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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 therebetween. Thus, an overlapping amount of the gate electrode 

105 and an extension region 110 can be optimized in a simple manner. 

SUMMARY OF THE INVENTION 

However, in a structµre 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 
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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 

10 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 
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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 small~r 

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 

10 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 
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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 

1 o 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. 

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 d 1) 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. 
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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. 

1 o 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 
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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 ORA WINGS 

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. 
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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 
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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 

10 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 the n-type extension 

region 10. N-type source/drain regions 12 are formed so that each of the source/drain 

regions 12 is provided in part of the p-type well 2 located in the external side to then-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 

10 
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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. 

10 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 
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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 

10 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 
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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. 

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

the n-type extension region 10. N-type source/drain regions 12 are formed so that each of 

the source/drain regions 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 

20 

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

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 
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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 

10 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, 
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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 

Io 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 
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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 

then-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 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 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. 

IO 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 is 

15 formed so that the thickness of the high dielectric constant gate insulating film 4E 1s 

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 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 

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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5 

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. 

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 

10 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. llA, 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 

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 cm2
) 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 keV 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. UE, 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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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. 

5 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. 

11D, 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 paii 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 Bat 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 keV and a dose of 5 x 1012 cm-2
) for channel formation 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 

10 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 Sand 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 

10 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 then-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. 

30 

Page 33 of 245 UMC 1002
UMC v. AICP



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 

IO 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 5A 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 5A 

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

5A 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 nm, 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 nm. 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 ke V and a dose of 1 x 1015 cm-2
, thereby forming an extension 

10 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 

10 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. 8B) 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 

20 

25 

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. 14C, as a gate electrode material film SA, for example, a 

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 RT A 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 RT A 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. 

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. 

25 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 the n-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 

10 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 

1 o 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 

41 

Page 44 of 245 UMC 1002
UMC v. AICP



5 

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 d 1) 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 d 1) 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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□ Additional foreign or international application numbers are listed on a supplemental priority sheet attached hereto. 

I hereby claim the benefit under Title 35, United States Code §119(e) of any United States Provisional application(s) 
listed below. 

Number (Day/Month/Year Filed) 

□ Additional U.S. provisional application numbers are listed on a supplemental priority sheet attached hereto. 
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Docket No. 

I hereby claim the benefit under Title 35, United States Code §120 of any United States application(s), or §365(C) of any 
PCT international application designating the United States of America, listed below and, insofar as the subject matter of each of 
the claims of this application is not disclosed in the prior United States or PCT international application in the manner provided by 
the first paragraph of Title 35, United States Code §112, I acknowledge the duty to disclose information material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which occurred between the filing date of the prior application and the 
national or PCT international filing date of this application. 

APPLICATION NO. U.S. FILING DATE STATUS: PATENTED, PENDING, ABANDONED JI 

o Additional U.S. or international application numbers are listed on a supplemental priority sheet attached hereto. 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the attorneys and agents associated with U.S. Patent 
and Trademark Office Customer Number identified bellow to prosecute this application and to transact all business in the U.S. 
Patent and Trademark Office connected therewith, and direct that all correspondence be addressed to that customer number. • 

I hereby authorize the U.S. attorneys and agents associated with the customer number to accept and follow instructions 
from Matsushita Electric Industrial Co., Ltd., and any affiliated or subsidiary company thereof, received via their corporate 
representatives and/or their foreign patent attorneys or agents, if any, as to any action to be taken in the U.S. Patent and 
Trademark Office regarding this application without direct communication between the U.S. attorneys or agents and myself. 

Direct Correspondence to: 

CUSTOMER NUMBER 53080 

I further declare that all statements made herein of my own knowledge are true, and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 

Full Name of Sole or First 
Inventor 

Residence & Citizenship 

Post Office Address 

Full Name of 
Second Inventor 

Residence & Citizenship 

Post Office Address 

FIRST NAME 
Junji 

LAST NAME 
HIRASE 

CITY STATE OR C COUNT Y OF CITIZENSHIP 
Osaka Ja an Ja an 
ADDRESS CITY STATE OR COUNTRY ZIP CODE 
C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501 

FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Akio SEBE AJ,.t1 ✓,J;z/4e lvfcv./1 .;o t:-6 
CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
Osaka Japan Japan 
ADDRESS CITY STATE OR COUNTRY ZIP CODE 
C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501 
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MEI Form -1.2, (July 1, 2005) 

DocietNo. 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Third Inventor Naoki KOTANI /Ve..:, . .,/( /4~ /f!{..,y , //, 2oob 

Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
HyoQo Japan Japan 

Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE 
C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Fourth Inventor Gen OKAZAKI 

Get-<. Dk().zo.J,' /1Au // . .9006 
Residence & Citizenship CITY STATE OR COUNTRY COUNTRV OF CITIZENSHIP 

HY0Q0 Japan Japan 
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE 

C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Fifth Inventor Kazuhiko AIDA M,E,u/2,,/c:o A ,,:/4., r17 . /'j-, .:i-=6 
Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 

Chiba Japan Japan 
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE 

C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Sixth Inventor Shinji TAKEOKA $ ~' ,. i,... _.fl U-lc.fd cA f..,\c,.)7 l I . 2..ot,b 

Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
Osaka Japan Japan 

Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE 
C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Seventh Inventor 

Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 

Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE 

(If there are more than seven inventors, please add a copy of this page for identification and signature for the additional 
inventors) 

The above application may be more particularly identified as follows: 

U.S. Application No. ______________ Filing Date ____________________ _ 

Applicant Reference Number ~P_4=2=0~4=2-~0~1 ______ Attorney Docket No. _________________ _ 
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Docket No.: 085393-0499 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Customer Number: 53080 In re Application of 

Junji HII~SE, et al. Confirmation Number: Not Yet Assigned 

Application No.: Divisional of U.S. 
Serial No. 12/505,799 

Filed: March 1, 2011 

Group Art Unit: Not Yet Assigned 

Examiner: Not Y ct Assigned 

For: SEMICONDUCTOR DEVICE (as amended) 

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 7 of this paper. 
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IN THE SPECIFICATION: 

1) Please amend the Title of the Invention as follows: 

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

2) 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. 12/505,799, filed on July 

20, 2009, which is a Divisional of U.S. Patent Application No. 11/491,260, filed on July 24, 

2006, now U.S. Patent 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. --
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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: 

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

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 

an end of the high dielectric constant gate insulating film under the insulating sidewall is 

located at a predetermined distance from an outer end of the insulating sidewall toward 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. 

24. (New) The semiconductor device of claim 22, wherein 

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

electrode to under the insulating sidewall, and 

an end of the buffer insulating film is located at a predetermined distance from an outer 

end of the insulating sidewall toward the gate electrode. 

25. (New) The semiconductor device of claim 21, wherein 

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

under the insulating sidewall is smaller than that of part of the high dielectric constant gate 

insulating film located under the gate electrode. 
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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 part of the active region 

located under the 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 

a paii of the high dielectric constant gate insulating film located under the insulating 

sidewall includes a notch at the end thereof. 

31. (New) The semiconductor device of claim 21, wherein 

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

sidewall has a thickness of 2 nm or less. 

32. (New) The semiconductor device of claim 22, wherein 

an end of the buffer insulating film is located at a predetermined distance from a side end 

of the gate electrode toward the insulating sidewall. 

33. (New) The semiconductor device of claim 21, wherein 
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the end of the high dielectric constant gate insulating film is located at a predetermined 

distance from a side end of the gate electrode toward the insulating sidewall. 

34. (New) The semiconductor device of claim 21, wherein 

the insulating sidewall has a double layer structure including an oxide film and a nitride 

film. 

35. (New) The semiconductor device of claim 21, wherein 

wherein the 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 2L 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. 

3 8. (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 insulating 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. 
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41. (New) The semiconductor device of claim 21, wherein 

the end of the high dielectric constant gate insulating film located under the insulating 

sidewall has a tapered surface. 

42. (New) The semiconductor device of claim 21, wherein 

the high dielectric constant gate insulating film located under the insulating sidewall has 

a thickness which becomes smaller toward the end thereof. 
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REMARKS 

The title has been amended. 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 21-42 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 13 th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 MEF:ln 
Facsimile: 202. 756.8087 
Date: March 1, 2011 

Respectfully submitted, 

, & EMERY LLP 
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Docket No.: 085393-0499 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Customer Number: 53080 

Junji BIR.ASE, et al. Confirmation Number: Not Yet Assigned 

Application No.: Divisional of U.S. 
Serial No. 12/505,799 

Filed: March 01, 2011 

Group Art Unit: Not Yet Assigned 

Examiner: Not Yet Assigned 

For: SEMICONDUCTOR DEVICE (as amended) 

INFORMATION DISCLOSURE STATEMENT 

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

Dear Sir: 

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the 

Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-

1449. It is respectfully requested that the documents be expressly considered during the prosecution 

of this application, and that the documents be made of record therein and appear among the 

"References Cited" on any patent to issue therefrom. 

This Information Disclosure Statement is being filed within three months of the U.S. filing 

date OR before the mailing date of a first Office Action on the merits. No certification or fee is 

required. 
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Divisional of U.S. Serial No. 12/505,799 

The references were cited by or submitted to the U.S. Patent and Trademark Office in parent 

application Serial no. 12/505,799, filed July 20, 2009, which is relied upon for an earlier filing date 

under 35 USC 120. Thus, copies of these references are not attached. 37 CFR 1.98(d). 

Please charge any shortage in fees due in connection with the filing of this paper. 

including extension of time 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:ln 
Facsimile: 202.756.8087 
Date: March 1, 2011 

Respectfully submitted, 

L & EMERY LLP 

rty 
Regis tion o. 36,139 

Pl{ase rec/4nize our Customer No. 53080 
as pur co/respondence address. 

'\ I 
\ / ,,J 

2 
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SHEET 1 OF 1 

ATTY. DOCKET NO. SERIAL NO. 

INFORMATION DISCLOSURE 085393-0499 Divisional of U.S. 

STATEMENT BY APPLICANT Serial No. 12/505,799 

APPLICANT 

Junji HIRASE, et al. 
(Substitute for form 1449/PTO) FILING DATE GROUP 

March 1, 2011 Not Yet Assigned 

U.S. PATENT DOCUMENTS 
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where 

INITIALS NO. Number-Kind Code2 (,fknown) MM-DD-YYYY Document Relevant Passages or Relevant 
Figures Appear 

us 6,992,358 01-2006 Hieda et al. 

us 6,929,992 08-2005 Djomehri et al. 

us 6,642,071 11-2003 Cheng, Jia-Shyong 

us 2006/0121740 A2 6/8/2006 SAKAI et al 

us 2003/0022422 A 1 01-30-2003 TORII etal. 

us 2004/0004234 A 1 01-08-2004 YAGISHITA et al. 

us 2004/0129997 A 1 07-08-2004 MORIFUJI 

us 2005/0121733 A1 06-09-2005 CHEN et al. 

us 2005/0127436 A1 06-16-2005 HENSON etal. Corresponds w/ CN 1610129 A 

us 7,579,227 08-2009 Hirase et al. 

us 2005/0121733 06-2005 Chen et al. 

us 6,992,358 01-2006 Hieda et al. 

FOREIGN PATENT DOCUMENTS 

EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Translation 
INITIALS CITE Country Code3-Number 4-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant 

NO Codes (1f known) Figures Appear Yes No 

CN 1610129 A 04-27-2005 Corresponds w/ 
us 2005/0127436 

JP 2005-064190 03-10-2005 TOSHIBA CORP. 

JP 2004-356576 12-16-2004 SEMICONDUCTOR 
LEADING EDGE 

TECHNOLOGIES INC. 
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.) 

EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, 
INITIALS CITE journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where 

NO. published. 

WATANABE, Ken, Partial English Translation of "HfSiON-CMOS technology for achieving high 
performance and high reliability," SEMI FORUM Japan, 2005, IT System & ULSI Technology, 

HORI, Takashi, "1/4-µm LATID (LArge-Tilt-angle !mplanted Qrain) TECHNOLOGY FOR 3.3-V 
OPERATION", CH2637-7/89/0000-0777 1989 IEEE, IEDM 89-777-780-IEDM 89 

SAY AMA, et al., H.,. "80nm CMOSFET Technology Using Double Offset-Implanted Source/Drain 
Extension and Low Temperature SiN Process", IEDM 2000, IEDM 00-239-242-IEDM 00 

U.S. Office Action issued in U.S. Patent Application No. 11/543,865 dated on November 12, 2008 

Chinese Office Action, with English Translation, issued in Chinese Patent Application No. 
CN 200610093872.2, dated March 20, 2009. 

Notice Allowance issued in United States Patent Application No. 12/505,799, mailed December 13, 
2010. 

