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SEMICONDUCTOR DEVICE AND 

METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a semiconductor device and a method for 

fabricating the semiconductor device. Specifically, the present invention relates to a 

structure of a MISFET (metal insulator semiconductor field-effect transistor) and a method 

for fabricating the MISFET and, more particularly, relates to techniques for improving the 

10 driving power and reliability of a MISFET. 

Description of Prior Art 

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 

15 same time, to use, as a gate insulating film of a MISFET, a high dielectric constant film 

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 film having a relative dielectric 

constant of about 4. 

FIGS. 16A and 16B are cross-sectional views illustrating respective structures of 

20 known MISFETs using a high dielectric constant gate insulating film, respectively (see 

Ken Watanabe, HfSiON-CMOS technology for achieving high performance and high 

reliability, Semi. Forum Japan, 2005). 

As shown in FIG. 16A, a gate electrode 105 is formed on a region of a well 102 

surrounded by a STI (shallow trench isolation) 103. The region of the well 102 surrounded 

25 by the STI serves as an active region of a substrate 101. The gate electrode 105 is 
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provided on the region with a high dielectric constant gate insulating film 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 111 is formed in part of the well 102 located under the 

5 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. 

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 

Io sidewall 106 interposed there between. 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 

However, in a structure of a known MISFET using a high dielectric constant gate 

15 insulating film, side end portions of the high dielectric constant gate insulating film are in 

direct contact with sidewalls. Thus, in forming sidewalls of, for example, a silicon oxide 

film or the like, a composition of the side end portions of the high dielectric constant gate 

insulating film 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 

20 gate insulating film is caused at gate electrode end part, so that device characteristics of the 

MISFET are deteriorated and the reliability of the gate insulating film is degraded. 

25 

In view of the above-described problems, it is therefore an object of the present 

invention to improve characteristics of a MISFET without degrading of a high dielectric 

constant gate insulating film. 

To achieve the above-described object, the inventors of the present application have 

2 
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devised a MISFET structure in which a high dielectric constant gate insulating film is kept 

remaining under sidewalls to prevent end portions of the high dielectric constant gate 

insulating film 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 film 

5 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 film. Thus, when ion 

implantation is performed, expansion of an implanted impurity in the depth direction is 

IO 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. 

Reason 1) With use of a high dielectric constant film as a gate insulating film, a 

desired dielectric constant can be achieved even without having the thickness of the high 

15 dielectric constant film reduced. Therefore, the thickness of the high dielectric constant 

film has to be set at a large value. 

Reason 2) A high dielectric constant film contains heavy metal and Rp 

(projection range) of implanted ions is small. 

To cope with this problem, the inventors have devised a MISFET structure in 

20 which a high dielectric constant gate insulating film is kept remaining under sidewalls and 

part of the high dielectric constant gate insulating film located under the sidewalls is made 

to have a smaller thickness than a thickness of part of the high dielectric constant gate 

insulating film located under a gate electrode, and a method for forming the MISFET 

structure. 

25 Specifically, a semiconductor device according to the present invention includes: a 

3 

 
Page 14 of 178



gate electrode formed on the high dielectric constant gate insulating film; and an insulating 

sidewall formed on each side surface of the gate electrode. In the semiconductor device, 

the high dielectric constant gate insulating film is continuously formed so as to extend 

from under the gate electrode to under the insulating sidewall, and at least part of the high 

5 dielectric constant gate insulating film located under the insulating sidewall has a smalkr 

thickness than a thickness of part of the high dielectric constant gate insulating film located 

under the gate electrode. 

In the semiconductor device of the present invention, the insulating sidewall may 

include a first insulating sidewall formed on a side surface of the gate electrode and a 

1 o second insulating sidewall formed on the side surface of the gate electrode with the first 

insulating sidewall interposed therebetween, the high dielectric constant gate insulating 

film may be continuously formed so as to extend from under the gate electrode to under the 

first insulating sidewall, and part of the high dielectric constant gate insulating film located 

under the first insulating sidewall may have a smaller thickness than a thickness of part of 

15 the high dielectric constant gate insulating film located under the gate electrode. 

When the insulating sidewall includes the first insulating sidewall and the second 

insulating sidewall, the high dielectric constant gate insulating film may be formed so as 

not to be located under the second insulating sidewall. 

When the insulating sidewall includes the first insulating sidewall and the second 

20 insulating sidewall, the high dielectric constant gate insulating film 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 film located under the 

second insulating sidewall may have the same thickness as a thickness of part of the high 

dielectric constant gate insulating film located under the first insulating sidewall. 

25 When the insulating sidewall includes the first insulating sidewall and the second 

4 
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insulating sidewall, the high dielectric constant gate insulating film 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 film located under the 

second insulating sidewall may have a smaller thickness than a thickness of part of the 

5 high dielectric constant gate insulating film located under the first insulating sidewall. 

In the semiconductor device of the present invention, the insulating sidewall may 

include a first 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 first 

insulating sidewall interposed therebetween, the high dielectric constant gate insulating 

10 film 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 film 

located under the first insulating sidewall may have the same thickness as a thickness of 

part of the high dielectric constant gate insulating film located under the gate electrode, 

and part of the high dielectric constant gate insulating film located under the second 

15 insulating sidewall may have a smaller thickness than a thickness of part of the high 

dielectric constant gate insulating film located under the gate electrode. 

In the semiconductor device of the present invention, the high dielectric constant 

gate insulating film may include a notch at a side end portion. 

The semiconductor device of the present invention may further include a buffer 

20 insulating film between the substrate and the high dielectric constant gate insulating film. 

25 

In such a case, the buffer insulating film may be a silicon oxide film or a silicon 

oxynitride film. 

In the semiconductor device of the present invention, the gate electrode may be a 

fully silicided gate electrode of which an entire region has been silicided. 

A method for fabricating a semiconductor device according to the present invention 

5 
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includes the steps of: a) forming a high dielectric constant gate insulating film on an active 

region of a substrate; b) forming a gate electrode on the high dielectric constant gate 

insulating film; c) etching, after the step b ), part of the high dielectric constant gate 

insulating film located in an external side to the gate electrode to reduce a thickness of the 

5 part; and d) forming, after the step c ), an insulating sidewall on a side surface of the gate 

electrode. 

10 

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 film located in an external side to the insulating sidewall. 

In the method for fabricating a semiconductor device according to the present 

invention, the insulating sidewall may include a first insulating sidewall and a second 

insulating sidewall, and the step d) may include the step dl) of forming the first 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 first insulating 

15 sidewall interposed therebetween. 

20 

When the step d) includes the step dl) 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 film located in the external side to the first insulating sidewall. 

When the step d) includes the step dl) and the step d2), the method for fabricating a 

semiconductor device according to the present invention may further include, between dl) 

and the step d2), the step of etching part of the high dielectric gate insulating film located 

in an external side to the first 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 film 

25 located in an external side to the second insulating sidewall. 

6 
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In the method for fabricating a semiconductor device according to the present 

invention, the dielectric constant gate insulating film may be selectively removed by wet 

etching. 

In the method for fabricating a semiconductor device according to the present 

5 invention, the step b) may include the step of forming a protective film for covering an 

upper surface of the gate electrode, and the method may further include, after the step d), 

the step of siliciding a surface of part of the active region located in the external side to the 

insulating sidewall, removing the protective film and then fully siliciding the gate 

electrode. 

IO 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 film 

on the active region, and in the step a), the high dielectric constant gate insulating film may 

be formed on the active region with the buffer insulating film interposed therebetween. 

According to the present invention, a high dielectric constant gate insulating film is 

15 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 film at a gate end 

portion is maintained. Thus, reduction in the dielectric constant and insulation property of 

the high dielectric constant gate insulating film at the gate end portion, caused by a side 

end portion of the high dielectric constant gate insulating film being in direct contact with 

20 a sidewall film, can be suppressed. Moreover, the high dielectric constant gate insulating 

film 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 

25 through the part of the high dielectric constant film which has a small thickness, increase in 

7 
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implantation acceleration energy can be suppressed. Accordingly, 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. 

As has been described, the present invention relates to a semiconductor device and 

5 a method for fabricating the semiconductor device. Specifically, when the present 

invention is applied to a MISFET including a high dielectric constant gate insulating film, 

the effect of improving the driving power and reliability of the MISFET can be achieved 

and is therefore very useful. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

15 

20 

FIG. 1 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a first embodiment of the present invention. 

FIG. 2 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a second embodiment of the present invention. 

FIG. 3 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a second modified example of the second embodiment of the present 

invention. 

FIG. 4 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a third modified example of the second embodiment of the present invention. 

FIG. 5 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a third embodiment of the present invention. 

FIG. 6 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a modified example of the first embodiment of the present invention. 

FIG. 7 is a cross-sectional view illustrating a structure of a semiconductor device 

25 according to a first modified example of the second embodiment of the present invention. 

8 

 
Page 19 of 178



5 

FIG. 8 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a modified example of the third embodiment of the present invention. 

FIG. 9 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a fourth embodiment of the present invention. 

FIG. 10 is a cross-sectional view illustrating a structure of a semiconductor device 

according to a modified example of the fourth embodiment of the present invention. 

FIGS. llA through llF are cross-sectional views illustrating respective steps for 

fabricating a semiconductor device according to a fifth embodiment of the present 

invention. 

FIGS. 12A through 12G are cross-sectional views illustrating respective steps for 

fabricating a semiconductor device according to a sixth embodiment of the present 

invention. 

FIGS. 13A through 13G are cross-sectional views illustrating respective steps for 

fabricating a semiconductor device according to a seventh embodiment of the present 

15 invention. 

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. 

FIGS. 15A through 15D are cross-sectional views illustrating respective steps for 

20 fabricating a semiconductor device according to the eighth embodiment of the present 

invention. 

FIGS. 16A and 16B are cross-sectional views illustrating a structure of a known 

MISFET, respectively. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

9 
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(First Embodiment) 

Hereafter, a semiconductor device according to a first embodiment of the present 

invention will be described with reference to the accompanying drawings. FIG. 1 is a 

cross-sectional view illustrating a structure of a semiconductor device (more specifically, a 

5 single sidewall type MISFET) according to the first 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. 

As shown in FIG. 1, a gate electrode 5 is formed on an active region of a p-type 

IO 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 film 4A interposed 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 

15 pocket region 11 is formed in part of the p-type well 2 located under then-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. 

20 It is a first feature of this embodiment that the high dielectric constant gate 

insulating film 4A is kept remaining not only under the gate electrode 5 but also under the 

sidewall 7. That is, the high dielectric gate insulating film 4A is continuously formed so as 

to extend from under the gate electrode 5 to under the sidewall 7. 

It is a second feature of this embodiment that the thickness of the part of the high 

25 dielectric constant gate insulating film 4A located under the sidewall 7 is smaller than a 
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thickness of the part of the high dielectric constant film 4A located under the gate electrode 

5. That is, the gate insulating film 4A is formed so as to have a convex shape. 

According to this embodiment, each side end portion of the high dielectric constant 

gate insulating film 4A is not in contact with the sidewall 7 and continuity of the high 

5 dielectric constant gate insulating film 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 film 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 film can be prevented. 

According to this embodiment, the existence of the high dielectric constant gate 

insulating film 4A under the sidewall 7 makes capacitive coupling between the gate 

electrode 5 and then-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). Therefore, device 

15 characteristics and hot carrier reliability can be improved at the same time. 

Meanwhile, in this embodiment, because of the existence of the high dielectric 

constant gate insulating film 4A under the sidewall 7, there might be cases where a 

capacitance 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 

20 above, in this embodiment, the high dielectric constant gate insulating film 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 capacitance between 

the gate and the drain and adverse effect on the circuit speed can be suppressed. 

As has been described, according to this embodiment, device/circuit characteristics 

25 of an MISFET and the reliability of a gate insulating film, which are conventionally in the 

11 
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trade-off relationship, can be largely improved at the same time. 

(Modified Example of First Embodiment) 

Hereafter, a semiconductor device according to a modified example of the first 

5 embodiment of the present invention will be described with reference to the accompanying 

drawings. FIG. 6 is a cross-sectional view illustrating a structure of a semiconductor 

device (more specifically, a single sidewall n-type MISFET) according to the modified 

example of the first embodiment. 

As shown in FIG. 6, this modified example is different from the first embodiment 

1 o in that part of a high dielectric constant gate insulating film 4A located under each side end 

portion of a sidewall 7, i.e., a side portion of the high dielectric constant gate insulating 

film 4A is removed in a notch shape, so that a notch 20 is provided. 

According to this modified example, adverse effects on circuit speed due to 

increase in a capacitance between a gate electrode 5 and each of n-type source/drain 

15 regions 12 can be further suppressed. 

(Second Embodiment) 

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 

20 the first 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 extension 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 

25 the present invention is applied to a p-type MISFET, the same effects as those of this 

12 
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embodiment can be achieved. 

FIG. 2 is a cross-sectional view illustrating a structure 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 STI 3. The p-type well 2 is formed in a 

5 substrate 1 made of, for example, silicon. The gate electrode 5 is formed on the active 

region with a high dielectric constant gate insulating film 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. Ann-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. 

Io Furthermore, a p-type pocket region 11 is formed in part of the p-type well 2 located under 

then-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 then-type extension region 10 and the p-type pocket region 11 when viewed from the 

gate electrode 5. 

15 It is a first feature of this embodiment that the high dielectric constant gate 

20 

insulating film 4B is kept remaining not only under the gate electrode 5 but also under the 

offset sidewall 6. That is, the high dielectric constant gate insulating film 4B is 

continuously formed so as to extend from under the gate electrode 5 to under the offset 

sidewall 6. 

It is a second feature of this embodiment that the thickness of the part of the high 

dielectric constant gate insulating film 4B located under the offset sidewall 6 is smaller 

than a thickness of the part of the high dielectric constant film 4B located under the gate 

electrode 5. That is, the gate insulating film 4B is formed so as to have a convex shape. 

According to this embodiment, each side end portion of the high dielectric constant 

25 gate insulating film 4B is not in contact with the offset sidewall 6 and continuity of the 

13 
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high dielectric constant gate insulating film 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 film 4B at the end portion of the gate electrode 5 

can be suppressed, so that deterioration of device characteristics of the MISFET and 

5 reduction in the reliability of the gate insulating film can be prevented. 

According to this embodiment, the existence of the high dielectric constant gate 

insulating film 4B under the offset sidewall 6 makes capacitive coupling between the gate 

electrode 5 and then-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 

IO be achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). Therefore, device 

characteristics and hot carrier reliability can be improved at the same time. 

Moreover, according to this embodiment, the high dielectric constant gate 

insulating film 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 

15 suppressed so that a small capacitance 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. 

As has been described, according to this embodiment, device/circuit characteristics 

of an MISFET and the reliability of a gate insulating film, which are conventionally in the 

20 trade-off relationship, can be largely improved at the same time. 

(First Modified Example of Second Embodiment) 

Hereafter, a semiconductor device according to a modified example of the second 

embodiment of the present invention will be described with reference to the accompanying 

25 drawings. FIG. 7 is a cross-sectional view illustrating a structure of the semiconductor 
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device (more specifically, a double sidewall type MISFET) according to the first modified 

example of the second embodiment. 

As shown in FIG. 7, this modified example is different from the second 

embodiment is that part of a high dielectric constant gate insulating film 4B located under 

5 each side end portion of the offset sidewall 6, i.e., a side portion of the high dielectric 

constant gate insulating film 4B is removed in a notch shape, so that a notch 20 is 

provided. 

According to this modified example, adverse effects on circuit speed due to 

increase in a capacitance between a gate electrode 5 and each of n-type source/drain 

10 regions 12 can be further suppressed. 

(Second Modified Example of Second Embodiment) 

Hereafter, a semiconductor device according to a second modified example of the 

second embodiment of the present invention will be described with reference to the 

15 accompanying drawings. FIG. 3 is a cross-sectional view illustrating a structure of the 

semiconductor device (more specifically, a double sidewall type MISFET) according to the 

second modified example of the second embodiment. 

This embodiment is different from the second embodiment in that a high dielectric 

constant gate insulating film 4C is kept remaining not only under the gate electrode 5 and 

20 the offset sidewall 6 but also under the sidewall 7. That is, the high dielectric constant gate 

insulating film 4C is continuously formed so as to extend from under the gate electrode 5 

to under the sidewall 7. 

In this modified example, the thickness of part of the high dielectric constant gate 

insulating film 4C located under the sidewall 7 is the same as the thickness of part of the 

25 high dielectric constant gate insulating film 4C located under the offset sidewall 6. That is, 

15 

 
Page 26 of 178



the high dielectric constant gate insulating film 4C is formed so as to have a convex shape. 

According to this modified embodiment, the high dielectric constant gate insulating 

film 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 

5 side end portion of the high dielectric constant gate insulating film 4C is not in contact 

with the sidewall 7 and continuity of the high dielectric constant gate insulating film 4C 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 

film 4C at the end portion of the gate electrode 5 can be suppressed, so that deterioration of 

10 device characteristics of the MISFET and reduction in the reliability of the gate insulating 

film can be prevented. 

In this modified example, as in the first embodiment, because of the existence of 

the high dielectric constant gate insulating film 4C under sidewall 7, there might be cases 

where a capacitance between the gate electrode 5 and each of the n-type source/drain 

15 regions 12 is increased. However, as has been described, in this modified example, the 

high dielectric constant gate insulating film 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. 

20 

(Third Modified Example of Second Embodiment) 

Hereafter, a semiconductor device according to a third modified 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 

25 semiconductor device (more specifically, a double sidewall type MISFET) according to the 

16 
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third modified example of the second embodiment. 

A first difference between this modified example and the second embodiment is 

that in this modified example, a high dielectric constant gate insulating film 4D is kept 

remaining not only under the gate electrode 5 and the offset sidewall 6 but also under the 

5 sidewall 7. That is, the high dielectric constant gate insulating film 4D is continuously 

formed so as to extend from under the gate electrode 5 to under the sidewall 7. 

A second difference between this modified example and the second embodiment is 

that in this modified example, the thickness of part of the high dielectric constant gate 

insulating film 4D located under the offset sidewall 6 is the same as the thickness of part of 

10 the high dielectric constant gate insulating film 4D located under the gate electrode 5. The 

thickness of part of the high dielectric constant gate insulating film 4D located under the 

sidewall 7 is smaller than the thickness of the part of the high dielectric constant gate 

insulating film 4D located under the gate electrode 5. That is, the high dielectric constant 

gate insulating film 4D is formed so as to have a convex shape. 

15 According to this modified example, the high dielectric constant gate insulating 

film 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 film 4D is not in contact 

with the sidewall 7 and continuity of the high dielectric constant gate insulating film 4D at 

20 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 

film 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 

film can be prevented. 

25 In this modified example, as in the first embodiment, because of the existence of 
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the high dielectric constant gate insulating film 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 modified example, the 

high dielectric constant gate insulating film 4D is formed so as to have a smaller thickness 

5 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) 

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 first 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 extension region can be optimized in 

15 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. 

FIG. 5 is a cross-sectional view illustrating a structure of a semiconductor device 

20 according to the third embodiment. 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 film 4E interposed therebetween. An 

insulating sidewall 7 is formed on each side surface of the gate electrode 5 with an offset 

25 sidewall 6 interposed therebetween. Ann-type extension region 10 is formed in each of 
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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 side to then-

5 type extension region 10 and the p-type pocket region 11 when viewed from the gate 

electrode 5. 

It is a first feature that the high dielectric constant gate insulating film 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 film 4E is 

10 continuously formed so as to extend from under the gate electrode 5 to under the sidewall 

7. 

It is a second feature of this embodiment that the thickness of the part of the high 

dielectric constant gate insulating film 4E located under the offset sidewall 6 is smaller 

than a thickness of the part of the high dielectric constant film 4E located under the gate 

15 electrode 5 and the thickness of the high dielectric constant gate insulating film 4E located 

under the sidewall 7 is smaller than the thickness of the part of the high dielectric constant 

film 4E located under the offset sidewall 6. That is, the gate insulating film 4E is formed 

so as to have a double convex shape. 

According to this embodiment, the high dielectric constant gate insulating film 4E 

20 1s 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 film 4E is not in contact 

with the sidewall 7 and continuity of the high dielectric constant gate insulating film 4E at 

an end portion of the gate electrode 5 is maintained. Accordingly, reduction in the 

25 dielectric constant and insulation property of the high dielectric constant gate insulating 
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film 4E 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 

film can be prevented. 

According to this embodiment, the existence of the high dielectric constant gate 

5 insulating film 4E under the offset sidewall 6 makes capacitive coupling between the gate 

electrode 5 and then-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). Therefore, device 

characteristics and hot carrier reliability can be improved at the same time. 

As in the first embodiment, in this embodiment, because of the existence of the 

high dielectric constant gate insulating film 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, accordingly, a circuit speed is reduced. However, as has been 

described, in this embodiment, the high dielectric constant gate insulating film 4E 1s 

15 formed so that the thickness of the high dielectric constant gate insulating film 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. 

20 

25 

As has been described, according to this embodiment, device/circuit characteristics 

of an MISFET and the reliability of a gate insulating film, which are conventionally in the 

trade-off relationship, can be largely improved at the same time. 

(Modified Example of Third Embodiment) 

Hereafter, a semiconductor device according to a modified example of a third 
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embodiment of the present invention will be described with reference to the accompanying 

drawings. FIG. 8 is a cross-sectional view illustrating a structure of a semiconductor 

device (more specifically, a double sidewall type MISFET) according to the modified 

example of the third embodiment. 

5 As shown in FIG. 8, this modified example is different from the first embodiment 

in that part of a high dielectric constant gate insulating film 4E located under each side end 

portion of a sidewall 7, i.e., a side portion of the high dielectric constant gate insulating 

film 4E is removed in a notch shape, so that a notch 20 is provided. 

According to this modified example, adverse effects on circuit speed due to 

10 increase in a capacitance between a gate electrode 5 and each of n-type source/drain 

regions 12 can be further suppressed. 

(Fourth Embodiment) 

Hereafter, a semiconductor device according to a fourth embodiment of the present 

15 invention will be described with reference to the accompanying drawings. FIG. 9 is a 

cross-sectional view illustrating a structure of a semiconductor device (more specifically, 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 

20 same effects as those of this embodiment can be achieved. 

25 

As shown in FIG. 9, this embodiment is different from the first embodiment in that, 

for example, a silicon oxide film, a silicon oxynitride film or the like is provided as a 

buffer insulating film 25 between a substrate 1 and a high dielectric constant gate 

insulating film 4A. 

According to this embodiment, in addition to the effects of the first embodiment, an 
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interface between a substrate and a gate insulating film can be advantageously kept in a 

normal state. Specifically, by forming the high dielectric constant gate insulating film 4A 

on the substrate 1 with the buffer insulating film 25 interposed therebetween, deterioration 

of an interface between a substrate and a gate insulating film can be suppressed, compared 

5 to the case where the high dielectric constant gate insulating film 4A is formed directly on 

the substrate 1. 

In this embodiment, the buffer insulating film 25 is provided between the high 

dielectric constant gate insulating film 4A of the first embodiment and the substrate 1. 

However, instead of this structure, even if the buffer insulating film 25 is provided between 

Io the substrate 1 and the high dielectric constant gate insulating film 4B of the second 

embodiment, the high dielectric constant gate insulating film 4C of the second modified 

example of the second embodiment, the high dielectric constant gate insulating film 4D of 

the third modified example of the second embodiment or the high dielectric constant gate 

insulating film 4E of the third embodiment, the same effects as those of this embodiment 

15 can be achieved. Moreover, instead of providing the buffer insulating film 25 between the 

substrate 1 and the high dielectric constant gate insulating film 4A, 4B, 4C, 4D or 4E, a 

buffer insulating film may be provided between the gate electrode 5 and the high dielectric 

constant gate insulating film 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 

20 insulating film 4A, 4B, 4C, 4D or 4E, deterioration of an interface between a gate 

electrode and a gate insulating film can be prevented. As another alternative, a buffer 

insulating film may be formed between the gate electrode 5 and the high dielectric constant 

gate insulating film 4A, 4B, 4C, 4D or 4E as well as forming the buffer insulating film 25 

between the substrate 1 and the high dielectric constant gate insulating film 4A, 4B, 4C, 

25 4D or 4E. With such a structure, deterioration of each of the substrate-gate insulating film 
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interface and the gate insulating film-gate electrode interface can be prevented at the same 

time. 

(Modified Example of Fourth Embodiment) 

Hereafter, a semiconductor device according to a modified example of the fourth 

5 embodiment of the present invention will be described with reference to the accompanying 

drawings. FIG. 10 is a cross-sectional view illustrating a structure of a semiconductor 

device (more specifically, a single sidewall type MISFET) according to the modified 

example of the fourth embodiment. 

As shown in FIG. 10, this modified example is different from the fourth 

1 o embodiment in that part of a laminated insulating film of a high dielectric constant gate 

insulating film 4A and a buffer insulating film 25 located under a side end portion of each 

sidewall 7, i.e., a side end portion of the laminated insulating film is removed in a notch 

shape, so that a notch 20 is provided. 

According to this modified example, adverse effects on circuit speed due to 

15 increase in a capacitance between a gate electrode 5 and each of n-type source/drain 

regions 12 can be further suppressed. 

In this modified example, the notch 20 is provided in the side end portion of the 

laminated insulating film of the high dielectric constant gate insulating film 4A and the 

buffer insulating film 25 of the first embodiment. However, instead of this structure, even 

20 if a notch is provided in a side end portion of a laminated insulating film of the buffer 

insulating film 25 and the high dielectric constant gate insulating film 4B of the second 

embodiment, the high dielectric constant gate insulating film 4C of the second modified 

example of the second embodiment, the high dielectric constant gate insulating film 4D of 

the third modified example of the second embodiment or the high dielectric constant gate 

25 insulating film 4E of the third embodiment, the same effects of the modified example can 
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5 

be achieved. In such cases, a buffer insulating film may be provided between the gate 

electrode 5 and the high dielectric constant gate insulating film 4A, 4B, 4C, 4D or 4D as 

well as forming the buffer insulating film 25 between the substrate 1 and the high dielectric 

constant gate insulating film 4A, 4B, 4C, 4D or 4D. 

(Fifth Embodiment) 

Hereafter, a method for fabricating a semiconductor device according to a fifth 

embodiment of the present invention will be described with reference to the accompanying 

drawings. In this embodiment, description will be made using a method for fabricating an 

IO n-type MISFET as an example. FIGS. llA through llF are cross-sectional views 

illustrating respective steps for fabricating a semiconductor device according to the fifth 

embodiment. 

First, as shown in FIG. 1 lA, 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 

15 implanted into the substrate 1 at an implantation energy of 300 keV and a dose of 

I x 1013 cm-2
. Thus, a p-type well 2 which is to be an active region is formed. 

Subsequently, ion implantation (of Bat an implantation energy of 150 keV and a dose of 

1 x 1013 crn2
) for punch-through stopper formation and ion implantation (of B at an 

implantation energy of 20 keV and a dose of 5 x 1012 cm-2
) for channel formation are 

20 performed. 

Next, as shown in FIG. 11B, as a buffer insulating film, for example, a silicon 

oxide film (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 of about 0.5 nm and then, as a high dielectric constant 

film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e., 

25 about 1 nm in terms of an equivalent oxide thickness). 
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Next, as shown in FIG. llC, for example, a gate electrode material film SA is 

formed on the high dielectric constant gate insulating film 4 so as to have a thickness of 

about 100 nm. 

Next, a resist pattern (not shown) is formed on the gate electrode material film SA 

5 so as to cover a gate electrode formation region, and then the gate electrode material film 

SA is etched using the resist pattern as a mask, thereby forming, as shown in FIG. llD, a 

gate electrode 5. Thereafter, part of the high dielectric constant gate insulating film 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 thickness of part of the high dielectric constant gate 

1 o insulating film 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 film 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 ke V and a 

dose of 1 x 1015 cm -2
, thereby forming an n-type extension region 10. Thereafter, using 

15 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 x 1013 cm -2
, thereby forming a p-type 

pocket region 11. In this case, then-type extension region 10 may be formed after forming 

the p-type pocket region 11. 

Next, an insulating film is deposited over the substrate 1 to a thickness of about 

20 50 nm, and then the insulating film is etched back to form, as shown in FIG. llE, an 

insulating sidewall 7 on each side surface of the gate electrode 5. 

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 ke V and a dose of 

5 x 1015 cm-2, and then, for example, spike RTA (rapid thermal annealing) is performed at 

25 a temperature of about 1050 °C, thereby activating the implanted impurity. Thus, as 
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5 

shown in FIG. llF, n-type source/drain regions 12 are formed. 

According to the above-described fabrication method of this embodiment, the 

MISFET structure (see FIG. 1) of the first embodiment can be realized in a relatively 

simple manner. 

Meanwhile, the high dielectric constant gate insulating film 4 contains heavy metal 

and thus Rp (projection range) of implanted ions passing through the high dielectric 

constant gate insulating film 4 tends to be small. Therefore, in the process step of FIG. 

llD, if without reducing the thickness of the high dielectric constant gate insulating film 4, 

ion implantation is performed to the substrate 1 covered with the high dielectric constant 

IO gate insulating film 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 film 4 located in the external side to the gate electrode 5 has a reduced thickness, 

so that increase in acceleration energy can be suppressed. Accordingly, a shallow junction 

15 can be formed in the n-type extension region 10 in a simple manner and thus device 

characteristics can be improved in a simple manner. 

