electrode formed on the 
high dielectric constant gate insulating ?lm; and an insulating 
sideWall formed on each side surface of the gate electrode. In 
the semiconductor device, the high dielectric constant gate 
insulating ?lm is continuously formed so as to extend from 
under the gate electrode to under the insulating sideWall, and 
at least part of the high dielectric constant gate insulating ?lm 
located under the insulating sideWall has a smaller thickness 
than a thickness of part of the high dielectric constant gate 
insulating ?lm located under the gate electrode. 
[0015] In the semiconductor device of the present inven 
tion, the insulating sideWall may include a ?rst insulating 
sideWall formed on a side surface of the gate electrode and a 
second insulating sideWall formed on the side surface of the 
gate electrode With the ?rst insulating sideWall interposed 
therebetWeen, the high dielectric constant gate insulating ?lm 
may be continuously formed so as to extend from under the 
gate electrode to under the ?rst insulating sideWall, andpart of 
the high dielectric constant gate insulating ?lm located under 
the ?rst insulating sideWall may have a smaller thickness than 
a thickness of part of the high dielectric constant gate insu 
lating ?lm located under the gate electrode. 
[0016] When the insulating sideWall includes the ?rst insu 
lating sideWall and the second insulating sideWall, the high 
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dielectric constant gate insulating ?lm may be formed so as 
not to be located under the second insulating sideWall. 
[0017] When the insulating sideWall includes the ?rst insu 
lating sideWall and the second insulating sideWall, the high 
dielectric constant gate insulating ?lm may be continuously 
formed so as to extend from under the gate electrode to under 
the second insulating sideWall, and part of the high dielectric 
constant gate insulating ?lm located under the second insu 
lating sideWall may have the same thickness as a thickness of 
part of the high dielectric constant gate insulating ?lm located 
under the ?rst insulating sideWall. 
[0018] When the insulating sideWall includes the ?rst insu 
lating sideWall and the second insulating sideWall, the high 
dielectric constant gate insulating ?lm may be continuously 
formed so as to extend from under the gate electrode to under 
the second insulating sideWall, and part of the high dielectric 
constant gate insulating ?lm located under the second insu 
lating sideWall may have a smaller thickness than a thickness 
of part of the high dielectric constant gate insulating ?lm 
located under the ?rst insulating sideWall. 
[0019] In the semiconductor device of the present inven 
tion, the insulating sideWall may include a ?rst insulating 
sideWall formed on a side surface of the gate electrode and a 
second insulating sideWall formed on the side surface of the 
gate electrode With the ?rst insulating sideWall interposed 
therebetWeen, the high dielectric constant gate insulating ?lm 
may be continuously formed so as to extend from under the 
gate electrode to under the second insulating sideWall, part of 
the high dielectric constant gate insulating ?lm located under 
the ?rst insulating sideWall may have the same thickness as a 
thickness of part of the high dielectric constant gate insulating 
?lm located under the gate electrode, and part of the high 
dielectric constant gate insulating ?lm located under the sec 
ond insulating sideWall may have a smaller thickness than a 
thickness of part of the high dielectric constant gate insulating 
?lm located under the gate electrode. 
[0020] In the semiconductor device of the present inven 
tion, the high dielectric constant gate insulating ?lm may 
include a notch at a side end portion. 
[0021] The semiconductor device of the present invention 
may further include a buffer insulating ?lm betWeen the sub 
strate and the high dielectric constant gate insulating ?lm. In 
such a case, the buffer insulating ?lm may be a silicon oxide 
?lm or a silicon oxynitride ?lm. 
[0022] In the semiconductor device of the present inven 
tion, the gate electrode may be a fully silicided gate electrode 
of Which an entire region has been silicided. 
[0023] A method for fabricating a semiconductor device 
according to the present invention includes the steps of: a) 
forming a high dielectric constant gate insulating ?lm on an 
active region of a substrate; b) forming a gate electrode on the 
high dielectric constant gate insulating ?lm; c) etching, after 
the step b), part of the high dielectric constant gate insulating 
?lm located in an external side to the gate electrode to reduce 
a thickness of the part; and d) forming, after the step c), an 
insulating sideWall on a side surface of the gate electrode. 
[0024] The method for fabricating a semiconductor device 
according to the present invention may further include, after 
the step d), the step of removing part of the high dielectric 
constant gate insulating ?lm located in an external side to the 
insulating sideWall. 
[0025] In the method for fabricating a semiconductor 
device according to the present invention, the insulating side 
Wall may include a ?rst insulating sideWall and a second 
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insulating sideWall, and the step d) may include the step d1) of 
forming the ?rst insulating sideWall on a side surface of the 
gate electrode and the step of d2) of forming the second 
insulating sideWall on the side surface of the gate electrode 
With the ?rst insulating sideWall interposed therebetWeen. 
[0026] When the step d) includes the step d1) and the step 
d2), the method for fabricating a semiconductor device 
according to the present invention may further include, 
betWeen the step d) and the step d2), the step of removing part 
of the high dielectric constant gate insulating ?lm located in 
the external side to the ?rst insulating sideWall. 
[0027] When the step d) includes the step d1) and the step 
d2), the method for fabricating a semiconductor device 
according to the present invention may further include, 
betWeen d1) and the step d2), the step of etching part of the 
high dielectric gate insulating ?lm located in an external side 
to the ?rst insulating sideWall to reduce a thickness of the part; 
and after the step d2), the step of removing part of the high 
dielectric constant gate insulating ?lm located in an external 
side to the second insulating sideWall. 
[0028] In the method for fabricating a semiconductor 
device according to the present invention, the dielectric con 
stant gate insulating ?lm may be selectively removed by Wet 
etching. 
[0029] In the method for fabricating a semiconductor 
device according to the present invention, the step b) may 
include the step of forming a protective ?lm for covering an 
upper surface of the gate electrode, and the method may 
further include, after the step d), the step of siliciding a sur 
face of part of the active region located in the external side to 
the insulating sideWall, removing the protective ?lm and then 
fully siliciding the gate electrode. 
[0030] The method for fabricating a semiconductor device 
according to the present invention further includes, before the 
step a), the step of forming a buffer insulating ?lm on the 
active region, and in the step a), the high dielectric constant 
gate insulating ?lm may be formed on the active region With 
the buffer insulating ?lm interposed therebetWeen. 
[0031] According to the present invention, a high dielectric 
constant gate insulating ?lm is continuously formed so as to 
extend from under a gate electrode to under a sideWall. In 
other Words, continuity of the high dielectric constant gate 
insulating ?lm at a gate end portion is maintained. Thus, 
reduction in the dielectric constant and insulation property of 
the high dielectric constant gate insulating ?lm at the gate end 
portion, caused by a side end portion of the high dielectric 
constant gate insulating ?lm being in direct contact With a 
sideWall ?lm, can be suppressed. Moreover, the high dielec 
tric constant gate insulating ?lm is formed so as to have a 
smaller thickness in the part located under the sideWall than a 
thickness of the part located under gate electrode. Thus, 
increase in a capacitance betWeen a gate and a drain can be 
suppressed, so that adverse effects on circuit speed can be 
reduced. Furthermore, since extension implantation or LDD 
implantation is performed through the part of the high dielec 
tric constant ?lm Which has a small thickness, increase in 
implantation acceleration energy can be suppressed. Accord 
ingly, a shalloW junction can be formed in an extension or a 
LDD in a simple manner. Therefore, device characteristics 
can be improved in a simple manner. 