EXAMINER DATE CONSIDERED 

*EXAMINER: Initial If reference considered, whether or not cItatIon Is in conformance with MPEP 609. Draw line through cItatIon ,f not In conformance and not considered 
Include copy of this form with next communication to applicant. 
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: SEMICONDUCTOR DEVICE 

First Named Inventor/Applicant Name: Junji HIRASE 

Filer: Michael E. Fogarty/Lydia Nguyen 

Attorney Docket Number: 085393-0499 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Utility application filing 1011 1 330 330 

Utility Search Fee 1111 1 540 540 

Utility Examination Fee 1311 1 220 220 

Pages: 

Claims: 

Claims in excess of 20 1202 2 52 104 

Miscellaneous-Filing: 

Petition: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1194 
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Electronic Acknowledgement Receipt 

EFSID: 9561356 

Application Number: 13037831 

International Application Number: 

Confirmation Number: 7641 

Title of Invention: SEMICONDUCTOR DEVICE 

First Named Inventor/Applicant Name: Junji HIRASE 

Customer Number: 53080 

Filer: Michael E. Fogarty/Lydia Nguyen 

Filer Authorized By: Michael E. Fogarty 

Attorney Docket Number: 085393-0499 

Receipt Date: 01-MAR-2011 

Filing Date: 

Time Stamp: 15:43:10 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1194 

RAM confirmation Number 2170 

Deposit Account 500417 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

55386 

1 Transmittal of New Application 
P04204204_ TRN_085393-0499. 

pdf 
no 3 

3e 1 Of5201 d87f9f86ff543a360451 bOd 123e 
919 

Warnings: 

Information: 

1922108 

2 
P04204204_SPEC_085393-0499 

.pdf 
yes 45 

154b99f4b6493d2c8ca431 ef449b9cf038d9 
dOOc 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 39 

Claims 40 44 

Abstract 45 45 

Warnings: 

Information: 

329338 

3 
Drawings-only black and white line P04204204_DRW _ 085393-0499 

11 
drawings .pdf 

no 
b0adaf97d08edf1 0e42f8871134273680845 

a72d 

Warnings: 

Information: 

160323 

4 Oath or Declaration filed 
P04204204_DEC_085393-0499. 

pdf 
no 3 

345e8dcf1d9b36c5e647c41949ff11 ae27c8 
85c2 

Warnings: 

Information: 

76365 

5 Preliminary Amendment 
P04204204_AMEND-
P _085393-0499.pdf 

no 7 
ae079f007f3fae45179a 14136e5191 baSade 

5065 

Warnings: 

Information: 

82895 

6 
Information Disclosure Statement (IDS) P04204204_IDS_085393-0499. 

3 
Filed (SB/08) pdf 

no 
54c9cb06acae832015 2 7 6e09 5 73 0d 05 3 6b2 

2b658 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 
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36342 

7 Fee Worksheet (PT0-875) fee-info.pdf no 2 
d 148ef5 c3 81 d 657795464 5 5 270dac8c3c 48 

4143 

Warnings: 

Information: 

Total Files Size (in bytes) 2662757 

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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Approved for use through 1/31/2007. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/037,831 03/01/2011 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 
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* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
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*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/037,831 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 
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TOTAL CLAIMS 22 minus 20= 2 (37 CFR 1.16(i)) 
OR X 52 = 104 

INDEPENDENT CLAIMS 1 minus 3 = X 220 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $270 ($135 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1194 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 
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~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 
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TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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PO Box 1450 
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085393-0499 22 1 
CONFIRMATION NO. 7641 

FILING RECEIPT 
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Date Mailed: 03/15/2011 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant( s) 
Junji HIRASE, Osaka, JAPAN; 
Akio Sebe, Osaka, JAPAN; 
Naoki Kotani, Hyogo, JAPAN; 
Gen Okazaki, Hyogo, JAPAN; 
Kazuhiko Aida, Chiba, JAPAN; 
Shinji Takeoka, Osaka, JAPAN; 

Assignment For Published Patent Application 
PANASONIC CORPORATION, Osaka, JAPAN 

Power of Attorney: The patent practitioners associated with Customer Number 53080 

Domestic Priority data as claimed by applicant 
This application is a DIV of 12/505,799 07/20/2009 
which is a DIV of 11/491,260 07/24/2006 PAT 7,579,227 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
JAPAN 2005-227457 08/05/2005 

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 03/10/2011 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/037,831 

Projected Publication Date: 06/23/2011 

Non-Publication Request: No 

Early Publication Request: No 
Title 

SEMICONDUCTOR DEVICE 

Preliminary Class 

438 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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~ti~~ 9 0 ¥~{:f~rnf.o 
rnw*JJt 1 1 J 
£:flx0m·!1:tJf:tiJ:Jc~ilm$if- f--~~/It~Mnx;'""t6If¥ (a) ~­
Jmic~~m:$-3/- Hf@.,~JitJ:Jc-3/- t--mffi~Mnx'""t 0If¥ c b) ~-
imicif¥ Cb) 0~tc, imicif- t--mti0~ffi!Hcnr.iil'""t0Jmic~iim$if- t--*e~/It~ 

:r.. ''/ '7°":,,; Y' L, ---c•Jit1t--r 6If¥ ( c) ~, 
imicif¥ c c ) 01jJc, imic -3/' - t-- mt:i0lU1Ii'Hc~~i'tl1:-!t -1 F t7 ~ - Jv ~ Mnx--r 0 If¥ 

( d ) ~ ~ fim ;t ---C It "6 2: ~ ~ti~~ 9 6 ¥~ft~ iii 0ffi!lm7J$o 
rnw*JJt 1 2 J 
iw*JJt 1 1 ,c ic~ 0¥~fis:~iil 0 l!lm7J$ ,c :8 lt "---c, 
Jmgcif¥ (d) 01~tc, Jmie,~~'11:-!t-1 Ft7~-Jv0~1ffUtcuiil'""t0JWgc~ilm$-1/'­

f--~~/It~AA*'""t 6If¥~fim;t ---CP6 2: ~ ~ti~~ 9 0¥~fis:~ii101!lmJJ$0 
rnw*JJt 1 3 J 
gw*JJt 1 1 tCgc~0¥~fis:~ji10ffi!lm7J$tC:8P---C, 
imic~~·l1:-!t-1 F t7 ~ - JH±m- 1 0~~-11:-!t-1 F t7 ~ - Jv ~ :m- 2 0~~·11:-!t-1 F t7 ~ -

Jv ~ n" i; ~ tJ , 
imicif¥ c a ) ,±, imicif- t-- mffi0ffi!JmHc imicm- 1 0~~-11:-!t -1 F t7 ~ - Jv ~ Mnx--r 

6If¥ (d 1) ~- Jmic-3/- f--mffi01ffUOOtcJmic:m-10~~'11:-!t-1 Ft7~-Jv~ftl.,,---CJW 
icm- 2 0~~·11:-!t-1 F i:7 ~ -Jv~MPX9 6If¥ ( d 2) ~ ~13't-2: ~ ~ti~~ 9 0¥~,ft 
~iii 0ffi!lm7J$o 

rnw*JJt 1 4 J 
iw*JJt 1 3 tcic~0¥~fis:~ji10ffi!lm7J$tC:8P---C, 
JWgcif¥ ( d 1) ~ JWgcif¥ ( d 2) ~ 01t,,c, Jmic:m- 1 0~~·11:-!t-1 F t7 ~ -Jv0~ 

ffi!Hcuiil'""t 6 imic~ilm:$-3/- f-- ~~/It~AA*'""t 6If¥~ ~ i; tcfim;t ---C P6 2: ~ ~ti~~ 
9 6 ¥~fis:~iil 0ffi!lm7J$o 

rnw*JJt 1 s J 
iw*JJt 1 3 ,cic~0¥~fis:~ii101Ym7J$tcj31t'>---C, 
Jmicif¥ (d 1) ~Jmiuf¥ (d 2) ~01YHc, Jmic:m-10~~'11:-!t-1 Ft7~-Jv0~ 

ffi!Hcuiil'""t 6 Jmgc~ilm:$-3/- f-- ~~M;~:r.. ,.,, +:,,; Y' L, ---C ~ i; tc.M;1t'""t 6If¥~fim;t, 
Jmicif¥ Cd 2) J: tJ 't ~tc, Jmic:m- 2 0*e,~•11:-!t-1 F t7 ~ - Jv0~lUtc uiil'""t 0 Jmic 

~ilm:$-3/- f--~~/It~AA*'""t 6If¥~ ~ i; tcfim;t ---CP6 2: ~ ~ti~~ 9 0¥~fis:~ii10 
ffi!lm7J$o 

rnw*JJt 1 6 J 
iw*JJt 1 2, 1 4 )Z,± 1 5 0P9ti7J" 1 JJ[tci~0¥~fis:~ji10~)J$tC:8P---C, 
imic~ilm:$-3/- f-- ~~1It0AA*'±, t7 ;r. ,.,, f-- :r.. "/ +:,,; y-~ ffl 1t '----C~:fRlfJ tcfrt:>ti0-:: 
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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' 
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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 
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Office Action Summary 
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Applicant(s) 

HIRASE ET AL. 
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Period for Reply 
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Status 

1 )□ Responsive to communication(s) filed on __ . 

2a)D This action is FINAL. 2b)~ This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)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 

5)~ Claim(s) 21-42 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 21-42 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)D accepted or b)D 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). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)~ All b)D Some * c)D None of: 

1.D Certified copies of the priority documents have been received. 

2.~ Certified copies of the priority documents have been received in Application No. 12/505,799. 

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)). 

* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 

REJECTIONS BASED UPON PRIOR ARTS 

Statutory Basis 

Claim Rejections - 35 USC § 102 

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 a semiconductor device with 

(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); 

an insulating sidewall (106) formed on each side surface of the gate electrode 

(103), 
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wherein the high dielectric constant gate insulating film (102-oxide) is 
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continuously formed so as to extend from under the gate electrode (103) to under the 

insulating sidewall (106), and 

at least 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 Figure 5B); 

102 
101 

l08 
l 

F !G. 5B 

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 
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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 
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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). 

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 21-42 are rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 12-16 of U.S. Patent No. 

7,923,764. 

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 32) comprising: a high 

Page 126 of 245 UMC 1002
UMC v. AICP



Application/Control Number: 13/037,831 

Art Unit: 2892 

Page 6 

dielectric constant gate insulating film formed on an active region in a substrate (claim 

1, lines 33-34); a gate electrode formed on the high dielectric constant gate insulating 

film (claim 1, lines 35-36); a insulating sidewall formed on each side surface of the gate 

electrode (claim 1, lines 37-38); 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 (claim 1, lines 42-44), and an end of the high dielectric constant gate 

insulating film under the insulating sidewall is located at a predetermined distance from 

an outer end of the insulating sidewall toward the gate electrode (claim 1, lines 45-49). 

The limitations recited of the current application is broader compared with the 

U.S. Patent No. 7,923,764. Therefore, it would have been obvious to one having 

ordinary skill in the art at the time of the invention was made to modify the teaching of 

the Pat. No. 7,923,764 to fabricate a semiconductor structure as recited in the present 

application. 

For these reasons, claim 21-42 are seen as obvious variations of the patented 

claims. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHUONG 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 

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 
August 17, 2011 
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I l !("20030201097")).PN. lusPAT ! I :20:40 ! 
. • ~ ' ' ) • ~ I 

• I 
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!s150 !1555 \hirase.inv. iUS-PGRJB; !OR !ON !2010/12/04 I 
i i i iusPAT i i !20"40 i 
i i i !usocR· FPRS· i ! i • i 

I I I IEPO; JFO; , I I I I 
! i i \DERWENT; i ! i i 
i i i !IBM TDB i i i i 

is151 i19 is150 and junji !us-~RJB; loR ioN i2010112104 I 

i i i iusPAT i i !20"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------------ r -------------- ! ----------------------------------------------------------------------------------------------- ! I_BM - TDB --------------- r --------------------------------L----------------l ----------------------------------I 
!S152 j0 \S151 and (gate or electrode) and (((gate or \US-PGRJB; jOR \ON \2010/12/04 i 
! i !electrode) adj (insulat$4 or dielectric or !USPAT; i ! !20:41 i 
! ! !oxide)) adj (high adj dielectric adj constant)) !USOCR; FPRS; ! ! ! ! 
! ! ! !EPO; JPO; ! ! ! ! 
i i i !DERWENT; ! i i ! 
! i i !IBM TDB i ! i i 

·• 1 : ) - I , 1 I 

dS153 !O !S151 and (((high adj dielectric adj constant) !US-PGRJB; !OR !ON !2010/12/04 ! 
! ! !or (ferroelectric)) adj gate adj (layer or film)) !USPAT; ! i !20:41 ! 
I I iand (gate or electrode) iusocR; FPRS; I i i I 
I I I IEPO· JPO· I I I I 
i i i iDERWENT; I i i I 
i ! ! i1BM_TDB I i ! I 

!S154 !256 !sebe.inv. !US-PGRJB; !OR !ON !2010/12/04 ! 
i i i ius0 'AT· i i !20·41 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 ! ! !1 BM TDB ! i ! ! :: , , , - ) : • I 

!S155 !18 !S154 and akio iUS-PGRJB; !OR !ON !2010/12/04 ! 
i i i ius0 'AT· i i !20·41 i ·• : : ' r, ' \ ' : • 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 ! ! ii BM TDB ! i ! ! 
:1 , , 1 - 1 1 , \ 

!S156 !0 \S155 and (((high adj dielectric adj constant) iUS-PGRJB; !OR !ON !2010/12/04 ! 
! i !or (ferroelectric)) adj gate adj (layer or film)) !usPAT; i ! !20:41 i 
! i iand (gate or electrode) !usocR; FPRS; I ! i I 
! ! ! iEPO; JPO; ! ! ! ! 
! i i \DERWENT; i ! i i 
i i i !IBM TDB i i i i 

is157 i1s752 ikotani.inv. !us-~RJB; loR ioN i2010112104 I 

i i i iusPAT i i !20"42 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 
!S158 !236 !S157 and naoki !US-PGRJB; !OR !ON !2010/12/04 i 
i i i iusPAT i i !20"42 i 
! i i !usocR· FPRS· i ! i • i 
i I I iEPO; JFO; , I i I I 
i i i !DERWENT; ! i i ! 
! i i !IBM TDB i ! i i 

·• 1 : ) - I , 1 I 

dS159 !O !S158 and (((high adj dielectric adj constant) !US-PGRJB; !OR !ON !2010/12/04 ! 
! ! !or (ferroelectric)) adj gate adj (layer or film)) !USPAT; ! i !20:42 ! 
i i iand (gate or electrode) iusocR; FPRS; I i i I 
I I I IEPO· JPO· I I I I 
i i i iDERWENT; I i i I 
i ! ! i1BM_TDB I i ! I 
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!s160 :O iokazaki and gen and (((high adj dielectric :US-PGRJB; ioR :ON :2010/12/04 I 

! ! !adj constant) or (ferroelectric)) adj gate adj !USPAT; ! ! !20:42 ! 
! ! !(layer or film)) and (gate or electrode) !USOCR; FPRS; ! ! ! ! 
i i i !EPO; JPO; ! i i ! 
! ! ! !DERWENT; ! ! ! ! 
i ! ! ii BM TDB ! i ! ! 
·• i : i - l , i I 

!S161 !o !aida and kazuhiko and (((high adj dielectric !US-PGRJB; !OR !ON !2010/12/04 i 
! i iadj constant) or (ferroelectric)) adj gate adj !USPAT; i ! i20:43 I 
! ! !(layer or film)) and (gate or electrode) !USOCR; FPRS; ! ! ! ! 
i i ! iEPO· JPO· i i i i 
i i i iDERWENT; I i i I 
i ! ! ii BM TDB ! i ! ! 
·• 1 ~ , - I • ~ I 

!S162 !o !takeoka and shinji and (((high adj dielectric !US-PGRJB; !OR !ON !2010/12/04 i 
! ! :adj constant) or (ferroelectric)) adj gate adj !USPAT; ! ! !20:43 ! 
! ! !(layer or film)) and (gate or electrode) !USOCR; FPRS; ! ! ! ! 
i i i iEPO· JPO· i i i i :: : : : ' ' ! : : ! 
! i i !DERWENT; ! ! i ! 
i i i i1BM_TDB I I i I 
!S163 :35 :(((semiconductor) and (gate or electrode) !US-PGRJB; :OR !ON :2010/12/04 I 
! ! !and (((gate or electrode) adj (insulat$4 or !USPAT; ! ! !20:43 ! 
! ! !dielectric or oxide)) adj (high adj dielectric !USOCR; FPRS; ! ! ! ! 
! ! !adj constant)))).clm. !EPO; JPO; ! ! ! ! 
i ! ! !DERWENT; ! i ! ! 
! i i !IBM TDB ! ! i ! 