In this embodiment, after the sidewall 7 has been formed, for example, part of the 

high dielectric constant gate insulating film 4 located in the external side to the sidewall 7 

may be removed by wet etching using hydrofluoric acid or the like or selective dry etching. 

20 In such a case, when wet etching is used, part of the high dielectric constant gate insulating 

film 4 located under each side end portion of the sidewall 7, i.e., a side end portion of the 

high dielectric constant gate insulating film 4 may be removed in a notch shape, so that a 

notch is formed. Thus, the MISFET structure (see FIG. 6) of the modified example of the 

first embodiment can be realized in a simple manner. 

25 In this embodiment, a target thickness for reduction in the thickness of the part of 
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the high dielectric constant gate insulating film 4 located in the external side to the gate 

electrode 5 is not particularly limited. However, for example, when an HfSiON film is 

used as the high dielectric constant gate insulating film 4, to suppress increase in a 

capacitance between a gate and a grain, the thickness of part of the high dielectric constant 

5 gate insulating film 4 located in the external 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) 

Hereafter, a method for fabricating a semiconductor device according to a sixth 

Io embodiment of the present invention 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. 

15 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 x 1013 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 x 1013 cm-2
) for 

20 punch-through stopper formation and ion implantation ( of B at an implantation energy of 

20 ke V and a dose of 5 x 1012 cm-2
) for cha1mel forn1ation are performed. 

Next, as shown in FIG. 12B, as a buffer insulating film, for example, a silicon 

oxide film (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 of about 0.5 nm and then, as a high dielectric constant 

25 film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e., 
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5 

about 1 nm in terms of an equivalent oxide thickness). 

Next, as shown in FIG. 12C, for example, a gate electrode material film SA is 

formed on the high dielectric constant gate insulating film 4 so as to have a thickness of 

about 100 nm. 

Next, a resist pattern (not shown) is formed on the gate electrode material film SA 

so as to cover a gate electrode formation region, and then the gate electrode material film 

SA is etched using the resist pattern as a mask, thereby forming, as shown in FIG. 12D, a 

gate electrode 5. Thereafter, part of the high dielectric constant gate insulating film 4 

located in the external side to the gate electrode 5 is removed by a thickness of about 2 nm 

1 o by selective etching. Thus, a thickness of the part of the high dielectric constant gate 

insulating film 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 film 4 

becomes about 2 nm. 

Next, an insulating film is deposited over the substrate 1 to a thickness of about 

15 10 nm, and then the insulating film is etched back to form, as shown in FIG. 12E, an 

insulating offset sidewall 6 on each side surface of the gate electrode 5. Thereafter, part of 

the high dielectric constant gate insulating film 4 located in the external side to the offset 

sidewall 6 is removed by wet etching using, for example, hydrofluoric acid or selective dry 

etching. Subsequently, using the gate electrode 5 and the offset sidewall 6 as a mask, for 

20 example, As is ion implanted into the substrate 1 at an implantation energy of 2 ke V and a 

dose of 1 x 1015 cm-2
, thereby fonning 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 x 1013 cm -2
, 

thereby forming a p-type pocket region 11. 

25 Next, an insulating film is deposited over the substrate 1 to a thickness of about 
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50 nm, and then the insulating film is etched back to form, as shown in FIG. 12F, an 

insulating sidewall 7 on each side surface of the gate electrode 5 with the offset sidewall 6 

interposed therebetween. 

Next, using the gate electrode 5, the offset sidewall 6 and the sidewall 7 as a mask, 

5 for example, As is ion implanted into the substrate 1 at an implantation energy of 10 ke V 

and a dose of 5 x 1015 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. 

According to the above-described fabrication method of this embodiment, the 

IO MISFET structure (see FIG. 2) of the second embodiment can be realized in a relatively 

simple manner. 

In this embodiment, after the offset sidewall 6 has been formed, part of the high 

dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6 

is removed , for example, by wet etching using hydrofluoric acid or the like. When this 

15 wet etching is performed, part of the high dielectric constant gate insulating film 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 film 4 may be removed in a notch shape, so that a notch 

is formed. Thus, the MISFET structure (see FIG. 7) of the first modified example of the 

second embodiment can be realized in a simple manner. 

20 In this embodiment, a target thickness for reduction in the thickness of the part of 

the high dielectric constant gate insulating film 4 located in the external side to the gate 

electrode 5 is not particularly limited. However, for example, when an HfSiON film is 

used as the high dielectric constant gate insulating film 4, to suppress increase in a 

capacitance between a gate and a grain, the thickness of part of the high dielectric constant 

25 gate insulating film 4 located in the external side to the gate electrode 5 is preferably 
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reduced to about 2 nm or less (so that a surface of the substrate 1 is not exposed). 

In this embodiment, after the offset sidewall 6 has been formed, part of the high 

dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6 

is removed, and then ion implantation for forming the n-type extension region 10 and the 

5 p-type pocket region 11 is performed. However, instead of performing these process steps, 

ion implantation for forming then-type extension region 10 and the p-type pocket region 

11 may be performed after the offset sidewall 6 is formed and with part of the high 

dielectric constant gate insulating film 4 having a reduced thickness remaining in the 

external side to the offset sidewall 6. Even in this manner, according to this embodiment, 

Io the part of the high dielectric constant gate insulating film 4 located in the external side to 

the offset sidewall 6 has a reduced thickness, so that increase in acceleration energy can be 

suppressed. Accordingly, a shallow junction can be formed in then-type extension region 

10 in a simple manner and thus device characteristics can be improved in a simple manner. 

In this case, ion implantation for forming an extension region and a pocket region of an 

15 MISFET having a different channel type or another power supply system and being 

provided on the same substrate may be performed after ion implantation for forming the n­

type extension region 10 and the p-type pocket region 11 and then removal of the part of 

the high dielectric constant gate insulating film 4 located in the external side to the offset 

sidewall 6. 

20 

(Seventh Embodiment) 

Hereafter, a method for fabricating a semiconductor device according to a seventh 

embodiment of the present invention will be described with reference to the accompanying 

drawings. FIGS. 13A through 13G are cross-sectional views illustrating respective steps 

25 for fabricating a semiconductor device according to the seventh embodiment. 
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First, as shown in FIG. 13A, 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 x 1013 cm-2
. Thus, a p-type well 2 which is to be an active region is formed. 

5 Subsequently, ion implantation (of Bat an implantation energy of 150 keV and a dose of 

1 x 1013 cm-2
) for punch-through stopper formation and ion implantation (of B at an 

implantation energy of 20 keV and a dose of 5 x 1012 cm-2
) for channel formation are 

performed. 

Next, as shown in FIG. 13B, as a buffer insulating film, for example, a silicon 

10 oxide film (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 of about 0.5 nm and then, as a high dielectric constant 

film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e., 

about 1 nm in terms of an equivalent oxide thickness). 

Next, as shown in FIG. 13C, for example, a gate electrode material film SA is 

15 formed on the high dielectric constant gate insulating film 4 so as to have a thickness of 

about 100 nm. 

Next, a resist pattern (not shown) is formed on the gate electrode material film SA 

so as to cover a gate electrode formation region, and then the gate electrode material film 

SA is etched using the resist pattern as a mask, thereby forming, as shown in FIG. 13D, a 

20 gate electrode 5. Thereafter, part of the high dielectric constant gate insulating film 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 thickness of part of the high dielectric constant gate 

insulating film 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 film 4 

25 becomes about 2 nm. 
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Next, an insulating film is deposited over the substrate 1 to a thickness of about 

5 run, and then the insulating film is etched back to form, as shown in FIG. 13E, an 

insulating offset sidewall 6 on each side surface of the gate electrode 5. Thereafter, part of 

the high dielectric constant gate insulating film 4 which is not covered by the gate 

5 electrode 5 and the offset sidewall 6 is further removed by about 1 run. Thus, the thickness 

of part of the high dielectric gate insulating film 4 located in the external side to the offset 

sidewall 6 can be reduced to a thickness of about 1 run. Then, 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 x1Q
15 cm-2

, thereby forming an extension 

IO 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 ke V and a 

dose of 3 x 1013 cm-2
, thereby forming a p-type pocket region 11. 

Next, an insulating film is deposited over the substrate 1 to a thickness of about 

50 nm, and then the insulating film is etched back to form, as shown in FIG. 13F, an 

15 insulating sidewall 7 on each side surface of the gate electrode 5 with the offset sidewall 6 

interposed therebetween. 

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 ke V 

and a dose of 5 x 1015 cm-2
, and then, for example, spike RTA (rapid thermal annealing) is 

20 performed at a temperature of about 1050 °C, thereby activating the implanted impurity. 

25 

Thus, as shown in FIG. 13G, n-type source/drain regions 12 are formed. 

According to the above-described fabrication method of this embodiment, the 

MISFET structure (see FIG. 5) of the third embodiment can be realized in a relatively 

simple manner. 

In this embodiment, the high dielectric constant gate insulating film 4E is formed 
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so that the thickness of the high dielectric constant gate insulating film 4E is reduced in the 

part located under the offset sidewall 6 and then is further reduced in the part located in the 

external side to the offset sidewall 6. Therefore, even when ion implantation for forming 

the n-type extension region 10 is performed using the gate electrode 5 and the offset 

5 sidewall 6 as a mask, increase in acceleration energy can be suppressed at a minimum 

level. Accordingly, a shallow junction can be formed at an even shallower depth in then­

type extension region 10 in a simple manner and thus device characteristics can be 

improved in a simple manner. 

In this embodiment, after the sidewall 7 has been formed, the part of the high 

1 o dielectric constant gate insulating film 4 located in the external side to the sidewall 7 may 

be removed, for example, by wet etching using hydrofluoric acid or the like or selective 

dry etching. Moreover, in such a case, part of the high dielectric constant gate insulating 

film 4 located under each side end portion of the sidewall 7, i.e., each side end portion of 

the high dielectric constant gate insulating film 4 may be removed in a notch shape. Thus, 

15 the MISFET structure (see FIG. SB) of the modified embodiment of the third embodiment 

can be realized in a simple manner. 

In this embodiment, a target thickness for reduction in the thickness of the part of 

the high dielectric constant gate insulating film 4 located in the external side to the gate 

electrode 5 is not particularly limited either under the offset sidewall 6 or under the 

20 sidewall 7. However, for example, when an HfSiON film is used as the high dielectric 

constant gate insulating film 4, to suppress increase in a capacitance between a gate and a 

grain, the thickness of part of the high dielectric constant gate insulating film 4 located in 

the external side to the gate electrode 5 is preferably reduced to about 2 nm or less. 

25 (Eighth Embodiment) 
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Hereafter, a method for fabricating a semiconductor device according to an eighth 

embodiment of the present invention 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. 14A through 14G and FIGS. 15A through 15D are 

5 cross-sectional views illustrating respective steps for fabricating a semiconductor device 

according to the eighth embodiment. 

First, as shown in FIG. 14A, for example, 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 

10 1 x 1013 cm-2
. Thus, a p-type well 2 which is to be an active region is formed. 

Subsequently, ion implantation (of Bat an implantation energy of 150 keV and a dose of 

1 x 1013 cm-2
) for punch-through stopper formation and ion implantation (of B at an 

implantation energy of 20 keV and a dose of 5 x 1012 cm-2
) for channel formation are 

performed. 

15 Next, as shown in FIG. 14B, as a buffer insulating film, for example, a silicon 

oxide film (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 of about 0.5 nm and then, as a high dielectric constant 

film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e., 

about 1 nm in terms of an equivalent oxide thickness). 

20 Next, as shown in FIG. 14C, as a gate electrode material film SA, for example, a 

25 

polysilicon film is formed on the high dielectric constant gate insulating film 4 so as to 

have a thickness of about 100 nm, and then as a cover film (protective film) 15, for 

example, a silicon oxide film is deposited over the gate electrode material film SA to a 

thickness of about 10 nm. 

Next, a resist pattern (not shown) is formed on the cover film 15 so as to cover a 
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gate electrode formation region, and then the cover film 15 and the gate electrode material 

film SA are etched in this order using the resist pattern as a mask, thereby forming, as 

shown in FIG. 14D, a gate electrode 5 with its upper surface covered by the cover film 15. 

Thereafter, part of the high dielectric constant gate insulating film 4 located in the external 

5 side to the gate electrode 5 is removed by a thickness of about 2 nm by selective etching. 

Thus, a thickness of part of the high dielectric constant gate insulating film 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 film 4 becomes about 2 nm. 

Next, an insulating film is deposited over the substrate 1 to a thickness of about 

10 10 nm, and then the insulating film is etched back to form, as shown in FIG. 14E, an 

insulating offset sidewall 6 on each side surface of the gate electrode 5. Thereafter, part of 

the high dielectric constant gate insulating film 4 located in the external side to the offset 

sidewall 6 is removed, for example, by wet etching using hydrofluoric acid or the like or 

selective dry etching. Subsequently, using the gate electrode 5 and the offset sidewall 6 as 

15 a mask, for example, As is ion implanted into the substrate 1 at an implantation energy of 

2 keV and a dose of 1 x 1015 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, Bis 

ion implanted into the substrate 1 at an implantation energy of 10 ke V and a dose of 

3 x 1013 cm -2
, thereby forming a p-type pocket region 11. 

20 Next, an insulating film (for example, a SiN film) is deposited over the substrate 1 

to a thickness of about 50 nm, and then the insulating film is etched back to form, as shown 

in FIG. 14F, an insulating sidewall 7 on each side surface of the gate electrode 5 with the 

offset sidewall 6 interposed therebetween. 

Next, using the gate electrode 5, the offset sidewall 6 and the sidewall 7 as a mask, 

25 for example, As is ion implanted into the substrate 1 at an implantation energy of 10 ke V 
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and a dose of 5 x 1015 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. 14G, n-type source/drain regions 12 are formed. 

Next, a metal film (for example, a Ni film) is deposited over the substrate 1 to a 

5 thickness of about 10 nm, and RTA is performed to bring a silicon portion of the substrate 

1 and the metal film into reaction. Thus, as shown in FIG. 15A, a silicide layer 13 is 

formed on then-type source/drain regions 12. Thereafter, unreacted part of the metal film 

which remains on the substrate 1 is exfoliated or removed. 

Next, as shown in FIG. 15B, an interlayer insulating film 14 is deposited over the 

10 substrate 1 as well as the gate electrode 5 to a thickness of about 400 nm. 

Next, as shown in FIG. 15C, the interlayer insulating film 14 is polished, for 

example, by CMP ( chemical mechanical polishing) so that a surface of the interlayer 

insulating film 14 becomes at the same level as the upper surface of the cover film 15, and 

then the exposed cover film 15 is removed by etching. In this case, respective upper 

15 portions of the interlevel insulating film 14 which has undergone through CMP and the 

offset sidewall 6 are also removed. 

Next, a metal film (for example, a Ni film) is deposited over the substrate 1 to a 

thickness of about 100 nm, and then RTA is performed to bring a silicon portion of the 

gate electrode 5 and the metal film into reaction. Thus, as shown in FIG. 15D, a fully 

20 silicided gate electrode 16 (obtained by siliciding the entire region over the high dielectric 

constant gate insulating film 4) is formed. 

25 

According to the above-described fabrication method of this embodiment, the 

MISFET structure (see FIG. 2) of the second embodiment using a FUSI (full silicide) 

structure can be realized in a relatively simple manner. 

In this embodiment, when the offset sidewall 6 has been formed and then part of 
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the high dielectric constant gate insulating film 4 located in the external side to the offset 

sidewall 6 is removed, for example, by wet etching using hydrofluoric acid or the like, part 

of the high dielectric constant gate insulating film 4 located under each side end portion of 

the offset sidewall 6, i.e., each side portion of the high dielectric constant gate insulating 

5 film 4 may be removed in a notch shape so that a notch is provided. Thus, the MISFET 

structure (see FIG. 7) of the first modified example of the second embodiment using a 

FUSI structure can be realized in a simple manner. 

In this embodiment, a target thickness for reduction in the thickness of the part of 

the high dielectric constant gate insulating film 4 located in the external side to the gate 

10 electrode 5 is not particularly limited. However, for example, when an HfSiON film is 

used as the high dielectric constant gate insulating film 4, to suppress increase in a 

capacitance between a gate and a grain, the thickness of part of the high dielectric constant 

gate insulating film 4 located in the external 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). 

15 In this embodiment, after the offset sidewall 6 has been formed, part of the high 

dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6 

is removed, and then ion implantation for forming then-type extension region 10 and the 

p-type pocket region 11 is performed. However, instead of performing these process steps, 

ion implantation for forming then-type extension region 10 and the p-type pocket region 

20 11 may be performed after the offset sidewall 6 is formed and with part of the high 

dielectric constant gate insulating film 4 having a reduced thickness remaining in the outer 

side offset sidewall 6. Even in this manner, according to this embodiment, the part of the 

high dielectric constant gate insulating film 4 located in the external side to the offset 

sidewall 6 has a reduced thickness, so that increase in acceleration energy can be 

25 suppressed. Accordingly, a shallow junction can be formed in then-type extension region 
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10 in a simple manner and thus device characteristics can be improved in a simple manner. 

In this case, ion implantation for forming an extension region and a pocket region of an 

MISFET having a different channel type or another power supply system and formed on 

the same substrate may be performed after ion implantation for forming the n-type 

5 extension region 10 and the p-type pocket region 11 and then removal of the part of the 

high dielectric constant gate insulating film 4 located in the external side to the offset 

sidewall 6. 

In this embodiment, the MISFET structure of the second embodiment using a FUSI 

structure has been formed. However, instead of forming the MISFET structure of the 

IO second embodiment, the MISFET structure of the first embodiment, the modified example 

of the first embodiment, each of the modified examples of the second embodiment, the 

third embodiment, the modified example of the third embodiment, the fourth embodiment 

or the modified example of the fourth embodiment may be formed using a FUSI structure. 

In each of the first through eighth embodiments, a single layer structure of a SiN 

15 film has been used as an example of the sidewall 7. However, instead of the single layer 

structure of a SiN film, for example, a double layer structure of a combination of an oxide 

film (Si02 film) and a nitride film (SiN film) (for example, including a Si02 layer as an 

lower layer and a SiN film as an upper layer), a triple layer structure (for example 

including an Si02 film as a lower layer, a SiN film as a middle layer and a Si02 film as an 

20 upper layer) or the like may be used. 

25 

In each of the first through eighth embodiments, instead of the n-type extension 

region 10, a LDD may be formed. 

In each of the fifth through eighth embodiments, instead of the n-type MISFET, a 

p-type MISFET may be formed. 

In each of the fifth through eighth embodiments, to prevent deterioration of the 
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interface of a gate insulating film and a gate electrode, a buffer insulating film may be 

formed between the gate electrode 5 and the high dielectric constant gate insulating film 4 

so as to have a thickness of about 0.2 nm. 

In each of the first through eighth embodiments, a shape of each side surface of the 

5 high dielectric constant gate insulating film 4 in which the notch 20 is provided in the part 

located under each side end portion of the sidewall 7 or the offset sidewall 6 is not limited 

to a semicircular shape shown in FIG. 6, 7, 8 or 10. For example, each side surface of the 

high dielectric constant gate insulating film 4 may be a perpendicular plane to the substrate 

surface. That is, a side surface of the high dielectric constant gate insulating film 4 may be 

IO located at a predetermined distance from a side end surface of the sidewall 7 or the offset 

sidewall 6 toward the gate electrode 5. 
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5 

WHAT IS CLAIMED IS: 

1. A semiconductor device comprising: 

a high dielectric constant gate insulating film formed on an active region in a 

substrate; 

a gate electrode formed on the high dielectric constant gate insulating film; and 

an insulating sidewall formed on each side surface of the gate electrode, 

wherein the high dielectric constant gate insulating film 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 film located under the 

10 insulating sidewall has a smaller thickness than a thickness of part of the high dielectric 

constant gate insulating film located under the gate electrode. 

2. The semiconductor device of claim 1, wherein the insulating sidewall includes a 

first insulating sidewall formed on a side surface of the gate electrode and a second 

15 insulating sidewall formed on the side surface of the gate electrode with the first insulating 

sidewall interposed therebetween, 

the high dielectric constant gate insulating film is continuously formed so as to 

extend from under the gate electrode to under the first insulating sidewall, and 

part of the high dielectric constant gate insulating film located under the first 

20 insulating sidewall has a smaller thickness than a thickness of part of the high dielectric 

constant gate insulating film located under the gate electrode. 

25 

3. The semiconductor device of claim 2, wherein the high dielectric constant gate 

insulating film is formed so as not to be located under the second insulating sidewall. 
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4. The semiconductor device of claim 2, wherein the high dielectric constant gate 

insulating film is continuously formed so as to extend to under the second insulating 

sidewall, and 

part of the high dielectric constant gate insulating film located under the second 

5 insulating sidewall has the same thickness as a thickness of part of the high dielectric 

constant gate insulating film located under the first insulating sidewall. 

5. The semiconductor device of claim 2, wherein the high dielectric constant gate 

insulating film is continuously formed so as to extend from under the gate electrode to 

1 O under the second insulating sidewall, and 

15 

part of the high dielectric constant gate insulating film located under the second 

insulating sidewall has a smaller thickness than a thickness of part of the high dielectric 

constant gate insulating film located under the first insulating sidewall. 

6. The semiconductor device of claim 1, wherein the insulating sidewall includes a 

first 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 first insulating 

sidewall interposed therebetween, 

the high dielectric constant gate insulating film is continuously formed so as to 

20 extend from under the gate electrode to under the second insulating sidewall, 

part of the high dielectric constant gate insulating film located under the first 

insulating sidewall has the same thickness as a thickness of part of the high dielectric 

constant gate insulating film located under the gate electrode, and 

part of the high dielectric constant gate insulating film located under the second 

25 insulating sidewall has a smaller thickness than a thickness of part of the high dielectric 
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constant gate insulating film located under the gate electrode. 

7. The semiconductor device of claim 1, wherein the high dielectric constant gate 

insulating film includes a notch at a side end portion. 

8. The semiconductor device of claim 1, further comprising a buffer insulating film 

between the substrate and the high dielectric constant gate insulating film. 

9. The semiconductor device of claim 8, wherein the buffer insulating film is a 

10 silicon oxide film or a silicon oxynitride film. 

10. The semiconductor device of claim 1, wherein the gate electrode is a fully 

silicided gate electrode of which an entire region has been silicided. 

15 11. A method for fabricating a semiconductor device, the method comprising the 

20 

25 

steps of: 

a) forming a high dielectric constant gate insulating film on an active region of a 

substrate; 

b) forming a gate electrode on the high dielectric constant gate insulating film; 

c) etching, after the step b ), part of the high dielectric constant gate insulating film 

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. 

12. The method of claim 11, further comprising, after the step d), the step of 

removing part of the high dielectric constant gate insulating film located in an external side 
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5 

15 

20 

to the insulating sidewall. 

13. The method of claim 11, wherein the insulating sidewall includes a first 

insulating sidewall and a second insulating sidewall, and 

the step d) includes the step dl) of forming the first 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 first insulating sidewall interposed 

there between. 

14. The method of claim 13, further comprising, between the step dl) and the step 

d2), the step of removing part of the high dielectric constant gate insulating film located in 

the external side to the first insulating sidewall. 

15. The method of claim 13, further comprising: 

between dl) and the step d2), the step of etching part of the high dielectric gate 

insulating film located in an external side to the first 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 film located in an external side to the second insulating sidewall. 

16. The .method of claim 12, wherein the high dielectric constant gate insulating 

film is selectively removed by wet etching. 

17. The method of claim 14, wherein the high dielectric constant gate insulating 

25 film is selectively removed by wet etching. 
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5 

15 

18. The method of claim 15, wherein the high dielectric constant gate insulating 

film is selectively removed by wet etching. 

19. The method of claim 11, wherein the step b) includes the step of forming a 

protective film for covering an upper surface of the gate electrode, and 

the method further includes, after the step d), the step of siliciding a surface of part 

of the active region located in the external side to the insulating sidewall, removing the 

protective film and then fully siliciding the gate electrode. 

20. The method of claim 11, further comprising before the step a), the step of 

forming a buffer insulating film on the active region, 

wherein in the step a), the high dielectric constant gate insulating film is formed on 

the active region with the buffer insulating film interposed therebetween. 
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ABSTRACT OF THE DISCLOSURE 

A semiconductor device includes: a high dielectric constant gate insulating film 

formed on an active region in a substrate; a gate electrode formed on the high dielectric 

constant gate insulating film; and an insulating sidewall formed on each side surface of the 

5 gate electrode. The high dielectric constant gate insulating film 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 film located under the insulating sidewall has a 

smaller thickness than a thickness of part of the high dielectric constant gate insulating film 

located under the gate electrode. 
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DocketNo.: 079195-0945 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Customer Number: 53080 In re Application of 

Junji HIRASE, et al. Confirmation Number: Not Yet Assigned 

Application No.: Divisional of U.S. 
Serial No. 11/491,260 

Filed: July 20, 2009 

Group Art Unit: Not Yet Assigned 

Examiner: Not Yet Assigned 

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

PRELIMINARY AMENDMENT 

Prior to examination of the above-referenced application, please amend the application as 

follows: 

Amendments to the Specification begin on page 2 of this paper. 

Amendments to the Claims begin on page 3 of this paper. 

Remarks/Arguments begin on page 6 of this paper. 
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IN THE SPECIFICATION: 

Please insert the following new paragraph after the Title and before the "BACKGROUND OF 

THE INVENTION": 

-- RELATED APPLICATIONS 

This application is a Divisional of U.S. Patent Application No. 11/491,260, filed on July 

24, 2006, claiming priority of Japanese Patent Application No. 2005-227457, filed on August 5, 

2005, the entire contents of each of which are incorporated by reference. --
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IN THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the application 

Listing of Claims: 

Claims 1-20 (Cancelled) 

21. (New) A semiconductor device comprising: 

a high dielectric constant gate insulating film formed on an active region in a substrate; 

a gate electrode formed on the high dielectric constant gate insulating film; 

a first insulating sidewall formed on each side surface of the gate electrode; and 

a second insulating sidewall formed on said each side surface of the gate electrode with 

the first insulating sidewall interposed therebetween, 

wherein the high dielectric constant gate insulating film is continuously formed so as to 

extend from under the gate electrode to under the first insulating sidewall, and 

part of the high dielectric constant gate insulating film located under the first insulating 

sidewall has a smaller thickness than a thickness of part of the high dielectric constant gate 

insulating film located under the gate electrode. 

22. (New) The semiconductor device of claim 21, further comprising a buffer insulating 

film between the substrate and the high dielectric constant gate insulating film. 

23. (New) The semiconductor device of claim 22, wherein the buffer insulating film is a 

silicon oxide film. 
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24. (New) The semiconductor device of claim 21, wherein the first insulating sidewall is 

an offset sidewall. 

25. (New) The semiconductor device of claim 21, wherein the high dielectric constant 

gate insulating film is formed so as not to be located under the second insulating sidewall. 

26. (New) The semiconductor device of claim 21, wherein the high dielectric constant 

gate insulating film is formed of a Hf based oxide. 

27. (New) The semiconductor device of claim 21, wherein the high dielectric constant 

gate insulating film is formed of a HfSiON film. 

28. (New) The semiconductor device of claim 21, wherein an extension region of a first 

conductivity type is formed in each of parts of the active region located under the first insulating 

sidewall and the second insulating sidewall, and 

a pocket region of a second conductivity type is formed in part of the active region 

located under the extension region. 

29. (New) The semiconductor device of claim 28, wherein each of source/drain regions 

of a first conductivity type is formed in part of the active region located in an external side to the 

extension region and the pocket region when viewed from the gate electrode. 

30. (New) The semiconductor device of claim 21, wherein the high dielectric constant 

gate insulating film includes a notch at a side end portion. 

31. (New) The semiconductor device of claim 21, wherein each side end portion of the 

high dielectric constant gate insulating film has a thickness of 2 nm or less. 
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32. (New) The semiconductor device of claim 21, wherein a side surface of the high 

dielectric constant gate insulating film is located at a predetermined distance from a side end 

surface of the first insulating sidewall toward the gate electrode. 

33. (New) The semiconductor device of claim 21, wherein a side surface of the high 

dielectric constant gate insulating film is located at a predetermined distance from a side end 

surface of the gate electrode toward the first insulating sidewall. 

34. (New) The semiconductor device of claim 21, wherein the second insulating sidewall 

has a double layer structure including an oxide film and a nitride film. 

35. (New) The semiconductor device of claim 21, wherein the second insulating sidewall 

has a triple layer structure including a first oxide film, a nitride film and a second oxide film. 

36. (New) The semiconductor device of claim 21, wherein a width of the high dielectric 

constant gate insulating film along a gate length is larger than a width of the gate electrode along 

the gate length. 

37. (New) The semiconductor device of claim 21, wherein a width of a bottom surface of 

the high dielectric constant gate insulating film along a gate length is larger than a width of a 

bottom surface of the gate electrode along the gate length. 
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REMARKS 

The specification in the above-referenced application has been amended to incorporate 

the continuity information. Additionally, the amendment cancels claims 1-20, without prejudice. 