[0032] As has been described, the present invention relates 
to a semiconductor device and a method for fabricating the 
semiconductor device. Speci?cally, When the present inven 
tion is applied to a MISFET including a high dielectric con 
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stant gate insulating ?lm, the effect of improving the driving 
power and reliability of the MISFET can be achieved and is 
therefore very useful. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a ?rst embodi 
ment of the present invention. 
[0034] FIG. 2 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a second embodi 
ment of the present invention. 
[0035] FIG. 3 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a second modi 
?ed example of the second embodiment of the present inven 
tion. 
[0036] FIG. 4 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a third modi?ed 
example of the second embodiment of the present invention. 
[0037] FIG. 5 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a third embodi 
ment of the present invention. 
[0038] FIG. 6 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a modi?ed 
example of the ?rst embodiment of the present invention. 
[0039] FIG. 7 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a ?rst modi?ed 
example of the second embodiment of the present invention. 
[0040] FIG. 8 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a modi?ed 
example of the third embodiment of the present invention. 
[0041] FIG. 9 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a fourth embodi 
ment of the present invention. 
[0042] FIG. 10 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to a modi?ed 
example of the fourth embodiment of the present invention. 
[0043] FIGS. 11A through 11F are cross-sectional vieWs 
illustrating respective steps for fabricating a semiconductor 
device according to a ?fth embodiment of the present inven 
tion. 
[0044] FIGS. 12A through 12G are cross-sectional vieWs 
illustrating respective steps for fabricating a semiconductor 
device according to a sixth embodiment of the present inven 
tion. 
[0045] FIGS. 13A through 13G are cross-sectional vieWs 
illustrating respective steps for fabricating a semiconductor 
device according to a seventh embodiment of the present 
invention. 
[0046] FIGS. 14A through 14G are cross-sectional vieWs 
illustrating respective steps for fabricating a semiconductor 
device according to an eighth embodiment of the present 
invention. 
[0047] FIGS. 15A through 15D are cross-sectional vieWs 
illustrating respective steps for fabricating a semiconductor 
device according to the eighth embodiment of the present 
invention. 
[0048] FIGS. 16A and 16B are cross-sectional vieWs illus 
trating a structure of a knoWn MISFET, respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

[0049] Hereafter, a semiconductor device according to a 
?rst embodiment of the present invention Will be described 
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With reference to the accompanying draWings. FIG. 1 is a 
cross-sectional vieW illustrating a structure of a semiconduc 
tor device (more speci?cally, a single sideWall type MISFET) 
according to the ?rst embodiment. In this embodiment, 
description Will be made using an n-type MISFET as an 
example. HoWever, even When the present invention is 
applied to a p-type MISFET, the same effects as those of this 
embodiment can be achieved. 

[0050] As shoWn in FIG. 1, a gate electrode 5 is formed on 
an active region of a p-type Well 2 surrounded by a STI 3. The 
p-type Well 2 is formed in a substrate 1 made of, for example, 
silicon. The gate electrode 5 is formed on the active region 
With a high dielectric constant gate insulating ?lm 4A inter 
posed therebetWeen. An insulating sideWall 7 is formed on 
each side surface of the gate electrode 5. An n-type extension 
region 10 is formed in part of the p-type Well 2 located under 
the sideWall 7. Furthermore, a p-type pocket region 11 is 
formed in part of the p-type Well 2 located under the n-type 
extension region 10. N-type source/drain regions 12 are 
formed so that each of the source/drain regions 12 is provided 
in part of the p-type Well 2 located in the external side to the 
n-type extension region 10 and the p-type pocket region 11 
When vieWed from the gate electrode 5. 
[0051] It is a ?rst feature of this embodiment that the high 
dielectric constant gate insulating ?lm 4A is kept remaining 
not only under the gate electrode 5 but also under the sideWall 
7. That is, the high dielectric gate insulating ?lm 4A is con 
tinuously formed so as to extend from under the gate elec 
trode 5 to under the sideWall 7. 

[0052] It is a second feature of this embodiment that the 
thickness of the part of the high dielectric constant gate insu 
lating ?lm 4A located under the sideWall 7 is smaller than a 
thickness of the part of the high dielectric constant ?lm 4A 
located under the gate electrode 5. That is, the gate insulating 
?lm 4A is formed so as to have a convex shape. 