:i , , ~ - ) i , : 

!S164 !21 !(((semiconductor) and (gate or electrode) !US-PGRJB !OR !ON !2010/12/04 ! 
i i iand (((gate or electrode) adj (insulat$4 or i I i i20:43 I 
! ! !dielectric or oxide)) adj (high adj dielectric ! ! ! ! ! 
! ! :adj constant)))).clm. ! ! ! ! ! 

is165 is i(("20050127436") or ("6284630") or ius-PGRJB; joR ioFF i2010112104 I 

! i !("20020163039") or ("20010028086") or !USPAT ! ! !20:44 ! 
i i 1("5223445")) PN i i i i i 
is166 ..... :3 ........... fog; 824672 .... : ..... : ............................................................ !us-PGRJB; ............ bR ........................... !ON ............ :2010112104 ............ I 

i ! ! iusPAT ! i !20"44 ! 
i ! ! iusocR· FPRS· ! i ! • ! 
i I i iEPO; JFO; , I i i I 

! ! ! !DERWENT; ! ! ! ! 
i ! ! ii BM TDB ! i ! ! 
is1 67 .... f2 ............ iog; 848431 ......................................................................... ius-~RJB; ............ foR .......................... ioN ............ f2o 10112104 ............ I 

i i i ius0 'AT· i i 120·44 i ., : : , r, , l , : . I 

! i i !usoCR· FPRS· i ! i i 
:: : : l ' ' \ : : I 
i i i 'EPO· JPO· i i i i 
i i i iDERWENT; I i i I 
i ! ! ii BM TDB ! i ! ! 
is168 ..... is ............ i(("20050127436"). or· ("6284630") .. or .................... ius-~RJB; ............ foR ........................... ioFF .......... l2010/12/04 ............ 1 

! i !("20020163039") or ("20010028086") or !USPAT i ! !20:44 i 
! ! !("5223445") or ("6509612") or ("6794258") ! ! ! ! ! 
! ! !or ("6614081")).PN. ! ! ! ! ! 

: i , , ~ ) i , : 

!S169 !4 !10/904875 !US-PGRJB; !OR !ON !2010/12/04 i 
! i i !usPAT i ! !20"45 i 
! ! ! !usocR· FPRS· ! ! ! • ! 

i I I IEPO; JFO; , I i I I 

! ! ! !DERWENT; i i ! i 
i ! i ii BM TDB i i ! i 
•is170 ...... i1•928 ..... i(257/324).CCLS ............................................................... ius-~RJB; ............ ioR ........................... ioFF .......... i2010/1.2/04 ............ 1 

i i i iusPAT i i 120"46 i 
i ! ! iusocR· FPRS· ! i ! • ! 
i i i iEPO; JFO; , I i i I 

i i i :DERWENT; i i i i 
! i i ii BM TDB ! ! i ! .. , , , - - . , I 
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!s171 \7 \(257/296,295,310,324,410,411.ccls.) and !US-PGRJB; ioR !ON \2010/12/04 I 
I i !(gate or electrode) and ((gate or electrode) lusPAT; ! I !20:46 ! 
! I !adj (insulat$4 or dielectric or oxide)) and !USOCR; FPRS; I i I I 
I I i(((high adj dielectric adj constant) or iEPO; JPO; I i i I 
! i \(ferroelectric)) adj gate adj (layer or film)) \DERWENT; i ! i i 

is112 ----- i 1290 ·-- f ( 257; 4 1 o). ccLs. ------------------------------------------------------------- :~: ~:B; -----------· ~R --------------------------- ioFF ---------· i2010112104 -----------· I 
' I I •USPAT I ' 120"46 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 73 ----- i 185 -------!257 / e29. 132.ccls_----------------------------------------------------------· ius-~RJB;------------ioR --------------------------· ioN ------------ bo 10112104 ------------1 
i i i ius0 'AT· i i !20·45 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 

!S174 !1693 !257/e29.133.ccls. !US-PGRJB; !OR !ON !2010/12/04 I 
i i i ius0 'AT· i i !20·45 i ., : : , r, , \ , : · 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 11 BM TDB I i I I 
:: ' ' ' - ) : ' I 

!S175 !1606 !257/e29.137.ccls. iUS-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 

i i i iDERWENT; I i i I 
i I I ii BM TDB I i I I 
:i , • : - ) i , I 

!S176 !181 !257/e29.138.ccls. !US-PGRJB; !OR !ON !2010/12/04 I 
i i i iusPAT i i !20"47 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 ii BM TDB ! i i ! 

!S177 i676 i257/e29.162.ccls. ius-~RJB; loR ioN i2010112104 I 
i i i iusPAT i i 120"47 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 
!S178 !570 !257/e29.165.ccls. !US-PGRJB; !OR !ON !2010/12/04 I 
i i i iusPAT i i !20"47 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 

., i : i - 1 , 1 I 

!s179 !2 \257/e29.132,e29.133,e29.134,e29.135, !US-PGRJB; !OR !ON !2010/12/04 I 
! I le29.136,e29.137,e29.138,e29.138,e29.162, !USPAT; I i 120:47 I 
i i ie29.163,e29.164,e29.164,e29.165.ccls.) and iusocR; FPRS; I i i I 
! ! !(gate or electrode) and ((gate or electrode) !EPO; JPO; ! ! ! ! 
! I !adj (insulat$4 or dielectric or oxide)) and !DERWENT; I i I I 
i I I( ( (high adj dielectric adj constant) or i1 BM_ TDB I i I I 
i ! !(ferroelectric)) adj gate adj (layer or film)) i ! i ! ! 

:1 , , 1 1 1 , \ 

!S180 !1375 !(257/411).CCLS. !US-PGRJB; !OR !OFF !2010/12/04 I 
i i i iusPAT i i !20"48 i 
I i i lusocR· FPRS· i I i • i 

I I I 1~~w~+; • I I I I 
! i i ii BM TDB i ! i i 

:~ : : 1 - ' ~ : ! 
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!s181 !54 !(257/296,295,310,324,410,411.ccls.) and iUS-PGRJB; !OR !ON !2010/12/04 I 
I i !(gate or electrode) and (((high adj dielectric iUSPAT; i I !20:48 i 
I I iadj constant) or (ferroelectric)) adj (gate or !USOCR; FPRS; I I i I 
! ! :electrode) adj (dielectric or oxide or insulat !EPO; JPO; ! ! ! ! 
I ! !$4)) !DERWENT; i I ! i 
i i i ii BM TDB I i i I 
is182 i48 i(257/296,295,310,324,410,411.ccls.) and !us-~RJB; loR ioN i2010112104 I 
I i !(gate or electrode) and (((high adj dielectric iUSPAT; ! I !20:48 ! 
! I 1adj constant) or (ferroelectric)) adj (gate or !USOCR; FPRS; I i I I 
I i !electrode) adj (dielectric or oxide or insulat iEPO; JPO; i I i i 
I i i$4))and@ad<="20050805" !DERWENT; I I i I 

:1 ............... l .............. ! ................................................................................................ i I_BM - TDB ............... l ................................ L ................ l .................................. 1 
1S183 1111 1("257"/$.ccls.) and (gate or electrode) and 1US-PGRJB; 1OR 1ON 12010/ 12/04 I 
! i :(((high adj dielectric adj constant) or !USPAT; i ! l20:48 i 
! ! !(ferroelectric)) adj (gate or electrode) adj !USOCR; FPRS; ! ! ! ! 
I i !(dielectric or oxide or insulat$4)) and iEPO; JPO; ! I i ! 
i I !@ad<="20050805" !DERWENT; I i I I 
I i i !IBM TDB i I i i 

·• 1 : ) - I , 1 I 

dS184 !23 !(257/e29.132,e29.133,e29.134,e29.135, !US-PGRJB; !OR !ON !2010/12/04 I 
! I 1e29.136,e29.137,e29.138,e29.138,e29.162, !USPAT; I i 120:48 I 
i i ie29.163,e29.164,e29.164,e29.165.ccls.) and iusocR; FPRS; I i i I 
! i !(gate or electrode) and (((high adj dielectric !EPO; JPO; i ! i i 
! I 1adj constant) or (ferroelectric)) adj (gate or !DERWENT; I ! I I 
I I 1electrode) adj ( dielectric or oxide or insulat i1 BM_ TDB I I I I 
i ! !$4)) and @ad<="20050805" i ! i ! ! 
:1 , • i , _1 , I 

!S185 !102 !(257/e$.ccls.) and (gate or electrode) and !US-PGRJB; !OR !ON !2010/12/04 I 
I i !(((high adj dielectric adj constant) or iUSPAT; i I !20:49 i 
! I !(ferroelectric)) adj (gate or electrode) adj !USOCR; FPRS; I i I I 
i i i(dielectric or oxide or insulat$4)) and IEPO; JPO; I i i I 
! i i@ad<="20050805" !DERWENT; i i i i 
i i i ii BM TDB I i i I 
is186 i32 lc,438"/$.ccls.) and (gate or electrode) and ius-~RJB; joR !ON i2010/12/04 I 
! i !(((high adj dielectric adj constant) or !USPAT; i ! !20:49 i 
! I !(ferroelectric)) adj (gate or electrode) adj !USOCR; FPRS; I i I I 
I i !(dielectric or oxide or insulat$4)) and iEPO; JPO; i I i i 
i I l@ad<="20050805" !DERWENT; I i I I 
I i i !IBM TDB i I i i 
is187 .... f5444 ..... !(257/296,295,310,324,410,411.ccls.)· and .......... ius-~RJB; ............ foR .......................... ioN ............ f2010112104 ............ 1 

I i i(gate or electrode) and ((gate or electrode) !USPAT; I I i20:50 I 
! ! ladj (dielectric or oxide or insulat$4)) and !USOCR; FPRS; ! ! ! ! 
i 1 1@ad< - "20050805" iEPO· JPO· I i I I 
i I I - iDERWENT; I i I I 
I i i !IBM TDB i I i i 
is188 ..... !48 .......... !(257/296,295,310,324,410,41·1.ccls.) .. and .......... ius-~RJB; ............ foR ........................... ioN ............ !2010/12/04 ............ 1 

! I !(((high adj dielectric adj constant) or !USPAT; I i 120:50 I 
I i !(ferroelectric)) adj (gate or electrode) adj iUSOCR; FPRS; i I i i 
I i i(dielectric or oxide or insulat$4)) and iEPO; JPO; I I i I 
i i i@ad< = "20050805" !DERWENT" i i i i 
I i i i1BM_TDB, I I i I 

dS189 1770 1(257/296,295,310,324,410,411.ccls.) and !US-PGRJB; 1OR lON 12010/12/04 I 
! ! !(((gate or electrode) adj (dielectric or oxide !USPAT; ! ! !20:50 ! 
I i !or insulat$4)) with ((high adj dielectric adj iUSOCR; FPRS; ! I i ! 
! I 1constant) or (ferroelectric))) and !EPO; JPO; I i I I 
i i !@ad<= "20050805" !DERWENT" i i i i 
I I I II BM TDB , I I I I 
:i , , ~ - ) i , : 

!S190 !184 !(257/296,295,310,324,410,411.ccls.) and iUS-PGRJB; !OR !ON !2010/12/04 I 
i i i(((gate or electrode) adj (dielectric or oxide iusPAT; I i i20:50 I 
! i !or insulat$4)) near ((high adj dielectric adj !USOCR; FPRS; i ! i i 
! I 1constant) or (ferroelectric))) 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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!s191 11011 i(257/296,295,310,324,410,411.ccls.) and :US-PGRJB; ioR :ON :2010/12/04 I 
! ! !(((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 ! ! ii BM TDB ! i ! ! 
is1 93 .... f2 ............ i 1 01 s 1 ·9799 ......................................................................... ius-~RJB; ............ foR .......................... ioN ............ f2o 10112104 ............ 1 

i i i ius0 'AT· i i 12o·s1 i ., : : , r, , l , : . I 

! i i !usoCR· FPRS· i ! i i 
! i i !EPO· JR} , i ! i i 

i i i iDERWENT; i i i I 
i ! ! ii BM TDB ! i ! ! 
•!s194 ..... i2 ............ i"7186604" .......................................................................... ius-~RJB; ............ foR ........................... ioN ............ i2010112104 ............ I 
! i i ius0 'AT· i ! i2o·s1 i ., : : , r, , \ , : · I 

i i i iusoCR· FPRS· i i i i 
:: : : l ' ' \ : : I 
i I I IEPO· JPO· I i I I :: : : : ' ' ! : : ! 
! i i !DERWENT; ! ! i ! 
i i i i1BM_TDB I l i I 
!S195 !2 !11/491260 iUS-PGRJB; !OR !ON !2010/12/04 ! 
! i i !us0 'AT· i ! i2o·s2 i ·• : : ' r, ' \ ' : • 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 !IBM TDB ! ! i ! 

:i , , ~ - ) i , : 

!S196 !1375 !(257/411).CCLS. !US-PGRJB; !OR !OFF !2010/12/04 i 
! i i !usPAT i ! !21·13 i 
! ! ! !usocR· FPRS· ! ! ! • ! 