Claims 21-37 have been added and are pending for examination in this Divisional application. 

No new matter has been introduced. Entry of this amendment is respectfully requested. 

600 13th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 MEF:ln 
Facsimile: 202.756.8087 
Date: July 20, 2009 

Respectfully submitted, 

Please e ognize our Customer No. 53080 
as our correspondence address. 
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~ ~ti~~ T o4tJf:f~rntO)~mJJ$o 
rnw:s1<1Jr 1 7 ] 
gw:sJ<JJr 1 1 ,-...._, 1 6O)P'"f'ttn~11Jr,;:gct&0)4tJf:f~rnrO)~m}J$,;::BP-c, 
mrncif¥ Cb) ft, RlJgcif- 1--mffiO)J:.tffi~fJt7~i11m~Mwt--t0If¥~~<ij-, 
R1Jgcif¥ Cd) J: VJ 'b 1jU;:, RlJg~~~'~fr-1 1'' r'J ~ - JvO)~fflUtc miilT o RlJgcm·~t!ft~ 

O)*m~ 1/ IJ fr-1 F1t1..,, td~, R1Jgc~i11m~ ~* 1..,,, -t-0)1~, RlJgc-3/'- 1--m;t.i~ 7 }v1/ IJ 
fr-1 F1tT 0If¥~ ~ t:J tcfim;t -CPo 2: ~ ~ti~~ T 04tJf:f~rn[O)~mJJ$o 

rnw:s1<1Jr 1 s ] 
gw:sJ<JJ[ 1 1 ,-....., 1 7 O)t,-.9,ti;IJ~ 1 JJ(,;:gcl&0)4i,:Jf:f~rn[O)~mJJ$tC:8P-C, 
R1Jgcif¥ (a) J: VJ 'b RUtc, RlJgcm'~ffl:tiJ:.,;:/" '>' 7 y-~~Jm~MwtT 0If¥~ ~ t:J 

tcfim;t, 
Rl]gcif¥ (a) ~[j:Ri]gcm'~ffl:tiJ:.t;:Ri]gc/'\ '1/ 7 7 -~~Jm~1r L, -CR1Jgcr'a:Jiim$if­

l-- ~~Im ~MwtT o -:: ~ ~ti~~ To 4tJft~iil O)~mJJ$o 
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(~,m: :g] BJUffi~ 
(~~®:g~]~~~~~&~~®~mh$ 
(t~f(lr:nJrJ 

(0001] 
2js:~BJH'i, ~~~~&~~®~mh$, $!~1in:f'iM I SF ET (met a 1 i nsu 1 a tor 

semiconductor field effect transistor) ®lliJm&~~mh$re~L,, ..:E.(eM Is FE 
T ® IOCl1r1J & ~{gfJl'~ ~ [ti] J:. ~ --li- 0 fxf(IT re~ 9 0 0 

(~~fxf(lr] 
(0002] 

J/fif., ~~~~tt§~~~®i%~tt1t, i%~til~1t&~i%il1tre1f/J:P, 7-Jr- 9 :;1/:?''JlU 
ref;e-:::,---C:::r..77-7:;1/$,'3 /'(Extension) ®tf'Ei'~~~i~<90~[o]IF.fre, MIS FET 
®If- p ~~Jm~ L, ---c ttiim$;6t4 f¥&® s i O 2 *®~~Jmreft;t ---c Hf *~1t~)U'i 
A 1 *~1t:~~®ttiim$;6tl OJ,jJ:.®i%iim$Jm~fflPJ: 7 ~ l,---CP6o 

(0003] 
CR] 1 6 (a) &~ ( b) f'i~ti-t:hf;e*®i%iim$if- P ~~Jm~{t-:::, t~M I SF ET 

®t•m~~9ltlftffiCR1-c:d'>0 (;jM~itxmx 1) 0 

(0004] 
CR11 6 Ca) re~9 J: 7 re, £~Jx 1 o 1 ®m'~ffitj-C:d'> 6 r:7 ;r.Jv 1 o 2 re.:i3lt 6 s T I 

(shallow trench isolation) 103teJ:-:::,---Cltll~tikffltj®J:.rei%mm$-if'-p~~JW; 
1 o 4 ~ 1r t,, ---c if - p mffi 1 o s ;6tIDnx: ~ ti ---c t- \ 0 0 if - p mt:i 1 o s ®flJOO re r'i~~,~ 
®-l}- -1 P' r:7 7t - Jv 1 o 7 ;6tIDnx; ~ ti ---c P 6 0 r:7 ;r. Jv 1 o 2 re .:i3 lt 6-l}- -1 P' r:7 7t - Jv 1 o 7 
® TJIJre fj::::r.. 7 7- -r /' 1/ 3 ✓mti 1 1 0 ;6tIDnx;~ ti---c P6 ~ ~re r:7 ;r.}v l O 2 re.:i3lt 6 :::r.. 
7 A 7 ✓ 1/ 3 ✓mti 1 1 0 ® TJIJre fj:7.f-Jr '>' P ffltj 1 1 1 ;6tIDnx;~ ;h---C Poo r:7 ;r.}v 1 0 
2 re .:i3 lt 6 if- P mt:i 1 0 5 iQ\ I::> Ji ---C :::r.. 7 7- -r /' 1/ 3 :;1/ffltj 1 1 0 &~7.K'Jr '>' P ffltj 1 1 
1 ®:7!--Jljre f'i Y- 7- • P' v -1 :;1/ffltj l 1 2 ;6tIDnx; ~ ti ---C P 6., 

(0005] 
CR] 1 6 ( b) re~9f$Jm;6tCR] 1 6 (a) re~9l$Jm ~ ~/J:-:::, ---C v \ 6 ,~f'i, -if' - P mt:i 1 

o 5 ®flJOO re-l}- -1 Fry 7t - Jv 1 o 7 ;6t~~,~ ® 7t 7 ~ '>' P -l}- -1 P' ry 7t - Jv 1 o 6 ~ 1r t,, ---c 
ID$:~ ti ---c P6 2: ~ 'c: di> 6 0 2: tire J: VJ' if- p mt:i 1 0 5 ~ :::r.. 7 A -r ✓ 1/ 3 ✓mti 1 1 
o ~ ®:;t-,1'{-7 '>' :tJ;.®~i!!i1t~:g~reCR16-:: ~ ;6t-c:~ 6., 

(;jpt~it>Clffx 1] 1&:tll~, fJ%,~Fi~ • J%{gfJl'~~~f!90 HfSiON-CMOSfxf(ITJ , Semi 
. Forum Japan 2005 

(;jpt~it>Clffx2] T. Hori_ IEDM Tech. Dig, , 1989:if., p, 777 
(;jpt~it>Clffx3] H. Sayama,ffil, IEDM Tech. Dig, , 2000:if., p, 239 

(~Bij®lffi~] 
(~Bf.I ;6tfW~ L, J: 7 ~ 9 6 iJ~] 

(0006] 
L, ;6\ L, /J: ;6t I::>, f;e*® i%iim$if- P ~~JW; ~{t-:::, k M I S F E T ®l$Jmre .:i3 v \ ---C r'i, 

i%iim$-if'- P ~~Jil®flJfi#u1½~;6t-l}-,1 P' r:7 ;;t-Jvre rniHHt t,, ---c P6 k~, 1§1J.:trJ:1/ 9 :::r ✓ 
~1~~;6\ t?:> tJ: 6-l}--1 P' r:7 7t - Jv®IDrotn~re i%iim$if- P ~~JW;®JIJfi#u1½~®ffi.mt;6t s i 
Oz teJ/f-5<~®Ftct,~;6t1::_t6o ~®AAj*, -if'- Pmt:ifi#u1½~te.:}3P---Ci%iim$if- P~~ 
Jil®iim$i&T-?~~'~i&T;6ti31 ~~-::~ti, ~tire J:-:::> ---c-r ,1'{,17-4~-~-?-if-- p~~JW; 
®{gfJl'~;Qt~1t L, ---c L, ~ 7 0 

(0007] 
JWicrelf.:,7j., 2js:~BJH'i, i%iim$if- P~~JW;~~1t:~ --li-6 2: ~ 7J: <MI SF E T®t~ 

'~~ftiJJ:.~ --li-6 2: ~~El li'J ~ 9 00 

rn,~~fW~9 0 k~®-=t-~J 
(0008] 

miic® El li'J ~~9 6 k ~ re, 2's:D~Bf.l~ t?:> r'i, -l}--1 P' r:7 ;;t-Jv® TJ1Jrei%iim$if­
p ~~Jil~~#~ --li-, ~tire J: VJ i%iim$if- P ~~JW;®f1Jfi#u1½~~ -l}--1 F r:7 ;;,t-Jv ~ ®* 
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:At~~1.t. L-f-::M I SF E Tlim&~-t-OJ®imJJ$~~-¥UT 0 tc~-::J k.o ~ 2: 0 '""f, '17"4 P' 
? :;,J--}vOJTl!Hcrmiim$-3/'- t-~~Jm~?ilt¥~ittc~-3'tCfJ:, J/- I-- • F V4 ✓000)~ 
J;.iJt l:.:¥F- L, ---C l§J~it&tc~~-iJt~ t ◊ o ~ t:::., 2: OJ~-3', .::.c. ::7 7-.-r ✓ 1/ ::1 ✓i.±A ~ L D 
D ( 1 i g ht 1 y doped drain ) ii.A ~~tftET 0 ~,-:, rmi3!t~$Jm~1rtE~ itk.tk:@'""f 4 :;t ✓ 
i.i.A ~fr -5 £,~iJt~ 0 o -t-OJ~, t:JT OJI.Im tc J: -::J ---Cii.A1JOJ1.::.c.;t-Jv~-iJtim < /J:. 0 tc ri> 
, i.i.A~Mi.wO)~~hftiJ""-OJmnt 1; nt::k~ < a-::J ---c 1.,, ~ P, § P~x.0 ~- .::.c.::7 7-.-r ✓ 1/ 
3 ✓~ L DD OJffl-3'1.ll.@'..iJt~ < /J:. -::J ---CL,~ v \, -i" OJ;f.B*, Pfr~OJ-r /'{4 7-.ti11i.iJt1~ i; :h/J:. 
< /J:. 0 ~ v \ -j Ftt,~iJt~ t 00 

(0009] 
I.Im 1) if- t-~~,m~ 1.,,---c rmiimJm~fflP0~-8'- ,mw:~~ < L-/J:. < ---c t>frJr~O)iim 

$iJt1~ i; :h 0 tc ri>, Jm)¥iJt)¥ < ~!E ~ :h 0 o 
(0010] 

I.Im 2) rmiim$Jmfj::_m~~ ~~ Iv '""f P0 tc ri>, i.±A4 :;t ✓{IOJ R p (Pr O j e Ct i On Ran 
ge) iJt1J,~ < /J:.00 

( 0 0 1 1 ] 
-t-.::: '""f, 2js;:J1tJi¥£BJ=J~ t; r-:t, '17" 4 F? 7t - JvOJ T1Utcrmiim$-3/-- t- ~~Jm~?ii#~ it Ji 

-=>'17" 4 F ? 7t - 1v TIU OJ rmifii·~$J/ - t- ~~,m ~ -3/' - t- mt:iT IU OJ rmiim$J/- t- ~~,m 
J: I; B~ < MJvtL- tcM I SF E Tfflm&~-t-OJ®imJJ$~~-¥UT 0 tc~ -::J tco 

(0 0 1 2] 
J!fis:st] tc t"i, 2js;:¥e,BJ=} tc 1~0~J.Jfis:~tm'..i-:t, £1/xOJYiS'li.mtiJ:.tcMwt~ :htc rmiim$-3/'­

t- ~~,m ~ , miicrm ~m$-3/' - I-- ~~,m J:. tc Mwt ~ :h tc J/ - I-- mffi ~ , miic J/ - I-- m;t:i OJ 
l!JOOtcMwt~ :htc~~'li.'17"4 P' ry 7t-Jv ~ ~fim;t, miicrmiim$J/- I-- ~~Jmf-:tmJic-3/·­
t-mffiOJ TIUn" t; miic~~'li.'17" 4 P' ry :;,J- - JvOJ Tl!J~ '""f3lt~stJ tcMwt~ :tt---c t31;, miicrm 
iim$J/- t-~~Jmtct3~t0mJic~~'li.-lr4 P'r)7t-JvOJTIUmtiOJ:;l,"/J:. < ~ t>~ifBnOJ 
w:~i-:t, miicrmiim$-3/-- t-fr-e~Jmtct3~t0miicl/- t-m;t:iOJTl!JmtiOJW:~ J: 1; t> 1J,~ 

(0013] 
2js;:¥e,BJ=} OJ~iJf*~@'..tc;J3P---C' miic~~•li.'-lj- 4 P' ry :;,J- - Jvf"i, miicl/- I-- mt:iOJIUOOtc 

Mwt~:htcm 1 OJ~~'li.'17"4 F? 7t-Jv~, miicl/- t-m;t:iOJIUOOtcmJicm-1 OJ~~'li.'17" 
4 F? 7t-Jv~1r L- ---CMJvt~ :htcm 2 OJ~~'li.'17"4 Fry 7t -Jv ~ iJ" t; /J:. '1, mJicrmiim$ 
if- t- ~~Jmi-:tmiic-3/·- t-m;t:iOJ Tl!Jn" 1; miicm 1 O)~~•li.'-lj-4 P' ry :;,J- - JvO) Tl!J~ '""f~ 
~st]tcMwt~ :h---C ;J3 I;, mJicrm~·~$J/- I-- ~~Jmtc;J3~t ◊ mJicm 1 OJ~~'li.'17"4 Fry 7t 
- JvO) Tl!JmtiOJ w:~ i-:t, miicrmiim$-3/-- t- ~~Jmt-=t3~t 0 miic-3/·- t-mt:iOJ T1um:1:i 
OJ}¥~ J: ".) B ;J, ~ <---CB J: v\ 0 

(0014] 
mJic~~·li.'17" 4 Fry 7t - JviJtmJicm 1 OJfr-e~'li.'17" 4 P' ry 7t - Jv ~ mJicm 2 OJ~~•l4...Jj- 4 

P' ry 7t - Jv ~ n" t; /J:. ◊ ~-3'- miicrmitr~$J/- t- ~~Jmi-:tmiicm 2 OJ~~•li.'-lj- 4 F? 7t -
JvOJTIUtci-:tMJvt~:h---CP/J:. < -CB J:Po 

(0 0 1 5] 
ffilgc~~'li.'17" 4 Fry 7t-JviJtmJicm 1 OJ~~'li.'17" 4 P'? 7t - Jv ~ mJicm 2 OJ~~•l4...Jj- 4 

F? 7t - Jv ~ n" 1; a 0 ~-3', miicrmiim$J/- t- ~~Jmi-:tmiic-3/· - t- m;t:iOJ T l!Jn" 1; miic 
m 2 OJ~~·li.'17"4 F? :;,J- - JvOJ TIU¼ '""f3lt~stJtcMwt~ :tt---c t31;, miicrmiim$-3/-- t-fr-e 
~Jmtct3~t 0 miicm 2 OJ~~·li.-Tt4 Fry 7t - JvOJ TIUmtiOJW:~ i-:t, miicrmiim$J/- t­
~~Jmtct3~t 0 miicm 1 O)~~'li.'17" 4 P' 9 :;,J- - JvO) TIUmtiOJ w:~ ~ [tl]~'""f ~ -::J ---CB J: v \ 

(0016] 
ffilgc~~·li.'-lj- 4 Fry 7t - JviJtmJicm 1 OJ~~'li.'17" 4 P' ry 7t - Jv ~ mJicm 2 OJ~~•l4...Jj- 4 

F? :;,J- - Jv ~ n" 1; a 0~-8'- miicrmiim$J/- t- ~~Jmr-:tmiic-3/·- t-m;t:iOJ Tl!Jn" 1; miic 
m 2 OJ~~'li.'17"4 F? :;,J- - JvOJ TIU~ '""f3lt~stJtcMwt~ :tt---c t3 '1, miicrmi*·~$J/- t-~ 
~Jmtct3~t G miicm 2 OJ~~'li.'17"4 Fry 7t- JvOJ TIUmtiOJW:~ i-:t, miicrmi!!i'~$J/- I--
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(0017] 
*~Bf] 0)¥-iJW~ii!nc ;13 p -c' miicit.~Ji'd~t-lf- ,{ F r:7 ;,t - JHJ:, miic-3/' - I-- m:+:iO),Jlljffi'HC 

Mnx;~ tit~m- l 0)~~'!1:-lf--1 F r:7 ;,t-Jv ~, miic-3/' - I-- m:t:iO)fljtffitcmiicm- 1 O)if.e,~'!1:-JJ­
,{ P' r;1 :t- - Jv ~* L- -c IDnx; ~tit~ m- 2 0)~~'!1:-lf- ,1 F r:7 :t- - Jv ~ n" i?:> '/J:. ~ , miici%t~·~:>¥ 
-3/' - 1-- ~~Jtlfj:miic-3/- 1-- mt:iO) T flJ-JJ,. 6 miicm- 2 O)if.e,~•!1:-lf-,,, F r:7 :t- - JvO) T flJ ¼ -c:~ 
~lfJtcIDnx;~ ti -c :i3 ~, miici%i*m:>¥-3/- I-- ~~]Jttc:i3it 6 miicm- 1 0)~~'!1:-lf--1 F r:7 :t­
- Jv0) Tf1Jmti0) J¥~ fJ:, miici'aji*m:>¥-3/- t--~~JJttc:i3~t 6miic-3/'- 1--mt:iO)TfUmti 
0) w ~ ~ [o]~-c: ;vy ~ , miici%i*m:>¥-3/- t-- ~~JJttc :i3 ~t 6 miicm- 2 0)~~'!1:-lf- ,1 F r:7 :t- -
JvO) TIUmtiO)w~ fJ:, miici'aji*m:>¥-3/- 1-- ~~JJttc:i3it 6 miic-3/- t--mffiO) TfUmtiO) 
w ~ J: ~ t> 1J~ ~ < Lt> J: V \0 

(0 0 1 8] 
::zjs:~BJ:]0)¥-i,Jfts:~im'J;:;}3p -C, migci'aji~m:$.-3/- f-- ~~}JtO),Jlljfi#ofi~tc _/ '>' -f--JJt~tt I::> ti 

-CP-C'tJ:Po 
(0 0 1 9] 

::zls:~BJ=] 0)¥-i,J fts:~ iif. tc ;i3 t, ,. -C, mi gc£ffi ~ mi ici% ~m:$. -3/ - f-- ~~Jtl ~ 0) rm tc /'\ '>' 7 y 

-~~}Jt-JJt~tt I::> ti-C Pc 't J: Po 2: O)~'El, migc/'\ o/ 7 y -~~}JtfJ:1/ lJ ::I /'~1tJJI)Z 
fj: 1/ I} ::r ✓~1tJJI-c: ;vy '?-ct> J: t, \0 

(0020] 
*~Bfl0)¥-iJw~im'.tc:i3P -c, miic-3/'- t--mffifj:, :~~~tuint1/ 1J -lf--1 P'1t~ tik 7 Jv1/ 

IJ -If- -1 P' -3/' - I-- mffi-c: ;vy '? -C t> J: Po 
(0021] 

::zjs:~BJ:]tc1lk6¥-iJW~iif.O)fJmmJ'J$fJ:, £ffiO)m•f1:ffltiJ:JC!'aji~~ij- f--~~Jtl~ID 
)JX9 6If¥ (a) ~, miici%i*m:>¥-3/- f-- ~~]JtJ:Jcij'- t--mt:i~jf;)JX9 6If¥ ( b) ~ 
, miicif¥ c b) O)f~tc, miic-3/'- t--mf:iO)~fUtcwim'.--t 6 miici%i*m:>¥-3/- t-- ~~Jtl~ 
:c. '>' +:::,,, 7'' L, -C~Jtl1t--t 6If¥ ( c) ~, miicif¥ ( c) O)f~tc, miic-3/- I--mffiO){Jlljtffi 
tc~~'f1:-lf-,{ F r:7 ;,t-Jv~jf;)JX9 6If¥ ( d) ~ ~fim;t -C P6o 

(0022] 
::zjs:~BJ:]0)¥-iJW~iif.O)fJmmJ'J$fC;i3P-C, miicif¥ (d) O)f~tc, miic~~'f1:-lf-,{ P'ry 

:t- - JvO)~ffl!Hc 1:llim'.--t 6 miici%i*m:>¥-3/- I-- ~~Jtl~ ~*""t 6 If¥ ~fim;t -c v,. -ct> J: t- ,.0 

(0023] 
::zjs:~BJ=] 0)¥-iJW~im'. O)fJmmJ'J$tc :i3 P -C, miic~~'f1:-lf- ,{ F r:7 :t- - JHJ:m- 1 0)~~'!1:-lf­

,{ P' r;1 :t- - Jv ~ m- 2 0)~~·!1:-lf--1 F r;1 :t- - Jv ~ n" i?:> tJ:. ~, miicif¥ c d) fJ:, miic-3/- 1-­
mt:iO)flJOOtcmiicm- 10)~~'!1:-lf--1 Fr:7:t--Jv~Mnx;--t6If¥ Cd 1) ~- miic-3/- 1--m 
ffiO)flJOOtcmiicm-1 0)~~'!1:-lf--1 F r:7 :t- -Jv~k L- -cmiicm- 2 0)~~'!1:-lf--1 P' r;1 :t- -Jv~ 
jf;]JX9 6 If¥ ( d 2) ~ ~~Iv'<: v,. -Ct> J: Po 

(0024] 
miicif¥ ( d) -JJtmiicif¥ ( d 1) ~ miiuf¥ ( d 2) ~ ~~D'~'El"- miiuf¥ ( d 1 

) ~ miicif¥ ( d 2) ~ 0) rm tc, miicm- 1 0)~~'!1:-lf--1 P' r;1 :t- - JvO)~fljtc 1:llim'.--t 6 miic 
i'aji*m:$.-3/'- f--~~}Jt~~*9 6If¥~ ~ I::> f;:fim;t -CP-C 't J: Po 

(0025] 
miicif¥ c d) -JJ>;miicif¥ c d 1) ~ miicif¥ c <l 2) ~ ~~'°'~- miicif¥ c d 1 

) ~ miiuf¥ ( d 2) ~ O)rmfc, miicm- 1 0)~~'!1:-lf--1 F r:7 ;,t-JvO)~fljtc t'lim'.--t 6 miic 
i%i*m:>¥-3/'- f--~~}Jt~:c.,:,,+:::,,,7''L,-C~ 6tc~]Jt1t""t6If¥~fim;t, miicif¥ (d 2) 
J: ~ t> ~tc, miicm- 2 0)~~'!1:-JJ--1 F r:7 ;,t-JvO)~fUtcwim'.--t 6 miici%i*m:>¥-3/- I--~~ 
Jtl~~*""t6If¥~~ i?:>tcfim;t -CP-CB J:Po 

(0026] 
::zls:~BJ:]0)¥-i,Jf*~im'_O)fJmmJ'J$tC;i3P-C, miici%Jt~·~:$.ij'- f--~~}JtO)~*fJ:, r;J .:r. '>' 

I-- :c. '>' +:::,,, 7''~ ffl v ,.-C~:fRlfJfc1rhti-C t> J: v ,.0 
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(0027) 
2js:¥£.BJ=]O)~i,Jfts:~im'_O)~)Qh$re;sP-C, lftJgcIJ¥ ( b) fj:, lft]gcif- 1'mtiO)J:.ffi]~ 

1lf7~i1JJt~M/VtTGif¥~~<ij., lft]gcif¥ (d) J: ~ B{~rc, lft]gc,%{g,~•[4.-l}-,1 F?:;1--­
Jl,,0)>7!--,JlUrc~im'.T GRUicm•f4.ffltiO)~ffil~1/ IJ-lt-1 F1tt, td~- lftJgc~itJJt~~* L,, -t­
O)f~- lft]gc-3/' - 1' mt:i ~ 7 Jv 1/ lJ -lt-1 F1tT G If¥~ ~ ~ re-Om x. -C P -CB J: Po 

(0028) 
2js:¥£.BJ=]O)~iJW~iif.O)~JQ}J$re;sP-C, lft]gcif¥ (a) J: ~ t>lft]rc, RU~cm-'14.ffltiJ:. 

re/'\''/ 7 y -~~Jlt~MmtT Gif¥~ ~ ~ rc{im;z, lft]gcif¥ (a) '"""ffj:lftJgcm-'14.ffltiJ:.re 
lftJgc/" ''/ 7 y -~~Jlt~* L, -clft1icrmm·m:>¥if- 1' ~~Jlt~Mmt L, -ct> J: 1r "◊ 

(¥£.BJ=] O)~jJ:~J 
(0029) 

2's:¥£.Bme J: G ~, if- 1' mt:iO) T,JllJiJ\ ~-lt-1 P' ry :;1-- - JvO) TIU¼ '"""frmitm:>¥if- 1' ~~ 
}JtiJt~~Ef)reMmt~ ti -C PG f.:lsb, g P~;z G ~, if- H'tim~~'"1:0)rmmm:>¥Jf- 1' ~~}Jt 
0)~~[4.iJt*iH~~ ti-c 1t '-0 tc lsb, rmi~·m:>¥if- 1' ~~JftO),JllJi'iffii~~iJt-lt-1 Fry :;1-- - Jv}Jt ~ rn[. 
fflfflT 0 2: ~ re~~T 0, -3/' - 1' m~~'"""f O)rmitm:>¥if- 1' ~~JftO)itm:>¥1& T&~~~,14. 
t& T ~ til1tU T 0 2: ~ iJt'"""f ~ 0 o ¼ tc, -lt -1 F ry :;1-- - Jv T ,mtJ 0) rm m·m:>¥-3/' - 1' ~~Jlt ~ -3/' -
1'mffiTfflUO)rmitm:>¥if-1'~~JltJ: ~ t>~<MJvtl,-CP6tclsb, ij'-1' • Fv-1 ),'lfflO) 
:g J;. 0) J:.~ ~ til1tU L, -C @J~il& ""'-O)~~fl~ i&l!nxT G 2: ~ iJt'"""f ~ 0 o ~ ~ fe, :r.. 7 A.::;-- ✓ 
1/ 3 ✓aA--? L D DaA ~**T 0 ~re1ttET 0 rmitm:>¥JftO)JJtw:ns1t1r '-t.: lsb, i.t.A:iJ□il 
:r.. .::t- Jv :¥ - 0) tl:::k ~ tJl] tU '"""f ~ G o VI:'? -C , :r.. 7 A T /' 1/ 3 /'--? L D D re ;s P -Ci~ Pffl1i-~ 
:g~ ieM]Jx'"""f ~ 0 O)'"""f, -r /'\-1 At~•f4.0)fti:IJ:. ~rm~ --?Tit"◊ 

(¥€.Bf.I ~*lllET 0 t.: lsb O)~~O)M@J 
(0030) 
cm-1 O)*titEM@) 

t:J T, 2js:¥£.BJ=l0)m- 1 O)*titEM@re 1*6~iJW~im'.te"J P-C, rmOO~$~ij L, iJ:iJt ~ ~Bf.IT 
Go rm 1 fj:, m-1 O)*lllEM@te1*0~iJW~im'. (!!wEfJrerJ:1/ /' ~~lJv-lt-1 Fry :;1-- -Jv2I'J.O) 
MI S FE T) O);J$lm~~Tlfflffirm'"""f ~ 00 fiij, **titEM@'"""f tJ: n 2I'J.M I S FE T ~ ffl P 
'"(~Bf.IT 0 iJ\ 2js:¥£.BJ=] ~ p 2I'J.M I SF ET rc~ffl L, tc~1i-re B lo];ff0)~1J*~~0 2: ~ iJt'"""f 
~Go 

(0031) 
rm 1 re~T J: 7 ie, 1§1Jx.r!1/ lJ ::r ),'7J\~iJ:0lttJx 1 reM]Jx~titc p2I'J.ry .:r.}v 2 re;sit 0 

ST I 3 re J: '? -Clttl¼ titcm'f4.fflti0) J:.ferm~~·m:$if- 1' ~~}Jt4 A ~ft l, -C ij'- 1' mffi 
5 iJtMPX ~ ti -c 1t "0 o -3/' - 1' mt:i 5 O),JlUlffite tJ:~~-14. 0)-lt -1 Fry :;1-- - Jv 7 iJtMPX ~ ti -c 1t" 

0 0 p 2I'J. r) .:r.}v 2 ie ;sit 0-lt-1' P' r) :;1-- - Jv 7 0) T,mtHc fj: n 2I'J.:r.. 7 AT✓ 1/ 3 ✓m:1:i 1 0 iJt 
IDPX~ti-CP0 ~~,c p2I'J.ry .:r.}v 2 re;sit 0 n2I'J.:r..7 AT ✓ 1/ 3 ✓m:1:i 1 0 O)TfflUtefj:p 
2!'1~-7 "/ 1' fflti 1 1 iJtIDPX ~ ti -c P 0 o P 2IY ry .:r.Jv 2 ie ;sit 0 -3/' - 1' mt:i 5 n\ ~ Ji -c n 2IY 
:r.. 7 A.::;-- /' 1/ 3 /' fflti 1 0 & ~ p 2I'J. ~ -7 ''/ 1' fflti 1 1 0)>7!--,Jlljte f j: n 2I'J. Y - A • P' v -1 /' ffl 
ti 1 2 iJtIDPX~ti-CP00 