[0053] According to this embodiment, each side end por 
tion of the high dielectric constant gate insulating ?lm 4A is 
not in contact With the sideWall 7 and continuity of the high 
dielectric constant gate insulating ?lm 4A at an end portion of 
the gate electrode 5 is maintained. Accordingly, reduction in 
the dielectric constant and insulation property of the high 
dielectric constant gate insulating ?lm 4A at the end portion 
of the gate electrode 5 can be suppressed, so that deterioration 
of device characteristics of the MISFET and reduction in the 
reliability of the gate insulating ?lm can be prevented. 
[0054] According to this embodiment, the existence of the 
high dielectric constant gate insulating ?lm 4A under the 
sideWall 7 makes capacitive coupling betWeen the gate elec 
trode 5 and the n-type extension region 10 stronger in the 
vicinity of the end portion of the gate electrode 5. As a result, 
a high overlapping effect betWeen a gate and a drain can be 
achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). There 
fore, device characteristics and hot carrier reliability can be 
improved at the same time. 

[0055] MeanWhile, in this embodiment, because of the 
existence of the high dielectric constant gate insulating ?lm 
4A under the sideWall 7, there might be cases Where a capaci 
tance particularly betWeen the gate electrode 5 and each of the 
n-type source/ drain regions 12 is increased and, accordingly, 
a circuit speed is reduced. HoWever, as described above, in 
this embodiment, the high dielectric constant gate insulating 
?lm 4A is formed so as to have a smaller thickness in the part 
located under the sideWall 7 than a thickness of the part 
located under the gate electrode 5. Therefore, increase in a 
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capacitance between the gate and the drain and adverse effect 
on the circuit speed can be suppressed. 
[0056] As has been described, according to this embodi 
ment, device/circuit characteristics of an MISFET and the 
reliability of a gate insulating ?lm, Which are conventionally 
in the trade-off relationship, can be largely improved at the 
same time. 

Modi?ed Example of First Embodiment 

[0057] Hereafter, a semiconductor device according to a 
modi?ed example of the ?rst embodiment of the present 
invention Will be described With reference to the accompany 
ing draWings. FIG. 6 is a cross-sectional vieW illustrating a 
structure of a semiconductor device (more speci?cally, a 
single sideWall n-type MISFET) according to the modi?ed 
example of the ?rst embodiment. 
[0058] As shoWn in FIG. 6, this modi?ed example is dif 
ferent from the ?rst embodiment in that part of a high dielec 
tric constant gate insulating ?lm 4A located under each side 
end portion of a sideWall 7, i.e., a side portion of the high 
dielectric constant gate insulating ?lm 4A is removed in a 
notch shape, so that a notch 20 is provided. 
[0059] According to this modi?ed example, adverse effects 
on circuit speed due to increase in a capacitance betWeen a 
gate electrode 5 and each of n-type source/drain regions 12 
can be further suppressed. 

Second Embodiment 

[0060] Hereafter, a semiconductor device according to a 
second embodiment of the present invention Will be described 
With reference to the accompanying draWings. In contrast 
With the ?rst embodiment in Which a single sideWall type 
MISFET is described, a double sideWall type MISFET (see H. 
Sayama et al., IEDM Tech. Dig., 2000, p. 239) in Which an 
overlapping amount betWeen a gate electrode and an exten 
sion region can be optimiZed in a simple manner Will be 
described in the second embodiment. In this embodiment, 
description Will be made using an n-type MISFET as an 
example. HoWever, even When the present invention is 
applied to a p-type MISFET, the same effects as those of this 
embodiment can be achieved. 

[0061] FIG. 2 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to the second 
embodiment. As shoWn in FIG. 2, a gate electrode 5 is formed 
on an active region of a p-type Well 2 surrounded by a STl 3. 
The p-type Well 2 is formed in a substrate 1 made of, for 
example, silicon. The gate electrode 5 is formed on the active 
region With a high dielectric constant gate insulating ?lm 4B 
interposed therebetWeen. An insulating sideWall 7 is formed 
on each side surface of the gate electrode 5 With an offset 
sideWall 6 interposed therebetWeen. An n-type extension 
region 10 is formed in each of parts of the p-type Well 2 
located under the offset sideWall 6 and the sideWall 7. Fur 
thermore, a p-type pocket region 11 is formed in part of the 
p-type Well 2 located under the n-type extension region 10. 
N-type source/drain regions 12 are formed so that each of the 
source/drain regions is provided in part of the p-type Well 2 
located in the external side to the n-type extension region 10 
and the p-type pocket region 11 When vieWed from the gate 
electrode 5. 
[0062] It is a ?rst feature of this embodiment that the high 
dielectric constant gate insulating ?lm 4B is kept remaining 
not only under the gate electrode 5 but also under the offset 
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sideWall 6. That is, the high dielectric constant gate insulating 
?lm 4B is continuously formed so as to extend from under the 
gate electrode 5 to under the offset sideWall 6. 
[0063] It is a second feature of this embodiment that the 
thickness of the part of the high dielectric constant gate insu 
lating ?lm 4B located under the offset sideWall 6 is smaller 
than a thickness of the part of the high dielectric constant ?lm 
4B located under the gate electrode 5. That is, the gate insu 
lating ?lm 4B is formed so as to have a convex shape. 
[0064] According to this embodiment, each side end por 
tion of the high dielectric constant gate insulating ?lm 4B is 
not in contact With the offset sideWall 6 and continuity of the 
high dielectric constant gate insulating ?lm 4B at an end 
portion of the gate electrode 5 is maintained. Accordingly, 
reduction in the dielectric constant and insulation property of 
the high dielectric constant gate insulating ?lm 4B at the end 
portion of the gate electrode 5 can be suppressed, so that 
deterioration of device characteristics of the MISFET and 
reduction in the reliability of the gate insulating ?lm can be 
prevented. 
[0065] According to this embodiment, the existence of the 
high dielectric constant gate insulating ?lm 4B under the 
offset sideWall 6 makes capacitive coupling betWeen the gate 
electrode 5 and the n-type extension region 10 stronger in the 
vicinity of the end portion of the gate electrode 5. As a result, 
a high overlapping effect betWeen a gate and a drain can be 
achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). There 
fore, device characteristics and hot carrier reliability can be 
improved at the same time. 
[0066] Moreover, according to this embodiment, the high 
dielectric constant gate insulating ?lm 4B does not exist 
under the sideWall 7. Thus, increase in a capacitance betWeen 
the gate electrode 5 and each of the n-type source/drain 
regions 12 can be further suppressed so that a small capaci 
tance can be maintained. Accordingly, increase in a parasitic 
capacitance and adverse effects on circuit speed due to the 
increase can be suppressed at a minimum level. 
[0067] As has been described, according to this embodi 
ment, device/circuit characteristics of an MISFET and the 
reliability of a gate insulating ?lm, Which are conventionally 
in the trade-off relationship, can be largely improved at the 
same time. 