I I I IEPO; JFO; , I I I I 
! ! ! !DERWENT; i i ! i 
i ! i ii BM TDB i i ! i 
is197 ...... i1 .............. i•,-13037831·,, ....................................................................... !us-~RJB; ........... loR ........................... ioN ............ i201110811·1 ............ 1 

i i i iusPAT i i 117"43 i 
i ! ! iusocR· FPRS· ! i ! • ! 
i I i iEPO; JFO; , I i i I 
i i i :DERWENT; i i i i 
! i i ii BM TDB ! ! i ! 

·• 1 : 1 - , • 1 1 

1s198 :3142 i(257/295).CCLS. 1us-PGRJB; loR iOFF 12011108111 I 
' I I •USPAT I ' 117"44 I 
i ! ! iusocR· FPRS· ! i ! • ! 
i i i iEPO; JFO; , I i i I 
! ! ! !DERWENT; ! ! ! ! 
i ! ! ii BM TDB ! i ! ! 
is199 .... b ............ i111491260 ......................................................................... ius-~RJB; ............ foR .......................... ioN ............ f2011108111 ............ 1 
i i i ius0 'AT· i i 117·44 i ., : : , r, , l , : . I 

! i i !usoCR· FPRS· i ! i i 
:: : : l ' ' \ : : I 
I i i IEPO· JPO· i I i i 
i i i iDERWENT; I i i I 
i ! ! ii BM TDB ! i ! ! 
•!S200 ..... i2 ............ i121sos799 .......................................................................... ius-~RJB; ............ foR ........................... ioN ............ i201·1108111 ............ I 
i i i !USPAT; USOCR i i !17:44 i 

iS201 is i(("20030022422") or ("20040004234") or ius-PGRJB loR ioFF i2011/08/17 I 
! i !("20040129997") or ("20050121733") or ! ! ! !20:09 ! 
! ! !("20060121740")).PN. ! ! ! ! ! 

iS202 i3 i(("7,579,227") or ("20050121733") or ius-PGRJB; loR ioFF i2011/08/17 I 
i ! !("6,992,358")). PN. !USPAT ! i !20: 13 ! 
. • ~ ' ' ) • ~ I 

!S203 !8 !(("20030022422") or ("20040004234") or !US-PGRJB; !OR !OFF !2011/08/17 ! 
! i !("20040129997") or ("20050121733") or !USPAT i ! !20: 14 i 
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In re Application of 

Junji HIRASE, et al. 

Application No.: 13/037,831 

Filed: March 01, 2011 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation Number: 7641 

Group Art Unit: 2892 

Examiner: LUU, CHUONG A. 

INFORMATION DISCLOSURE STATEMENT 

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

Dear Sir: 

PATENT 

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the 

Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-

1449. It is respectfully requested that the documents be expressly considered during the prosecution 

of this application, and that the documents be made of record therein and appear among the 

"References Cited" on any patent to issue therefrom. 

This Information Disclosure Statement is being filed more than three months after the U.S. 

filing date AND after the mailing date of the first Office Action on the merits, but before the 

mailing date of a Final Rejection or Notice of Allowance. 

CERTIFICATION PARAGRAPH 

The undersigned certifies that each item of information contained in this Information 

Disclosure Statement was first cited in a communication from a foreign patent office in a 
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13/037,831 

counterpart foreign application not more than three months prior to the filing of this Information 

Disclosure Statement as described in 37 CFR 1.97(e)(l). 

Each Japanese reference was cited in a corresponding Japanese application Office Action 

dated September 27, 2011. Please note that the reference JP 2005-064190 has been previously 

cited in an Information Disclosure Statement filed March 1, 2011; therefore, only the English 

translation is attached herewith. 

Please charge any shortage in fees due in connection with the filing of this paper, 

including extension of time 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:mjb 
Facsimile: 202.756.8087 
Date: October 27, 2011 

T WIL & EMERY LLP 
// 

l I 
I, " 

I I //lt:~7;,:/' 

• 1 ~:Ugart 
R gistratiS)h No. 76,139 

I I 

Please r4cogniz¾ our Customer No. 53080 
as our c~rrespJndence address. 

\ J 

2 
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Docket No.: 085393-0499 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Junji HIRASE, et al. 

Application No.: 13/037,831 

Filed: March 1, 2011 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation Number: 7641 

Group Art Unit: 2892 

Examiner: Chuong A. LUU 

AMENDMENT UNDER 37 C.F.R. § 1.111 

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

Sir: 

PATENT 

In response to the Office Action dated September 9, 2011 having a shortened statutory 

period of response set to expire on December 9, 2011, please amend the above-identified 

application as follows: 

- 1 -
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IN THE SPECIFICATION: 

Please amend the following paragraph on page 1 of the specification as follows: 

-- RELATED APPLICATIONS 

This application is a Divisional of U.S. Patent Application No. 12/505,799, filed on July 

20, 2009, which is now U.S. Patent No. 7,923,764, which is a Divisional of U.S. Patent 

Application No. 11/491,260, filed on July 24, 2006, now U.S. Patent 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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REMARKS 

I. Introduction 

In response to the pending Office Action, Applicants have amended the specification so 

as to update the priority information. 

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 Rejection 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; 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. Claim 21 further recites that 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 that an end ofthe high dielectric constant gate insulating film under 

the insulating sidewall is located at a predetermined distance from an outer end ofthe 

insulating sidewall toward the gate electrode. Thus, as recited by claim 21, the high dielectric 

constant gate insulating film does not extend so as to reach the outer end of the insulating 

sidewall. 

For example, referring to the exemplary embodiments shown in Figs. 6 and 10, the high 

dielectric constant gate insulating film 4a extends under both the gate electrode 5 and the first 
- 3 -
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insulating sidewalls 7, however, the high dielectric constant gate insulating film 4a is not 

disposed underneath the outer ends of the insulating sidewalls 7. As noted, for example, in 

paragraph [0058] of the published application (USP Pub. No. 2011/0147857), a portion of the 

high dielectric constant gate insulating film 4a is removed beneath the outer ends of the 

insulating sidewalls 7. 

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 oxide film 106 corresponds to the recited insulating sidewalls. First, it is noted that the 

pending rejection addresses the thickness of the gate insulating film 102 located under the 

alleged sidewall 106 relative to thickness of the gate insulating film 102 under gate electrode 

103. Importantly, however, claim 21 does not recite any limitations directed to the thickness of 

the gate insulating film. 

Moreover, Heidi does not disclose or suggest the element of claim 21 noted above which 

recites an end ofthe high dielectric constant gate insulating film under the insulating sidewall 

is located at a predetermined distance from an outer end ofthe insulating sidewall toward the 

gate electrode. In other words, the recited high dielectric constant gate electrode recited by 

claim 21 does not extend so far such that it is disposed beneath the outer end of the insulating 

sidewall, as is shown, for example, in the exemplary embodiments of Figs. 6 and 10. It is 

disposed inwardly of the outer end of the insulating sidewall. 

In direct contrast, Heidi only discloses a device in which the alleged gate insulating film 

102 extends below and beyond the outer ends of the alleged sidewall 106. Indeed, as shown in 

Figs. 5B, 9A and 9C, the gate insulating film 102 extends beyond the outer end of the sidewall 

- 4 -
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106, and beyond the outer ends of films 110 and 112 ofHieda. Thus, it is clear that, at a 

minimum, Hieda fails to disclose the foregoing element recited by claim 21. 

It is well known that the factual determination of lack 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. Helifix Ltd. v. Blok-Lok, Ltd., 208 F.3d 1339, 54 USPQ2d 1299 (Fed. Cir. 2000); 

Electro Medical Systems SA. 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. 

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. 

- 5 -
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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 of time 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, 

including extension of time 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:lcb 
Facsimile: 202.756.8087 
Date: November 17, 2011 

DM_US 307761 l 7-1085393.0499 

- 6 -
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U.S. Patent and Trademark Office; U S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res end to a collection of information unless it dis la s a valid 0MB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional} 

REJECTION OVER "PRIOR" PATENT oa5393-0499 

In re Application of: Junji HIRASE, et al. 

Application No.: 13/037,831 

Filed: March 1, 2011 

For: SEMICONDUCTOR DEVICE 

The owner*, Panasonic Corporation, of 100 percent interest in the instant application hereby disclaims, except as provided below, the terminal 
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the full statutory 
term prior patent No. 7,923,764 as the term of said patent is defined in 35 U.S.C. 154 and 173, and as the term of said prior patent is 
presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so granted on the instant application shall be 
enforceable only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted 
on the instant application and is binding upon the grantee, its successors or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant application that would 
extend to the expiration date of the full statutory term as defined in 35 U.S.C. 154 and 173 of the prior patent, "as the term of said prior 
patent is presently shortened by any terminal disclaimer," in the event that said prior patent later: 

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

Check either box 1 or 2 below, if appropriate. 

1. 0 For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency, 
etc.}, the undersigned is empowered to act on behalf of the business/organization. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 

2. [8;I The undersigned is an attorney a<:fErnt;otJ~c No. _3_6~, 1_3_9 ____ _ 

/ 
Michael E. Fogarty 

Typed or printed name 

November 17, 2011 
Date 

202. 756.8372 

Telephone Number 

[8;I Terminal disclaimer fee under 37 CFR 1.20(d} is included [8;I Charge Deposit Account 500417 0 Check enclosed 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PTO-2038. 

*Statement under 37 CFR 3.73(b} is required if terminal disclaimer is signed by the assignee (owner}. 
Form PTO/SB/96 may be used for making this statement. See MPEP § 324. 

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 

DM_US 30782254-1.085393 0499 
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[Claim(s)] 

[Claim 1 ]A semiconductor device which functions as an MOSFET, comprising: 

Gate dielectric film which consists of a high dielectric film formed on a semiconductor 

substrate. 

A gate electrode which consists of a conductive film formed on said gate dielectric film. 

The 1st sidewall that consists of a dielectric film formed in a side attachment wan of 

said gate electrode. 

The 2nd sidewall that consists of an oxidation-resistant film formed so that said 1st 

sidewall might be covered. 

[Claim 2]The semiconductor device according to claim 1, wherein the upper part of said 

1st sidewall is lower than height of said gate electrode. 

[Claim 3]The semiconductor device according to claim 1 or 2, wherein said gate 

dielectric film and said 1st sidewall consist of the same dielectric film. 

[Claim 4]A semiconductor device given in any 1 clause of Claims 1-3 having further a 
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cap film which consists of an oxidation-resistant film formed on said gate electrode. 

[Claim 5]A manufacturing method of a semiconductor device which functions as an 

MOSFET characterized by comprising the following. 

A process of forming gate dielectric film which consists of high dielectric films on a 

semiconductor substrate (a). 

A process (b) of forming a gate electrode which consists of conductive films on said 

gate dielectric film. 

A process (c) of forming the 1st sidewall that becomes a side attachment wall of said 

gate electrode from a dielectric film. 

A process (d) of forming the 2nd sidewall that consists of an oxidation-resistant film so 

that said 1st sidewall may be covered. 

[Claim 6]A manufacturing method of the semiconductor device according to claim 5 

forming the upper part of said 1st sidewall so that it may become lower than height of 

said gate electrode. 

[Claim 7]A manufacturing method of the semiconductor device according to claim 5 or 

6, wherein said gate dielectric film and said 1st sidewall consist of the same dielectric 

film. 

[Claim 8]A manufacturing method of a semiconductor device which functions as an 

MOSFET characterized by comprising the following. 

A process of forming gate dielectric film which consists of high dielectric films on a 

semiconductor substrate (a). 

A process (b) of depositing a conductive film and an oxidation-resistant film one by one 

on said gate dielectric film. 

A process (c) of providing an etching mask, etching said oxidation-resistant film and 

said conductive film one by one, and forming a cap film and a gate electrode on said 

oxidation-resistant film. 

A process (d) of forming the 1st sidewall that becomes only a side attachment wall of 

said gate electrode from a dielectric film. 
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A process of forming the 2nd sidewall that consists of an oxidation-resistant film so that 

said 1st sidewall may be covered (e ). 

[Claim 9]A manufacturing method of the semiconductor device according to claim 8 

having combined the upper part of said 2nd sidewall with a side attachment wall of said 

cap film. 

[Claim I0]A manufacturing method of the semiconductor device according to claim 8 

or 9, wherein said gate dielectric film and said 1st sidewall consist of the same dielectric 

film. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention]Especially this invention relates to the insulated-gate type field 

effect transistor which has gate dielectric film which consists of high dielectrics (high 

dielectric constant material) about a semiconductor device and a manufacturing method 

for the same. 

[0002] 

[Description of the Prior Art]In recent years, the miniaturization of the insulated-gate 

type field effect transistor (henceforth MOSFET) using silicon oxide (henceforth a SiO2 

film) is progressing by progress of the processing technology of a semiconductor 

process. However, if thin film-ization of gate dielectric film is advanced with 

proportionality reduction of MOSFET, increase of the gate leakage current by tunnel 

current will become a problem. In order to avoid this problem, research of MOSFET 

which has gate dielectric film (henceforth high dielectric gate dielectric film) which 

consists of a high dielectric which used the zirconium oxidation film (henceforth a Zr02 

film) etc. is done. On the other hand, if micro processing of a gate electrode is advanced 

with reduction of an element, film decrease and damage will arise in the gate dielectric 

film in the ground of a gate electrode by reactive ion etching (henceforth RIE) which 

realizes anisotropy. This becomes a cause and the poor resisting pressure of gate 
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dielectric film and reliability degradation occur. By the conventional MOSFET, in order 

to solve this problem, after forming a gate electrode, a silicon substrate is reoxidated 

and a bird's beak (henceforth Gate Bird's Beak) is formed in the edge lower part of a 

gate electrode. What was indicated to JP,H6-204237,A is known by MOSFET which 

has such Gate Bird's Beak. 

[0003]It explains referring to Drawings for the structure and the manufacturing method 

of MOSFET which has conventional Gate Bird's Beak hereafter. Drawing 4 is a 

sectional view showing the manufacturing process of the n type conventional MOSFET. 