(0032) 
****@O) m- 1 O)t~flHJ:, if - 1' mt:i 5 0) T ,J{IJ 0) <ij. lJ: ~ 9-l}- -1 P' r) :;1-- - Jv 7 0) T fflU re 

t> rm itm:>¥if - 1' ~~Jlt 4 A nty~tf t, -c 1r "0 2: ~ '"""f ~ 0 0 T iJ: t:> iS, rm itm:>¥ -3/' - 1' ~~ 
Jlt4 A fJ:-3/-- 1' mffi 5 0) TfflUiJ\ ~ -lt-1 P' ry :;1-- - Jv 7 0) T,JllJ¼ '"""f~~EfJrcIDPX~ ti-c 1t '-0 o 

(0033) 
¼ t.:, **titEID@O)m- 2 O)t~~~J:, rmmm:>¥if- 1'~~}Jt4 A rc;sit G-lt-1 P' ry :;1---Jv 

7 0) TfflUffltiO)W:~ fJ:, rmitm:>¥if- 1' ~~Jlt4 A te;sit G if- 1' mt:i 5 0) T,JllJffltiO) W: 
~ J: ~ B;j\~P2: ~'"1:~00 TiJ:;biS, rmmm:>¥if-1'~~}Jt4 AfJ:82I'J.t';;:reIDmt~ti-C 
PG o 

(0034) 
***ID@fe J: 0 ~, rmi~·m:>¥if- 1' ~~}Jt4 A O),J{Ui'iffii~~iJt-l)-,1 P' r) :;1-- - Jv 7 ~ fflT 0 

2: ~ iJ: < , if - 1' mt:i s m~~'"""f 0) rm itm:>¥if - 1' ~~Jlt 4 A O)~~f4.ntM£f~ ~ ti -c 1r "0 0 
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C:.. OJ k fl>, I/ - I-- mt~ 5 ii'ITih'½~'""f OJ ~i*m-$1/- l-- ~~]Jt 4 A OJ ~·~_${5; T& tr~~·f1:{5; T 
~tflJibUT 6 :::.. ~ii~'<:~ 6 OJ -c:, 7 /'\ ,-, 7-,. ti1!1: OJ{5; T ~ //- I-- ~~]Jt,fgfJl'l1: OJ~1t ~ ~J!:. T 
GC:..~nt'""f~Go 

(0035) 
¼t.=, **M!iID@reJ:6 ~- ..JJ-1 Fr:7;t-Jv7 OJT-O'lUre~~·~-$-3/'- t--~~JJ14 Ant# 

ffT 6 C:.. ~ te J: --::J ---C, I/- f-- mt~ 5 li#u"i'i~:i/rf%''""f tt//- f-- mt~ 5 ~ n 2:fY:r.. !7 7-,. 5- ✓ 1/ 3 :::,,,ffi 
:1:i 1 o ~ OJrmOJ:@_;;_~~nt~~¼ t-J, -t-OJff.B*- ~Pl/- t-- • F v,-, :::,,,rm;;t-/'\'7 ,y 7'111* 
~1~6:::..~nt-c:~6 C:;Miit:::stlfi:R2) o 1t1:--::J---C, 7/'\17-,.1i'f1:0J[ti]J:.Bzd*o/ l--~-v IJY 
{gfJl·l1: OJ [ti] J:.nt[tl]n~re ~ti6 0 

(0036) 
~--Jj, **M!iID@re:Bv •---C tt, ..JJ-,1 F r:7 ;t-Jv 7 OJ TiJl!He~i*m-$1/- l-- ~~]J14 Ant 

#tET 6 C:.. ~ re J: t-J, tire, //- t--mt~ 5 ~ n 2:f'1 ',/ - 7-,. • f-t v ,1 :::,,,ffi:1:i 1 2 ~ OJ!t, OJ:@_;;_ 
OJ J:.¥J!.nt~ t,,, -t-tire J: '? ---c @J~im&OJflx Tnt B t.= I:)~ ti6 oJFil§'f1:nt~ 6 0 t,, n" t,,, mi 
~OJ J: -5 re, **M!iID@re:BP---Cr:t, ..JJ-,-, F r:7 ;t-Jv 7 TiJl!JOJ~ij\m-$1/- t-- ~~JJ14 A 
~ ij' - l-- mffi 5 T iJl!J OJ~ ~*m-$1/- l-- ~~]Jt 4 A J: t-J B ~ < ID rot L, ---C P 6 t.= fl>, I/ - l-- • 
P' v ,-, :::,,, rm OJ:@_;;_OJ J:.¥\!.o P---C r:t@J~im&-A..OJ@~•~:Jf!JtU--t 6:::.. ~ nt-c: ~ 6 0 

(0037) 
J.,,jJ:.te~BJIL,kJ: -5 re, **M!iID@reJ:6 ~- 1:LPre I-- v- P'7t70J001¾de~67/'\1 

7-,.ti·l1: • @.1~1i'l1: ~ //- l-- ~~]Jt,fgfJl1!1: ~ ~~'e*~ < [ti]J:. ~ --lt 6:::.. ~ nt-c: ~ 60 
(0038) 
cm- 1 OJ*M!iID@OJ~IDfU) 

t.1 T, ::zjs:¥e;Bij OJm- l OJ*M!iID@OJ~IDf§IJ re 1ik6 ~tJW~lilre "::::> t- • ---c, ~00 ~$Yij t,, -/J:. nt 
I:) ~BJIT 60 ~ 6 r:t, m- 1 OJ*M!iID@OJ~IDf§IHe1ik6~tJW~til C$!WlfHer:t1/:::,,, 7''Jv'-lt 
,1 P' r:7 ;t - Jv2!'10J n 2:fYM I S FE T) OJ:f'/i}m ~7FT~00~'""f ~ 6 o 

(0039) 
::zls:~IDf§IJntm- 1 OJ*M!iID@~ ~-/J:. '?---ct- •6J~r:t, ~ 6 ,e7FT J: "J re, ..JJ- ,-, P' r:7 ;t-Jv 7 

OJ-O'lUfi#u"i'i~OJ T-O'lUre~lilT 6 ~i*m-$1/- I-- ~~JJ14 A OJ~"i'i~"::::> ¼ t-J ~~m-$-3/'- I-- ~~JJt 
4 A OJ-O'lUli#u"i'i~~ ./ ,y + t~Jel!X t-J ~ < :::.. ~ re J: t-J , ./ ,y + 2 o nt~tt I:) ti ---c P 6 :::.. ~ -c: ~ 6 

(0040) 
::zls:~IDf§IHe J: 6 ~ , // - I-- mt~ 5 ~ n 2:fY ',J - 7-,. • F v ,1 :::,,, m:1:i 1 2 ~ OJ rm OJ:@_;;_ OJ 1:.¥\!. 

,e~l:z.JT 6 §~im&-A..OJ@~-~ J: t-J ~fi:Jf!JibUT 6:::.. ~ nt-c: ~ 6 o 
(0041) 
cm- 2 OJ*M!iID@) 

t.1T, ::zls:¥eBJIOJm- 2 OJ*M!iID@,e1ik6~tJW~lilre"::::> t- •---C, ~00~$Yij L,-/J:.nt I:) ~BJIT 
60 raj, m- 1 OJ*M!iM@nt$,':::,,, 7''Jv'-lt,1 P' r:7 ;t-Jv2!'10JM I SF ET ~X"ii~ ~ L, ---CPk OJ 
re Ji L, ---c' m- 2 OJ*M!iM@r:t, I/ - I-- mt~~ :r.. !7 A -r ✓ 1/ 3 ✓ m:1:i ~ OJ rm OJ 7-t- /'\ 7 o/ 7 
_;;_OJ~~1t~ ~ t-J ~Tv • ?1'':1'Jv'-lt ,1 F r:7 ;t-Jv2!'10JM I S FE T C:JFtiit:::stm:R 3) ~Ji~ 
~ T 6 o raj, **M!iM@'""f tt n 2:fYM I S F E T ~ ffl v • ---C ~Bij T 6 nt, ::zjs:¥e;Bij ~ p 2:fYM I S 
FE T re~ffl L, k~~re B [tl]:;f-fOJj:fJ* ~ 1~6:::.. ~ nt-c: ~ 6 o 

(0042) 
~ 2 r:t, m-2 OJ*M!iID@re1ik6~tJW~tilOJtlm~7FT~OO~'""f~6o ~ 2 re7FT J: 'J 

re, f§IJ;ttf1/ IJ ::r :::,,,n'-1:)-/J:. 6£ffi 1 reMrot~ tik P 2:f'1 r:7 ;i:.Jv 2 re:Btt 6 s T I 3 re J: '? ---c 
Im¼ titdt·i1:m:1:tOJ J:.re~i*m-$1/- Hfe~JJ14 B ~* t,, ---c I/- t--mffi s ntIDrot~ ti---c t- • 
60 //- t--mffi 5 OJiJlUOOre ri~~'l1:0J:;t 7t ,y l--'-lt 1 P' r:7 ;t-Jv 6 ~ft t,, ---c~~·l1:0J..JJ-1 
P' r:7 ;t-Jv 7 ntMrot~ ti---c t- •6 0 P 2:f'1 r:7 ;i:.Jv 2 re:Btt 6 :;t 7t o/ t-- ..JJ-1 P' r:7 ;t-Jv 6 JJ;zcr 

..JJ- 1 F r:7 ;t-Jv 7 OJ-t-ti-ztiOJ T-O'lUrer:t n 2:fY:r.. !7 7-,.-::y-:::,,, 1/ s :::,,,ffl:1:i 1 o ntIDrot~ ti---c v •6 
~~rep 2:f'117 ;i:.Jv 2 te:Btt 6 n 2:fY:r.. !7 7-,. 5-:::,,, 1/ s ✓m:1:i 1 0 OJ TiJl!Her:t p 2!'1~-7 ,y t--m:1:i 
1 1 ntMrot ~ ti ---c p Q O p 2:f'1 r:7 ;i:. Jv 2 re :B tt 61/ - I-- mffi 5 n'- I:) Ji. ---c n 2:f'1 :r.. !7 A -r ✓ 1/ 3 

✓m:1:i 1 0 & tr p 2!'1~ if ,y l-- m:1:i 1 1 OJ:7f-.i!'lU re r:t n 2:fY ',J - 7-,. • P' v ,1 ✓m:1:i 1 2 ntIDrot ~ 
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tL ""( p Q 0 

[0043] 
**nt!iID@O) m- 1 O)li~ t"i, I/ - r- ·~:t.i 5 0) T JU 0) ;J;.. '/J:. b -r ;:.;t 7 t ''/ r- --!j-- -1 P' ry 7)-- - Jv 

6 O)TJUtc 't ~itilt$-1/'- r-~~/Jt4 B iJiJjf¥L, ""(Po 2: ~ '"<:~Go 9'/J:.h't, ~itm.$ 
//- r- ~~Jlt 4 B t"i-1/' - r- mt:i 5 0) TJUiJ· t> ;:.;t 7 t ''/ r- --!j--,{ F r;J 7)-- - Jv 6 0) TfflU¼ -C:W,ffi 
lfJ tcIDrot ~ tL ----c v • o o 

[0044] 
¼ t.=, ***ID@O)m-2 O)ti~r"i, ~i~m.$1/- r-~~/Jt4 B tc:B~t o;:.;t7t ''/ f'---!j--,{ 

P' r';J 7)-- -Jv 6 O)T1Jl!Jffl:tiO)J¥~ t"i, ~~·~.$!/- r-~~/Jt4 B tc:B~t 0//- r-mffi 5 O)T 
1Jl!Jffl:tiO)J¥~ J:: "J 't1J'\~P2: ~-C:~00 9'/J:.;t:>'t, ~i~·~.$1/- r-~~/Jt4 Bt"i8!f'lik;tc 
IDrot~ tL----Ct-•00 

[0045] 
**nt!iM@tc J:: o ~, ~itm.$1/- r- ~~Jlt 4 B O)JIJllffoi~iJi;:.;t 7 t ,y r- --!j-- ,{ F r';J 7)-- - Jv 

6 ~*9 o-:: ~ tJ:. <, if- t-mt:i 5llffoi~-c:O)~~tm.$if- r-~~/Jt4 B O)W,ffi'f1:iJi~ti~ 
tL----CPoo 2:0)f-=l'l), I/- r-mt:i5llffoi~'"(:O)~itm.$//- r-~~/Jt4 BO)lm·~.$t&T&~ 
~~·f1:t&T~:lf!HaIJ9 o-:: ~ iJi-c: ~ o 0)-C:, ~ ,1-{,{ 7-li'f1:0){5;T~//- r- ~~JJt1itJ£•f1:0)§J5 
1t.~ ~11:. 9 o 2: ~ iJi-C: ~ 00 

[0046] 
¼k, **nt!iID@tcJ::o~, ;:.;t7t'>' f'---!j--,{ Fr';J7]--Jv60)T1J'l1Hc~itm.$-1/'- r-~~ 

/Jt 4 B iJif¥:f±.9 o 2: ~ tc J:: "? ----C, I/ - r- mt:i 5 llffoi~ili:{~-C: t"il/ - r- mffi 5 ~ n !fil .:r. !7 7- T 
✓ 1/ s :,,,,-ffl:ti 1 o ~ O)fmO):@J;.¥a-3'iJii}~¼ "J, -z-0)*8*- ~Pl/- r- • P' v-1 :,,,,-rt,;:.;t-/'\ 
7 ''/ 7'111*~~0-:: ~ iJi-c: ~ o C~MiH-Xlfix 2) o 1t1:-? ----c, ~ /'\-1 7-li•f1:0)ftiJJ:.&~* ''/ 
r- q:- -'7 9 y 1itl'f1: 0) [ti] J:.iJifo]!F.f tC rKltL Q 0 

[0047] 
~ btc, **nt!iID@tcJ::o ~- --!j--,{ Fr';J7]--Jv7 O)T1Jl!Hct"i~~·U-1/'- r-~~/Jt4 B 

iJitr=:f± L, '/J:.Pt.=l1>, I/- r-mt:i 5 ~ n !fY Y- 7- • F v ,{ Yffl:ti 1 2 ~ O)FJ} O):@J;_O) 1:.¥\!.~ 
~ b tc1J" ~ < :jfp;t o-:: ~ iJi-C: ~ o 0)-C:, ~~:@J;.J:.JF. ~ -z-tttc# 7 @J~il&""-0)@~¥'1~ 
~1N~tc:ff!H'1IJ9 o-:: ~ iJi-c: ~ o o 

[0048] 
J,JJ:.tc ~BJ:I L, k J:: 'J tc, ***ID@tc J:: o ~, lLP tc r- v- P';:.;t 7 0) ll1lidc ~ o -r',1-{,{ 

7-1i·f1: • @J~li'f1: ~ -1/' - r- ~~JJt1itl'f1: ~ ~ ~ tc * ~ < [ti] J:. ~ i!- o -:: ~ iJi-C: ~ o o 
[0049] 
(m-2 O)*nt!ijf;@O)m- l 3tjf;{§IJ) 

J,,j T, 2's;:~BJ:I O)m 2 O)*nt!ijf;@O)m 1 3tIDf§IJ tc 1io ¥ci,Jf:f~rn[tc ~ v • ----C, rKltffi ~$Y~ L, 
'/J:.iJi b ~BJ:19 00 rKI 7 t"i, m- 2 O)*nt!ijf;@O)m 1 3tjf;f§!Jtc1io-¥ci,Jf:f~iil (J!f;flf}tcr"i!/' 
7~--!j--,{Fr';J:7]--~!f'lO)MISFET)O)fflm~~9WftffirKI-C:~00 

[0050] 
2's;:3tMf§!JtJim- 2 O)*nt!iID@~ ~'/J:. "?----ct- •oJ~t"i, rKI 7 ,.::~9 J:: 'J tc, ;:.;t 7t ''/ r- --!j--,{ P' 

r';J 7)-- - Jv 6 O)JIJllffoi~O) TJUtc{llrn[9 o ~~m.$-1/'- r- ~~/Jt4 B O)~i~~ ¼ "J ~itm.$-1/' 
- r- ~~Jlt 4 B 0)1J'l1Jllffoi~~ ./ ''/ +lktcitx "J ~ < -:: ~ tc J:: "J, ./ '>' + 2 o iJi~~t b tL ---c Po 
2: ~ -C:~00 

[0051] 
2js;:3tjf;f§!Hc J:: o ~ , // - r- mt:i 5 ~ n !fY Y - 7- • F v ,{ Y ffiti 1 2 ~ 0) 00 0):@ J;. 0) 1:.¥\!. 

tc~1:z.J9 o@J~il&""-0)@~¥'1~ J:: "J ~fi:ff!ltIJ9 o-:: ~ iJi-c: ~ o o 
[0052] 
cm- 2 O)**ID@O)m- 2 3tIDf§ID 

tJT, 2's;:~BJ:IO)m- 2 O)*nt!iM@O)m- 2 ~Mf§IH.::1i0¥ci,J~~iiltc~P---C, rKl1ffi~$Y~ L, 
'/J:.iJi b ~BJ:19 00 rKI 3 t"i, m- 2 O)*nt!ijf;@O)m- 2 3tMf§!Jtc1io-¥ci,Jf:f~iil (J!f;flf}tcr"i!/' 
:lJv--!j--,{ P' r';J 7)-- - Jv!f'lO)M I S FE T) O):f'/ijm~~9WftffirKI-C: ~ 00 

[0053] 
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*~IDf§IJ ntm- 2 0)*1n!iID@ ~ ~tJ: '? --c v \ 0 J~~Ji, //- 1' mffi 5 0) TfJllJ& ~:;1- 7 t ,y I-- -!J--
1 F t7 :;;t- }v 6 0) TffllJ0):1-j./J: i; 9-!J--1 F 9 :;;t - }v 7 0) TfJllJt;: B ra:iij\m$//- 1' ~~M;4 C 
iJtJi#L, --CP0 2: ~ '"<:~Go TIJ:;bt,, ra:i~m$//- I-- ~~M;4 C f'i//- I--mffi 5 O)TffllJ 
n"' t; -!7--- 1 F t7 :;;t - Jv 7 0) T ffllJ ¼ '"<:~~If} t;: ID$:~ ti --c v \ 6 o 

[0054] 
N6, *~IDf§IH;:~P--c, -!7---1 P't7:;;t-Jv7 O)TfJllJO)ra:iiim?¥//- I--~~Jm4 CO)JmJ¥f'i 

, :;1- 7 t ,y 1' -!7---1 Fry :;;t - Jv 6 0) T ffllJ 0) ra:iiim?¥.J/- I-- ~~Jm 4 c 0) lmW: ~ lo] t: '""<: ~ 0 o 
TIJ:h t>, ra:iitm?¥,3/-- I-- ~~Jm4 c i'i 8filltkJ;:ID,ox;~ ti --c P0 0 

[0055] 
*~ID{§IJ t;: J:: 0 ~, rmiim?¥,3/' - I-- ~~Jm 4 C iJtij- 1' mffi 5 0) TfJllJiJ"' b-!7---1 F T7 :;;t -

Jv 7 0) TffllJ¼ '""<:~~lfl t;:ID,ox; ~ ti --c v \ 0 k:. l'i>, :;1-7 t '1/ I-- -!7--- 1 P' ry :;;t-Jv 6 0)$!iliJtjp';'in;: 
~P~1i-t;: t>, imlJ!i·~?¥.J/- 1' ~~Jm 4 c O){J'llJfi#u1i~iJt-!J-- 1 P' ry :;;t - Jv 7 ~ WT 0 2: ~ /J: < 
, ij' - I-- mif:i 5 fi#u1i~'""<: 0) rmiim?¥.J/- I-- ~~Jm 4 c O)~m-~ ~ *UfT 0 2: ~ nt'""{: ~ 0 0 2: 
0) t:: l'i>, I/ - I-- mffi 5 firm1i~'""<: 0) i'a:i iim?¥ I/ - I-- ~~Jm 4 C 0) ~·~$ ii:.\; T & ~~~;~ ii:.\; T ~ 
:ff!Hl,U T 0 2: ~ iJt'""<: ~ 0 0) '""<:, :Y /'\ 1 A ff'~ O)il:.\; T ~ // - I-- ~~Jm1it~'~ O)§J51L ~ ~ 11:. T 0 
2: ~ iJt'""{: ~ 0 0 

[0056] 
1.§. L,, *~IDflJt;:~P--C f'i, m- 1 O)~in[ID@~ [o):if5JH;:-!J-- 1 F t7 :;;t- }v 7 0) TffllJt;: rmiim 

$,3/'- I-- ~~M;4 C iJt#tET 0 2: ~ t;: J:: t:J, ij'- 1' m1:i 5 ~ n fill 'I- A • F v 1 /'~ti 1 
2 ~ O)fffl O)~J;.O) J:.Jf.iJt~T 0 iiJFit'~iJt~ 0 o L, n"' L,, fru:JZttO) J:: 7 t;:, ::zls:~ID-f91J t;:~ P 
--Cf 'i, -!7--- 1 F t7 :;;t - }v 7 T ffllj 0) ra:i iim?¥ I/ - I-- ~~Jm 4 C ~ // - I-- m1:i 5 T ffllj 0) rm jtj\·~$ 
ij'- I-- ~~M;4 CJ:: t:J B~ < ID,oxL, --CP0 k:.l'i>, ~~~J;.J:.Jf.&~-t-tit;:ff 7 l!!J~il&A-
0);,m~V~tflJtlJT 0 2: ~ iJt'""<: ~ 0 o 

[0057] 
cm-2 O)~tn[ID@O)m- 3 ~IDf§IJ) 

tJT, ::zjs:¥e,BJ=]O)m- 2 O)~in[ID@O)m- 3 ~ID1§1H;:1*0~~~~im'.t;:--:>P--C, CKIOO~$~ij_ L, 
IJ:iJt t; lmBJ=lT 00 CK! 4 f'i, m- 2 O)~tn[ID@O)m- 3 ~ID1§1J,;:1*0~~~~im'. (J!~lfJt;:f-;t~­
:lJv-!7---1 P' ry :;;t-JvfillO)M I s FE T) O):f'/ijjg~~TlmtffiCKI'""<: ~ 0 0 

[0058] 
*~IDf§IJ ntm- 2 0)*1n!iID@ ~ ~tJ: '? --c v \ 0 m- 1 0) ,~f'i, //- I-- mif:i 5 0) T -O'tU& ~:;1-7 t 

,y f---!j-- 1 P' t7 :;;t- }v 6 0) TfJllJ0):1-j./J: i; 9-!J--1 P' t7 :;;t - }v 7 0) TffllJ,;: t> rmiim?¥.J/- I--~~ 
Jm 4 D ntJi# L, --c P 0 2: ~ '""{: ~ 0 0 TIJ:h t>, rmiim?¥,3/' - I-- ~~Jm4 D f'iij' - 1' mt:i 5 
0) T-O'tlJn"' i;-!7--- 1 F t7 :;;t-Jv 7 0) T-O'tlJ¼ '""<:~~etJ,;:ID,ox;~ ti--c v ,..:5 o 

[0059] 
::zls:~IDf§IJ ntm- 2 O)*tn[ID@ ~ ~/J: '? --c v \ 0 m- 2 0) ,~f'i, :;1- 7 t ,y 1' -!7--- 1 Fry :;;t - Jv 6 0) 

T -O'tU 0) im~m?¥.J/ - I-- ~~Jm 4 D 0) JmJ¥nt, ij' - 1' mt:i 5 0) T -O'tU 0) im~m?¥,3/' - 1' ~~Jm 
4 D O)}m)¥ ~ lo]~'"<:~ 0 2: ~ '""<: ~ 00 t'iiJ, -!J--1 P' t7 :;;t-Jv 7 0) TfJllJO)rmiim?¥//- I--~~ 
Jm 4 D 0) JmW:i'i, I/- I-- mffi 5 0) T fflrJ 0) rmiim?¥.J/- I-- ~~Jm 4 D 0) 1mw: J:: t:J t> 1J', ~ P 0 

TIJ:h t,, rmii·~$,3/'- 1' ~~Jm4 D f'i 8filltk,;:ID,ox;~ ti--c v ,..:5 o 

[0060] 
*~IDf§IH;:J::6 ~- rmiim?¥,3/'-1'~~M;4 DiJt//-1'mffi5 O)TfJllJiJ"'t:>-!J--1 Fry :;;t­

}v 7 0) T fJllJ ¼ '""<:~~lfJ t;: ID$:~ ti --c v,. 0 t:: l'i>, :;1- 7 t 'Y 1' -!J--1 P' ry :;;t - Jv 6 0)$!il iJtjp1tr,;: 
~v \~1i-t;: B, rmlJ!i·~$//- 1' ~~Jm 4 D O){J'lljfirm1i~7Jt-!j--1 P' ry :;;t- }v 7 ~ WT 0 2: ~ /J: < 
, I/- I-- mif:i 5 fi#u1i~'""<: 0) rmiim?¥.J/- Hfe~Jm 4 D O)il~~ ~ *irfT 0 2: ~ nt'""{: ~ 0 0 2: 
0) tc:. l'i>, ij' - I-- mffi 5 fi#u1i~'""<: 0) rm iim?¥ ij' - I-- ~~Jm 4 D 0) iim?¥1& T & ~~~,~ i& T ~ 
tflJtUT 0 2: ~ iJt'""<: ~ 0 O)'""<:, :Y /'\1 ,'.A.f~'~O){& T~//- I-- ~~Jm1itJ£'~0)§151L~ ~11:. T 0 
2: ~ iJt'""{: ~ 0 0 

[0061] 
1.§. L,, ::zls:~ID-f91Jt;:~P--c f'i, m- 1 O)~tn[ID@~ loJ:ifft;:-!J--1 Fry :;;t-Jv 7 0) TfJllH;:rmiim 

$//- I-- ~~Jm 4 D iJt#tET 0 2: ~ f;: J:: t:J, ij' - 1' m1:i 5 ~ n fill 'I - A • F v 1 /'~ti 1 
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2 ~ 0) lffl O):g.J;.O) J:.¥f.;lyt~9 0 iiJFi~l1:iJt~ 0 o L, iJ~ L,, filJJZttO) J: :de, *~Mftl tc.i3 P 
-C tt, -l}- -1 P' 9 7t - Jv 7 T l!J 0) ra:i i*m* if - f-- ~~JJt 4 D ~ if - f-- mffi 5 T ffltl 0) ra:i i~·~$ 
if - I-- ~~JJt 4 D J: l'J t ~ < Mnx L, -C 1t \ 0 t:::. fl>, ~1::. ;g J;.J:.¥f. Bz ~ -t- :h tc 1f -5 §~it&""'--
0)~~-~tf!JtU--r 0 -:: ~ nt-r:: ~ 0 0 

[0062] 
cm- 3 O)*fft!iM@) 

J,j T, *¥e;BJ=}O)m- 3 O)*fft!iM@tc 1J0¥-tl1':~1iltc-:::> P -c, LRlOO ~$Yij L, !J:iJt I:) ~BJ:}9 
0 o i'ii], m- 1 O)*fft!iM@iJt1/ Y :7''fv-l}- ,1 P' ry 7t - Jv!fil 0) M I S F ET~ xt* ~ L, -C 1t \ t:::. 0) 
tc xt L, -c' m- 3 O)*fft!iM@ri, if - I-- ·~:t.i ~ :r.. 7 A:;- ✓ 1/ 3 ✓ ffl:ti ~ 0) F'1cH 0) '7-t- /'\ 7 ,y :I 
J;.0)~~1t.~LR1 l'J ~9P:$"':lJv-l}-,1' P' 1:7 ;it-Jv!fi!O)M I SF ET (1F4iit>e!lk 3) ~xt* 
~ 9 0 o i'iiJ, **fft!iM@<!: f "i n !fi!M I S F E T ~ ffl lt \ -C ~BJ} 9 0 iJ\ *¥e;BJ} ~ p !fi!M I S 
FE T tc~ffl L, t:::.~15"tc t foJ!ffO)j1J*~i~0 2: ~ iJt<}: ~ 00 

[0063] 
rRl 5 f"i, m-3 O)*fft!iM@fc1JG4tlW~tilO);t'/ilm~~91IfrtffirRl<!:~Go rRl 5 tc~--r J: -5 

tc, 1,!J;t.f-;!1/ lJ ::::t YiJ~ I:) /J: 0£ffi 1 fCIDM~ :ht:::. p !fi! r) ,;:i:.Jv 2 tc.i3~t Gs T I 3 fc J: '? -c 
lffl¼ :htdt·l1:ffl:f:t0) J:Jcra:ii*m$if- I-- ~~JJ14 E ~fr L, -C if- t--mffi 5 iJtID,mt~ :h-C 1t \ 

Go if- t--mffi 5 O)'IJlUOOtcf-;t~~•l1:0)7t7t ,y f---l]--1 P' 1:7 ;it-Jv 6 ~fr L, -c~~·l1:0)-l]-,1' 
P' ry ;it-Jv 7 iJtMM~ :h-C 1t \00 p !fi! 1:7 ,;:i:.Jv 2 tc.i3tt 0 '7.t7t ,y f---l]--1 P' ry ;it-Jv 6 Bz~ 