First Modi?ed Example of Second Embodiment 

[0068] Hereafter, a semiconductor device according to a 
modi?ed example of the second embodiment of the present 
invention Will be described With reference to the accompany 
ing draWings. FIG. 7 is a cross-sectional vieW illustrating a 
structure of the semiconductor device (more speci?cally, a 
double sideWall type MISFET) according to the ?rst modi?ed 
example of the second embodiment. 
[0069] As shoWn in FIG. 7, this modi?ed example is dif 
ferent from the second embodiment is that part of a high 
dielectric constant gate insulating ?lm 4B located under each 
side end portion of the offset sideWall 6, i.e., a side portion of 
the high dielectric constant gate insulating ?lm 4B is removed 
in a notch shape, so that a notch 20 is provided. 
[0070] According to this modi?ed example, adverse effects 
on circuit speed due to increase in a capacitance betWeen a 
gate electrode 5 and each of n-type source/drain regions 12 
can be further suppressed. 

Second Modi?ed Example of Second Embodiment 

[0071] Hereafter, a semiconductor device according to a 
second modi?ed example of the second embodiment of the 
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present invention Will be described With reference to the 
accompanying drawings. FIG. 3 is a cross-sectional vieW 
illustrating a structure of the semiconductor device (more 
speci?cally, a double sideWall type MISFET) according to the 
second modi?ed example of the second embodiment. 
[0072] This embodiment is different from the second 
embodiment in that a high dielectric constant gate insulating 
?lm 4C is kept remaining not only under the gate electrode 5 
and the offset sideWall 6 but also under the sideWall 7. That is, 
the high dielectric constant gate insulating ?lm 4C is continu 
ously formed so as to extend from under the gate electrode 5 
to under the sideWall 7. 
[0073] In this modi?ed example, the thickness of part of the 
high dielectric constant gate insulating ?lm 4C located under 
the sideWall 7 is the same as the thickness of part of the high 
dielectric constant gate insulating ?lm 4C located under the 
offset sideWall 6. That is, the high dielectric constant gate 
insulating ?lm 4C is formed so as to have a convex shape. 
[0074] According to this modi?ed embodiment, the high 
dielectric constant gate insulating ?lm 4C is continuously 
formed so as to extend from under the gate electrode 5 to 
under the sideWall 7. Thus, even When the offset sideWall 6 
has a very small Width (thickness), each side end portion of 
the high dielectric constant gate insulating ?lm 4C is not in 
contact With the sideWall 7 and continuity of the high dielec 
tric constant gate insulating ?lm 4C at an end portion of the 
gate electrode 5 is maintained. Accordingly, reduction in the 
dielectric constant and insulation property of the high dielec 
tric constant gate insulating ?lm 4C at the end portion of the 
gate electrode 5 can be suppressed, so that deterioration of 
device characteristics of the MISFET and reduction in the 
reliability of the gate insulating ?lm can be prevented. 
[0075] In this modi?ed example, as in the ?rst embodiment, 
because of the existence of the high dielectric constant gate 
insulating ?lm 4C under sideWall 7, there might be cases 
Where a capacitance betWeen the gate electrode 5 and each of 
the n-type source/drain regions 12 is increased. HoWever, as 
has been described, in this modi?ed example, the high dielec 
tric constant gate insulating ?lm 4C is formed so as to have a 
smaller thickness in the part located under the sideWall 7 than 
a thickness of the part located under the gate electrode 5. 
Therefore, increase in a parasitic capacitance and adverse 
effects on circuit speed due to the increase can be suppressed. 

Third Modi?ed Example of Second Embodiment 

[0076] Hereafter, a semiconductor device according to a 
third modi?ed example of the second embodiment of the 
present invention Will be described With reference to the 
accompanying draWings. FIG. 4 is a cross-sectional vieW 
illustrating a structure of a semiconductor device (more spe 
ci?cally, a double sideWall type MISFET) according to the 
third modi?ed example of the second embodiment. 
[0077] A ?rst difference betWeen this modi?ed example 
and the second embodiment is that in this modi?ed example, 
a high dielectric constant gate insulating ?lm 4D is kept 
remaining not only under the gate electrode 5 and the offset 
sideWall 6 but also under the sideWall 7. That is, the high 
dielectric constant gate insulating ?lm 4D is continuously 
formed so as to extend from under the gate electrode 5 to 
under the sideWall 7. 
[0078] A second difference betWeen this modi?ed example 
and the second embodiment is that in this modi?ed example, 
the thickness of part of the high dielectric constant gate insu 
lating ?lm 4D located under the offset sideWall 6 is the same 
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as the thickness of part of the high dielectric constant gate 
insulating ?lm 4D located under the gate electrode 5. The 
thickness of part of the high dielectric constant gate insulating 
?lm 4D located under the sideWall 7 is smaller than the 
thickness of the part of the high dielectric constant gate insu 
lating ?lm 4D located under the gate electrode 5. That is, the 
high dielectric constant gate insulating ?lm 4D is formed so 
as to have a convex shape. 