[0004]The semiconductor substrate which consists of a silicon single crystal of a p type 

[ 21 ] in drawing 4. (It is hereafter called a Si substrate), the gate dielectric film in which 

22 consists of a SiO2 film, The gate electrode in which 23 consists of a n type 

polycrystalline silicon film (henceforth a poly Si film), the LDD diffusion layer of an 

type [ 24 ], the SiO2 film in which, as for 25, an end becomes Gate Bird's Beak, the 

sidewall which 26 becomes from a TEOS film, and 27 are n + type source drain diffusion 

layers. 

[0005]First, as shown in drawing 4 (A), after forming an element isolation layer (not 

shown) on Si substrate 21 which consists of a p type silicon single crystal which has a 

field ( 100), the SiO2 film 22 which oxidizes Si substrate 21 thermally and turns into 

gate dielectric film is formed. Then, after depositing a n type poly Si film on the SiO2 

film 22 with a CVD method, RIE is performed for a resist film (not shown) on a mask, 

and the gate electrode 23 is formed. At this time, film decrease also of the SiO2 film 22 

of a ground film is etched and carried out. Damage is produced on the surface of the 

SiO2 film 22 by an etching damage. After removing a resist film, the ion implantation of 

the arsenic is carried out for the gate electrode 23 to a mask, and n type LDD diffusion 

layer 24 is formed in the surface of Si substrate 21. 

[0006]Next, if Si substrate 21 is again oxidized therma1ly and the SiO2 film 25 is 

formed on LDD diffusion layer 24 as shown in drawing 4 (B), Gate Bird's Beak will be 

formed in the edge lower part of the gate electrode 23. If it does in this way, the SiO2 

film 22 which carried out film decrease by etching wil1 be reoxidated, and it will change 
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to the thick SiO2 film 25. Damage to the surface of the SiO2 film 22 is also recovered by 

reoxidation. Therefore, the poor resisting pressure of gate dielectric film and reliability 

degradation can be controlled. 

[0007]Next, after depositing a TEOS film so that the gate electrode 23 top may be 

covered with a CVD method as shown in drawing 4 (C), RIE is performed to this TEOS 

film and the sidewall 26 is formed in the side attachment wall of the gate electrode 23. 

[0008]Next, as shown in drawing 4 (D), the ion implantation of the arsenic is carried out 

for the gate electrode 23 and the sidewall 26 to a mask, and the n + type source drain 

diffusion layer 27 is formed in the surface of Si substrate 21. Finally, although use 

well-known technology and it is not illustrated, an interlayer insulation film, a contact 

hole, and metallic wiring are formed one by one on Si substrate 21, and the 

conventional MOSFET is completed. 

[0009]As mentioned above, by forming Gate Bird's Beak, the increase in gate leakage 

current was controlled and MOSFET which poor resisting pressure and reliability 

degradation do not generate is realized. 

[0010] 

[Problem to be solved by the invention]However, although the conventional 

composition could be applied to MOSFET which used the SiO2 film, it was not able to 

be applied to MOSFET using the high dielectric gate dielectric film which consists of a 

ZrO2 film etc. from the following Reasons. 

[001 lJin the oxidation process which forms Gate Bird's Beak, oxidation seeds (oxygen 

etc.) infiltrate into an interface with a ZrO2 film or a Si substrate from the edge lower 

part of a gate electrode, the inside of a film and an interface are diffused further, the Si 

substrate under a gate electrode is oxidized, and a thin SiO2 film is formed. By this, 

since gate dielectric film turns into a cascade screen of a Zr02 film and a thin SiO2 film 

substantially, the specific inductive capacity of the whole gate dielectric film will fall 

compared with a Zr02 film from the first. For example, if Gate Bird's Beak is formed 

after specific inductive capacity forms the Zr02 film whose thickness is 5.0 nm by 

15-20, the thin SiO2 film whose thickness specific inductive capacity is 0.2-0.3 nm in 
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3.9 will be formed in an interface. In this case, the specific inductive capacity of the 

whole gate dielectric film is 13-17, and thickness is set to 5.2-5.3 nm. That is, although 

the increase in thickness of the whole gate dielectric film is only about 5%, since 

specific inductive capacity falls about 14%, the current capability of MOSFET declines 

substantially as a result. Since a SiO2 film thick in the shape of a wedge is formed in the 

edge lower part of a gate electrode, effectual gate length changes and the threshold 

voltage of MOSFET is changed. Thus, when Gate Bird's Beak was formed in MOSFET 

using high dielectric gate dielectric film, there was a problem of deteriorating or 

changing the electrical property of MOSFET. 

[0012]If heat treatment in atmosphere and the deposition of an insulator layer 

containing oxidation or oxygen gas are performed after forming a gate electrode even 

when not forming Gate Bird's Beak, Like the case where Gate Bird's Beak is formed, 

since an ultra-thin SiO2 film is formed in Si interface, the specific inductive capacity of 

the whole gate dielectric film will fall. Therefore, there was a problem that the electrical 

property of MOSFET using high dielectric gate dielectric film deteriorated also in this 

case. 

[0013]This invention was made in view of the above-mentioned problem, and is ****. 

The purpose is to provide a semiconductor device which controlled the poor resisting 

pressure of gate dielectric film, and reliability degradation, and prevented decline in 

high specific inductive capacity, and a manufacturing method for the same. 

[0014] 

[Means for solving problem]In order that this invention may attain the above-mentioned 

purpose, the semiconductor device of this invention is characterized by that the 

semiconductor device which functions as an MOSFET comprises: 

Gate dielectric film which consists of a high dielectric film formed on the 

semiconductor substrate. 

The gate electrode which consists of a conductive film formed on gate dielectric film. 

The 1st sidewall that consists of a dielectric film formed in the side attachment wall of a 
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gate electrode. 

The 2nd sidewall that consists of an oxidation-resistant film formed so that the 1st 

sidewall might be covered. 

[0015]By this composition, the poor resisting pressure and reliability degradation by the 

film decrease and damage to high dielectric gate dielectric film can be controlled. Since 

an ultra-thin SiO2 film is not formed in Si interface at a next process, decline in the high 

specific inductive capacity of high dielectric gate dielectric film can be prevented. 

[0016]As for the upper part of the 1st sidewall, in the above-mentioned semiconductor 

device, it is prefe1Ted that it is lower than the height of a gate electrode. 

[0017]In the above-mentioned semiconductor device, it is preferred that gate dielectric 

film and the I st sidewall consist of the same dielectric film. 

[0018]In the above-mentioned semiconductor device, it is preferred to have had further 

the cap film which consists of an oxidation-resistant film formed on the gate electrode. 

[0019]As for this invention, the manufacturing method of the semiconductor device of 

this invention is characterized by that the manufacturing method of the semiconductor 

device which functions as an MOSFET comprises the following again. 

The process of forming the gate dielectric film which consists of high dielectric films on 

a semiconductor substrate (a). 

The process (b) of forming the gate electrode which consists of conductive films on gate 

dielectric film. 

The process ( c) of forming the 1st sidewall that becomes a side attachment wall of a 

gate electrode from a dielectric film. 

The process (d) of forming the 2nd sidewall that consists of an oxidation-resistant film 

so that the 1st sidewall may be covered. 

[0020]By this composition, the poor resisting pressure and reliability degradation by the 

film decrease and damage to high dielectric gate dielectric film can be controlled. Since 

an ultra-thin SiO2 film is not formed in Si interface at a next process, decline in the high 
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specific inductive capacity of high dielectric gate dielectric film can be prevented. 

[0021]As for the upper part of the 1st sidewall, in the manufacturing method of the 

above-mentioned semiconductor device, it is preferred to form so that it may become 

lower than the height of a gate electrode. 

[0022]ln the manufacturing method of the above-mentioned semiconductor device, it is 

preferred that gate dielectric film and the 1st sidewall consist of the same dielectric film. 

[0023]As for this invention, the manufacturing method of the semiconductor device of 

this invention is characterized by that the manufacturing method of the semiconductor 

device which functions as an MOSFET comprises the following further. 

The process of forming the gate dielectric film which consists of high dielectric films on 

a semiconductor substrate (a). 

The process (b) of depositing a conductive film and an oxidation-resistant film one by 

one on gate dielectric film. 

The process (c) of providing an etching mask, etching an oxidation-resistant film and a 

conductive film one by one, and forming a cap film and a gate electrode on an 

oxidation-resistant film. 

The process (d) of forming the 1st sidewall that becomes only a side attachment wall of 

a gate electrode from a dielectric film, and the process of forming the 2nd sidewall that 

consists of an oxidation-resistant film so that the 1st sidewall may be covered (e). 

[0024]By this composition, the poor resisting pressure and reliability degradation by the 

film decrease and damage to high dielectric gate dielectric film can be controlled. Since 

an ultra-thin SiO2 film is not formed in Si interface at a next process, decline in the high 

specific inductive capacity of high dielectric gate dielectric film can be prevented. 

[0025]As for the upper part of the 2nd sidewall, in the manufacturing method of the 

above-mentioned semiconductor device, it is preferred to have combined with the side 

attachment wall of a cap film. 

[0026]In the manufacturing method of the above-mentioned semiconductor device, it is 

preferred that gate dielectric film and the 1st sidewall consist of the same dielectric film. 
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[0027] 

[Mode for carrying out the invention](A 1st embodiment) A 1st embodiment of this 

invention is described hereafter, referring to Drawings. Drawing 1 is a sectional view 

showing the manufacturing process of the semiconductor device which functions as a n 

type MOSFET concerning a 1st embodiment of this invention. 

[0028]The high dielectric gate dielectric film in which the Si substrate of a p type [ 1 ] 

and 2 consist of a Zr02 film in drawing 1, The gate electrode which consists of a poly Si 

film of an type [ 3 ], the LDD diffusion layer of an type [ 4 ], the 1st sidewall which 5 

becomes from a ZrO2 film (insulator layer), and 6 are silicon nitride films (it is an 

oxidation-resistant film and). The 2nd sidewall that consists of calling it an Si)N4 film 

below, and 7 are n+ type source drain diffusion layers. 

[0029]First, as shown in drawing 1 (A), after forming an element isolation layer (not 

shown) on Si substrate 1 which has a field (100), Reactive sputtering is performed to the 

metal target which consists of Zr in the atmosphere of the mixed gas of argon gas and 

oxygen gas, and the ZrO2 film 2 which turns into high dielectric gate dielectric film is 

formed by about 5-nm thickness on Si substrate 1. Then, after depositing a n type poly 

Si film in about 200-300-nm thickness on the ZrO2 film 2 with a CVD method, RIE is 

performed for a resist film (not shown) on a mask, and the gate electrode 3 is formed on 

the ZrO2 film 2. At this time, film decrease also of the ZrO2 film 2 of a ground film is 

etched and carried out like a conventional example. Damage is produced on the surface 

of the ZrO2 film 2 by an etching damage. After removing a resist film, the ion 

implantation of the arsenic is carried out for the gate electrode 3 to a mask, and n type 

LDD diffusion layer 4 is formed in the surface of Si substrate 1. 

[0030]The ZrO2 film which turns into an insulator layer so that reactive sputtering may 

be performed and the gate electrode 3 top may be covered like the above, as shown in 

drawing 1 (B) Next, after [ for example,] depositing in about 20-100-nm thickness, The 

1st sidewall 5 that performs RIE to this ZrO2 film, and becomes the side of the gate 

electrode 3 from a ZrO2 film is formed. At this time, the ZrO2 film 2 of a ground film is 

also etched simultaneously, and is removed altogether. If it does in this way, since a 
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ZrO2 film accumulates again on the ZrO2 film 2 which carried out film decrease by 

etching, film decrease will be canceled in the edge lower part of the gate electrode 3. 

Damage to the surface of the ZrO2 film 2 is also recovered by redeposition. Therefore, 

the poor resisting pressure of high dielectric gate dielectric film and reliability 

degradation can be controlled like the conventional example in which Gate Bird's Beak 

was formed. 

[0031 ]As shown in drawing l (C), the ShN4 film which turns into an oxidation-resistant 

film so that the gate electrode 3 top may be covered with a CVD method Next, after 

[ for example,] depositing in about 50-200-nm thickness, The 2nd sidewall 6 is formed 

so that the 1st sidewall 5 that performed RIE to this Si3N4 film, and was provided in the 

side attachment wall of the gate electrode 3 may be covered. Since the side attachment 

wall of the gate electrode 3 is covered by the 2nd sidewall 6 that consists of an SbN4 

film if it does in this way, even if it performs heat treatment in atmosphere and the 

deposition of an insulator layer containing oxidation or oxygen gas after this process, an 

ultra-thin SiO2 film is not formed in Si interface. Therefore, the decline in the high 

specific inductive capacity by formation of an ultra-thin SiO2 film which becomes with 

a problem in the case of high dielectric gate dielectric film can be prevented. 

[0032]Next, as shown in drawing 1 (D), the ion implantation of the arsenic is carried out 

for the gate electrode 3, the 1st sidewall 5, and the 2nd sidewall 6 to a mask, and then+ 

type source drain diffusion layer 7 is formed in the surface of Si substrate 1. Finally, 

although use well-known technology and it is not illustrated, an interlayer insulation 

film, a contact hole, and metallic wiring are formed one by one on Si substrate I, and 

MOSFET of a 1st embodiment is completed. 

[0033]As mentioned above, since according to a 1st embodiment the 1st sidewall that 

becomes the side attachment wall from a Zr02 film is formed after forming the gate 

electrode 3, the poor resisting pressure and reliability degradation by the film decrease 

and damage to high dielectric gate dielectric film can be controlled. Since the 2nd 

sidewall 6 that consists of an SbN4 film is formed so that the 1st sidewall 5 may be 

covered, an ultra-thin SiO2 film is not formed in Si interface at a next process. That is, 
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decline in the high specific inductive capacity of high dielectric gate dielectric film can 

be prevented. Therefore, a semiconductor device which functions as an MOSFET which 

controlled the poor resisting pressure of high dielectric gate dielectric film and 

reliability degradation, and prevented decline in high specific inductive capacity, and a 

manufacturing method for the same are realizable. 

[0034](Modification of a 1st embodiment) The modification of a 1st embodiment is 

explained hereafter, referring to Drawings. Drawing 2 is a sectional view showing the 

manufacturing process of n type MOSFET concerning the modification of a 1st 

embodiment. Although the component of drawing 2 is the same as drawing 1, the form 

of the 1st sidewall 5 and the 2nd sidewall 6 differs. 