-l]- -1 F 1:7 ;it - Jv 7 0) -t- :h 7c :h 0) T fflU tc f "i n !fi! :r.. !7 A:;- Y 1/ 21 Y ffl:ti 1 o iJtID,mt ~ :h -c 1t \ 0 
~ ~tc p !fi! 9 ;i:.Jv 2 tc.i3 ~t 0 n !fi!:r.. !7 A:;- Y 1/ 21 Yffiti 1 o 0) Tffl'Hc f"i p !fi!~-7 ,y I-- ffl:t~ 
1 1 iJtID,mt ~ :h -C P 0 o p !fi! r) ,;:i:. Jv 2 tc .i3 lt 0 if - f-- mffi 5 iJ~ I:) Ji -C n !fi! :r.. 7 A:;- Y 1/ 21 

Yffi:ti1 Olf;z~p!fi!~-7,y f--ffi:f:~110):7f-.1J{Ufcf"in!fi!'l-A • Fv-1'Yffl:ti1 2iJtID,mt~ 
;h -C P0 o 

[0064] 
**n't!!M@O)m- 1 0)4iIDJ"i, if- t--mt:i s 0) T'IJlUO)<ij./J: /:) -r7t 7t ,y f---l]--1 F TJ ;;t-Jv 

6 lf;z~-l}--,1 F 1:7 ;it-Jv 7 O),t-;h,7i;h,O) Tl!Hc t ra:ii*m$'7''- I-- ~~}J14 E iJt1!M¥C -CP0 
2: ~ <!: ~ 0 0 9 /J: ;b 't ' ra:J i*m* if - I-- ~~JJt 4 E f j: ij' - I-- m1:i 5 0) T fflU iJ~ /:) -lj- 4 F r) ;it 
- Jv 7 0) Tl!J¼ <!:~~lfJtcIDrot~ :h-C 1t \Go 

[0065] 
¼ t:::., **n't!IID@O)m- 2 0)4iID:f"i, ra:ilffim$'7''- f-- ~~}J14 E tc.i3lt 0 '7.t7t ,y f---l]--1 

P' ry ;;t-Jv 6 0) Tl!JfflttO) W~ iJt, ra:ilffi•~$if- I-- ~~JJ14 E tc.i3~t 0 '7''- t--m;t:i 5 0) T 
l!Jffl:tiO) W: ~ J: l'J t 1J\ ~ < , Ji-:::> ra:ii*m$if- I-- ~~JJt 4 E tc .i3 it 0-l]- -1 F 1:7 ;it - Jv 7 0) 
T fflUffl:tiO) W ~ iJt, ra:ilffim$if- I-- ~~JJt 4 E tc .i3 tt 0 7t 7 t ,y I-- -l}- -1 F 1:7 ;it - Jv 6 0) T 
fflUffl:tiO)w~ J: l'J t1J\~P2: ~-r:~00 --r1J:t:>-t, ra:ii*m*if- t--~~JJ14 Et"i2£tJ!fi! 
ik:tc IDnx ~ :h -c 1t \ 0 o 

[0066] 
**n't!!ID@fc J: 0 ~, ra:ii~·~$if- I-- ~~JJt 4 E iJtif- I-- m;t:i 5 0) T fflUiJ~ /:) -l]--1 F 1:7 7t 

-Jv7 O)T'IJlU¼<!:~~lfJtcIDrot~:h-CP0f:::.fi>, '7.t7t,y f---l]--1FTJ;it-Jv60)$jiJt1F'm' 
tc~P~1i"tc t, ra:ii*m$if- f-- ~~JJt 4 E O)l!Jftito~~iJt-l}--,1' Fr) ;it - Jv 7 ~ f'f9 0 2: ~ /J: 
< ' ij' - I-- mffi 5 ftim~~<!: 0) ra:ii*m$if- I-- ~~JJt 4 E 0)~~11: ~ MU~9 0 2: ~ ;IJt<}: ~ 0 0 
2: O)f:::./(J), if- t--m;t:i 5 ftim~~<!:O)ra:,i*m*if- f--~~}J14 E O)i*·~$11fTBz~~~·l1:{5;T 
~ trii tu --r 0 -:: ~ nt-r:: ~ 0 0) -r::, ::r /'\ -1 A ti·l1: 0)1,5; T ~ ij' - 1-- ~~JJ11i,J·11: 0)~1t. ~ ~ 11:. --r 
0 2: ~ iJt<}: ~ 0o 

[0067] 
¼ t:::., **n't!IID@tc J: 0 ~, 7t 7 t '>' I-- -l]- -1 F 1:7 ;it - Jv 6 0) T l!Hc ra:ii*m$'7'' - I--~~ 

JJ14 E iJt:{¥:f±9 0 2: ~ tc J: '? -C, if- f-- mffi 5 ftim~~Jli:ft<!: f"iif- f-- ~:i 5 ~ n !fi!:r.. 7 A:;­
Y 1/ 21 Yffl:tt 1 0 ~ O)Jffi0):g.J;.fr515"t,it5~¼ l'J, ,t-O)frff*, ra:,P,3/'- f-- • F v-1 YlfflT-/" 
7 ,y :1111* ~i~0 2: ~ ;IJt<}: ~ 0 (1F4iff>Clik 2) 0 VI:'? -C, ::y /'\4 A4i·l1:0)ltiJJ:.Bz~* ,y 

I-- ~-v lJ Y1itJ•11:0)ltiJJ:.iJtfo]1F-ftcrR];h,00 
[0068] 
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~ 15, **tftEID@tc :BP -c t:t, m- 1 OJ*ti'tEID@~ [o];;t.~Hc-lf-1 F r:7 ~ - Jv 7 OJ T1J'!Utc r%lffi 
m:>$V,f- f-- *e,~]Jl 4 E iJt#ffT G 2: ~ tc J: ~ , //- f-- mffi 5 ~ n !f!J '/ - 7-- • F v -1 )"'i[:ti 
1 2 ~ OJ FJ.I OJ:@J;. OJ J:.~iJt~ L,, -t- OJ*a*, @J~:il&OJt& T iJt t> tc $ ~ :hG tiJti!§if1:iJt~ 
Go L, 7J\ L,, fWJZ.ttOJ J: :de, **tftEID@tC:BP-C t:t, :;t" 7t '>' f-- -lf-1 r- r:7 ~ - Jv 6 T1J'!IJ'""f 
i'ajiim$J/- f'~~]Jl4 E OJ]Jl)¥~~ B-W. < L,~ -::>-lf-1 P' r:7 ~ -Jv 7 Tffl!J'""fr%iim$J:/.'­
f-- ~~]Jl4 E OJ]Jl)¥~ ~ $ tc-W. < L, -C PG ts: lsb, ~1_::@J;_J:.~Bz~ -t-titcff -5 @J~il&""'-
0)~~-~1Fm'tc t& < :ff!ltU"t Gs:: ~ iJt'""f ~Go 

[0069] 
J,,,.1J:.tc~BJIL,tcJ: -5 tc, **ti'tEID@tcJ:G ~- 1:LPtc f-- v- r':;;t70J001¾dC~G-rf't-1 

7--ti·l1: • @J~ti'l1: ~ //- f-- ~~]Jl{gfJl:'11: ~ ~~tc*~ < ftiJJ:. ~ -lt G 2: ~ iJt'""f ~ Go 
[0070] 
cm- 3 OJ*ti'tEID@OJ~ID1'1J) 

t.1 T, 2js:¥e;BJ=} OJm- 3 OJ*ti'tEID@OJ~ID1§1J tc 1ikG ¥tJW~tiltc-::> 1t \ -c, CKIOO ~$Yij L, IJ:. iJt 
$~BJI"t Go CRl 8 r:t, m-3 OJ*ti'tEID@OJ~ID1'1Hc1ikG¥tliW~iii C$!WlfHct:tY:t'Jv-lf-1 
Fr:7~-~!f!JOJMISFET)OJfflm~~T~OOCKl'""f~Go 

[0071] 
::zls:~ID1§1Jntm- 3 OJ*ti'tEID@~ ~IJ:. '? -c P0,~r:t, CRl s tc~"t J: -5 tc, -lf-1 F r:7 ~ - Jv 7 

0Jffl!Ji'triu:g~OJT1J'!Utc1il.uiTGr%iim$//- f--~~Jfl4 EOJ~:g~, -::>¼ ~ r%iim$//- f--~~ 
]Jl4 E OJffl!Jfloo1i~~ / '>' +t"tc}fX ~ j¼ < 2: ~ tc J: ~, / ''/ + 2 0 iJt~lt $;h -CPG 2: ~ '""f ~ 
Go 

[0072] 
*~ID1§1J tc J: G ~, If- f-- mt:i 5 ~ n !f!J '/- 7-- • F v -1 ✓'il:ti 1 2 ~ OJ 00 OJ:@J;. OJ J:.~ 

tc~~T G@J~il&""'-OJ~~-~ J: ~ ~fi:ff!ltU"t 0 s:: ~ iJt'""f ~Go 
[0073] 
cm- 4 OJ*ti'tEID@) 

t.1T, 2js:¥e;BJ=}OJm- 4 OJ*ti'tEID@tc1ikG¥tliW~uitc-::> 1t \-c, CR100~$Yij L, IJ:.iJt $ ~BJI"t 
0 o CRl 9 t:t, m-4 OJ*ti'tEID@tc 1ik0 ¥tJW~iii C$! ft«l tc t:t 1/ ✓ ~-Jv-lf -1 F r:7 ~ - Jv!f!l OJ 
MI SFET) OJfflm~~T~OOCKl'""f~Go Nti, ::z!s:*tftEID@'""ft:tn!f!JMI SFET~fflP 
-C~Bij9 0 iJt, 2js:¥e;Bij ~ p !f!JM I S FE T tc~ffl L, t-:=~'Ei"tC B [o];;tfOJ?l1J* ~~0 2: ~ iJt'""f 
~00 

[0074] 
**ti'tEID@ntm-1 OJ*ti'tEID@~~IJ:.'? -CP0,~t:t, CR] 9 tC~9 J: -5 tc, £tlx 1 ~ r'ajiim 

$//- f--~~]Jl4 A~ OJfffltc, 1§1J;ttf1/ lJ ::r /'~1tmtxt:t1/ lJ ::r /'~1t]Jl~iJt/'{ '>' 7 y 
-~~]Jl 2 5 ~ L, -C~tt $:h -CPG 2: ~ '""f~Go 

[0075] 
**ti'tEID@tcJ:G ~- m-1 OJ*ti'tEID@OJ?l1J*tc1Jo;t -c, £;;tlx • If- f--~~Jfl~OO~IE'm 

tc *-::> s:: ~ iJt'""f ~ 0 ~ P -5 ?l1J* iJt1~ $ ti GO T IJ:. h 'b, £ffi 1 J:. tc /'\ ''/ 7 y - ~~Jfl 2 5 
~ft L, -C r%i~m$J/- f-- ~~Jfl 4 A ~ID,ox"t 0 2: ~ tc J: '? -C, £:fix 1 J:.tc r%i1~/~$//- f-­
~~Jfl 4 A ~ rntfflIDnx L, t-= ~'Et~ tt «-c, £ffi • If- t-- ~~Jfl~oo 0)~1t ~ ~11:. --r G s:: ~ 
iJt'""f ~ G 0 

[0076] 
Nti, **tftEID@tci>P-c, m-1 OJ*ti'tEID@OJrajiim$J/- t--*e~Jfl4 A ~£;;tlx 1 ~ OJM 

tC/'\ ''/ 7 y -~~]Jl 2 5 ~~~tko L, 7J\ L,, 2: ;htcn;t -C, m- 2 OJ*ti'tEID@OJrajiim$J/ 
- f--~~]Jl4 B, m-2 OJ*ti'tEID@OJm-2~ID1§1JOJr%iim$-3/'- f--~~]Jl4 C, m-2 OJ*ti'tE 
ID@OJm- 3 ~IDflJ OJ r%lffim$J/- f-- ~~]Jl 4 D )O:tm- 3 OJ*ti'tEID@OJ r'ajiim$-3/' - f--~~ 
]Jl4 E ~£:fix 1 ~ OJfffltC/'\ ''/ 7 y-~~]Jl2 5 ~~~t-c B, **ti'tEID@~ [o];;tfOJ?l1J*iJt1~ 
$:h00 ¼ tc, r%iim$J/- f--~~]Jl4 A,___,4 E ~£:tJj 1 ~ OJ!tmc/'\,'/ 7 y-~~]Jl2 5 
~~lt 0 nh ~ tc, ,3/' - f-- mt:i 5 ~ r%ii·~$,3/' - f-- ~~]Jl 4 A,___, 4 E ~ OJ FJ.1 tC/'\ ''/ 7 y -
~~]Jl~~tt-CB J:Po 2:0Jl-1/VttcJ:;htf, r%iim$//- f--~~]Jl4 A,___,4 EJ:.tc//- f-­
mt:i s ~ 1!1ifflIDnx L, tc~'Ei" ~ tt«-c, J/- t--mffi • J/- t-- ~~Jfl~OOOJ~1t~ ~11:. --r Gs:: 
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~ t;t-z: ~ 00 @tit \fJ:, rmiim-$:ij'- f-- ~~Jm4 A,___, 4 E ~ £ffi 1 ~ O)ftmc/-{ o/ 7 y -~~ 
lm2 5 ~~~t 0 ~:tt,cif- f--mt.i 5 ~ rmi~m-$:if- ht-e,~Jm4 A,-._,4 E ~ O)fMHC/'\,;, 7 7 

-~~Jm~~lt-C 't J: Po 2: O)lJmUc J:tl,fj\ £tJx. if- f--~~Jm~tii:L&Z,if- f--~~Jm 
• ij'- f--mt.i~ffij0)1ffiJJJ0)~1t~~lt.9 0 2: ~ t;t-z:~ 0o 

[0077] 
cm- 4 O)*fft!iID@O)~ID1'U) 

J,j T, 2js:¥e;BJ=} O)m- 4 O)*fft!iID@O)~ID1§1J tc 1ik0 4tJW~tiltc-=> 1t \ -c, CKIOO ~$Yij L, IJ:. t;t 
t::>lmBJ:}900 CRl 1 o fi, m-4 O)*fft!iID@O)~ID1'Utc1ik04tJW~til CJ!WS'qtcfi1/ ✓ '.'.7'-Jv 
-lr-1 F 17 :;t -Jv!f'lO)M I SF ET) O)lJm~~9WfffiJCKI-Z:db00 

[0078] 
*~ID1§1Jt;1m-40)**ID@~~1J:.'?LPQJ~fi, [R]l o,c~9J:7tc, '"1f--1 P'17;t-Jv 

7 O)flJllrm"ii~O) Tf1Jtc1.ll.tif9 0 rmiim-$:ij'- f-- ~~Jm4 Al!z..Z,/'\ ,;, 7 Y -~~Im 2 5 O)fffi 
~~JmO)~"ii~, -=> ¼ &J ~itttfi~~JmO)flJllrm"ii~~ / o/ +~l;k:tcll)( &J ~ < 2: ~ tc J: &J, / o/ + 
2 0 t;t~tt t::>tL-CP0 2: ~ <:db 00 

[0079] 
::zls:~ID1§1J tc J: 0 ~, ij' - f-- mt.i 5 ~ n !fY V- 7-. • F v -1 /"@::ti 1 2 ~ 0) 00 O)~J;. 0) J:.~ 

tc~~--r 0 §~il&""'-0)~~-~ J: &J ~fi:Jf!JtlJ--r 0 2: ~ t;t-z: ~ 0 o 
[0080] 

rot *~ID1§1Hc;BP-C, m-1 O)*fft!iID@O)rm~m-$:ij'- f--~~Jm4 A ~/'\o// y-~~ 
Jm 2 5 ~ O)fffi~~JmO)fljllrffi"ii~tc / ,;, "f- 2 0 ~~~tt~o L,f;\ L,, 2: tLtcf\t;t -C, m-2 O)* 
n't!!ID@O)rmi~m-$:if- f-- ~~Jm4 B, m- 2 O)*fft!iID@O)m- 2 ~ID1§1J O)rmiim-$:if- f--~~ 
lm4 C, m-2 O)*fft!iID@O)m-3 ~ID1,1JO)rmiim-$:if- f--~~Jm4 D x.iim-3 O)*fft!iID@O) 
rmiim-$:if- f--~~Jm4 E O)P9tl,f;\ ~ /'\ ,;, 7 7 -~~Jm 2 5 ~ O)fffi~~JmO)flj}lffij"ii~tc 
,I '1/ + ~ ~~t L B' *~ID1'U ~ foJtf 0)11J*t;t~ I::> tL Q O 2: 0) ~ ~' rmiim-$:if- f-- ~~Im 
4 A,___,4 E ~£fJj 1 ~ O)fffltC/'\ ,;, 7 y-~~Jm 2 5 ~~lt 0 ~:tt,c, ij'- f--mt.i 5 ~ rm~ 
m-$:if- f-- ~~Jm4 A,___,4 E ~ O)fffltc B /'\ o/ 7 y -~~Jm~~lt-C BJ: Po 

[0081] 
cm- 5 O)*fft!iID@) 

t:r-L 2js:¥e;BJ=}O)m- 5 O)*fft!iID@,c1ik04tJW~tifO)fflMm:n$tC-=>P-C, n!fYM I s FE 
TO)ffiMm:n$~1'U~L,-C, CR100~$YijL,/J:.f;1 1::>lmBJ=}900 [R]l 1 Ca),___, Cf) fi, m-s 
O)*fft!iID@tc 1ik0 4tJW~lil O)fflMm:n$0)~ If¥~ ~--r!M"OOCKI 7: db 0 o 

[0082] 
¼9, [R]l l Ca) tc~9J:7tc, 1,IJ;tt!1/lJ:::Z)"f;\1::>IJ:.0£tJxJ:.ltc, *-=f:5ttl1J:ti 

~/J:.0ST I 3~~tRS'qtcIDJvtL,td~, £ffil tcJiL,-C, 1,U;tf-JB C~o)") ~i.i.A.:r.-t­
Jv::¥- 3 0 0 k e V, P' - ;;(J;. 1 X 1 0 13 c m-20)*1tf:7:-17.f /'RA 9 0o 2: tLtc J: &] , 
m·f1:1J:ti ~ IJ:. Q p !fY 17 .:r.}v 2 fJ1IDJvt ~ tL0 0 McP-C' /'\ ✓7"" 7-.Jv- A f-- '1/ /'\IDfDtffl 0)--{ 7f 
/'RA 0.i.A-17.f ✓: B, RAX-t-Jv::¥-1 5 0 k e V, P'-,A'J;.lX1013 c m-2) l!z 
Z, + -'7 -t- JvID!Dtffl 0) -1 ;;t /'RA C i.i.A-1 ;;t ✓ : B , i.i.A .:r. -t- Jv ::¥ - 2 o k e V, F - A'J;. 
5 X 1 0 12 c m-2) ~1T 7 o 

[0083] 
t(tc, CR] 1 1 Cb) tc~9 J: 7 ,c, p !f'l 17 .:r.Jv 2 tc;f3lt 0 ST I 3 tc J: '? -C lffl ¼ tLkm 

'f1: tUi 0) J:. t C, /'\ ,;, 7 7 - ~~Jm ~ L, -C 1,IJ ;t i'!JmM[ 0 . 5 n m f¥& 0) 1/ lJ :::z /' ~1t:Jm CCR] 
~'g!~) ~IDJvtL,t~~- rmi~·~-$:if- f--~~Jm4 ~ L,-C1,tl;tf-JJJlM[4 nmf¥&0)H f Si 
0 N Im C~1tlm~~Jmj¥fi 1 n mf¥&) ~:litff9 0 o 

[0084] 
t(tc, CR] 1 1 Cc) ,c~9 J: 7 tc, rmiim-$:if- f-- ~~Jm4 J:.tcfU;ti-JJmM[ 1 0 0 nm 

f¥& 0) ij' - f-- mt.ittt1Jm 5 A ~ IDnx:--r 0 o 
[0085] 

t(tc, if- f--mffittt1Jm5 AJ:.tcif- f--mt.iID!Dt@::ti~-7 V1/7-. f--/'\:51-)" CCKl~'g! 
~) ~ID!Dt L, td~, ~it v 1/ 7-. f-- /'\ :57 - /'~ ~ 7-. :7 ~ L, -C ij'- f--mt.ittt-lim 5 A tcJi L, -C 
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.::r.. ,y + ✓ 7'- ~1r-:J -c rm 1 1 ca) te7F9 J: 'J ,e, //- t-- mffi s ~IDnx9 GO -t-O)tk, if 
- r- mt.i 5 O)~im,e~jil9 G rmi*m$//- r- ~~M;4 ~.'m:JRB'q.::r.. o/ + /' :~ne J: -:J -C }Ji)¥ 2 
n mf¥&!¼~9 Go -:::nte J: ~, //- t--mt.i 5 O)~fljte~jil9 G rmi*m$//- r-~~M;4 
~~#JliW: 2 n mff&~ '""f~ < 9 G-:: ~ -/J-;;,'""f ~ Go ~t, •-C, I/- r- mffi 5 ~'"'7 A !7 ~ L, -C 
£;;f-Jx 1 text L, -C, 1,lj;t fi'A s ( e*) ~i.i.A.::C.:f-Jv~- 2 k e V, P' - ;;(J;_ 1 X 1 0 15 c 
m-20)~d4'""f-1 T /'i.i.A 9 G-:: ~ te J: ~, n!fil.::r..!7 AT ✓ 1/ 3 ✓m:1:i 1 O ~,f:;Jvt9 Go -t-
0)1k, If- f--. mt.i 5 ~ '"'7 A !7 ~ L, -C £;;f-Jx 1 te ~ L, -C, 1,lj .:t fi' B ~ ii.A .::r.. .:Z-Jv ~ - 1 0 k e 
V' F- __:7,:'J;_ 3 X 1 0 13 C m-20)*14-c--1 T /''8.:A 9 G-:: ~ ,e J: ~' p !fil~,7 '1/ r- m:1:i 1 
1 ~,f:;,ox9 Go -:: -:: '""f, P !fil~,7 o/ r- m:1:i 1 1 ~ID,ox L, t-:tk, n !fil.::r..!7 AT ✓ 1/ 3 ✓m:1:i 
1 0 ~,f:;,QX L, -C 'b J: Po 

[0086] 
~,e, £;;f-Jx 1 O)J:Je:@ffiHes-:J -CM;)¥ 5 0 n mff&O)~~}Ji~:liUfL,tdk, ~it~~M; 

,ext L, -C .::r.. '1/ + /'\ '1/ !7 ~ 1T-:J -C, rm 1 1 ( e ) ,e 7F9 J: 7 ,e, If- f--. mt.i 5 0)1J'llJOO te~~ 
,r4. 0)--lj-,1 P' r1J 7t - Jv 7 ~,f:;,ox9 Go 

[0087] 
~te, If- f--. mffi 5 & ~--lj- -1 P' rJ 7t - Jv 7 ~ '"'7 A !7 ~ L, -C £;f]x 1 ,ext L, -C, f§IJ .:t f-;f A s 

~ ii.A .::r.. .:t- Jv ~ - 1 O k e V, P' - ;;( J;. 5 x 1 O 1 5 c m - 2 0)*14 -c- -1 T /' aA L, tdk, {§IJ 
.:tfi'l 0 50°Cff&O)iJl!]3t'""fSP I KE RTA (rapid thermal annealing) ~1TP, 
ii.A~~~ ~m'f4.1L9 GO -:: :n,e J: ~' rm 1 1 ( f) ,e7F9 J: 'J ,e, n 2!Y '/- A • F V -1 
✓m:1:i 1 2 -/J-;;,ID/Vt~ :hGo 

[0088] 
J,JJ:Je~BJ) L, tc**tn[,f:;@0)1Ymh$,e J: G ~, :ffi" 1 O)*in[,f:;@O)M I SF E Ttlm ( 

rm 1 $Yij) ~ rtl~B'qfflJ$.te*Il9 G-:: ~ -/J-;;,-c- ~ Go 
[0089] 
~ -:: 0 -c-, rmi*m*-1/- - t-- ~~lli 4 tt:~t~~ ~ -a-1v -c-PG t-: fl>, rm ~m$-1/' - t-- ~~lli 

4 ~1m1il'IJ9 G i.i.A-1' T /'O) R p (Projection Range ) r-t/J, ~ < /J:. ~ -?9Po Vi:-:J -C, rm 
1 1 ( d) teJF9Iff,e;i3P-C, n!fil.::c.!7 AT /'1/ 3 ✓m:1:i 1 0 )0-t p!fil~,7 ,y t--m:ti 1 
1 ~,f:;,ox9 G fcfl>,e, I/- f--mt.i 5 O)~fflljte;i3P-C rmi*m$//- r-~~}Ji4 te~;b;hfc£ 