[0079] According to this modi?ed example, the high 
dielectric constant gate insulating ?lm 4D is continuously 
formed so as to extend from under the gate electrode 5 to 
under the sideWall 7. Thus, even When the offset sideWall 6 
has a very small Width (thickness), each side end portion of 
the high dielectric constant gate insulating ?lm 4D is not in 
contact With the sideWall 7 and continuity of the high dielec 
tric constant gate insulating ?lm 4D at an end portion of the 
gate electrode 5 is maintained. Accordingly, reduction in the 
dielectric constant and insulation property of the high dielec 
tric constant gate insulating ?lm 4D at the end portion of the 
gate electrode 5 can be suppressed, so that deterioration of 
device characteristics of the MISFET and reduction in the 
reliability of the gate insulating ?lm can be prevented. 
[0080] In this modi?ed example, as in the ?rst embodiment, 
because of the existence of the high dielectric constant gate 
insulating ?lm 4D under sideWall 7, there might be cases 
Where a capacitance betWeen the gate electrode 5 and each of 
the n-type source/drain regions 12 is increased. HoWever, as 
has been described, in this modi?ed example, the high dielec 
tric constant gate insulating ?lm 4D is formed so as to have a 
smaller thickness in the part located under the sideWall 7 than 
a thickness of the part located under the gate electrode 5. 
Therefore, increase in a parasitic capacitance and adverse 
effects on circuit speed due to the increase can be suppressed. 

Third Embodiment 

[0081] Hereafter, a semiconductor device according to a 
third embodiment of the present invention Will be described 
With reference to the accompanying draWings. In contrast 
With the ?rst embodiment in Which a single sideWall type 
MISFET is described, a double sideWall type MISFET (see H. 
Sayama et al., IEDM Tech. Dig., 2000, p. 239) in Which an 
overlapping amount betWeen a gate electrode and an exten 
sion region can be optimiZed in a simple manner Will be 
described in the third embodiment. In this embodiment, 
description Will be made using an n-type MISFET as an 
example. HoWever, even When the present invention is 
applied to a p-type MISFET, the same effects as those of this 
embodiment can be achieved. 

[0082] FIG. 5 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device according to the third embodi 
ment. As shoWn in FIG. 5, a gate electrode 5 is formed on an 
active region of a p-type Well 2 surrounded by a STI 3. The 
p-type Well 2 is formed in a substrate 1 made of, for example, 
silicon. The gate electrode 5 is formed on the active region 
With a high dielectric constant gate insulating ?lm 4E inter 
posed therebetWeen. An insulating sideWall 7 is formed on 
each side surface of the gate electrode 5 With an offset side 
Wall 6 interposed therebetWeen. An n-type extension region 
10 is formed in each of parts of the p-type Well 2 located under 
the offset sideWall 6 and the sideWall 7. Furthermore, a p-type 
pocket region 11 is formed in part of the p-type Well 2 located 
under the n-type extension region 10. N-type source/drain 
regions 12 are formed so that each of the source/drain is 
provided in part of the p-type Well 2 located in the external 
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side to the n-type extension region 10 and the p-type pocket 
region 11 When vieWed from the gate electrode 5. 
[0083] It is a ?rst feature that the high dielectric constant 
gate insulating ?lm 4E is kept remaining not only under the 
gate electrode 5 and but also under each of the offset sideWall 
6 and the sideWall 7. That is, the high dielectric constant gate 
insulating ?lm 4E is continuously formed so as to extend from 
under the gate electrode 5 to under the sideWall 7. 
[0084] It is a second feature of this embodiment that the 
thickness of the part of the high dielectric constant gate insu 
lating ?lm 4E located under the offset sideWall 6 is smaller 
than a thickness of the part of the high dielectric constant ?lm 
4E located under the gate electrode 5 and the thickness of the 
high dielectric constant gate insulating ?lm 4E located under 
the sideWall 7 is smaller than the thickness of the part of the 
high dielectric constant ?lm 4E located under the offset side 
Wall 6. That is, the gate insulating ?lm 4E is formed so as to 
have a double convex shape. 
[0085] According to this embodiment, the high dielectric 
constant gate insulating ?lm 4E is continuously formed so as 
to extend from under the gate electrode 5 to under the sideWall 
7. Thus, even When the offset sideWall 6 has a very small 
Width (thickness), each side end portion of the high dielectric 
constant gate insulating ?lm 4E is not in contact With the 
sideWall 7 and continuity of the high dielectric constant gate 
insulating ?lm 4E at an end portion of the gate electrode 5 is 
maintained. Accordingly, reduction in the dielectric constant 
and insulation property of the high dielectric constant gate 
insulating ?lm 4E at the end portion of the gate electrode 5 
can be suppressed, so that deterioration of device character 
istics of the MISFET and reduction in the reliability of the 
gate insulating ?lm can be prevented. 
[0086] According to this embodiment, the existence of the 
high dielectric constant gate insulating ?lm 4E under the 
offset sideWall 6 makes capacitive coupling betWeen the gate 
electrode 5 and the n-type extension region 10 stronger at the 
vicinity of the end portion of the gate electrode 5. As a result, 
a high overlapping effect betWeen a gate and a drain can be 
achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). There 
fore, device characteristics and hot carrier reliability can be 
improved at the same time. 
[0087] As in the ?rst embodiment, in this embodiment, 
because of the existence of the high dielectric constant gate 
insulating ?lm 4E under sideWall 7, there might be cases 
Where a capacitance betWeen the gate electrode 5 and each of 
the n-type source/drain regions 12 is increased and, accord 
ingly, a circuit speed is reduced. HoWever, as has been 
described, in this embodiment, the high dielectric constant 
gate insulating ?lm 4E is formed so that the thickness of the 
high dielectric constant gate insulating ?lm 4E is reduced in 
the part located under the offset sideWall 6 and then is further 
reduced in the part located under the sideWall 7. Therefore, 
increase in a parasitic capacitance and adverse effects on 
circuit speed due to the increase can be suppressed so that the 
parasitic capacitance is a very loW level. 
[0088] As has been described, according to this embodi 
ment, device/circuit characteristics of an MISFET and the 
reliability of a gate insulating ?lm, Which are conventionally 
in the trade-off relationship, can be largely improved at the 
same time. 