[0035]First, after depositing the ZrO2 film which turns into an insulator layer so that the 

gate electrode 3 top may be covered as shown in drawing 2 (B ), the 1st sidewall 5 that 

performs RIE to this Zr02 film, and becomes the side of the gate electrode 3 from a 

ZrO2 film is formed. Here, unlike the form of drawing l (B), predetermined 

over-etching is performed, and it forms so that the upper part of the 1st sidewall 5 may 

become lower about at least 50 nm than the height of the gate electrode 3. Also in this 

case, the film decrease and damage to the ZrO2 film 2 are also improved by the 

redeposition of a ZrO2 film in the edge lower part of the gate electrode 3 like drawing 1 

(B). Therefore, the poor resisting pressure of high dielectric gate dielectric film and 

reliability degradation can be controlled. 

(0036]After depositing the ShN4 film which turns into an oxidation-resistant film so 

that the gate electrode 3 top may be covered as shown in drawing 2 (C), the 2nd 

sidewall 6 is formed so that the I st sidewall 5 that performed RIE to this ShN4 film, and 

was provided in the side attachment wall of the gate electrode 3 may be covered. Also 

in this case, unlike the form of drawing l (C), the upper part of the 2nd sidewall 6 is 

formed thickly, and only the part in which the upper part of the 1st sidewall 5 is lower 

than the height of the gate electrode 3 becomes a thickness of about at least 50 nm. Even 

if it performs heat treatment in atmosphere and the deposition of an insulator layer 

which contain oxidation or oxygen gas after this process like drawing 1 (C) also in this 
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case, an ultra-thin SiO2 film is not formed in Si interface. Therefore, the decline in the 

high specific inductive capacity by formation of an ultra-thin SiO2 film which becomes 

with a problem in the case of high dielectric gate dielectric film can be prevented. 

[0037]As mentioned above, since according to the modification of a 1st embodiment the 

same effect as a 1st embodiment is acquired and also the upper part of the 1st sidewall 5 

is still lower than the height of the gate electrode 3, the upper part of the 2nd sidewall 6 

is thickly formed compared with the case of a 1st embodiment. For this reason, even if 

the formation process of a sidewall varies, the side attachment wall of the gate electrode 

3 can be certainly covered by the 2nd sidewall that consists of an oxidation-resistant 

film. Therefore, since an ultra-thin SiO2 film is not formed in Si interface at a next 

process, decline in the high specific inductive capacity of high dielectric gate dielectric 

film can be certainly prevented rather than a 1st embodiment. 

[0038](A 2nd embodiment) A 2nd embodiment of this invention is described hereafter, 

referring to Drawings. Drawing 3 is a sectional view showing the manufacturing 

process of the semiconductor device which functions as a n type MOSFET concerning a 

2nd embodiment of this invention. 

[0039]The high dielectric gate dielectric film in which the Si substrate of a p type [ 11 ] 

and 12 consist of a ZrO2 film in drawing 3, The gate electrode which consists of a poly 

Si film of a n type [ 13 ], the LDD diffusion layer of a n type [ 14 ], The 1st sidewall 

which 15 becomes from a Zr02 film (insulator layer), the 2nd sidewall which 16 

becomes from an Si3N4 film ( oxidation-resistant film), and 17 are an n + type source 

drain diffusion layer and a cap film in which 18 consists of an ShN4 film 

( oxidation-resistant film). 

[0040]First, as shown in drawing 3 (A), after forming an element isolation layer (not 

shown) on Si substrate 11 which has a field (100), Reactive sputtering is performed to 

the metal target which consists of Zr in the atmosphere of the mixed gas of argon gas 

and oxygen gas, and the ZrO2 film 12 which turns into high dielectric gate dielectric 

film is formed by about 5-nm thickness on Si substrate 11. Then, an type poly Si film is 

deposited in about 200-300-nm thickness on the ZrO2 film 12 with a CVD method, The 
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Si3N4 film which turns into an oxidation-resistant film Then, after [ for example, ] 

depositing in about 50-100-nm thickness, The cap film 18 which consists of the gate 

electrode 13 and ShN4 film which perform RIE on a mask and become it from a n type 

poly Si film on the ZrO2 film 12 about a resist film (not shown) is formed. At this time, 

film decrease also of the ZrO2 film 12 of a ground film is etched and carried out. 

Damage is produced on the surface of the ZrO2 film 12 by an etching damage. After 

removing a resist film, the ion implantation of the arsenic is carried out for the gate 

electrode 13 to a mask, and n type LDD diffusion layer 14 is formed in the surface of Si 

substrate 11. 

[0041]The ZrO2 film which turns into an insulator layer so that reactive sputtering may 

be performed and the gate electrode 13 and cap film 18 top may be covered like the 

above, as shown in drawing 3 (B) Next, after [ for example, ] depositing in about 

20-100-nm thickness, The 1st sidewall 15 that performs RIE to this ZrO2 film, and 

becomes only the side of the gate electrode 13 from a ZrO2 film is formed. At this time, 

the ZrO2 film 12 of a ground film is also etched simultaneously, and is removed 

altogether. If it does in this way, since a ZrO2 film accumulates again on the ZrO2 film 

12 which carried out film decrease by etching, film decrease will be canceled in the 

edge lower part of the gate electrode 13. Damage to the surface of the ZrO2 film 12 is 

also recovered by redeposition. Therefore, the poor resisting pressure of high dielectric 

gate dielectric film and reliability degradation can be controlled like the conventional 

example in which Gate Bird's Beak was formed. 

[0042]As shown in drawing 3 (C), the ShN4 film which turns into an oxidation-resistant 

film so that the gate electrode 13 top may be covered with a CVD method Next, after 

[ for example, ] depositing in about 50-200-nm thickness, The 2nd sidewall 16 is 

formed so that the 1st sidewall 15 that performed RIE to this ShN4 film, and was 

provided in the side attachment wall of the gate electrode 13 may be covered. Since the 

side attachment wall of the gate electrode 13 is covered by the 2nd sidewall 16 that 

consists of an ShN4 film if it does in this way, even if it performs heat treatment in 

atmosphere and the deposition of an insulator layer containing oxidation or oxygen gas 
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after this process, an ultra-thin SiO2 film is not formed in Si interface. Since diffusion of 

the oxidation seed which led the grain boundary of the poly Si film which constitutes 

the gate electrode 13 since it was covered with the cap film 18 in which the upper 

surface of the gate electrode 13 also consists of an ShN4 film is prevented, an ultra-thin 

SiO2 film is not formed in Si interface. Therefore, the decline in the high specific 

inductive capacity by formation of an ultra-thin SiO2 film which becomes with a 

problem in the case of high dielectric gate dielectric film can be prevented. 

[0043]Next, as shown in drawing 3 (D), the ion implantation of the arsenic is carried out 

for the gate electrode 13, the cap film 18, the 1st sidewall 15, and the 2nd sidewall 16 to 

a mask, and the n + type source drain diffusion layer 17 is formed in the surface of Si 

substrate 11. Finally, although use well-known technology and it is not illustrated, an 

interlayer insulation film, a contact hole, and metallic wiring are formed one by one on 

Si substrate 11, and MOSFET of a 2nd embodiment is completed. 

[0044]As mentioned above, since according to a 2nd embodiment the 1st sidewall that 

becomes the side attachment wall from a ZrO2 film is formed after forming the gate 

electrode 13, the poor resisting pressure and reliability degradation by the film decrease 

and damage to high dielectric gate dielectric film can be controlled. Since the cap film 

18 which consists of an Si3N4 film, and the 2nd sidewall 16 that consists of an S13N4 

film so that the 1st sidewall 15 may be covered are formed so that the gate electrode 13 

may be covered, An ultra-thin SiO2 film is not formed in Si interface at a next process. 

That is, decline in the high specific inductive capacity of high dielectric gate dielectric 

film can be prevented. Therefore, a semiconductor device which functions as an 

MOSFET which controlled the poor resisting pressure of high dielectric gate dielectric 

film and reliability degradation, and prevented decline in high specific inductive 

capacity, and a manufacturing method for the same are realizable. 

[0045]1n the 1st - a 2nd embodiment, although the Zr02 film was used and explained to 

high dielectric gate dielectric film, even if it replaces with this and uses other high 

dielectric films, for example, a HfO2 film, a Ta2O 5 film, or an aluminum2O3 film, it 

cannot be overemphasized that the effect of this invention is acquired. Even if it uses the 
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silicate film which turns into high dielectric gate dielectric film from 3 element system 

compounds of a high dielectric and silicon, the effect of this invention is acquired. 

[0046]Although formed by performing reactive sputtering [ film / which turns into high 

dielectric gate dielectric film/ ZrO2 ] using Zr target, it may replace with this and may 

form by performing sputtering using a ZrO2 target. Or it may form by performing CVD 

using liquid sources, such as organic compound of Zr, for example, C 16H26HfO4, and 

C 16H40N4Zr. 

[0047]Although explained to the I st sidewall using the same ZrO2 film as high 

dielectric gate dielectric film, even if it replaces with this and uses other dielectric films, 

for example, TEOS film, BPSG films, or SiON films, the effect of this invention is 

acquired. 

[0048]Although the poly Si film was used and explained to the gate electrode, even if it 

replaces with this and uses a metal gate or silicide gates, such as other conductive films, 

for example, W film, a TiN film, and a WSh film, the effect of this invention is 

acquired. Or even if it uses polymetal gates, such as W/TiN / poly Si film, TiSi2 / poly 

Si film, the effect of this invention is acquired. 

[0049] 

[Effect of the Invention]As explained above, since according to a semiconductor device 

of this invention, and a manufacturing method for the same the 1st sidewall that 

becomes the side attachment wall from a dielectric film is formed after forming a gate 

electrode, the poor resisting pressure and reliability degradation by the film decrease 

and damage to high dielectric gate dielectric film can be controlled. Since the 2nd 

sidewall that consists of an oxidation-resistant film is formed so that the 1st sidewall 

may be covered, an ultra-thin SiO2 film is not formed in Si interface at a next process. 

That is, decline in the high specific inductive capacity of high dielectric gate dielectric 

film can be prevented. Therefore, a semiconductor device which functions as an 

MOSFET which controlled the poor resisting pressure of high dielectric gate dielectric 

film and reliability degradation, and prevented decline in high specific inductive 

capacity, and a manufacturing method for the same are realizable. 
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[Brief Description of the Drawings] 

[Drawing ll(A) - (D) is a sectional view showing the manufacturing process of n type 

MOSFET in a 1st embodiment of this invention. 

(Drawing 2](A) - (D) is a sectional view showing the manufacturing process of n type 

MOSFET in the modification of a 1st embodiment of this invention. 

[Drawing 3](A) - (D) is a sectional view showing the manufacturing process of n type 

MOSFET in a 2nd embodiment of this invention. 

[Drawing 4](A) - (D) is a sectional view showing the manufacturing process of the n 

type conventional MOSFET. 

[Explanations of letters or numerals] 

1, the Si substrate of 11 p types 

High dielectric gate dielectric film which consists of a 2 and 12 ZrO2 film 

The gate electrode which consists of 3 and a poly Si film of 13 n types 

4, the LDD diffusion layer of 14 n types 

The 1st sidewall that consists of 5 and a 15 ZrO2 film (insulator layer) 

The 2nd sidewall that consists of 6 and a 16 ShN4 film (oxidation-resistant film) 

A 7 and 17 n + type source drain diffusion layer 

18 The cap film which consists of an ShN4 film (oxidation-resistant film) 
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Docket No.: 085393-0499 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Junji HIRASE, et al. 

Application No.: 13/037,831 

Filed: March 01, 2011 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation Number: 7641 

Group Art Unit: 2892 

Examiner: LUU, CHUONG A. 

INFORMATION DISCLOSURE STATEMENT 

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

Dear Sir: 

PATENT 

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the 

Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-

1449. It is respectfully requested that the documents be expressly considered during the prosecution 

of this application, and that the documents be made of record therein and appear among the 

"References Cited" on any patent to issue therefrom. 

This Information Disclosure Statement is being filed more than three months after the U.S. 

filing date and after the mailing date of the first Office Action on the merits, but before the mailing 

date of a Final Rejection or Notice of Allowance. 
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13/037,831 

CERTIFICATION PARA GRAPH 

The undersigned certifies that each item of information contained in this Information 

Disclosure Statement was first cited in any communication from a foreign patent office in any 

counterpart foreign application not more than three months prior to the filing of this Information 

Disclosure Statement as described in 37 CFR 1.97(e)(l). 

Please charge any shortage in fees due in connection with the filing of this paper, 

including extension of time 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:kaw 
Facsimile: 202.756.8087 
Date: January 6, 2012 

RespecefuR/ submitted, 

McDJ//: W,ILVS' EMERY LLP 

. / /{/. /{_// 
/Mi~hael E. Fogarty/ 
'Registration ljo. 3/), 139 

! 

Please recogniz/ our Customer No. 53080 
as our correspondence address. 

2 
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13/037,831 03/01/2011 

53080 7590 01/12/2012 

MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, NW 
WASHINGTON, DC 20005-3096 

FIRST NAMED INVENTOR 

Junji HIRASE 

UNITED STA TES 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. 

085393-0499 7641 

EXAMINER 

LUU, CHUONG A 

ART UNIT PAPER NUMBER 

2892 

NOTIFICATION DATE DELIVERY MODE 

01/12/2012 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

mweipdocket@mwe.com 

PTOL-90A (Rev. 04/07) 
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Office Action Summary 

Application No. 

13/037,831 

Examiner 

CHUONG 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, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
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 )IZI Responsive to communication(s) filed on 17 November 2011. 

2a)IZI This action is FINAL. 2b)O This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)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 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 21-42 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)1Zl Claim(s) 21-42 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

10)0 The specification is objected to by the Examiner. 

11 )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). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

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. 