;;f-Jx 1 text t,, -c -1 T ✓ii.A 9 G ~,e f"i, :fJoJl.::r.._:z-;v~- ~::k~ < 9 G£,~-/J-;;,~ Go L,-/J• L,, 
**1n!iID@-c-i-t//- t--mffi s O)~flJO)rm~m$-1/-- t-- ~~lli4 n_;;,~JJt1t~ :n-c v 'G tc fl>, 
:fJoJl.::r.._:z-;v~ -O)tl::k~tllHblJ-c- ~ G O)'""f, n !fil.::r.. !7 AT/' 1/ 3 ✓m:1:i 1 0 te.:i3P-Ci~Pffl 
~~~J~He:W;nx;-c- ~, -t-:hte J: ~ :Y /'\4 Ali'f4.0)[o]J:. ~rm~ -?9v 'o 

[0090] 
rot **1n!iID@,e .:i3 P-C, --lj- -1 F rJ 7t - Jv 7 O),f:;/Vt:fkte, --lj- -1 P' rJ 7t - Jv 7 O)~flj te ~ 

jil9 G rmi*m$//- r- ~~}Ji 4 ~, {§lj .:t fi'7 '1/ ~~ ffl v • tc r1J ,;r. '>' r- .::r.. '1/ + ✓ 7'')0-t.'m:JR P' 
7 4 .::C. o/ -r ✓ 7'' t e J: -:J -C j¼~ L, -C t J: Po -:: 0) ~ ~ , r'J ,;r. '1/ r- .::C. '1/ -r ✓ 7'' ~ ffl PG ~~ ,e 
f"i, --lj- -1 P' r'J 7t - Jv 7 0)1Jl1Jlir!u1'i~O) T 1Jl1He ~iif9 G rmlt~/~$-1/' - r- ~~lli 4 0)~1'i~, '"J ~ ~ 
rmi*m$-1/' - r- ~~}Ji 4 O),Jlljliffij1'i~~ J o/ -r~,ell)( ~ j¼P-C J o/ -r ~~it-Ct J: Po -:: 0) J: 
7 te9 G ~, :ffi" 1 O)*in[,f:;@O)~,f:;'f§ljO)M I SF E Ttlm (rm 6 $Y~'O ~mJ$.,e*3:l9 G 
-:: ~ -/J_;;,'""f ~ G 0 

[0091] 
~ tc, **1n!iID@te.:i3P-C, ij'- t--mt.i 5 O)~fljte.:i3~t G rmi*·~$-1/'- r- ~~M;4 O)~ 

lli1L 0) ff& f "ilite ~N5E ~ :h G t 0) -c- t"i /J:. p iJ-;;,, rm i~m$ I/ - f--. ~~M; 4 ~ t,, -c f§IJ .:t ti' H f 
s i ON}Ji~fflPG~~' //- r- • F v-1 ✓tt,O)~J;_O)J:.~~tflH'1IJ9Gfcfl>,et"i, I/- r­
mt.i 5 O)~flJO)rmi*m$//- r- ~~M;4 ~lliW: 2 n mf¥&tJT,e~JJt1L9 G C 1-§ t,,£;;f-Jx 1 
O)*ffij-/J_;;,i;tl:\ L, /J:. P J: 7 te) -:: ~ -/J_;;,yf ~ L, Po 

[0092] 
C:ffi" 6 O)*tn[ID@) 

J,JT, *~BJ)O):ffi"6 O)*in[:W;@,e{*G~JJt~~iifO)IYm7J$te""JP-C, n!fYM I SF E 
T O)IYm7J$ ~1,IJ ~ L, -c' rmoo ~$Yij L, /J:_-/J_;;, t?:, ~BJ:)9 GO rm 1 2 (a) ,-..., ( g) t"i, m- 6 
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O)*n'tEID!t.mc 1JG ¥-iJf:,$:~iif O)IYfilh$0)~ If¥~ 7F--tlm00 rm 1: d'> Go 
[0093] 
~ 9, rm 1 2 (a) tC7F9 J: 7 tc, ftl;tf-;f:,,, 9 ::r YiJ"' i; 7J:G£lfLl:.1 tc, ~f"nl1'fti{J~ 

~ iJ: GS T I 3 ~~:JRlf}tcIDJvtL, tdJt, £ffi 1 icxtL, --C, fJU;t~:fB ~i.i.J.-.:r.-t-Jv~- 3 0 
0keV, f-t-_:::(J;.1 X 1 0l3cm-20)~d41:-1TYi.±A9Go 2:;htcJ:t;, $ 114.ffl:ti~ 
lJ:G p!fil?.:i:.Jv2iJ1IDrot~:hGo ~P--C, /'\/TA}V-_.A 1-- ,;1/'\ID)VtfflO)--fTYi.±A O.i. 
A -1 T Y : B , i.i.A :r. -t- Jv ~ - l 5 o k e V, F - 7-'.'J;. 1 x 1 o 1 3 c m-2) & 'Q{ + -3/ -t-Jv 
Mrotffl 0) -1 ;t Yi.i.A O.i.A-1 TY : B, i.i.A :r. -t- Jv ~ - 2 o k e V, P' - 7-'.'J;. 5 x 1 o 12 
c m-2) ~iT 'Jo 

[0094] 
{JGC, rm1 2 (b) tC7F9J:7tC, p!fil?.:i:.Jv2tcj3itGST I 3tCJ:-:::>--Cl!E~:htdr5 

'14.ffltiO)J::JC, /'\ '>' 7 y-~~JJ-l~ L, --Cf!J;tf-;f}J.lj]j[0. 5 n mf¥J3t0):,,, 9 ::r Yfflt1tJm (rm 
7F'gJ~) ~IDJvtL, tdJt, imi*m.$1/- t-- ~~JJ-l4 ~ L, --C ftl;tf-;f}J.lj]j[4 n mf¥&0) Hf s i 
0 N JJ-l (fflt1tlm~Jl}J.lj]j[tt 1 n mf¥&) ~:LiUf--t Go 

[0095] 
{Xtc, rm 1 2 ( c) ,c7F9 J: 7 ,c, im~m.$1/- f--*@.,~}J.l4 J:JcfU;tf-;f}J.lj]j[ 1 0 0 nm 

f¥&0)if- t--m1:it;tf-l}J.l 5 A ~ID/Vt--t Go 
[0096] 

{Xtc, If- t--mffit;t~}J.l 5 A _Uc//- t--m1:iIDmtfflti~~ -5 v 1/ A t-- /'\ :)1- Y (rm7F'gi' 
~) ~ ID/Vt L, tdJt, ~ ~t V 1/ A t-- /'\ ?' - ✓ ~ "7 A ::7 ~ L, L if - t-- m1:it;t~}J.l 5 A ,c xt L, L 
:r. '>' + Y ~- ~iT-:::> --C, rm 1 2 ( d) ic7F--t J: -5 tc, if- t--m1:i 5 ~ID/Vt--t Go ,z-O)f-3t, if 
- t--m1:i 5 0)>7!--JUtc uiil--t G im~m.$1/- t-- ~~JJ-l4 ~~:JRlfJ:r. '>' + Y ~-,c J:-:::> --c JJ-lj]j[ 2 
n mf¥&~*--t Go .::ntc J: t;, if- t--m;t:i 5 0)>7!--JUO)im~J\m.$1/- t--~~JJ-l4 ~,~#JJ-l 
W2nm~&~1:-<--tG.::~~l:~Go 

[0097] 
IX tc, £1Jx 1 0) J:JC:@ffi] tc s -:::> --C JJ-lj]j[ 1 0 n m f¥& O)~~}J.l ~ :liUf L, tdJt, ~ it~~}J.l 

,c xt L, --C :r. '>' + /'\ '>' ::7 ~ iT-:::> --C, rm 1 2 ( e ) ,c 7F9 J: 7 ,c, If- 1-- m;t:i 5 O)fJ'lljffij ,c ;t 7 
t '>' t-- -lt-1 F 17 7t - Jv 6 ~ID/Vt--t Go -z-O)f-3t, ;t 7 t '>' t-- -lt-1 P's, 7t - Jv 6 0):51!--fJ'llHc uiil 
--t G im~*·~.$1/- t-- ~~JJ-l4 ~, ftl;tf:f7 '>' fflt~ fflv"k.17 .:i:. '>' t-- :r. '>' + Y ~-)0-t~:JR P':::, 
-1 :r. '>' + Y ~-,c J:-:::> --C ~*9 Go ~P --C, if- t-- mffi 5 & 'Q{;t 7 t '>' t-- -lt-1 P' 17 7t - Jv 6 
~ "7 A ::7 ~ L, --C £ffi 1 tc xt L, --C, fJU ;t f-;f A s ~ i.i.A :r. -t- Jv ~ - 2 k e V, F - 7-'.'J;. 1 x 1 
0 15 c m-20)~d41:-1' ;t YRA 9 G 2: ~ tc J: t;, n !fil:r. ::7 A -r Y 1/ 3 Yfflti 1 0 ~IDJvt--t 
G O ,z-O)f-3t, if- t-- m1:i 5 & 'Q{;t 7 t o/ t-- -lj- -1 Fry 7)-- - Jv 6 ~ "7 A ::7 ~ L, L £llx 1 text L, 
--C, 1,IJ;tf-;!B ~i.i.J.-.:r.-t-Jv~- 1 Ok e V, P'-;;(J;.3 x 1 0 13 c m-20)~d41:-1TYR 
A --t G.:: ~ tc J: t;, P !fil~if '>' t-- ,m:1:i 1 1 ~ID/Vt--t Go 

[0098] 
{Xtc, £llx 1 0) J::JC:@ffi]ic s-:::> --C JJ-lW: 5 0 n mf¥&0)~~JJ-l~itft L, tdJt, ~~t~~JJ-l 

,c xt L, --C :r. '>' + /'\ '>' ::7 ~ iT-:::> --C, rm 1 2 ( f) ,c 7F9 J: 7 ic, If- 1-- m;t:i 5 O)fJ'lljffij ,c ;t 7 
t '>' t-- -lj- -1 F ry 7)-- - Jv 6 ~ 1r L, L ~~,14. 0)-lj- -1 F ry 7)-- - Jv 7 ~ ID/Vt--t G 0 

[0099] 
IXtc, if- t--mffis, ;t7t,;1 t---lt-1 P's,;;t-Jv6,&'Q{-lt-1 P'17;;t-Jv7 ~"7..A::7 ~ L, 

--C £ffi 1 ,c xt L, --C, 1§0 ;t t! A s ~ i.i.A :r. -t-Jv ~ - l 0 k e V, P' - _:::1-'.'J;_ 5 X 1 0 1 5 c m-2 
0)~:141:-1 ;t Yi.±A L, tdJt, fU;ttf 1 0 5 0 °Cf¥&0)$'r.B(l: s p I KE RT A ~iTP, 
i.i.A ~~4o// ~ m'l4.1t--t Go .:: :h ic J: t; , rm 1 2 ( g) ,c 7F9 J: 7 ,c, n !fY Y - A • F v -1 
Yfflti 1 2 iJ1IDIVt~ :hGo 

[0100] 
t:iJ::Jc~HY:I L, f-=**n'tEID~O)IYmh$,c J: G ~, :m- 2 O)*n't!iID~O)M I SF E Ttffim ( 

rm 2 $Yfi) ~ 1:U~lf100$.tc*Il--t G.:: ~ -/J11: ~Go 
[0101] 

ro'.J, **n'tliID~tc:81t"--C, ;t7t,;1 f---lt-1 P'17;;t-Jv6 O)IDJvt1Jttc, ;t7t,;1 f---lt-1 P' 

 
Page 99 of 178



r; ~ - Jv 6 0)>7!--JU te u ml T 0 r% lffim$-3/ - f-- ~~}It 4 ~, fJU ;t t! 7 '>'it~ ffl P tc r; .;c. '>' f-­
:r.. '>' + ✓ :7''te J: '? ---c ~*T 0 ~te, :;;1--7 t '>' f-- -lj---1 Fr;~ - Jv 6 O),(WJfi#ufiBO) TJUte utilT 
0 r% ~·m$-3/ - f-- ~~}It 4 O)~fiB, "J ~ ~ r% i*m*-3/ - f-- ~~}It 4 O)JUfi#ufiB ~ J '>' + ik: te 
JIX~ ~P'""( / '1/7°"~~~j-'""(~ J:P0 2'.:0)J: ') te"9Q ~- ffi"2 O)*Af[,f:;@O)ffi" 1 ~,f:;f,IJO)M 
I S FE Tfflm ([RJ 7 $YI;{) ~ fffll:jite*I!T 0 2: ~ iJt1: ~ 0 o 

(0102] 
~ tc, **M[lf;@tei>P-C, lf- f-- mt.i 5 0)>7!--JUtei>~t 0 r'allffi'm$-3/'- f-- ~~}Jt4 O)Wj. 

}Jt4't;O)f-1£&ti4~te~'fE~ :h0 ~ 0)1:ti/J:PiJt, r'al~*m$-3/- f--~~}Jt4 ~ L, ---C1§1J;tr!H f 
s i ON}Jt~fflP0~"Et- -3/'- f-- • P' v-1 ✓m:10)~~0)J:.~~t[!JtUT0k~teti, -3/- f-­
mt.i5 0)>7!--JUO)r'aJi*m*-3/- f--~~JJ14 ~JJtW:2 n mf-1E&tjTteWJ.JJt1tT0 C1ftL-£iflx 1 
O)*ffi]iJtgtl:\ L, /J: P J: 7 te) 2: ~ iJtyf ~ L, Po 

(0103] 
~ tc, **M[ID@te i> 1t \ -C, ;;1-- 7 t '>' f-- -lj-- -1 F r:7 ~ - Jv 6 ~ ID rot L, tc ~- ;;1-- 7 t '>' f-- -lj-­

-1 F r:7 ~ - }v 6 0)>7!--JUteutilT 0 r'aj~~·m$-3/- f-- ~~}Jt4 ~ ~* L,, ,z-0){~, n !f'l:r..!7 A 
'7" ✓ 1/ 3 /'{J:ti1 OJ':k.~p!f'17.f-7o/ f--ffl:ti1 1 ~IDrotT0tc~0)-4:;;1-/'7.±A~iT-::JfCo L, 
iJ,. L- , -:: tit e rt ;t -c, ;;1-- 7 t '>' f-- -lj-- -1 F r; ~ - Jv 6 ~ ID rot L- td~, ;;1-- 7 t '>' f-- -lj-- -1 F r; ~ 
- Jv 6 0)>7!--JUteWJ.JJ11tL- tc r'ali*m*-3/' - f-- ~~JJ14 ~,~#~ 1!-kik:@1: n !f'l:r..!7 ::7- -r ✓ 1/ 
3 ✓ ffl:ti 1 o & ~ P !f'l 7.f-7 '>' f-- ffl:ti 1 1 ~ IDrotT 0 tc ~ 0) -1 ;;1-- ✓ i.i.A ~ iT-::J ---c ~ J: Po -:: 
0) J: 7 te t, ---c ~- **Af[ID@'""f ti:;;1-7t '>' f---lj---1 F r;7 ~ - Jv 6 0)>7!--JUteutilT 0 r'ali*m* 
-3/- f-- ~~}Jt4 iJtWJ.JJ11t:~ ;h ---C P0 fc ~- 1J□if:r..*Jv:¥-O)t~:::k~t[IJ$tl1: ~ 0 0)1:, n !f'1 
:r..7 A'7" ✓ 1/ 3 /'ffl:ti 1 0 te:BP---Ci~Ptf"Et~~~telf:;,oxl:~, -z-;hteJ: ~ 7f'\-4 ::7-4~-f'! 
0) [ti] J:. ~ CR1 ~ ~ T Po ~ tc, 2: 0) ~'Et, n !f'1 :r.. !7 ::7- -r /' 1/ 3 /' ffl:ti 1 0 & ~ p !'17.K 7 o/ f-­
ffl:ti 1 1 ~IDrotT 0 tc ~0)-1 ;;1-- /'i±A ~iT-::J td~- :;;1--7 t '>' f---!j---1 P' r;7 ~ - Jv 6 0)>7!--JUte 
11!.tilT 0 r'al~~m$-3/- f--~~JJ14 ~~* t,, -z-O)f~- loJ~£tRJ:.tei>it 0ft!!.O)+-v *Jv!f'l 
)ZrJ:'jjijO)mi)]{*O)M I s FE TO):r..!7 A'7" ✓ 1/ 3 /'ffl:ti&~7.f-7 '1/ f--ffl:ti~IDrotT Q tc~ 
0) -1 ;;1-- ✓ i.i.A ~ iT -::J ---c ~ J: 1t \ o 

(0104] 
(ffi"7 O)*Af[ID@) 

t:iT, 2js:¥e,BJ=}O)ffi" 7 O)*tit[ID@re1J0~iJW~tilO)fflMmJJ$te"J P---C, n !f'1 MI S F 
ET O)ffiMmJJ$~1§U ~ L, ---C, CRJ00~$YI;{ L, !J:iJt t> ~BJ=}T 00 CRJ 1 3 (a) r-..., ( g) ti, ffi" 
7 O)*Af[ID@te 1J0 ~J.Jfts:~til O)fflM]QJJ$0):e-If¥~ ~TIM"OOCRJ'""f ~ 0 o 

(0 1 0 5] 
~ --r, CR! 1 3 (a) re~--t J: 7 te, f§IJ;tt-!1/ lJ :::z /'1J" t?:> /J: 0£tRJ:. l te, *-=f:5tfl'lffl:ti 

~ /J:0 s TI 3 ~~tRlfJteIDrotL-td~- £iflx 1 teJiL----C, fU;tt-JB ~i.i.;\:r..*Jv:¥- 3 o 
0 k e V' F-;:z;'~ 1 X 1 0 13 C m-20)*141:-1 :;;1-- /'7.±A T Q O 2: tire J: ~' m·11:.m:1:i ~ 
/J: 0 P !f'1 r;7 .;c. Jv 2 iJt:W; rot ~ ti 0 0 ~ P ---c , /'\ ✓ + ::7- Jv - ::7- f-- '>' /'\ IDrotffl 0) -1 ;;1-- ✓ i.i.A O.i. 
A-1 ;;1-- /' : B, i.i.;\:r..*Jv:¥- 1 5 o k e V, P'- ;:(~ 1 x 1 o 13 c m-2) &~+-v *Jv 
JBrotffl 0) -1 ;;1-- /'7.±A ( 7.±A-1 :;;1-- /' : B , 7.±A :r.. * Jv =¥ - 2 o k e V, F - ;:z,:'~ 5 x 1 o 12 
C m-2) ~iT7o 

(0106] 
t(te, CR! 1 3 ( b) te~--r J: 7 re, p !f'1 r;J .;c.}V 2 te :8 it 0 ST I 3 te J: -::J ---C lffl ~ :htdt 

'11:. ffl:ti 0) J:. t e, /'\ '>' 7 Y - ~~}It ~ L, ---C f§IJ ;t t-IJJtW: 0 . 5 n m f-1£& 0) 1/ lJ :::z /' it1r:JJt ( CR! 
~'g!~) ~ ;Brot L, tc ~- i% ~~·m$-3/ - f-- ~~}It 4 ~ L, ---C fU ;t t-JJJtW: 4 n mf-1£& 0) H f s i 
o N JJt Cit1r:JJt~~JJtW:ti 1 n mf-1£&) ~:LiUlT 0 o 

(0 1 0 7] 
t(te, CR! 1 3 ( c) te~--r J: 7 te, r'aj~*m*-3/- f-- ~~}Jt4 J:.tefU;tt-JJJtW: 1 0 0 nm 

f-1£& 0) -3/' - f-- mt.ittt1JJ1 5 A ~ JBrotT 0 o 
(0 1 0 8] 

t(te, -3/- f--mffittf-tlJt5 AJ:.te-3/- f--mt.iJBffltffi:ti~-7 v1/::7- f--/'\:51-/' ([Rl~'g! 
~) ~;Brot L, td~- ~~t v 1/ ::7- f-- /'\ :57 - ✓~ ~ ::7- !7 ~ L, ---C ij'- f--mt.ittt-lJJt 5 A teti L, ---C 
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.::r.. ,y + ✓ 7'- ~1r-:J -c rR11 3 ca) tc7F9 J: 'J ,c, //- t-- mffi s ~IDnx9 GO -t-O)tk, if 
- f-- m,t.i 5 O)~im,c{1[jil9 G rmi*m*//- f-- ~~M;4 ~.'m:JRB'q.::r.. o/ + /' :~nc J: -:J -C }Ji)¥ 2 
n mf¥&~*9 Go -:::ntc J: ~, //- t--m;t.i 5 O)~{J{UO)rmi*m*//- f--~~M;4 ~,t#lli 
}¥2nm~&¼1:•<9G-::~~l:~Go 

[0109] 
~tc, £:tJx 1 O)J:JC:@ffiHcs-:J -CM;)¥ 5 n mff&O)~~}Ji~:LiUilL-tdk, ~it~~M;tc 

:t-tL--C.::C.,y-r/"\,y:7~1T-:J-C, [R]l 3 (e) tCJF9J:7,c, //-f--mffi50)1J{ffrnHc~~'f4. 
0)~ 7 t '1/ f-- --lr-1 Fr) ;;t - Jv 6 ~,f:;,ox9 GO ,t-O){k, I/- f-- m,t.i 5 &~~ 7 t '1/ f-- --lr-1 P' 
r:7 ;;t - Jv 6 ,c J: ~ ~~ ~ :h -C lt •IJ: lt • rmm'~$//- f-- ~~}Ji 4 ~ ~ t:> ,cM;)¥ 1 n mf¥&~* 
9 Go -:: :n,c J: ~, ~ 7 t ,y f-- --lr-1 P' r:7 :,1- - Jv 6 0)~1J!U,c {1[iif9 G immm$1f- f-- ~~}Ji 
4 ~ ,t#lliJ¥ 1 n mf¥&¼ 1:• < 9 G -:: ~ nt1: ~Go ,t-0):fk, I/- t-- m,t.i s & ~~ 7 t o/ 
f-- --lr-1 P' r:7 ;;t - Jv 6 ~ "'7 :7-. :7 ~ L- -C £:tJx 1 ,cti L- -C, ~J;t tf A s ~i.±A.::C.;f Jv~ - 2 k e 
V, F- ;;(J;. 1 X 1 0 15 c m-ZO)*{tf:1:-1 ~ /''ffA 9 G-:: ~ ,c J: ~, n !f!l.::r.. :7 :7-.-r /' 1/ s 
✓mti 1 0 ~,f:;Jvt9 Go ,t-0)1k, I/- f-- m,t.i 5 J!;z ~~ 7 t '1/ f-- --lr-1 P' r:7 ;;t - Jv 6 ~ "'7 :7-. :7 
~ L- -C £:;tJj 1 ,cxi L- -C, -f§UJtr!B ~'ffA.::C.;f Jv~- 1 0 k e V, P' - ;t.:'J;. 3 X 1 0 13 c m 
-Z0)*1tf:1:-1~ ✓i±A9G-::~,cJ:~, p!f!l~7o/ t--mti11 ~IDPX9Go 

[0110] 
~tc, £:tlx 1 O)J:JC:@ffiHcs-:J -CM;)¥ 5 0 n mff&O)~~}Ji~:liUilL-tdk, ~it~~M; 

,cxiL--c.::r..,y-r/"\,y:7~1r-:J-C, rRll 3 Cf) ,cJF9J:7,c, 1f-t--m;t.i50)1J'llJOOtc~7 
t ,y f----lr-1 P' r:7 :,1- - Jv 6 ~fr L- -C~~'f4.0)--lr-1 P' r:7 :,1- - Jv 7 ~,f:;Jvt9 Go 

[0111] 
~tc, if- t--mffi s, ~ 7 t '1/ t-- --1r-1 P' r:7 :,1- - Jv 6 & ~--1r-1 F r:7 :,1- - Jv 7 ~ "'7 :7-. :7 ~ L­

-c £:tJx 1 tcxiL- -C, fUJttfA s ~i.±A.::C.;f}v~- 1 0 k e V, P' - ;;(J;. 5 X 1 0 15 c m-2 
O)*{tf:1:-1 ~ ✓i.±A L-tdk, ~J;ttf 1 0 5 0 °Cff]3t0)~}3tl: SP I KE RT A ~1TP, 
i±A~~~~m'f4.1L9Go -:::n,cJ:~, [R]l 3 (g) ,cJF9J:7,c, n!f!l'l-:7-. • Fv-1 
✓tui 1 2 nt:W;,ox~:hGo 

[0 1 1 2] 
J,,,_1J:Jc~Bij L- f.:**:OOz,f:;~O)~mJJ$tc J: G ~, m- 3 O)*lll!i,f:;~O)M I S FE T:film ( 

rR15 $Yij) ~ J::U~B'q00$.tc*Il9 G-:: ~ nt1: ~ Go 
[0113] 

¼ t.::, ***ID~tc:BP-C fJ:, ~7t '1/ t----1r-1 P' r:7 :,1- - Jv s T1JllJ1:rmi*m*//- t--~~ 
}Ji 4 E 0) }Ji)¥~~ B. < L- R--::::> ~ 7 t o/ f-- --Ir -1 F r:7 ;;t - Jv 6 0)~1J'llJ 0) rm i*m*-3/' - f--~~ 
M;4 E O)}Jij¥~ ~ 6 ,c. < L- -C PGo -:: O)f.:fi>, -3/'- t--m;t.i 5 &~~7-t ,y f----lr-1 F r:7 ;;t 
- Jv 6 ~ "'7 A :7 ~ L- -c' n !f!l.::r.. :7 A -r ✓ 1/ 3 ✓m:1:i 1 0 ~,f:;,ox9 Gt.:: fl) 0) -1 ~ ✓i.±A ~ 1T 
7 ~tc B, :1JoJ!.::r..;t-;v~-O):l:ft::k~j~d\~Ntc=tI1H'1U1: ~ G 0)1:, n !f!!.::r..:7 :7-. -r ✓ 1/ s ✓m:1:i 
1 o tc :BP -c ~ 6 tc ~ Ptf'Ei' ~ ~~ tc :W;,oxl? ~, -t- :h tc J: ~ -r /"\ ,1 :7-. t~·f4. 0) [ti] J:. ~ rR1 ~ ~ 
9lt•o 

[0114] 
ro'.J, *~:OOIID~tc:B P-C, --lr-1 F r:7 :,1- - Jv 7 O),f:;rottk,c, --lr-1 F r:7 :,1- - Jv 7 0)~1Jl1Hc 1.1[ 

iif9 G rmi*m*//- t-- ~~lli 4 ~, ~J x tf7 o/ fflt~ m tt • t-= rJ .:r. o/ t-- .::r.. '1/ + ✓ 7''-XfJ:.'m:JR P' 
5' -1 .::r.. o/ + /' 7''tc J: -:J -C ~* L- -CB J: Po ¼ t.::, -:: O)~,c, --lr-1 F r:7 ;;t - Jv 7 tlrm"i'i~O) rmm 
·~$//- f--~~M;4--::::>¼ ~ rmi*m*//- f--~~M;4 O){J{Utlrffi"i'i~~ J ,y +tk:tcl{Y( ~ ~tt•-C BJ: 
Po -:: 0) J: 7 tc9 G ~, m-3 O)*lll!i,f:;~O)W2:W;f§tlO)M I SF E Ttim ([R] 8 $9ij) ~00$ 
,c~Il9 G-:: ~ nt1: ~ G 0 

[0 1 1 5] 
¼t.::, ***ID~tC:BP-C, I/- t--m,t.i50)~1J'llHc:B~tGrmi*m*//- f--~~M;4 0). 

Jli1t;O)ff&fJ:, ~ 7-t ,y f----lr-1 P' ry :,1- - Jv 6 0) TlUtc:BP-C B--lr-1 F r:7 :,1- - Jv 7 0) TlU,c 
:BP-C Bt~tc~'.fE~ :hG B 0)1:fJ:/J:Po L--/J• L-, rmi*m$//- f--~~M;4 ~ L--Cftl;tf'JH 
f s i oNJJt~fflPG~'El, //- 1--. Fv-1 ✓ rmO)~J;.O)J:.M~=tmtu9Gt.::fl>tcrJ:, //­
t--mffi s 0)~1J!UO)rmi*m*//- f-- ~~Jli4 ~JliJ¥ 2 n mf¥&t.1T,c•JJt1L9 G-:: ~ ntYf¼ 
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l, It " 0 

[0116] 
cm- 8 ®*n't!iM@) 

J,JT, 2js:¥e;BJ=}®m-8 ®*n't!iM@tc1JG4tlW~til®®lmJJ$tc-:>1t,.---C, n2!YM I s FE 
T®®lm1J$~-f,IJ~ l,---C, lK!lffi~$YijL,!J:;ott?:>lmBJ:1TGo lKI 1 4 (a) r--./ (g) &ZrlK! 1 
5 (a) r--./ ( d) f±, m- 8 ®*n't!iM@tc1JG4tlW~til®®lmJJ$®~If.¥.~7FTII!rlffilKI 
'""f ;lb G 0 

[0117] 
¼ -f\ lKI 1 4 (a) tC7FT J: -5 tc, ftj;tf-;f:,,, 9 ::r Yn"' t?:> iJ:G£1fLl:.1 tc, ~--¥:5tl1'fti{J~ 

~ iJ: GS T I 3 ~~:JRlf}tcMJvtL, td~, £ffi 1 tcttl- ---C, -f,IJ;tf:fB ~i.i.J.-.:r.*Jv~- 3 0 
0keV, f-t-_:::(J;.1 x 1 0l3cm-2®~d4'""f-1TYi.±ATGo 2:;htcJ:t;, $ 114.,ffl:ti~ 
IJ:G p2:f'l?.:i:.Jv2ntMrot~:hGo ~P---C, /'\Y+AJv-A t-- ,;1/'\Mrotffl®-1'TYi.i.A O.i. 
A -1 T Y : B , i.i.A :r. * Jv ~ - 1 5 o k e V, F - 7-'.'J;. 1 x 1 o 1 3 c m-2) & Zr+ -3/ * Jv 
Mrotffl ® -1 ;t Yi.i.A O.i.A-1 TY : B, i.i.A :r. * Jv ~ - 2 o k e V, P' - 7-'.'J;. 5 x 1 o 12 
c m-2) ~iT 'Jo 

[0 1 1 8] 
{?Ge, lK!l 4 (b) tC7FTJ:-5tc, p2:f'l?.:i:.Jv2tc:8itGST I 3tcJ:-:::>---C!fil¼:htdrS 

'f4.,ffi:ti®J::JC, /'\ '>' 7 y-~~JJ-l~ l, ---Cftj;tf-;f}J.lj]j[0. 5 n mf.¥.&®1/ 9 ::r Yfflt1tJm (lK! 
7F'gJ~) ~Mrotl- td~, imiim$lf- t-- ~~JJ-l4 ~ L, ---c ftJ;tf:f}J.lj]j[4 n mf.¥.&® Hf s i 
o N JJ-l (fflt1tlm~Jl}J.lj]j[f± 1 n mf.¥.&) ~:LiUtT Go 

[0119] 
{Xtc, lK! 1 4 (c) tC7FT J: 7 tc, im~m$lf- f--*@.,~}J.l4 _Uc/f- t--mt:i1tf-l}J.l5 A 

~ L, ---C ftj;t_fj:JJ-lj]j[ 1 0 0 n mf.¥.&®~ 9:,,, 9 ::r YJJ-l~Mrot L, t::.1~, If- t--mt:ittfl.JJ-l 5 A 
®J:JCjJ/'\-}J.l c~i.lJJ-l) 1 5 ~ l,---Cftj;t_fj:JJ-lj]j[ 1 0 n mf.¥.&®1/ 9 ::r Yfflt1tlm~:ttUtT 
Go 

[0 1 2 0] 
{Xtc, jJ/'\-}J.ll 51:.tclf- t--mt:iMJvt,ffl:ti~~-5 V1/A f--/'\:$'-Y (lKl7F1~f!'~) ~M 

,Bx; l, t::. ~- ~ i~ v 1/ A 1-- /'\ ?' - Y ~'"'<A :7 ~ l, ---C jJ /'\ - JJ-l 1 5 & Zr Jf- 1-- mt:ittfl.JJ-l 5 A 
tcxtl----C)l&IX:r.'>'+Y:t'~ir-:::>---C, lK!l 4 (d) tC7FTJ:'5tc, jJ/'\-}J.ll 5tcJ:tJJ:.lffi 
nt~;b:ht::.-3/-- t--mt:i 5 ~MrotT Go -i-®1~, -3/-- t--mffi 5 ®~ffilHct'.LlilT G imiim.$-3/' 
- t-- ~~JJ-l4 ~~:JRlfJ:r. '>' + Y :t'tc J:-:::> ---CJJ-lW 2 n mf.¥.&~*T Go .:: :htc J: t;, If- t-­
mt:i 5 ®~1J{IJ®imiim$lf- t-- ~~JJ-l4 ~Jjt¥JJ-lW 2 n mf.¥.&¼ '""f~ < T G.:: ~ nt'""f ~ G 

[0121] 
{Xtc, £.if!x 1 ® J:.tc:@ffi]tc s-:::> ---C JJ-lj]j[ 1 0 n mf.¥.&®~~}J.l~:ttUt L, td~, ~i~~~}J.l 

tc xt L, ---c :r. '>' + /'\ '>' :7 ~ iT-:::> ---c, lKI 1 4 Ce ) tc 7FT J: -5 tc, -3/' - t-- mt:i 5 ®{JllJlffi tc ;t 7 
t '>' t-- -lt-1 F s, 7t - Jv 6 ~MrotT Go -i-®~- ;t 7 t '>' t-- -lt-1 P's, ;;t-Jv 6 ®~ffilHc t'.Ltil 
T G imii·~.$/f- t-- ~~JJ-l4 ~, ftJ;tf:f7 '>' fflt~ ffl1t"t::. s, .:i:. '>' t-- :r. '>' + Y :t')O±~:JR P':::, 
-1 :r. '>' + ✓ :f'tc J:-:::> ---c ~*T GO ~P---C' If- t-- mffi 5 & Zr;t 7 t '>' t-- -lt-1 P' ry 7)-- - Jv 6 
~'"'<A :7 ~ L, ---C £ffi 1 tc xt L, ---C, -f,tj ;t f-;f A s ~ i.i.A :r. * Jv ~ - 2 k e V, F - 7-'.'J;. 1 X 1 
0 15 c m-2®~d4'""f-1 ;t YRA T G.:: ~ tc J: tJ, n 2:f'l:r. :7 A -r Y 1/ 3 Y,ffi:ti 1 0 ~MrotT 
Go -i-®f~, If- f-- mt:i 5 & Zr;t 7 t '>' f-- -lt -1 F SJ 7t - Jv 6 ~'"'<A :7 ~ l, ---C £.if!x 1 text l, 
---C, {ylJ;tf-;fB ~i.±A:C.*Jv~- 1 Ok e V, P'-;;(J;.3 x 1 0 13 c m-2®~d4'""f-1TYR 
AT G.:: ~ tc J: tJ, P 2:f'l~if '>' t-- ,m:1:i 1 1 ~MrotT Go 

[0 1 2 2] 
{Xtc, £1,Xl ®J:.tc:@ffi]tcs-:::>---CJJ-lj]j[5 0 nmf.¥.&®~~JJ-l (ftj;tf-;!S i N}J.l) ~:ttUt 

L, td~, ~i~~~}J.ltctt L, ---c :r. '>' + /'\ '>' :7 ~iT-:::> ---c, lKI 1 4 ( f) tC7FT J: -5 tc, If- t-­
mt:i s ®ffilJlffi tc;t 7 t '>' t-- -lt -1 p- s, 7t - Jv 6 ~1r L, ---c ~~,14. ®-lt -1 F s, 7t - Jv 7 ~MrotT 
Go 

[0 1 2 3] 
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IXtc, if- f--. mffi s, 7t 7 t '>' f--. -tr -1 P' 17 ;it - Jv 6 & V--tr-1 F 17 ;it - Jv 7 ~ ~ 7- !7 ~ L­
-c £ffi 1 tcttL- -C, fU.:ttfA s ~i.i.A.:r.:t-Jv:¥- 1 O k e V, P' - ;;(J;. 5 x 1 O 15 c m-2 
®*141?-17t ✓i.±A L- tdJt, f!J.:ttf 1 0 5 0 °Cf.¥&0~&1: SP I KE RT A ~{f P, 
i.i.A~~~~m'l1:1L9Go 2::htcJ::tJ, [R]14 (g) fC7F9J::7tC, nff!l'/-7,.• Fl/-1 
:.,,mti 1 2 iJtIDrot~ :hGo 

(0124] 
{Xtc, £,;f-Jx 1 0J:.tc:@ffi]tcs-::, -ClmW: 1 On mf.¥&04~Jm (fU;tt-;fN i Jm) ~:liUf L­

tdJt, RT A ~*M[9 G 2: ~ tc J:: tJ £,;f-Jx 1 0~/±lii~5t~4~Jm~ ~BUt~ --lt, -z-:htc J:-::, 
-C, [R] 1 5 (a) tC:JF9 J: 'J tc, n ffY 'I - 7- • P' 1/-1 :.,,{mti 1 2 J::Jc 1/ 9 -tr-1 P'Ji 1 3 ~ 
Mlvt9 Go -z-®f3t, £ffi 1 J:.tcy~~9 G*Jxr,t04~Jm~iUVI • AA*9 Go 

(0125] 
{Xtc, [R] 1 5 ( b) tC:7F9 J: 'J tc, l:f- f-,. mffi 5 0 J:. ~1'1st-£1R 1 0 J:.tc:@ffi]tc s-::, -C 

fU;tt-;!JmW:4 o on mf.¥&<1:>fiM~~Jm 1 4 ~:l:lffi9 Go 
(0126] 

{Xtc, [R]l 5 (c) tC:JF9J:7fC, fU;tt-;fCMP (chemical mechanical polishing) 
tcJ:-::,-CfiM~~Jml 4 ~- -z-®*tffiiJtjJ/-{-}ml 50J:.OO~tffi~tc~G¼'"°fl'JU-::,f.=13t, 
~it~tl:l L-f-=:JJ /"\-}m 1 5 ~.:r. ,>' +:.,, !7''tc J: tJ AA*9 Go 2: 0 ~ ~, CM P 13t0JiM~~ 
Jit 1 4 0 J:.ii~& t17t 7 t '>' f--. -tr-1 P' 17 ;it - Jv 6 0 J:.ii~ 't> AA*~ :h Go 

(0 1 2 7] 
{Xtc, £,;f-Jx 1 0J:.tc:@ffi]fCS-::, -ClmW: 1 0 0 n mf.¥&04~Jm (fU.:ttJ:N i Jm) ~:l:lm 

L-tdJt, RT A ~*M[9 G 2: ~ tc J: tJ l:f- f--.mffi 5 0~/±lii~5t~4~Jm~ ~ BzfiD~ --lt, -z­
:htC J:-::, -C, [R]l 5 (d) tC7F9J::7tc, 7Jv-y!J-1r-1 F1L~:htcif-f--.m1:il 6 (r%lffi 
m$if- I--*e~Jm4 J:.0:@mtint-y 9-tr-1 F1L~ :htcif- t--mt:i 1 6) ~Mfflt9 Go 

(0128] 
J,:)J:.tc~BJJ L-t-=***ID~0~fil}J$tc J: G ~, FUS I ( f u 11 s i 1 i c id e ) lim~ ffl 

1t \fem- 2 ®*M[ID~®M I S FE Tlim ([R] 2 $Y.ij) ~ ttnlflfffli:Jitc*It9 G 2: ~ iJt1: ~ 
Go 

(0129] 
ro'.J, ***ID~tc:Bv\-C, 7t7t,>' f---tr-1P'l);,t-Jv60IDrot1Jttc, 7t7t,>' f--.-tr-1 P' 

17 ;it - Jv 6 0:7t-1J'{Utc{i[@'..9 G r%lffi•~$1f- I--*e~Jm4 ~, fU.:ttJ:7 '>' ~~ }tJPtc 17 ,;c. '>' f--. 
.:r. '>' +:.,, !7''tc J: -:J -c AA*9 G ~tc, 7t 7 t '>' f-- -tr-1 F 17 ;it - Jv 6 01WJi'frtuii~0 Tffl!Hc u@'..9 
Gr'aji*m$if- f-,.~~}m4 0~ii~- ~¼ tJ i'aj~~-~$1,f- f-,.~~}m4 ®ffl!Ji'frtuii~~ J '>'+tktc 
lfXtJAAP-CJo/+~~~t-C't>J:Po 2:0J:7fC9G~, FUS Illm~fflPt-=m-20** 
ID~0m-1 ~ID'WU0M I SF E Tfflm ([R] 7 $¥.ij) ~lm$tc*It9 G 2: ~ iJt1: ~ Go 

(0 1 3 0] 
¼ t.=, ***ID~tc:BP-C, If- f--m1:i 5 0:7!--fflUtc:B~t G r'aji*·~$ij'- f-,. ~~}m4 01t 

Jm1t0f.¥&ttlitc~N5E~ .f1G B 01:t'i~PiJt, r'aji~m$if- f-,.~~}m4 ~ L- -Cf!J;tt-;!H f 
S i ON Jm~ }tJPG~ii°- ij- f--. • FI/ -1 ✓tt,0'.@J;.0 J:.~~tflHaU9 G fc is6 tc t'i, J,f- f--. 
mt:i s 0)'!-.1J'!U0r%i*m$if- f-- ~~Jm4 ~JmW: 2 n mf.¥&t:JTtcrt.Jm1L9 0 C 1!! L-£:fJx 1 
®*ffijiJt~/±l L, ~ P J: 'J tc) 2: ~ iJtyf ¼ L, P 0 

(0131] 
¼ t.=, ***ID~tc :B" \ -C, 7t 7 t '>' f--. -tr -1 F 17 ;it - Jv 6 ~ ID rot L- tc 13t, 7t 7 t '>' f-- -tr 

-1 P' 17 ;it - Jv 6 0:7!--fflU 0 r% i~·~$J,f - f--. ~~Jm 4 ~ AA* L-, -z-01Jt, n ffY .:r. !7 7- -r :.,, 1/ 21 

:.,,{mti1 o&V-pffY~if,>' f--1mti1 1 ~IDfflt9Gf-=i56®-17t:.,,aA~fr-::,ko L-n'-L-, .:: 
:htc ft.:t -c, 7t 7 t '>' f--. -tr-1 P' 17 ;it - Jv 6 ~IDrot L- tdJt, 7t 7 t '>' f--.-tr-1 F 17 ;it - Jv 6 0 
:71--1J'!Utcrt.Jm1LL- tc r%i*m$ij'- f-- ~~Jm4 ~,~#~ --1ttcl:k~1: n ffY.:r.!7 7- -r:.,, 1/ 21 :.,,{mti 
1 o & t1 P ff!l~-7 '>' f-- mti 1 1 ~IDfflt9 G tc is6 ®-17t :.,,i.i.A ~fr-:, -c 't> J: "\0 .:: 0 J: ? tc 
L- -c 't>, ***ID~l?t'iif- t--mffi 5 0:71--fflUtcu@'..9 G r%i*m$ij'- f--.~~Jm4 nt1f.Jm1L 
~:h-CPGfcisO, :fJo}l.:r.;t-Jv:¥-0t~*~tf!HbUl:~G01:, n!fil.:r.,!7 ;;:t,.7:.,,-y :::r :.,,mti 1 
0 tc:BP-C~P*it~'.@~ tcIDrot'"""f ~, -z-:htc J: tJ -r /"\4 7-li'l1:0[o]J:. ~[R] tJ ~9Po ¼ 
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tc, 2: ®:ljJ-€:i-, n !f'l:r. !7 ;7,. -r:.,, 1/ 3 :.,,if:ti 1 0 l!z ~ p !f'1~7 "/ r- it:ti 1 1 ~IDP>tT 6 fc rl> 
®--17t :.,,~.i.A ~fr'? td~, 7t7t "/ f----J;J---1 Fry::;;- -Jv 6 :71--ffl!HcttiilT 6 im~·~:$.-3/'- r-~ 
~JJi 4 ~ ~~ L,, -r ®i~, [o]~£~JjJ:.tc :13 lt 6 ft!!.®+~ ;t-Jv!f'l)Ztt5JU ®mil]{*® M I S F 
ET ®:r.!7 ;7,. -r ✓ 1/ ::1 >if:ti&~~7 'Y r-il:ti~IDP>tT 6 fcri>®--17t:.,,~A ~iT-? -CB J:: 
p 

0 

(0132] 
~ tc, **tftEID~tc :131t \ -C, F U S I t'lm ~ ffi 1t \ tc m- 2 ®*ti'tEID~® M I S F E T t'lm 

~IDJvtL- ten\ .:= :htcn;;t -c, m-1 ®*ti'tEID~::f3'L- < t'i-r®~IDflL m- 2 ®*ti'tEID~®~ 
~ID1YIL m- 3 ®*ti'tEID~::f:i L- < t'i-r ®~ID1YIL )Zt-tm- 4 ®*ti'tEID!t~ L- < t'i-r ®~IDfU ® 
MI SF E Tt'lm~ FUS I t'lm~ ffiP-CID,oxL, -CB J:: Po 

(0133] 
~tc, m-1,....__,m-s®*ti'tEID~tC:BP-C, -l;r--{ r'ry;t-Jv7 ~L,-C'f,UxtfS i NJJi®lfi 

t'lm ~mp tc iJt, 2: ;h tc n;;t -c' tu ;t tf~1W ( s i O 2 JJi) ~ ~1W ( s i N JJi) ~ ~ 
~,7;.1:i-;bitfc2fi:ftlm ('WUxt!TfiS i Oz JJi~J:.fiS i NJJi) )Zt'i3fit'lm ('WUxt~T 
1i S i O 2 JJi ~ $ fi S i N JJi ~ J:.fi S i O 2 JJi) ~ ~ ffi 1t \ -C B J:: Po 

(0134] 
~ tc, m- 1 ,....__,m- 8 ®*mEID~tc :13 v \ -C, n !f'l:r. !7 ;7,. -r:.,, 1/ ::1 :.,,~:ti 1 0 tc n;;t -C L DD 

~IDM L, -CB J:: Po 
(0 1 3 5] 
~ tc, m- 5 ,....__,m- 8 ®*tftEID~tC:BP-C, n !fYM I S FE T tcn;;t -C p !fYM I S FE T ~ 

IDJvt L, -CB J:: Po 
(0 1 3 6] 
~ tc, m- 5 ,....__,m- 8 ®*ti'tEID~tC:BP-C, if- r-~~JJi • if- r-mt:i~00®~1t~~J!:.T 

6 tcrl>tc, if- r-mt:i 5 ~ imiim?¥if- r-~~JJi4 ~ ®FJ.Hc1,!J;tt~JJi~ o. 2 n mf~&® 
/'\ ,y 7 Y - ~~JJi ~ IDJvt L- -c B J:: 1t \ o 

(0 1 3 7] 
~ tc, m- 1 ,....__,m- 8 ®*ti'tEID~tc:i3P-C, -J;J---{ Fry::;;- - Jv 7 )Zt'i7t 7t ,y f----J;J---{ Fry::;;- -

Jv 6 ®ft#u-g~TflJtc ./ ,y + 2 o iJt~~t i?>:htcimiim?¥if- r-~~JJi4 ®flJOOIDik:t'i, [RJ 6, 
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Office Action Summary 

Application No. 

12/505,799 

Examiner 

Chuong A. Luu 

Applicant(s) 

HIRASE ET AL. 