Modi?ed Example of Third Embodiment 

[0089] Hereafter, a semiconductor device according to a 
modi?ed example of a third embodiment of the present inven 
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tion Will be described With reference to the accompanying 
draWings. FIG. 8 is a cross-sectional vieW illustrating a struc 
ture of a semiconductor device (more speci?cally, a double 
sideWall type MISFET) according to the modi?ed example of 
the third embodiment. 
[0090] As shoWn in FIG. 8, this modi?ed example is dif 
ferent from the ?rst embodiment in that part of a high dielec 
tric constant gate insulating ?lm 4E located under each side 
end portion of a sideWall 7, i.e., a side portion of the high 
dielectric constant gate insulating ?lm 4E is removed in a 
notch shape, so that a notch 20 is provided. 
[0091] According to this modi?ed example, adverse effects 
on circuit speed due to increase in a capacitance betWeen a 
gate electrode 5 and each of n-type source/drain regions 12 
can be further suppressed. 

Fourth Embodiment 

[0092] Hereafter, a semiconductor device according to a 
fourth embodiment of the present invention Will be described 
With reference to the accompanying draWings. FIG. 9 is a 
cross-sectional vieW illustrating a structure of a semiconduc 
tor device (more speci?cally, a single sideWall type MISFET) 
according to the fourth embodiment of the present invention. 
In this embodiment description Will be made using an n-type 
MISFET as an example. HoWever, even When the present 
invention is applied to a p-type MISFET, the same effects as 
those of this embodiment can be achieved. 
[0093] As shoWn in FIG. 9, this embodiment is different 
from the ?rst embodiment in that, for example, a silicon oxide 
?lm, a silicon oxynitride ?lm or the like is provided as a buffer 
insulating ?lm 25 betWeen a substrate 1 and a high dielectric 
constant gate insulating ?lm 4A. 
[0094] According to this embodiment, in addition to the 
effects of the ?rst embodiment, an interface betWeen a sub 
strate and a gate insulating ?lm can be advantageously kept in 
a normal state. Speci?cally, by forming the high dielectric 
constant gate insulating ?lm 4A on the substrate 1 With the 
buffer insulating ?lm 25 interposed therebetWeen, deteriora 
tion of an interface betWeen a substrate and a gate insulating 
?lm can be suppressed, compared to the case Where the high 
dielectric constant gate insulating ?lm 4A is formed directly 
on the substrate 1. 

[0095] In this embodiment, the buffer insulating ?lm 25 is 
provided betWeen the high dielectric constant gate insulating 
?lm 4A of the ?rst embodiment and the substrate 1. HoWever, 
instead of this structure, even if the buffer insulating ?lm 25 is 
provided betWeen the substrate 1 and the high dielectric con 
stant gate insulating ?lm 4B of the second embodiment, the 
high dielectric constant gate insulating ?lm 4C of the second 
modi?ed example of the second embodiment, the high dielec 
tric constant gate insulating ?lm 4D of the third modi?ed 
example of the second embodiment or the high dielectric 
constant gate insulating ?lm 4E of the third embodiment, the 
same effects as those of this embodiment can be achieved. 
Moreover, instead of providing the buffer insulating ?lm 25 
betWeen the substrate 1 and the high dielectric constant gate 
insulating ?lm 4A, 4B, 4C, 4D or 4E, a buffer insulating ?lm 
may be provided betWeen the gate electrode 5 and the high 
dielectric constant gate insulating ?lm 4A, 4B, 4C, 4D or 4E. 
With such a structure, compared to the case Where the gate 
electrode 5 is directly formed on the high dielectric constant 
gate insulating ?lm 4A, 4B, 4C, 4D or 4E, deterioration of an 
interface betWeen a gate electrode and a gate insulating ?lm 
can be prevented. As another alternative, a buffer insulating 
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?lm may be formed between the gate electrode 5 and the high 
dielectric constant gate insulating ?lm 4A, 4B, 4C, 4D or 4E 
as Well as forming the buffer insulating ?lm 25 betWeen the 
substrate 1 and the high dielectric constant gate insulating 
?lm 4A, 4B, 4C, 4D or 4E. With such a structure, deteriora 
tion of each of the substrate-gate insulating ?lm interface and 
the gate insulating ?lm-gate electrode interface can be pre 
vented at the same time. 

Modi?ed Example of Fourth Embodiment 

[0096] Hereafter, a semiconductor device according to a 
modi?ed example of the fourth embodiment of the present 
invention Will be described With reference to the accompany 
ing draWings. FIG. 10 is a cross-sectional vieW illustrating a 
structure of a semiconductor device (more speci?cally, a 
single sideWall type MISFET) according to the modi?ed 
example of the fourth embodiment. 
[0097] As shoWn in FIG. 10, this modi?ed example is dif 
ferent from the fourth embodiment in that part of a laminated 
insulating ?lm of a high dielectric constant gate insulating 
?lm 4A and a buffer insulating ?lm 25 located under a side 
end portion of each sideWall 7, i.e., a side end portion of the 
laminated insulating ?lm is removed in a notch shape, so that 
a notch 20 is provided. 
[0098] According to this modi?ed example, adverse effects 
on circuit speed due to increase in a capacitance betWeen a 
gate electrode 5 and each of n-type source/drain regions 12 
can be further suppressed. 
[0099] In this modi?ed example, the notch 20 is provided in 
the side end portion of the laminated insulating ?lm of the 
high dielectric constant gate insulating ?lm 4A and the buffer 
insulating ?lm 25 of the ?rst embodiment. HoWever, instead 
of this structure, even if a notch is provided in a side end 
portion of a laminated insulating ?lm of the buffer insulating 
?lm 25 and the high dielectric constant gate insulating ?lm 4B 
of the second embodiment, the high dielectric constant gate 
insulating ?lm 4C of the second modi?ed example of the 
second embodiment, the high dielectric constant gate insu 
lating ?lm 4D of the third modi?ed example of the second 
embodiment or the high dielectric constant gate insulating 
?lm 4E of the third embodiment, the same effects of the 
modi?ed example can be achieved. In such cases, a buffer 
insulating ?lm may be provided betWeen the gate electrode 5 
and the high dielectric constant gate insulating ?lm 4A, 4B, 
4C, 4D or 4D as Well as forming the buffer insulating ?lm 25 
betWeen the substrate 1 and the high dielectric constant gate 
insulating ?lm 4A, 4B, 4C, 4D or 4D. 