Attachment{s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 10/27/2011. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20111129 
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Application/Control Number: 13/037,831 

Art Unit: 2892 

Page 2 

DETAILED ACTION 

REJECTIONS BASED UPON PRIOR ARTS 

Statutory Basis 

Claim Rejections - 35 USC § 102 

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 a semiconductor device with 

(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); 

an insulating sidewall (106) formed on each side surface of the gate electrode 

(103), 
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wherein the high dielectric constant gate insulating film (102-oxide) is 

Page 3 

continuously formed so as to extend from under the gate electrode (103) to under the 

insulating sidewall (106), and 

at least 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 Figure 5B); 

102 
101 

108 
l 

F:!G.5B 

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 
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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 
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dielectric constant gate insulating film (102-oxide) located under the gate electrode 

(103) (see Figures 9A and 9C). 

Response to Arguments 

Applicant's arguments filed on November 17, 2011 have been fully considered 

but they are not persuasive. Applicant argues that Heidi does not disclose or suggest 

that "an end of the high dielectric constant gate insulating film under the insulating 

sidewall is located at a predetermined distance from an outer end of the insulating 

sidewall toward the gate electrode". This assertion is respectfully traversed. This 

element can be seen in Figure 5B of Heidi's reference. The insulating sidewall (106) is 

over at one end of the gate insulating film. 

108 105 

FIG. SB 

In view of the foregoing, it is believed that the rejections of claim 21 under 35 

USC 102 is proper. 
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Also, two (2) references are submitted on November 17, 2011 could be applied 

to reject the independent claim 21 under USC 102. However, it will be overcame by 

adding claim 22 into claim 21. This request is respectfully recomended. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHUONG LUU whose telephone number is (571 )272-

1902. The examiner can normally be reached on M-F (6:30-3:00). 

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. 
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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 
November 29, 2011 
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IN THE SPECIFICATION: 

Please amend the following paragraph on page 1 of the specification as follows: 

-- RELATED APPLICATIONS 

This application is a Divisional of U.S. Patent Application No. 12/505,799, filed on July 

20, 2009, which is now U.S. Patent No. 7,923,764, which is a Divisional of U.S. Patent 

Application No. 11/491,260, filed on July 24, 2006, now U.S. Patent 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. --

It's OK to enter. 

CAL 
11/29/2011 

- 2 -
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I S143 19 i (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) near (high US-FGPUB;! OR ON i 2010/12/04! 
i i adj dielectric adj constant)) and overlap$4 USPAT; i l 20:38 i 
I i USJCR; i i ! 
i i FPRS· i i ! l : .' . ; : 
i i EFD, JFD, i i 
i i DERWENT;! i 
i i IBM TDB i i 
\ \ \ I 

i[s;·;_;·r 3) ...... ! gate and ( (gate adj ( oxide or insulat$4 or di~ectric)I near ( notch$4 or undercut$41 I i II& FGRIIB;□R riiJ !,....20'""""1·0 ..... 11·2 ..... ·10"""4!
1 

i ! ! i USPAT; ! ! i 20:38 ! 
i ! i iurocR i ! i ! 
i,,,,-,,-,,-,,-,,-,,-,,-,,-,,'-,,-,,-,,;,;,;,;,;,;,;,;,;,1;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,-,,,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,;,-,, ................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... 1 \ I 1 ............................................................ 1 

r45LJ3 i gate and ((gate adj (oxide or insulat$4 or dielectric)) adj (notch$4 or undercut$4)) I US-FGPUB;i□R i□N l 2010/12/04! 
i : i i USPAT· i i : 20·38 i 
i ! i iurocR i ! i • i 
~ .............................. : .................................... ~ ......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ ............................................................ : ......................................................... : ............................................. : ........................... ; 

I S146 177 (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) and (high US-FGPUB; OR 2010/12/04! 
I adj dielectric adj constant)) and overlap$4 USPAT; 20:39 ! 
i USJCR; ! 
i FPRS·, ! 
\ ' 
I ~~ ! 
i UtKvvB~I i 
! ; : I : 
~ - """""\ 
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!1s1·4'i']12··········1 I ( '6642071") or ( '692999e")) IN !IIIS'AT •10R············ .. 110Ff ....... i 2010/ 12/ 04! 
i ! i ! i i i 20·39 i i .................... • .................. ,,,,,,1,,,,,, ........................................................................................................................................................................................................................................................................................................................................................................................................................................................ 1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,',,,,,,,,,,,,,,,,,,,,,,,,,,,,' 

! S148 ! 6 ! (257/296,295,310.ccls.) and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or I US-FGPUB;! OR ! ON ! 2010/12/04! 
i ! electrode) ! USPAT; ! i i 20:39 i 
I i ~ USOCR· i i ~ i 
i i ~ FPRS· ' i i ~ i 
\ : : ' : : : : 
i i i Ef~)' JRJ" i i i i 
\ 1 \ l l \ \ I I 

i i ! DERWENT"! i i i 
! i ! I BM TDB Ii i i i 
l ....................... : ............................................................................................................................................................................................................................... : ....... - .......... : .................... : ............... : ..................... : 
![Sl49[J! (("20070228442") or ("20040171280") or ("20030207097")).PN. ! US-FGPUB;!LR irJFF ! 2010/12/04! 
i ! i ! USPAT i i i 20:40 i 
! .............................. ' .................................... 1 

...................................................... ~"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" \ """""""""""""""""""" I """"""""""""""""""" \ ......... ,.. ................................. I ............................................................ \ 

1S150 1555 hirase.inv. !US-FGPUB;!OR !ON !2010/12/04! 
! ! USPAT; i i ! 20:40 i 
i !urom i i i i 
i ; . ' : l : l 
i ! FPRS, ! i i i 
! i EFD; JFD; i i i i 
i ! DERWENT"! i i i I \ l 1 \ 1 \ 

i ! I BM TDB i i i i 
\ ,,,,,,,,,,,,,,,,,,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ > ~~~~~~~ - ~~~~~~~~~~~\ ~~~~~~~~~~~~~~~~~~~ \ ~~~'''''''''''' \ ''''''''''''''''''''' \ 

! SI 51 : 79 S150 and j unj i ! IJS. ffil'uB; ! OR !:::::::: ON ! 2010/ 12/ 04! 
I I USPAT; i : !:::, 20:41 i:::, i ! USOCR; ! 
i ! FPRS· i 
I ! EFD; IJFD; i i:,i i:,i 
i !DERWENT;! 
I : IBM TDB i 
~ ''''''''''' ,,,,,,,,,,,,,,,,, .............................................................................................................................................................................................................. ~ ...... - ...... , .... 1 ................... \ .... ,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,\ 

! S152 ! O S151 and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) adj (high adj dielectric adj US-FGPUB;i OR 2010/12/04! 
I constant)) USPAT; i 20:41 ! 
! USOCR", i i 
I ' ' 

! FPRS; i ! 
i EFD· JFD· i i 
\ l l: : 

i DERWENT;! i 
! IBM TDB i i 
I............................... - \ .............................. • 

I S153 O S151 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) US-FGPUB;! OR ON ! 2010/12/04! 
! USPAT; i i 20:41 ! 

I ~I i, 1, 

I EFD; JFD; i i i 
! DERWENT;! i, j 

: I BM_ TDB i """"""""'" ! """"""""""" 

I S154:256 sebe.inv. US- ffil'uB; ! OR !:::::::::: ON 2010/ 12/ 04! 

I i I 2041 !: 

i EFD; JFD; i 
i DERWENT;! i 
! IBM TDB i ! 
~ ........... .. .... - ........ , .. 1 .................... , ................ 1 .................... \ 

I 8155 18 S154 and akio US-FGPUB; i 2010/ 12/ 04! 
! USPAT; i 20:41 i 
1

,1 USOCR" i i ' : : 

i FPRS; i ! 
I EFD; JFD; i ! 
i DERWENT;! i 
1~----~-----~--~ =,;======================~~IB=M-=TD=B_;;;.i;; =~~~;;=--=-----~J1 I S156 O S155 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) US-FGPUB; OR ON 2010/12/04! 

I ~:; 2°411 
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! S157 18752 ! kotani. inv. US-ffiPUB; OR 2010/ 12/ 04! 

I : U9'AT 2042 I 
I I ~; ··········• 

I S158 : 236 • S157 and naoki US-ffiPUB; OR ! ON 2010/ 12/ 04! 

I it 
2042 

I::_ i DERWENT; : 
i 
! mmmn I BM TDB mmmmm,m, ' 

! S159 i o :
1

·

1

·:::::: SI 58 and ( ( (high adj dielectric adj constant) or ( lerr~ectric)) adj gale adj (layer or lilm)) and (gate or ~ectrode) i US. RJRJB;: OR :::::: ON ! 2010/ 12/ 04! 

I • I~:\ • • 1:20:42 I 

I 1~~ · : 
i I EPO; JPO; i ! 
I ' i DERWENT': ' : i 
i i i I BM TDB Ii ! i ! 
;,,,,,,,,,,111111111111,:1,11111111111111111,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,i,,,,,,,-,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,:,,,11111111111,:1,111111111111111111,: 

! s1·60·10 .......... 1 okazaki and gen and (( (high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or US-ffiPUB;i OR············ .. 1ON··········12010/12/04! 
! i electrode) USPAT; i ! ! 20:42 ! 

II, !: ::~;, I I I: 
• DERWENT;! : : 

! ! I BM TDB i i i i 
I S161"i a"""'""' aida and kazuhiko and (( (high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or U&~Pusj OR"""""""! ON""""'' 2010/12/04! 

1 
electrode) i; I 20 43 I::::: 

i EPO·, JR}, i i 
i DERWENT"i 
\ '\ 

i IBM TDB i 
\ \\\\\\\\\\\ \\ \\\ \\\\\\\\\\\\\\\\\\\\\ HHnnnnnn nnnnnnnnnn~• 

! S162 i O l takeoka and shinji and (( (high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or i US-ffiPUB;i OR !:::::::::::: ON ! 2010/12/04! 

I !1·:::::::, electrode) i USPAT; : ! 20:43 j 
1
1 

: i USOCR; i :
1 

!:, 
i FPRS; i : 

! i EPO· JPO· i : i 

! I DERWENT; i i I ! : i I BM TDB : , , , 
1 ....................... 1 .................. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,-,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,',,,, ........... 1 ..................... 1 

I 81.63 .. ] i ...... i (( (semiconductor) and (gate or electrode) and (( (gate or electrode) adj (insulat$4 or dielectric or oxide)) adj (high adj I US-ffiPUB;j O.R .............. i ON······----! 2010/12/04! 
i i dielectric adj constant)))).clm. i USPAT; i ! ! 20:43 ! 
! i iurom i ! i ! 
i, i ; '' : ; : ; , : : FPRS, : : : : 
! i i EPO· JPO· i ! i ! 
! i I DERWENT'! i i i 
! i i I BM TDB Ii ! i ! 
~ ..................................................................... \ ................................................... U'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.~ 'l.'l.'l.'l.'l.'I. -'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. I 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.: 'l.'l.'l.'I. ................................. : ............................................................ : 

i[s164 i[ ( ( ( semiconductor) and (gate or ~ectrode) and (I (gate or ~ectrode) adj (insula1$4 or di~ectric or oxide)) adj ( high adjlUS. Rlf\lB i□EJ 201 Ol 12104! 
I ......... .! ............ i dielectric adj_ constant))) ).elm .......................................................................................................................................................................... i .................... i ................... .! ............... i 20:43 ......... .! 
![S165Di (("20050127436") or ("6284630") or ("20020163039") or ("20010028086") or ("5223445")).PN. i US-ffiPUB;i□R ![]FF! 2010/12/04! 
! i i i USPAT i ! i 20:44 ! 
~ .,_.,_.,_.,_.,_.,_.,_.,_.,_.,_' .,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_ I .,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_ ................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... I ............................................................ I ......................................................... 

1 
......... .,..._.._.,_.,_.,_.,_.,_.,_.,_.,_.,_ 

1 
.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_ \ 

I S166 3 09/ 824672 US-ffiPUB; OR 201 0/ 12/ 04! 
i USPAT; 20:44 i 
! USOCR' ! 
\ I ' 

! FPRS·, ! 
\ ' 
! ~~ i 
i UtKVVti~I i 
! ; 
I I : 
~ - """""\ 
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!s16?:2 !09/848431 US-ffiPUB;!OR 2010/12/04! 

i , ~:\ I 20 44 !:::::: 
I::, I: FPRS; i : : EFQ; JRJ; i 

DERWENT;! 
I i IBM TDB : 
\ ..................................................................... \ : 'l,'l,'l,'l'l.'1.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. '1.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. 

IEJ[J l\::;~~.;:·~:1:'.~°.:1°.r(:~°.1~:9.::°.r(:2.::1~~'.'.?°.r(:~:~::i~:'.:::12.::°.r(:'.'.'.~~::i1 ~:~8.;l□rJ ~;:1~:: 
!s159:4 !10/904875 US-ffiPUB;!OR !ON !2010/12/04! 
! i USPAT; i i i 20:45 i 
i : LJCY"\CR, : i : i 
\ : ..;J,..)' : : : : 

I i FPRS; i i i i 
I i EFQ· JRJ· i i ! i 
\ 1 l l 1 \ I I 

I ! DERWENT"! i ! i 

! i I BM TDB Ii i i i 
\ 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. 1 """""""""""""""""""\ ""'"°""""""""""" 1, 'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. I 

I 8170 1928 i (257/324),CQS, US-ffiPUB;! OR 2010/12/04! 

1 : IJS'AT; i 20:46 I:::: 

I: I i~;I • 
: DERWENT"! I I l1 

I"""""' "'"''"'" i I BM TDB i mmmmm,m, • 

I S171 7 (257/296,295,310,324,410,411.ccls.) and (gate or electrode) and ( (gate or electrode) adj (insulat$4 or dielectric or oxide)) US-ffiPUB; OR ON 2010/ 12/04! 

I and ( ( (high adj dielectric adj constanl) or ( lerr~ectric)) adj gate adj I layer a lilm) I ~:: 20:46 .......... 1 

US-ffiPUB; ! OR 
USPAT; i 
USOCR; i 
FPRS· i 

I • 

EFQ; JFQ; i 

1S173 185 !:::::::::_257/e29.132.ccls. IUS-ffiPUB;!OR ION 2010/12/04! : : i USPAT; . i 20:46 i 

I IUSOCR; ! i i 
i i F00S· : i i 
\ I rn' I \ I 

i I EFQ· JFQ· i : : l : ' ': : : 
i I DERWENT;! i i 

! : i I BM JOB i i i 
i"""'"" ,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 """""'" ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

! S174 1693 257 / e29 .133. eels. US-ffiPUB; OR ON 201 0/ 12/ 04! 