Art Unit 

2892 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 03 MONTH(S) OR THIRTY (30) DAYS, 
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)0 Responsive to communication(s) filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)~ Claim(s) 21-37 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)~ Claim(s) 21-37 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)~ All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.~ Certified copies of the priority documents have been received in Application No. 11/491,260. 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 
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Application/Control Number: 12/505,799 

Art Unit: 2892 

DETAILED ACTION 

REJECTIONS BASED UPON PRIOR ARTS 

Statutory Basis 

Claim Rejections - 35 USC§ 102 

Page 2 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21 (2) 
of such treaty in the English language. 

The Rejections 

Claim 21 is rejected under 35 U.S.C. 102(e) as being anticipated by Hieda et al. 

(U.S. 6,992,358). 

Hieda discloses, as shown in Figures 9A and 9C, a semiconductor device with 

FIG. 9A 

106 

102 

101 

112 

113b 106 
} 

·10i 

FIG, 9C 
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(21) a high dielectric constant gate insulating film (102-oxide) formed on an 

active region in a substrate (101 ); 

a gate electrode (103) formed on the high dielectric constant gate insulating film 

(102-oxide); 

a first insulating sidewall (106) formed on each side surface of the gate electrode 

(103), 

a second insulating sidewall (110) formed on each side surface of the gate 

electrode (103) with the first insulating sidewall (106) interposed therebetween; 

wherein the high dielectric constant gate insulating film (102-oxide) is 

continuously formed so as to extend from under the gate electrode (103) to under the 

first insulating sidewall (106), and 

part of the high dielectric constant gate insulating film (102-oxide) located under 

the insulating sidewall (106) has a smaller thickness than a thickness of part of the high 

dielectric constant gate insulating film (102-oxide) located under the gate electrode 

(103) (see Figures 9A and 9C); 

OBVIOUS TYPE DOUBLE PATENTING 

Statutory Basis 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. See In re Goodman, 11 
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887,225 
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and, In re Thorington, 
418 F.2d 528, 163 USPQ 644 (CCPA 1969). 
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A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) may be 
used to overcome an actual or provisional rejection based on a nonstatutory double 
patenting ground provided the conflicting application or patent is shown to be commonly 
owned with this application. See 37 CFR 1.130(b). 

Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

The Rejections 

Claims 21-37 are rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 12-16 of U.S. Patent No. 7,579,227 

in view of Chen et al. (U.S. Pat. Application No.: 2005/0121733). 

Although the conflicting claims are not identical, they are claiming common 

subject matter, as follows: both U.S. Patent and instant application claimed a 

semiconductor device capable of implementing a second insulating sidewall on each 

side surface of the gate electrode. Specifically, regarding claim 21 of instant application 

discloses a semiconductor device (claim 1 of Pat. 7,579,227, line 41) comprising: a high 

dielectric constant gate insulating film formed on an active region in a substrate (claim 

1, lines 42-43); a gate electrode formed on the high dielectric constant gate insulating 

film (claim 1, lines 44-45); a first insulating sidewall formed on each side surface of the 

gate electrode (claim 1, lines 46-47); wherein the high dielectric constant gate insulating 

film is continuously formed so as to extend from under the gate electrode to under the 

first insulating sidewall (claim 1, lines 48-50), and part of the high dielectric constant 

gate insulating film located under the insulating sidewall has a smaller thickness than a 

thickness of part of the high dielectric constant gate insulating film located under the 

gate electrode (claim 1, lines 51-56). 
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The U.S. Patent No. 7,579,227 does not claim a second insulating sidewall 

formed on said each side surface of the gate electrode with the first insulating sidewall 

interposed therebetween. 

However, Chen (see Fig. 6) discloses a semiconductor device has a second 

insulating sidewall formed on said each side surface of the gate electrode with the first 

insulating sidewall interposed therebetween. Accordingly, it would have been obvious to 

one having ordinary skill in the art at the time of the invention was made to modify the 

device of Hirase by forming the second insulating sidewall formed on said each side 

surface of the gate electrode with the first insulating sidewall interposed therebetween 

as set forth above, because such a forming a second insulating sidewall formed on said 

each side surface of the gate electrode with the first insulating sidewall interposed 

therebetween would depend on the processing environment with the product made and 

technology used that would enhance protection of semiconductor gate structure, as 

taught by Chen (see Figure 6). Additionally, since Hirase and Chen are both from the 

same field of endeavor (semiconductors), the purpose disclosed by Chen would have 

been recognized in the pertinent art of Hirase. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Chuong A. Luu whose telephone number is (571) 272-

1902. The examiner can normally be reached on M-F (6:30-3:00). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thao X. Le can be reached on (571) 272-1708. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
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Junji HIRASE, et al. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Junji HIRASE, et al. 

Application No.: 12/505,799 

Filed: July 20, 2009 

Customer Number: 53080 

Confirmation Number: 2930 

Group Art Unit: 2892 

Examiner: CHUONG A. LUU 

PATENT 

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

AMENDMENT UNDER 37 C.F.R. § 1.111 

Mail Stop FEE Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In response to the Office Action dated August 3, 2010, having a three-month shortened 

statutory period for reply set to expire on November 3, 2010, please amend the above-identified 

application as set forth below. 

 
Page 136 of 178



Application No.: 12/505,799 

IN THE SPECIFICATION: 

Please amend the following paragraph on page 1 of the application as follows: 

--This application is a Divisional of U.S. Patent Application No. 11/491,260, filed on July 

24, 2006, now USP No. 7,579,227, claiming priority of Japanese Patent Application No. 2005-

227457, filed on August 5, 2005, the entire contents of each of which are incorporated by 

reference. --

- 2 -
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IN THE CLAIMS: 

Please amend the claims as follows: 

1-20. (Cancelled) 

Application No.: 12/505,799 

21. (Previously presented) A semiconductor device comprising: 

a high dielectric constant gate insulating film formed on an active region in a substrate; 

a gate electrode formed on the high dielectric constant gate insulating film; 

a first insulating sidewall formed on each side surface of the gate electrode; and 

a second insulating sidewall formed on said each side surface of the gate electrode with 

the first insulating sidewall interposed therebetween, 

wherein the high dielectric constant gate insulating film is continuously formed so as to 

extend from under the gate electrode to under the first insulating sidewall, and 

part of the high dielectric constant gate insulating film located under the first insulating 

sidewall has a smaller thickness than a thickness of part of the high dielectric constant gate 

insulating film located under the gate electrode. 

22. (Previously presented) The semiconductor device of claim 21, further comprising a 

buffer insulating film between the substrate and the high dielectric constant gate insulating film. 

23. (Previously presented) The semiconductor device of claim 22, wherein the buffer 

insulating film is a silicon oxide film. 

24. (Previously presented) The semiconductor device of claim 21, wherein the first 

insulating sidewall is an offset sidewall. 

- 3 -
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25. (Previously presented) The semiconductor device of claim 21, wherein the high 

dielectric constant gate insulating film is formed so as not to be located under the second 

insulating sidewall. 

26. (Previously presented) The semiconductor device of claim 21, wherein the high 

dielectric constant gate insulating film is formed of a Hf based oxide. 

27. (Previously presented) The semiconductor device of claim 21, wherein the high 

dielectric constant gate insulating film is formed of a HfSiON film. 

28. (Previously presented) The semiconductor device of claim 21, wherein an extension 

region of a first conductivity type is formed in each of parts of the active region located under the 

first insulating sidewall and the second insulating sidewall, and 

a pocket region of a second conductivity type is formed in part of the active region 

located under the extension region. 

29. (Previously presented) The semiconductor device of claim 28, wherein each of 

source/drain regions of a first conductivity type is formed in part of the active region located in 

an external side to the extension region and the pocket region when viewed from the gate 

electrode. 

30. (Previously presented) The semiconductor device of claim 21, wherein the high 

dielectric constant gate insulating film includes a notch at a side end portion. 

31. (Previously presented) The semiconductor device of claim 21, wherein each side end 

portion of the high dielectric constant gate insulating film has a thickness of 2 nm or less. 

-4-
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32. (Previously presented) The semiconductor device of claim 21, wherein a side 

surface of the high dielectric constant gate insulating film is located at a predetermined distance 

from a side end surface of the first insulating sidewall toward the gate electrode. 

3 3. (Previously presented) The semiconductor device of claim 21, wherein a side 

surface of the high dielectric constant gate insulating film is located at a predetermined distance 

from a side end surface of the gate electrode toward the first insulating sidewall. 

34. (Previously presented) The semiconductor device of claim 21, wherein the second 

insulating sidewall has a double layer structure including an oxide film and a nitride film. 

3 5. (Previously presented) The semiconductor device of claim 21, wherein the second 

insulating sidewall has a triple layer structure including a first oxide film, a nitride film and a 

second oxide film. 

36. (Previously presented) The semiconductor device of claim 21, wherein a width of 

the high dielectric constant gate insulating film along a gate length is larger than a width of the 

gate electrode along the gate length. 

3 7. (Previously presented) The semiconductor device of claim 21, wherein a width of a 

bottom surface of the high dielectric constant gate insulating film along a gate length is larger 

than a width of a bottom surface of the gate electrode along the gate length. 

38. (New) The semiconductor device of claim 21, wherein the high dielectric constant 

gate insulating film has a relative dielectric constant of 10 or more. 

39. (New) The semiconductor device of claim 21, wherein the high dielectric constant 

gate insulating film has a larger relative dielectric constant than that of the second insulating 

- 5 -
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sidewall. 

40. (New) The semiconductor device of claim 21, wherein the high dielectric constant 

gate insulating film is formed to have a convex cross-sectional shape. 

41. (New) The semiconductor device of claim 21, wherein each side end portion of the 

high dielectric constant gate insulating film is not in contact with the first insulating sidewall. 
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REMARKS 

I. Introduction 

In response to the pending Office Action, Applicants have amended the specification so 

as to update the priority information. In addition, new claims 38-41 have been added. Care has 

been taken to avoid the introduction of new matter. 

For at least the reasons set forth below, it is respectfully submitted that all pending claims 

are patentable over the cited prior art references. 

II. The Reiection Of The Claim Under 35 U.S.C. § 102 

Claim 21 was rejected under 35 U.S.C. § 102 as being anticipated by USP No. 6,992,358 

to Hieda. For at least the following reasons, it is respectfully submitted that claim 21 is not 

anticipated by Hieda. 

Claim 21 relates to a semiconductor device and recites in part a high dielectric constant 

gate insulating film formed on an active region in a substrate; and a gate electrode formed on the 

high dielectric constant gate insulating film. Claim 21 further recites a first insulating sidewall 

formed on each side surface of the gate electrode; and a second insulating sidewall formed on 

said each side surface of the gate electrode with the first insulating sidewall interposed 

therebetween, wherein the high dielectric constant gate insulating film is continuously formed so 

as to extend.from under the gate electrode to under the first insulating sidewall, and part of the 

high dielectric constant gate insulating film located under the first insulating sidewall has a 

smaller thickness than a thickness of part of the high dielectric constant gate insulating film 

located under the gate electrode. 
- 7 -
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For example, referring to the exemplary embodiment shown in Fig. 1, the high dielectric 

constant gate insulating film 4a extends under both the gate electrode 5 and the first insulating 

sidewalls 7. Further, the thickness of the portion of the high dielectric constant gate insulating 

film under the gate electrode is greater than the thickness of the portion under the first insulating 

sidewall. 

Turning to the pending rejection and the cited prior art, it is asserted that the buried oxide 

film 102 of Hieda corresponds to the recited high dielectric constant gate insulating film, and that 

the island-form semiconductor structure 103 ofHieda corresponds to the recited gate electrode. 

However, upon review ofHieda, it is clear that the foregoing elements of Hieda do NOT 

correspond to the recited high dielectric constant gate insulating film or gate electrode of the 

present disclosure. 

Referring to Figs. 9A-9C of Hieda, these figures illustrate the steps of the manufacturing 

process for manufacturing a transistor structure shown in Figs. 14A-14C. Figs. 9A-9C DO NOT 

illustrate the final structure of a complete semiconductor device. Referring to 14B ofHieda and 

the specification, it is clear that element 115 corresponds to the gate insulating film and element 

116 corresponds to the gate electrode (see, also, col. 9, lines 40-41 and col. 10, lines 38-39 of 

Hieda). Thus, it is clear that the "buried oxide film 102" and " semiconductor structure 103" of 

Heidi DOT NOT correspond to a gate insulating film or a gate electrode, respectively. 

More importantly, the gate insulating film 115 ofHieda DOES NOT extend under both 

the gate electrode and first insulating sidewalls. Further, as the gate insulating film 115 ofHieda 

appears to have a constant thickness, Hieda also fails to disclose a gate insulating film in which 
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the thickness of the portion of the gate insulating film under the gate electrode is greater than the 

thickness of the portion of the gate insulating film under the first insulating sidewall. 

It is further noted that the "semiconductor structure 103" that is asserted as corresponding 

to the "gate electrode" of claim 21 is an active region in which source and drains regions 113a 

and 113b are formed, and not a gate electrode. 

The "p-type silicon substrate 101" that is asserted as corresponding to the "active region 

in a substrate" of claim 21 is a supporting substrate which supports a semiconductor structure 

103, and not an active region. 

The "buried oxide film 102" that is asserted as corresponding to the "high dielectric 

constant gate insulating film" of claim 21 is an isolation film to isolate the "semiconductor 

structure 103" from the "p-type silicon substrate 101," and not a high dielectric constant gate 

insulating film. 

It is well known that the factual determination oflack of novelty under 35 U.S.C. § 102 

requires the identical disclosure in a single reference of each element of a claimed invention, 

such that the identically claimed invention is placed into the possession of one having ordinary 

skill in the art. Helijix Ltd. v. Blok-Lok, Ltd., 208 F.3d 1339, 54 USPQ2d 1299 (Fed. Cir. 2000); 

Electro Medical Systems S.A. v. Cooper Life Sciences, Inc., 34 F.3d 1048, 32 USPQ2d 1017 

(Fed. Cir. 1994). For all of the foregoing reasons, it is clear that Heidi does not disclose or 

suggest each of the elements recited by claim 21, and therefore does not anticipate claim 21. 

- 9 -
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III. The Obvious Type Double Patenting Rejection 

In response to the pending obviousness-type double patenting rejection, Applicants 

submit herewith a terminal disclaimer so as to overcome the pending rejection. 

IV. Dependent Claims 

Under Federal Circuit guidelines, a dependent claim is nonobvious if the independent 

claim upon which it depends is allowable because all the limitations of the independent claim are 

contained in the dependent claims, Hartness International Inc. v. Simplimatic Engineering Co., 

819 F.2d at 1100, 1108 (Fed. Cir. 1987). Accordingly, as the pending independent claim is 

patentable for at least the reasons set forth above, it is respectfully submitted that all claims 

dependent thereon are also patentable. 

V. Summary 

Applicants submit that all of the claims are now in condition for allowance, an indication 

of which is respectfully solicited. 

To the extent necessary, a petition for an extension oftime under 37 C.F .R. § 1.136 is 

hereby made. Please charge any shortage in fees due in connection with the filing of this paper, 

- 10 -
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including extension oftime fees, to Deposit Account 500417 and please credit any excess fees to 

such deposit account. 

600 13th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 MEF:rp 
Facsimile: 202.756.8087 
Date: November 3, 2010 

WDC99 1937842-1.079195.0945 

Respectfully submitted, 

ILL & EMERY LLP 

Pease r cognize our Customer No. 53080 
orrespondence address. 

- 11 -
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If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571)-272-4200. 
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PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 
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Notice of Allowability 

Application No. 

12/505,799 
Examiner 

Chuong A. Luu 

Applicant(s) 

HIRASE ET AL. 
Art Unit 

2892 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. IZ! This communication is responsive to November 03, 2010. 

2. IZI The allowed claim(s) is/are 21-41. 

3. IZI Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 18] All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. 18] Certified copies of the priority documents have been received in Application No. 11/491,260. 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. 18] Examiner's AmendmenUComment 

8. 18] Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20101201 
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Application/Control Number: 12/505,799 

Art Unit: 2892 

DETAILED ACTION 

EXAMINER'S AMENDMENT 

Page 2 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

The application has been amended as follows: 

To The Specification 

On page 2 of Amendments to the Specification filed on July 20, 2009, line 2, after 

"2006" insert -now U.S. Patent No. 7,579,227--

Remarks 

This amendment updates the status of the parent application. The applicant's 

representative is reminded to update the status of the parent via an amendment. In this 

way the status change of the parent will not be missed upon allowance. 

Terminal Disclaimer 

The terminal disclaimer filed on November 03, 2010 disclaiming the terminal 

portion of any patent granted on this application which would extend beyond the 

expiration date of the US Patent Number 7,579,227 has been reviewed and is accepted. 

The terminal disclaimer has been recorded. 
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Application/Control Number: 12/505,799 

Art Unit: 2892 

Page 3 

The assignment document filed on November 03, 2010 is acceptable as the 

documentary evidence required by 37 CFR 3.73. If the assignment document is not 

already recorded with the Patent and Trademark Office, it is suggested that the 

assignment document be submitted for recording among the Office assignment records. 

See 37 CFR 3.11 and MPEP § 302. 

Allowable Subject Matter 

Claims 21-41 are allowed. 

The following is an examiner's statement of reasons for allowance: The invention 

is allowable after it was rejected as Obvious Double Patenting in the first office action. 

However, the applicant filed terminal disclaimer in a timely manner in compliance with 

37 CFR 1.321 (c). It may be used to overcome an actual patent is shown to be 

commonly owned with this application. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Chuong A. Luu whose telephone number is (571) 272-

1902. The examiner can normally be reached on M-F (6:30-3:00). 