Fifth Embodiment 

[0100] Hereafter, a method for fabricating a semiconductor 
device according to a ?fth embodiment of the present inven 
tion Will be described With reference to the accompanying 
draWings. In this embodiment, description Will be made using 
a method for fabricating an n-type MISFET as an example. 
FIGS. 11A through 11F are cross-sectional vieWs illustrating 
respective steps for fabricating a semiconductor device 
according to the ?fth embodiment. 
[0101] First, as shoWn in FIG. 11A, a STI 3 Which is to be 
an isolation region is selectively formed on a substrate 1 of, 
for example, silicon and then, for example, B (boron) is ion 
implanted into the substrate 1 at an implantation energy of 
300 keV and a dose of 1><10l3 cm_2. Thus, a p-type Well 2 
Which is to be an active region is formed. Subsequently, ion 
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implantation (of B at an implantation energy of 150 keV and 
a dose of 1><10l3 cm_2) for punch-through stopper formation 
and ion implantation (of B at an implantation energy of 20 
keV and a dose of 5><10l2 cm_2) for channel formation are 
performed. 
[0102] Next, as shoWn in FIG. 11B, as a buffer insulating 
?lm, for example, a silicon oxide ?lm (not shoWn) is formed 
on the active region of the p-type Well 2 surrounded by the STI 
3 so as to have a thickness ofabout 0.5 nm and then, as a high 
dielectric constant ?lm 4, for example, a HfSiON ?lm is 
deposited thereon to a thickness of about 4 nm (i.e., about 1 
nm in terms of an equivalent oxide thickness). 
[0103] Next, as shoWn in FIG. 11C, for example, a gate 
electrode material ?lm 5A is formed on the high dielectric 
constant gate insulating ?lm 4 so as to have a thickness of 
about 100 nm. 

[0104] Next, a resist pattern (not shoWn) is formed on the 
gate electrode material ?lm 5A so as to cover a gate electrode 
formation region, and then the gate electrode material ?lm 5A 
is etched using the resist pattern as a mask, thereby forming, 
as shoWn in FIG. 11D, a gate electrode 5. Thereafter, part of 
the high dielectric constant gate insulating ?lm 4 located in 
the external side to the gate electrode 5 is removed by a 
thickness of about 2 nm by selective etching. Thus, a thick 
ness of part of the high dielectric constant gate insulating ?lm 
4 located in the external side to the gate electrode 5 can be 
reduced so that a remaining thickness of the part of the high 
dielectric constant gate insulating ?lm 4 becomes about 2 nm. 
Subsequently, using the gate electrode 5 as a mask, for 
example, As (arsenic) is ion implanted into the substrate 1 at 
an implantation energy of 2 keV and a dose of 1><10l5 cm_2, 
thereby forming an n-type extension region 10. Thereafter, 
using the gate electrode 5 as a mask, for example, B is ion 
implanted into the substrate 1 at an implantation energy of 10 
keV and a dose of 3><10l3 cm_2, thereby forming a p-type 
pocket region 11. In this case, the n-type extension region 10 
may be formed after forming the p-type pocket region 11. 
[0105] Next, an insulating ?lm is deposited over the sub 
strate 1 to a thickness of about 50 nm, and then the insulating 
?lm is etched back to form, as shoWn in FIG. 11E, an insu 
lating sideWall 7 on each side surface of the gate electrode 5. 
[0106] Next, using the gate electrode 5 and the sideWall 7 as 
a mask, for example, As is ion implanted into the substrate 1 
at an implantation energy of 10 keV and a dose of 5><10l5 
cm_2, and then, for example, spike RTA (rapid thermal 
annealing) is performed at a temperature of about 10500 C., 
thereby activating the implanted impurity. Thus, as shoWn in 
FIG. 11F, n-type source/drain regions 12 are formed. 
[0107] According to the above-described fabrication 
method of this embodiment, the MISFET structure (see FIG. 
1) of the ?rst embodiment can be realiZed in a relatively 
simple manner. 
[0108] MeanWhile, the high dielectric constant gate insu 
lating ?lm 4 contains heavy metal and thus Rp (projection 
range) of implanted ions passing through the high dielectric 
constant gate insulating ?lm 4 tends to be small. Therefore, in 
the process step of FIG. 11D, if Without reducing the thick 
ness of the high dielectric constant gate insulating ?lm 4, ion 
implantation is performed to the substrate 1 covered With the 
high dielectric constant gate insulating ?lm 4 in the external 
side to the gate electrode 5 to form the n-type extension region 
10 or the p-type pocket region 11, an acceleration energy has 
to be increased. HoWever, in this embodiment, the part of the 
high dielectric constant gate insulating ?lm 4 located in the 
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external side to the gate electrode 5 has a reduced thickness, 
so that increase in acceleration energy can be suppressed. 
Accordingly, a shalloW junction can be formed in the n-type 
extension region 10 in a simple manner and thus device char 
acteristics can be improved in a simple manner. 
[0109] In this embodiment, after the sideWall 7 has been 
formed, for example, part of the high dielectric constant gate 
insulating ?lm 4 located in the external side to the sideWall 7 
may be removed by Wet etching using hydro?uoric acid or the 
like or selective dry etching. In such a case, When Wet etching 
is used, part of the high dielectric constant gate insulating ?lm 
4 located under each side end portion of the sideWall 7, i.e., a 
side end portion of the high dielectric constant gate insulating 
?lm 4 may be removed in a notch shape, so that a notch is 
formed. Thus, the MISFET structure (see FIG. 6) of the 
modi?ed example of the ?rst embodiment can be realiZed in 
a simple manner. 

[0110] In this embodiment, a target thickness for reduction 
in the thickness of the part of the high dielectric constant gate 
insulating ?lm 4 located in the external side to the gate elec 
trode 5 is not particularly limited. HoWever, for example, 
When an HfSiON ?lm is used as the high dielectric constant 
gate insulating ?lm 4, to suppress increase in a capacitance 
betWeen a gate and a grain, the thickness of part of the high 
dielectric constant gate insulating ?lm 4 located in the exter 
nal side to the gate electrode 5 is preferably reduced to about 
2 nm or less (so that a surface of the substrate 1 is not 
exposed). 

Sixth Embodiment 

[0111] Hereafter, a method for fabricating a semiconductor 
device according to a sixth embodiment of the present inven 
tion Will be described With reference to the accompanying 
draWings. In this embodiment, description Will be made using 
a method for fabricating an n-type MISFET as an example. 
FIGS. 12A through 12G are cross-sectional vieWs illustrating 
respective steps for fabricating a semiconductor device 
according to the sixth embodiment. 
[0112] First, as shoWn in FIG. 12A, a STI 3 Which is to be 
an isolation region is selectively formed on a substrate 1 of, 
for example, silicon and then, for example, B is ion implanted 
into the substrate 1 at an implantation energy of 300 keV and 
a dose of 1 ><10l3 cm_2. Thus, a p-type Well 2 Which is to be an 
active region is formed. Subsequently, ion implantation (of B 
at an implantation energy of 150 keV and a dose of 1><10l3 
cm_2) for punch-through stopper formation and ion implan 
tation (of B at an implantation energy of 20 keV and a dose of 
5><10l2 cm_2) for channel formation are performed. 
[0113] Next, as shoWn in FIG. 12B, as a buffer insulating 
?lm, for example, a silicon oxide ?lm (not shoWn) is formed 
on the active region of the p-type Well 2 surrounded by the STI 
3 so as to have a thickness ofabout 0.5 nm and then, as a high 
dielectric constant ?lm 4, for example, a HfSiON ?lm is 
deposited thereon to a thickness of about 4 nm (i.e., about 1 
nm in terms of an equivalent oxide thickness). 
[0114] Next, as shoWn in FIG. 12C, for example, a gate 
electrode material ?lm 5A is formed on the high dielectric 
constant gate insulating ?lm 4 so as to have a thickness of 
about 100 nm. 

[0115] Next, a resist pattern (not shoWn) is formed on the 
gate electrode material ?lm 5A so as to cover a gate electrode 
formation region, and then the gate electrode material ?lm 5A 
is etched using the resist pattern as a mask, thereby forming, 
as shoWn in FIG. 12D, a gate electrode 5. Thereafter, part of 
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the high dielectric constant gate insulating ?lm 4 located in 
the external side to the gate electrode 5 is removed by a 
thickness of about 2 nm by selective etching. Thus, a thick 
ness of the part of the high dielectric constant gate insulating 
?lm 4 located in the external side to the gate electrode 5 can 
be reduced so that a remaining thickness of the part of the high 
dielectric constant gate insulating ?lm 4 becomes about 2 nm. 

[0116] Next, an insulating ?lm is deposited over the sub 
strate 1 to a thickness of about 10 nm, and then the insulating 
?lm is etched back to form, as shoWn in FIG. 12E, an insu 
lating offset sideWall 6 on each side surface of the gate elec 
trode 5. Thereafter, part of the high dielectric constant gate 
insulating ?lm 4 located in the external side to the offset 
sideWall 6 is removed by Wet etching using, for example, 
hydro?uoric acid or selective dry etching. Subsequently, 
using the gate electrode 5 and the offset sideWall 6 as a mask, 
for example, As is ion implanted into the substrate 1 at an 
implantation energy of 2 keV and a dose of 1><10l5 cm_2, 
thereby forming an n-type extension region 10. Thereafter, 
using the gate electrode 5 and the offset sideWall 6 as a mask, 
for example, B is ion implanted into the substrate 1 at an 
implantation energy of 10 keV and a dose of 3><10l3 cm_2, 
thereby forming a p-type pocket region 11. 
[0117] Next, an insulating ?lm is deposited over the sub 
strate 1 to a thickness of about 50 nm, and then the insulating 
?lm is etched back to form, as shoWn in FIG. 12F, an insulat 
ing sideWall 7 on each side surface of the gate electrode 5 With 
the offset sideWall 6 interposed therebetWeen. 

[0118] Next, using the gate electrode 5, the offset sideWall 
6 and the sideWall 7 as a mask, for example, As is ion 
implanted into the substrate 1 at an implantation energy of 10 
keV and a dose of 5><10l5 cm_2, and then, for example, spike 
RTA (rapid thermal annealing) is performed at a temperature 
of about 1050° C., thereby activating the implanted impurity. 
Thus, as shoWn in FIG. 12G, n-type source/drain regions 12 
are formed. 

[0119] According to the above-described fabrication 
method of this embodiment, the MISFET structure (see FIG. 
2) of the second embodiment can be realiZed in a relatively 
simple manner. 

[0120] In this embodiment, after the offset sideWall 6 has 
been formed, part of the high dielectric constant gate insulat 
ing ?lm 4 located in the external side to the offset sideWall 6 
is removed, for example, by Wet etching using hydro?uoric 
acid or the like. When this Wet etching is performed, part of 
the high dielectric constant gate insulating ?lm 4 located 
under each side end portion of the offset sideWall 6, i.e., a side 
end portion of the high dielectric constant gate insulating ?lm 
4 may be removed in a notch shape, so that a notch is formed. 
Thus, the MISFET structure (see FIG. 7) of the ?rst modi?ed 
example of the second embodiment can be realiZed in a 
simple manner. 

[0121] In this embodiment, a target thickness for reduction 
in the thickness of the part of the high dielectric constant gate 
insulating ?lm 4 located in the external side to the gate elec 
trode 5 is not particularly limited. HoWever, for example, 
When an HfSiON ?lm is used as the high dielectric constant 
gate insulating ?lm 4, to suppress increase in a capacitance 
betWeen a gate and a grain, the thickness of part of the high 
dielectric constant gate insulating ?lm 4 located in the exter 
nal side to the gate electrode 5 is preferably reduced to about 
2 nm or less (so that a surface of the substrate 1 is not 
exposed). 
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