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Application/Control Number: 12/505,799 

Art Unit: 2892 

Page 4 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thao X. Le can be reached on (571) 272-1708. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Chuong A Luu/ 
Primary Examiner, Art Unit 2892 
December 01, 2010 
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IN THE SPECIFICATION: 

Please insert the following new paragraph after the Title and before the "BACKGROUND OF 

THE INVENTION": 

-- RELATED APPLICATIONS 

This application is a Divisional of U.S. Patent Application No. 11/491,260, filed on July 

24, 2006, claiming priority of Japanese Patent Application No. 2005-227457, filed on August 5, 

2005, the entire contents of each of which are incorporated by reference. 

It is OK to enter. 
CAL 

12/01/2010 

- 2 -
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.iL37 ........ !676 ....... !257 I e29. 1 ·62.ccls ............................................................ ius-~RJB; ............ !OR ........................... !ON ............ !201 0/ 12/ 04 ............ I 

i i i ius0 'AT· i i i20·47 i ., : : , r, , \ , : . I 

i i i iusoCR· FPRS· i i i i 
i I I iEPO· JFO· , I i I I 
I I i iDERWENT; I i i I 
i I I i1BM_TDB I i I I 

iL38 !570 !257/e29.165.ccls. !US-PGRJB; !OR !ON !2010/12/04 I 
i i i ius0 'AT· i i !20·47 i ., : : , r, , \ , : · I 

i i i iusoCR· FPRS· i i i i 
:: : : l ' ' \ : : I 
i I I iEPO· JPO· I i I I 

:: : : l ' ' \ : : I 

i i i !DERWENT; i i i i 
i I I ii BM TDB I i I I :: , , , - ) : • I 

il39 12 1(257/e29.132,e29.133,e29.134,e29.135, !US-PGRJB; 1OR 10N 12010/12/04 I 
! ! le29.136,e29.137,e29.138,e29.138,e29.162, !USPAT; ! ! !20:47 ! 
I ! !e29.163,e29.164,e29.164,e29.165.ccls.) and iUSOCR; FPRS; ! I ! ! 
! I !(gate or electrode) and ((gate or electrode) !EPO; JPO; I i I I 
I i !adj (insulat$4 or dielectric or oxide)) and !DERWENT; i I i i 
I i I( ( (high adj dielectric adj constant) or ii BM_ TDB I I i I 
! ! !(ferroelectric)) adj gate adj (layer or film)) ! ! ! ! ! 
iL40 ....... f 1375 ..... i ( 257; 4 11). CCLS .............................................................. ius-PGRJB; ............ foR .......................... ioFF .......... f2o 10112104 ............ I 

i i i ius□'AT· i i !20 -48 i ., : : , r, , l , : . I 

i i i iusoCR· FPRS· i i i i 

I I I IEPO; JFO; , I I I I 
i i i !DERWENT; ! i i ! 
I i i !IBM TDB i I i i 
iL41 ......... !54 .......... !(257/296,295,310,324,410,411.ccls.)· and .......... ius-~RJB; ............ loR .......................... ioN ............ !2010112104 ............ 1 

! I !(gate or electrode) and (((high adj dielectric !USPAT; I i 120:48 I 
I i !adj constant) or (ferroelectric)) adj (gate or iUSOCR; FPRS; i I i i 
I i ielectrode) adj (dielectric or oxide or insulat iEPO; JPO; I I i I 
i i !$4)) !DERWENT; i i i i 
i I I i1BM_TDB I I I I 

dL42 !48 !(257/296,295,310,324,410,411.ccls.) and !US-PGRJB; !OR !ON !2010/12/04 I 
! I 1(gate or electrode) and (((high adj dielectric !USPAT; I ! 120:48 I 
I i !adj constant) or (ferroelectric)) adj (gate or iUSOCR; FPRS; ! I i ! 
! I !electrode) adj (dielectric or oxide or insulat !EPO; JPO; I i I I 
i i i$4))and@ad<="20050805" iDERWENT; I i i I 
i i i ii BM TDB i i i i 

:i , , , - ) i , : 

!L43 !111 !("257"/$.ccls.) and (gate or electrode) and iUS-PGRJB; !OR !ON !2010/12/04 I 
i i i(((high adj dielectric adj constant) or iusPAT; I i i20:48 I 
! i !(ferroelectric)) adj (gate or electrode) adj !USOCR; FPRS; i ! i i 
! I !(dielectric or oxide or insulat$4)) and !EPO; JPO; I i I I 
I ! !@ad<="20050805" !DERWENT; i I ! i 
i I i ii BM TDB I i I I 
:) • : ) - I ) • ! 
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\44 :23 :(257/e29.132,e29.133,e29.134,e29.135, !US-PGRJB; :OR :ON :2010/12/04 i 
! ! !e29.136,e29.137,e29.138,e29.138,e29.162, !USPAT; ! ! !20:48 ! 
! i !e29.163,e29.164,e29.164,e29.165.ccls.) and !USOCR; FPRS; i ! i i 
! ! !(gate or electrode) and (((high adj dielectric !EPO; JPO; ! ! ! ! 
! i iadj constant) or (ferroelectric)) adj (gate or !DERWENT; i ! i i 
! ! !electrode) adj ( dielectric or oxide or insulat ii BM_ TDB ! i ! ! 
! ! !$4)) and @ad<="20050805" ! ! ! ! ! 

•• ' ' ' ) • ' I 

!l45 :102 :(257/e$.ccls.) and (gate or electrode) and !US-PGRJB; :OR !ON :2010/12/04 i 
! ! !(((high adj dielectric adj constant) or !USPAT; ! ! !20:49 ! 
! ! !(ferroelectric)) adj (gate or electrode) adj !USOCR; FPRS; ! ! ! ! 
! ! !(dielectric or oxide or insulat$4)) and !EPO; JPO; ! ! ! ! 
i ! !@ad<="20050805" !DERWENT; ! i ! ! 
! i i !IBM TDB ! ! i ! 

:1 , , 1 - 1 1 , \ 

!L46 !32 !("438"/$.ccls.) and (gate or electrode) and !US-PGRJB; !OR !ON !2010/12/04 ! 
! ! !(((high adj dielectric adj constant) or !USPAT; ! ! !20:49 ! 
! i l(ferroelectric)) adj (gate or electrode) adj !USOCR; FPRS; i ! i i 
! ! !(dielectric or oxide or insulat$4)) and !EPO; JPO; ! ! ! ! 
i ! !@ad<="20050805" !DERWENT; ! i ! ! 
! ! ! !IBM TDB ! ! ! ! 

iL47 i5444 i(257/296,295,310,324,410,411.ccls.) and !us-~RJB; loR ioN i2010112104 I 
! ! !(gate or electrode) and ((gate or electrode) !USPAT; ! ! !20:50 ! 
! ! !adj (dielectric or oxide or insulat$4)) and !USOCR; FPRS; ! ! ! ! 
i i l@ad< - "20050805" 1EPO· JPO· i i i i :: : : - \ ' ' \ : : I 

! ! ! !DERWENT; ! ! ! ! 

il48 -------- i48 -------- [(257/296,295,310,324,410,411-.ccls.) ·and---------- l~:~:B;------------kR--------------------------- ioN ------------ i2010/12/04 ------------1 
! ! !(((high adj dielectric adj constant) or !USPAT; ! ! !20:50 ! 
! ! !(ferroelectric)) adj (gate or electrode) adj !USOCR; FPRS; ! ! ! ! 
! ! !(dielectric or oxide or insulat$4)) and !EPO; JPO; ! ! ! ! 
! i !@ad<="20050805" !DERWENT; ! ! i ! 
i ! ! ii BM TDB ! i ! ! 
iL49 -------- !no -------!(257/296,295,310,324,410,411.ccls.)-and----------ius-~RJB;------------ioR --------------------------·ioN------------!2010/12/04------------1 

! ! !(((gate or electrode) adj (dielectric or oxide !USPAT; ! ! !20:50 ! 
i i ior insulat$4)) with ((high adj dielectric adj iusocR; FPRS; i i i i 
! ! !constant) or (ferroelectric))) and !EPO; JPO; ! ! ! ! 
! i !@ad<="20050805" !DERWENT; i ! i i 
l i i i1BM_TDB I l i l 

!L50 !184 !(257/296,295,310,324,410,411.ccls.) and !US-PGRJB; !OR !ON !2010/12/04 ! 
! ! !(((gate or electrode) adj (dielectric or oxide !USPAT; ! ! !20:50 ! 
! ! !or insulat$4)) near ((high adj dielectric adj !USOCR; FPRS; ! ! ! ! 
! i !constant) or (ferroelectric))) and !EPO; JPO; i ! i i 
i i !@ad<= "20050805" !DERWENT i i i i 
i ! i ll BM TDB , i i ! i 
:: , , , - ) : • I 

!L51 :1011 :(257/296,295,310,324,410,411.ccls.) and !US-PGRJB; !OR !ON :2010/12/04 l 
! ! !(((gate or electrode) adj (dielectric or oxide !USPAT; ! ! !20:51 ! 
! ! !or insulat$4)) same ((high adj dielectric adj !USOCR; FPRS; ! ! ! ! 
! ! :constant) or (ferroelectric))) and !EPO; JPO; ! ! ! ! 
i ! !@ad<="20050805" !DERWENT; ! i ! ! 
! i i !IBM TDB ! ! i ! 

:i , , 1 - 1 1 , \ 

!L52 !5 !(("20030022422") or ("20040004234") or !US-PGRJB !OR !OFF !2010/12/04 i 
! ! !("20040129997") or ("20050121733") or ! ! ! !20:51 ! 
i i 1("20060121740")) PN i i i i i : ; : : . . ~ ; ; : ! 

!L53 !2 !10/519799 !US-PGRJB; !OR !ON !2010/12/04 i 
! i i !usPAT i ! !20·51 i 
! ! ! !usocR· FPRS· ! ! ! • ! 

I I I IEPO; JFO; , I I I I 
! ! ! !DERWENT; i i ! i 
i ! i ii BM TDB i i ! i 

:1 , : i - , 1 , I 

I 
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dL54 :2 !"7186604" lus-PGRJB; ioR !ON \2010112104 I 
I I I lusPAT I I 120·51 I 
I i i lusocR· FPRS· i I i • i 

I I I IEPO; JFO; , I I I I 
i i i I DERWENT; ! i i ! 

Lss -------- !2 ----------- f 11; 491260 ------------------------------------------------------------------------- I~: ~:B; -----------· bR --------------------------- loN -----------· !2010112104 -----------· I 
I i i lusPAT i I !20·52 i 
I i i lusocR· FPRS· i I i • i 
I I I IEPO; JFO; , I I I I 
i i i !DERWENT; ! i i ! 
I i i l1BM TDB i I i i 
is1 -------- i 13 75 ----- i ( 2s 714 11 ) . CCLS. ------------------------------------------------------------- i us-~RJB; ------------ioR --------------------------· ioFF ---------- bo 1 01 12104 ------------1 
I I I lus□'AT· I I 121 ·13 I ., : : , r, , \ , : . I 

i I I iusoCR· FPRS· I i I I 
i I I iEPO· JFO· , I i I I 
I I i iDERWENT; I i i I 
I i i l1BM TDB i I i i 

.• ~ ~ ' - ) • ~ I 

IS117 !2 !11/ 491260 !US-PGRJB; !OR ION !2010/07/30 I 

i I I lus0 'AT· I i 121 ·31 I ., : : , r, , \ , : · I 

I I I lusoCR· FPRS· I I I I 
:: : : l ' ' \ : : I 
I I I IEPO· JPO· I I I I 

i i i iDERWENT; I i i I 
i I I 11 BM TDB I i I I :: , , , - ) : • I 

!s11 s 19 1c·20030022422" 1 "20040004234" 1 :us-PGRJB; loR \ON 12010101130 I 
i i !"20040129997" I "20050121733" I !USPAT; USOCR i i !21 :36 i 
I I 1"20050127436" I "20060121740" I I I I I I 
i i !"6642071" I "6929992" I "6992358").PN. OR i i i i i 
I I 1("7579227") URPN I I I I I 
:s11 '9 ----· I 1-------------112/ 505799 --- ·------------·--------------------------------------------------------:us-PGRJB;------------ioR --------------------------:ON ------------1201 0/ 07 / 30 ------------1 
I I I !USPAT; USOCR I I 121 :37 I 
is120 i2925 i(2s11295).CCLS. ius-PGRJB; loR ioFF i2010101130 I 
I I I lusPAT I I 121·39 I 
I i i lusocR· FPRS· i I i • i 

i I I IEPO; JFO; , I i I I 
i I I !DERWENT; I i I I 
i I I pBM_TDB I i I I 
1s121 11497 i(2s11310).CCLS. 1us-PGRJB; loR iOFF 12010101130 I 
' I I •USPAT I ' 121 ·39 I 
I i i lusocR· FPRS· i I i • i 
i I I iEPO; JFO; , I i I I 
i i i !DERWENT; ! i i ! 
I i i l1BM TDB i I i i 
is122 ----- b ------------io9; 91-6509------------------------------------------------------------------------· ius-~RJB;------------ foR --------------------------· ioN ------------ l2o 10101130 ------------1 
I I I lus□'AT· I I 121 ·39 I ., : : , r, , l , : . I 

i I I iusoCR· FPRS· I i I I 
i I I iEPO· JFO· , I i I I 
i i i iDERWENT; I i i I 
I i i l1BM TDB i I i i 

.• ~ ~ ' - ) • ~ I 

!s123 !4702 !(257/296,295,310.ccls.) and (gate or !US-PGRJB; !OR \ON !2010/07/30 I 

! I !electrode) and ((gate or electrode) adj !USPAT; I i 121 :39 I 

I i i(insulat$4 or dielectric or oxide)) lusocR; FPRS; i I i i 
I I I IEPO· JPO· I I I I :: : : : ' ' ! : : ! 
i I I !DERWENT; i i I i 
i ! i 11 BM TDB i i ! i :: , , , - ) : • I 

• I 
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!s124 !587 !(257/296,295,310.ccls.) and (gate or iUS-PGRJB; !OR !ON !2010/07/30 I 
! i !electrode) near ((gate or electrode) adj !usPAT; i ! !21 :39 i 
! I i(insulat$4 or dielectric or oxide)) !usocR; FPRS; I ! i I 
I I I l~~w~+; I I I I 
i i i !IBM TDB i i i i 
is125 i587 i(257/296,295,310.ccls.) and ((gate or !us-~RJB; loR ioN i2010/07/30 I 

! i !electrode) near ((gate or electrode) adj !usPAT; ! ! !21 :40 ! 
! ! !(insulat$4 or dielectric or oxide))) !USOCR; FPRS; ! i ! ! 
! ! ! !EPO; JPO; ! ! ! ! 
i i i !DERWENT; ! i i ! 

!L ............ r .............. ! ................................................................................................ ! I .. BM - TDB ............... r ................................ L ................ r .................................. 1 
!S126 j435 j(257/296,295,310.ccls.) and ((gate or \US-PGRJB; jOR \ON \2010/07/30 i 
! i \electrode) adj ( (gate or electrode) adj \USPAT; i ! \21 :40 i 
! ! \(insulat$4 or dielectric or oxide))) !USOCR; FPRS; ! ! ! ! 
! ! ! !EPO; JPO; ! ! ! ! 
i i i !DERWENT; ! i i ! 
! i i !IBM TDB i ! i i 

·• 1 : ) - I , 1 I 

!s127 !57 !(257/296,295,310.ccls.) and (gate or !US-PGRJB; !OR \ON !2010/07/30 ! 
! ! !electrode) and (((gate or electrode) adj !USPAT; ! i !21 :40 ! 
i i i(insulat$4 or dielectric or oxide)) near (high iusocR; FPRS; I i i I 
! i !adj dielectric adj constant)) !EPO; JPO; i ! i i 
i ! ! !DERWENT; ! i ! ! 
i ! ! i1BM_TDB I i ! I 
!s128 !33 !(257/296,295,310.ccls.) and (gate or !US-PGRJB; !OR \ON !2010/07/30 ! 
! ! !electrode) and (((gate or electrode) adj !USPAT; ! i !21 :40 ! 
! i i(insulat$4 or dielectric or oxide)) adj (high !usocR; FPRS; i ! i i 
! ! !adj dielectric adj constant)) !EPO; JPO; ! i ! ! 
! i i !DERWENT; i ! i i 
i ! ! !1 BM TDB ! i ! ! :: , , , - ) : • I 

!s129 !13 !(257/296,295,310.ccls.) and (gate or \US-PGRJB; !OR !oN !2010/07/30 I 
! ! !electrode) and (((gate or electrode) adj !USPAT; ! ! !21 :40 ! 
! i i(insulat$4 or dielectric or oxide)) adj (high !USOCR; FPRS; i ! i i 
! ! !adj dielectric adj constant)) and overlap$4 !EPO; JPO; ! i ! ! 
! i ! !DERWENT; i ! i i 
i ! ! ii BM TDB ! i ! ! 
:1 , , 1 - 1 1 , \ 

!S130 !19 !(257/296,295,310.ccls.) and (gate or iUS-PGRJB; !OR !ON !2010/07/30 ! 
! i !electrode) and (((gate or electrode) adj !usPAT; i ! !21 :41 i 
! i i(insulat$4 or dielectric or oxide)) near (high !usocR; FPRS; I ! i I 
! ! \adj dielectric adj constant)) and overlap$4 !EPO; JPO; ! ! ! ! 
i ! ! iDERWENT; ! i ! ! 
i i i !IBM TDB i i i i 
is131 i6 i"6992358" !us-~RJB; loR ioN i2010101130 I 

i i i iusPAT i i !21"41 i 
! i i !usocR· FPRS· i ! i • i 
i I i iEPO; JFO; , I i i I 

i i i !DERWENT; ! i i ! 

!L ............ l .............. ! ................................................................................................ !I .. BM_TDB ................ l ................................ L ................ l .................................. I 
!S132 !18 !(''20030209761" I "20040150520" I \US-PGRJB; !OR \ON !2010/07/30 ! 
! i (20040178451" I "20050040464" I \USPAT; USOCR i i \21 :41 i 
i i (20050051843" I "20050110085" I i i i i i 
! ! !"4979014" I "6437404" I "6538916" I ! ! ! ! ! 
i i !"6580132" I "6639246" I "6646307" I i i i i i 
! ! !"6687152" I "6724046" I "6740938" I ! ! ! ! ! 
! ! !"6744390" I "6800513" I "6822071").PN. ! ! ! ! ! .. ' ' . \ 

!S133 !55 !(257/296,295,310.ccls.) and (gate or iUS-PGRJB; !OR !ON !2010/07/30 ! 
i i ielectrode) and (((gate or electrode) adj iusPAT; I i i21 :41 I 
! i i(insulat$4 or dielectric or oxide)) same (high !USOCR; FPRS; i ! i i 
! ! !adj dielectric adj constant)) and overlap$4 !EPO; JPO; ! i ! ! 
i ! ! iDERWENT; I i ! I 
i i i !IBM TDB i i i i 

:) • : ) - I ) • ! 
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!s134 :6 i(("7018873") or ("6929992") or ("6992358") iUS-PGRJB; ioR :OFF :2010/07/30 I 

! ! !or ("20060121740") or ("20050121733") or !USPAT ! ! !21 :45 ! 
i i 1("7579227")) PN i i i i i 
is135 ..... !9 ........... [(("6992358") .or -~"6929992") ·or ·("6642071 ") .... ius-PGRJB; ............ ~R ........................... ioFF .......... !2010/07/30 ............ 1 

! ! !or ("20060121740") or ("20030022422") or !USPAT ! ! !21 :52 ! 
! ! !("20040004234") or ("20040129997") or i ! i ! ! 
! i !("20050121733") or ("20050127436")).PN. ! i ! i i 
is136 ..... i3 ............ i(("6,992,358") ·or ·("7579227"). or ........................... !US-PGRJB; ............ foR ........................... ioFF .......... i2010/08/02 ............ 1 

i i !("20050121733")). PN. !USPAT i ! !04:43 i 
: ~ • • i ' ~ • I 

!S137 \56 !(257/296,295,310.ccls.) and (gate or !US-PGRJB; !OR !ON \2010/12/02 i 
! i !electrode) and (((gate or electrode) adj !USPAT; ! ! !08:26 ! 
! ! !(insulat$4 or dielectric or oxide)) same (high !USOCR; FPRS; ! i ! ! 
! i !adj dielectric adj constant)) and overlap$4 !EPO; JPO; i ! i i 
i i i !DERWENT; ! i i ! 

!L ............ l .............. ! ................................................................................................ ! I_BM - TDB ............... l ................................ L ................ l .................................. I 
!S138 !1 :("5473168").PN. !US-PGRJB; :OR \OFF :2010/12/02 i 
i i i !USPAT ! i !09:41 ! 

is139 i1 i121190015 ius-PGRJB; ioR ioN i2010112102 I 

i i i iUSPAT i i io9"42 i 
i i i iusocR· FPRS· i i i • i 
:: : : l ' ' \ : : I 
i I I IEPO· JPO· I i I I 

I I i iDERWENT; I i i I 

i i i ii BM TDB ! i i ! 
:1 , : 1 - 1 1 , \ 

!S140 !19 !(257/296,295,310.ccls.) and (gate or !US-PGRJB; !OR !ON !2010/12/02 i 
! i !electrode) and (((gate or electrode) adj !USPAT; i ! !13:11 i 
! i i(insulat$4 or dielectric or oxide)) near (high !USOCR; FPRS; i ! i I 
! i :adj dielectric adj constant)) and overlap$4 :EPO; JPO; i i i i 
i i i :DERWENT; i i i i 
! i i ii BM TDB i ! i i 

:~ : : i - , ~ : I 
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4 24 54 84 114 144 174 204 
5 25 55 85 115 145 175 205 
6 26 56 86 116 146 176 206 
7 27 57 87 117 147 177 207 
8 28 58 88 118 148 178 208 
9 29 59 89 119 149 179 209 
10 30 60 90 120 150 180 210 

U.S. Patent and Trademark Office Part of Paper No. 20101201 

 
Page 172 of 178



I 

PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail 

orfu 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATIO'-1 FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Rlock l, hy (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRE'.'T CORRESPONDENCE ADDRESS (Note, \Jsc Block l for any change ofaddrcss; 

53080 7590 12113/2010 

MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, NW 
WASHINGTON. DC 20005-3096 

53080 

APPLICATION :-JO. I FILING DATE I 

'-Jote: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assi~nment or fom1al drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I herebv certify that this he(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelor.e 
a<l<lresse<l lo the Mail Stop ISSUE FEE a<l<lress above,_ or being facsinule 
trnnsm!ltcd to the US PTO (571) 273-2885, on the date md1catcd below. 

(Depositor's. name) 

(Signature) 

(Date) 

FIRST NA.v!ED INVENTOR I ATTOR-'lliY DOCKET NO, I CONFIRMATION NO. 

12/505,799 07/20/2009 Junji HIRASE 079 I 95-0945 2930 

Tl1LE OF INVENTION: SEMICOI\DUCTOR DEVICE J\ND METHOD FOR FABRICATING THE SAME 

APPLN.TYPE SMALL E:-ITITY ISSUE FEE DUE 

nonprovisional NO SISJO 

EXA.\.1:11'.cR ART UNIT 

LUU, CHUONG A 2892 

I. Change of correspondence address or indication of "Fee Address" (37 
CPR 1.363). 

0 Chan~e of correspondence address (or Change of Correspondence 
Address torm PTO/SB/122) attached. 

D "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. {;se ofa Customer 
Number is required. 

PL13LICATIONFEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 so 

CLASS-SUBCLASS 

257-295000 

2. For printing on the patent fronl page, !isl 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 03/14/2011 

1McDermott Will & Emery LLP 

2 

3 _____________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO DE PRINTIJDON TUE PATE'-JT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below. the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Panasonic Corporation Osaka, Japan 

Please check the appropriate assignee category or categories (will not be printed on the patent): 0 Individual ~ Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

~ lssueI'ee 
~ Publication Fee (No small entity discount permitted) 
l&J Advance Order - # of Copies ___ 4_· ______ _ 

5. Change in Entity Status (from status indicated above) 

D a. Applicant claims SMALL ENT 

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above) 

D A check is enclosed. 
D Payment by credit card. Form PTO-2038 is attached. 
8:)The Director is hereby aurhorized 10 charge~() r)4q,d fee(s), any deficiency. or credil any 

overpayment, to Deposit Account '-lumber O (enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL E'-.'TTTY status. See J7 CFR l .27(g)(2). 

, d) will n t be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
s Patent • d Trademark Office. 

Authorized Signature 

Typed or printed name 

Date March 3 2011 

Registration No. __ 3_6~, 1_3_9 ________ _ 

This collection of information is required 37 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to J?fOCess) 
an apPlication. Confidentiality is governe, by .S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparmg, and 
submitting the completed application forni, to USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or sug~estions for reducing • • burden, sl1ould be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alcxandna, Virjsinia 22313-1450. DO '-/OT SEND FEES OR COMPLETED FO&\1S TO THIS ADDRESS. SEKD TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 223U-1450. 
U nt.ler the Paperwork Re<luction Act of 1995, no perw11s are required lo respo11d to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/20 I 0. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 12505799 

Filing Date: 20-Jul-2009 

Title of Invention: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Junji HIRASE 

Filer: Michael E. Fogarty/Tatiana Tucker 

Attorney Docket Number: 079195-0945 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1510 1510 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Printed copy of patent - no color 8001 4 3 12 

Total in USD ($) 1822 
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Electronic Acknowledgement Receipt 

EFSID: 9580879 

Application Number: 12505799 

International Application Number: 

Confirmation Number: 2930 

Title of Invention: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Junji HIRASE 

Customer Number: 53080 

Filer: Michael E. Fogarty/Tatiana Tucker 

Filer Authorized By: Michael E. Fogarty 

Attorney Docket Number: 079195-0945 

Receipt Date: 03-MAR-2011 

Filing Date: 20-JUL-2009 

Time Stamp: 16:06:51 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1822 

RAM confirmation Number 2579 

Deposit Account 500417 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size(Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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98658 

1 Issue Fee Payment (PTO-85B) ISSUEFEE_079195-0945.PDF no 1 
b9cb7641 ea9fd453fb2680e 1665f52baf1 b7 

6860 

Warnings: 

Information: 

33768 

2 Fee Worksheet (PTO-875) fee-info.pdf no 2 
7e894cbe9d5aa220095ee57333869ccba69 

f1ff7 

Warnings: 

Information: 

Total Files Size (in bytes) 132426 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

12/505,799 04/12/2011 

53080 7590 03/23/2011 

MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, NW 
WASHINGTON, DC 20005-3096 

PATENT NO. 

7923764 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

079195-0945 2930 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Junji HIRASE, Osaka, JAPAN; 
Akio Sebe, Osaka, JAPAN; 
Naoki Kotani, Hyogo, JAPAN; 
Gen Okazaki, Hyogo, JAPAN; 
Kazuhiko Aida, Chiba, JAPAN; 
Shinji Takeoka, Osaka, JAPAN; 

IR103 (Rev. 10/09) 
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