I ~ 2046 I 

I IBMJDB : 
i~::;::::::,~;:.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:::::.:.:.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:::::.:.:.:.:.:::::.:.:.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:::::.:.:.:.:.:::::.:.:.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:::::.:.:.:.:.:::::.:.:.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:::::.:.:.:.:.:::::.:.:.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:::::.:.:.:.:.:::::.:.:.:.:.:.:.:.:.:~:.:::::::~::::.;::::,:::::::::;=~~~::::.:.:.:.:.:.:.:=:.:.:.:.:.::1 

l,Sl75 I00612~1e~l3700s liIR loo 1::;i1~MI 

: i DERWENT;! I ! i 
! : i I BM TDB : : : 
I I I _ 1 \ 1 

11Sl76 !fisl'l257/e29.138.ccls.i US-ffi'.UB;ifoR7!0Ni 20~0/12/04! 
! :I : i USPAT, :I !I : 20.47 i 
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S177 676 257/e29.162.ccls. 

S178 :570 257/e29.165.ccls. 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

USOCR; ii I: FPRS; i i 
ERJ; JRJ; i i 
DERWENT;! i 
IBM_TDB ! i 
US-ffiPUB;! OR ON 
USPAT" i 

I ' 

USOCR; i 
FPRS; i 
ERJ· JRJ i I I• 

DERWENT·! 
IBM TDB 

1

! 

2010/12/04! 

~47 I 

• - ... 1 .................... 1 ..................... , 

US-ffiPUB;! OR 
USPAT; i 
USOCR; i 
FPRS· i 

I ' 

ERJ; JRJ; i 
DERWENT;! 
IBM TDB i 

S179: 2 (257/ e29.132,e29.133,e29.134,e29.135,e29.136,e29.137,e29.138,e29.138,e29.162,e29.163,e29.164,e29.164,e29.165.ccls.) US-ffiPUB;i OR 2010/12/04! 
20·47 i and (gate or electrode) and ((gate or electrode) adj (insulat$4 or dielectric or oxide)) and (((high adj dielectric adj USPAT; i 

constant) or (lerroelectric)) adj gate adj (layer or lilm)) USOCR; ! 
FPRS; i 
ERJ; JRJ; i 
DERWENT;! 
IBM_TDB i I 

nnnnnnnnn~, 1 

S180 1375 (257/411).CQS. US-ffiPUB; i OR 
USPAT" i 

201 0/ 12/ 04! 

S181 ! 54 ! (257/296,295,310,324,410,411.ccls.) and (gate or electrode) and (( (high adj dielectric adj constant) or (lerroelectric)) adj 
• (gate or electrode) adj ( dielectric or oxide or insulat$4)) 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

S182: 48 

S183 111 

(257/296,295,310,324,410,411.ccls.) and (gate or electrode) and ( ( (high adj dielectric adj constant) or ( lerroelectric)) adj 
(gate or electrode) adj ( dielectric or oxide or insulat$4)) and @ad<= "20050805" 

("257"/$.ccls.) and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj 
( dielectric or oxide or insulat$4)) and @ad<= "20050805" 

I ' 

USOCR; i 
FPRS; i 
ERJ· JRJ· i 

I I• 

DERWENT;! 
IBM TDB i 

20~ I 

• - ... 1 .................... 1 """"""' ,,,,,,,,,,,,,,,,,,,,,\ 

US-ffil'uB; ! OR !::::: ON 201 0/ 12/ 04j 

i I • 

20

~ I: 

ERJ; JRJ; i : 
DERWENT;! 
IBM TDB ! i 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1, ,,,,,,,,,,,,,,,,,,,,1 

US-ffiPUB; i OR 
USPAT; i 
USOCR" i 

I ' 

FPRS; i 

!ON 201 0/ 12/ 04! 

20~ I 

ERJ; JRJ; i 
DERWENT;! 
IBM TDB i 

n ~n nnnnnnnnnn1 """""'""" \\\\\\\\\\\\\\\\\\\\\\ 

US-ffiPUB; i OR 
USPAT· i 

I ' 

USOCR; i 
FPRS; i 
ERJ; JRJ; i 
DERWENT;! 
IBM TDB i 

201 0/ 12/ 04! 

20~ I 

• .. ...1 .................... 1 ..•••••••••••••••••••••••••••••••• , 

S184 23 (257/ e29.132,e29.133,e29.134,e29.135,e29.136,e29.137,e29.138,e29.138,e29.162,e29.163,e29.164,e29.164,e29.165.ccls.) US-ffiPUB;! OR 
and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj (dielectric or USPAT; • 

ON 

oxide or insulat$4)) and @ad<= "20050805" USOCR; i 
FPRS; i 
ERJ; JRJ; i 
DERWENT;! 

20:48 
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I S185 102 (257/e$.ccls.) and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj US-ffiPUB;! OR 2010/12/04! 

I ( dielectric or oxide or inrulat$4)) and @arb "20050805" :fi; I 20:49 I:::: 

i EFO; JFO; i : 
i DERWENT"! l ,1 

1........... IBMJDB ! ..................... , 

i S186 : 32 i (" 438" /$.eds.) and (gate or electrode) and ( ( (high adj di~ectric adj constant) or ( lerr~ectric)) adj (gate or electrode) adj i US-ffiPUB;i OR ;:::::::::: ON ! 2010/ 12/ 04i I ! (dielectric or oxide or insulat$4)) and @ad<= "20050805" ! USPAT; : i 20:49 ! 
1 • iusom, i :. ! l I I ' 

I, i FPRS; i i, i 
i EFO· JFO· i • 

i \ ' ': : ; 
i ! DERWENT;! l i 
I : i I BM TDB : ' ' ' 
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Docket No.: 085393-0499 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Junji HIRASE, et al. 

Application No.: 13/03 7,831 

Filed: March 1, 2011 

For: SEMICONDUCTOR DEVICE 

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

Sir: 

Customer Number: 53080 

Confirmation Number: 7641 

Group Art Unit: 2892 

Examiner: Chuong A. LUU 

RESPONSE 

PATENT 

In response to the Office Action dated January 12, 2012 having a shortened statutory 

period of response set to expire on April 12, 2012, Applicants respectfully request 

reconsideration of the pending rejection for the reasons set forth below. 

- 1 -
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REMARKS 

I. Introduction 

In response to the pending Office Action, Applicants respectfully submit that the pending 

claims are patentable over the cited prior art reference for at least the reasons below. 

II. The Rejection 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. 

As noted in Applicants' previous response, claim 21 recites that 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 that an end of the high dielectric constant gate 

insulating film under the insulating sidewall is located at a predetermined distance from an 

outer end of the insulating sidewall toward the gate electrode. Thus, as recited by claim 21, the 

high dielectric constant gate insulating film does not extend so as to reach the outer end of the 

insulating sidewall. 

For example, referring to the exemplary embodiments shown in Figs. 6 and 10, the high 

dielectric constant gate insulating film 4a extends under both the gate electrode 5 and the first 

insulating sidewalls 7, however, the high dielectric constant gate insulating film 4a is not 

disposed underneath the outer ends of the insulating sidewalls 7. As noted, for example, in 

paragraph [0058] of the published application (USP Pub. No. 2011/0147857), a portion of the 

high dielectric constant gate insulating film 4a is removed beneath the outer ends of the 

insulating sidewalls 7. 

- 2 -
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Turning to the pending rejection and the cited prior art reference, 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 of Hieda, 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. 5A-5C and 9A-9C of Hieda, these figures illustrate the steps of the 

manufacturing process for manufacturing a transistor structure shown in Figs. 14A-14C. Figs. 

5A-5C and 9A-9C DO NOT illustrate the final structure of a complete semiconductor device. 

Referring to 14B of Hieda 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 DO 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. As shown in Fig. 14C, the gate insulating film 

115 clearly does not extend under the silicon oxide film 106. Thus, at a minimum, Hieda does 

not disclose this element of claim 21. 

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" 

- 3 -
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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. 

Thus, for all of the foregoing reasons, it is clear that Hieda does not disclose each of the 

elements recited by claim 21. 

Moreover, even assuming that it was proper to rely on Figs. 5A-5C of Hieda to formulate 

the pending rejection (which it clearly is not), first, it is again noted that the pending rejection 

addresses the thickness of the gate insulating film 102 located under the alleged sidewall 106 

relative to thickness of the gate insulating film 102 under gate electrode 103. Importantly, 

however, claim 21 does not recite any limitations directed to the thickness of the gate insulating 

film. 

Second, the "1st end" of Heidi identified in page 5 of the Office Action clearly does not 

correspond to the recited "end of the gate insulating film". More specifically, the change in 

thickness of the gate insulating film cannot be considered "an end" of the gate insulating 

film. Indeed, even if it were considered an "end", the change in thickness occurs inside of 

the insulating sidewall 106. In other words, the portion having a change of thickness in the 

gate insulating film 102 in Heidi does not occur under the end of the insulating sidewall. 

Thus, such an interpretation of Heidi still does not result in a device in which the high 

dielectric constant gate insulating film 102 extends under both the gate electrode 103 and 

the first insulating sidewalls 106. 

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 

-4-
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skill in the art. Helifix 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. 

III. 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. 

- 5 -
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IV. 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 of time 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, 

including extension of time 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: 
Facsimile: 202.756.8087 
Date: March 27, 2012 

DM_US 32838700-1085393.0499 

Respeptfupy submitted, 
§ ~: 

,f ! 
M¢DERU6IT \"WLL & EMERY LLP 

Please recognize our Customer No. 53080 
as our ~orJfespondence address. 
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NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION 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 Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: 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 assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

53080 7590 04/13/2012 

MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, NW 
WASHINGTON, DC 20005-3096 

APPLICATION NO. FILING DATE 

13/037,831 03/01/2011 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

LUU, CHUONG A 2898 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Junji HIRASE 085393-0499 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

257-295000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$2040 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

7641 

DATE DUE 

07/13/2012 

(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. 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (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) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/037,831 03/01/2011 

53080 7590 04/13/2012 

MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, NW 
WASHINGTON, DC 20005-3096 

FIRST NAMED INVENTOR 

Junji HIRASE 

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. 

085393-0499 7641 

EXAMINER 

LUU, CHUONG A 

ART UNIT PAPER NUMBER 

2898 

DATE MAILED: 04/13/2012 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be O day(s). 

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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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b )(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom 
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of 
records may be disclosed to the Department of Justice to determine whether disclosure of these 
records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel 
in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 
U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy 
Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as part of 
that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance 
with the GSA regulations governing inspection of records for this purpose, and any other relevant 
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 1.14, as a 
routine use, to the public if the record was filed in an application which became abandoned or in 
which the proceedings were terminated and which application is referenced by either a published 
application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 

Page 224 of 245 UMC 1002
UMC v. AICP



Notice of Allowability 

Application No. 

13/037,831 
Examiner 

CHUONG LUU 

Applicant(s) 

HIRASE ET AL. 
Art Unit 

2898 

-- 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. 1:8] This communication is responsive to 3/27/2012. 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; 
the restriction requirement and election have been incorporated into this action. 

3. 1:8] The allowed claim(s) is/are 21-42. 

4. 1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 1:8] All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. 1:8] Certified copies of the priority documents have been received in Application No. 12/505,799. 

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. 

5. □ 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. 

6. 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). 

7. □ 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. 1:8] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 1/6/2012 

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. D Examiner's Amendment/Comment 

8. 1:8] Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120403 
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Application/Control Number: 13/037,831 

Art Unit: 2898 

DETAILED ACTION 

Terminal Disclaimer 

The terminal disclaimer filed on November 17, 2011 disclaiming the 

terminal portion of any patent granted on this application which would extend 

beyond the expiration date of the US Patent Number 7,923,764 has been 

reviewed and is accepted. The terminal disclaimer has been recorded. 

The assignment document filed on November 17, 2011 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 21-42 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." 

Page 2 
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Application/Control Number: 13/037,831 

Art Unit: 2898 

Conclusion 

Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to CHUONG LUU whose telephone number is 

(571 )272-1902. The examiner can normally be reached on M-F (6:30-3:00). 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Julio Maldonado can be reached on (571 )272-1864. 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/ 

Page 3 

Primary Examiner, Art Unit 2898 
April 3, 2012 
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IN THE SPECIFICATION: 

1) Please amend the Title of the Invention as follows: 

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

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

OF THE INVENTION": 

-- RELATED APPLICATIONS 

It is OK to enter, 
CAL 
04/03/2012 

This application is a Divisional of U.S. Patent Application No. 12/505,799, filed on July 

20, 2009, which is a Divisional of U.S. Patent Application No. 11/491,260, filed on July 24, 

2006, now U.S. Patent 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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Search Notes 

SEARCHED 

Class Subclass Date Examiner 

257 295 8/17/2011 CAL 

Update Searched 11/29/2011 CAL 

Update Searched 4/3/2012 CAL 

310 
257 296 4/3/2012 CAL 

324 
410 

257 411 4/3/2012 CAL 
368 
392 

257 393 4/3/2012 CAL 
395 
369 

257 389 4/3/2012 CAL 
405 

257 406 4/3/2012 CAL 

INTERFERENCE SEARCHED 

Class Subclass Date Examiner 

PG PUB TEXT 
SEARCH, See 

4/3/2012 CAL 
interference search 

printout. 

U.S. Patent and Trademark Office 

Application/Control No. Applicant(s)/Patent under 
Reexamination 

13/037,831 H IRASE ET AL. 
Examiner Art Unit 

CHUONG LUU 2898 

SEARCH NOTES 
(INCLUDING SEARCH STRATEGY) 

DATE EXMR 

Please see the attachment. 8/17/2011 CAL 

Please see the attachment including 
East Search (US-PGPUB; USPAT; 

4/3/2012 CAL 
USOCR; EPO; JPO; DERWENT; 
IBM_TDB) 

257/e29.132, e29.133, e29.137, 
4/3/2012 CAL 

e29.138, e29.162, e29.165).ccls. 

Part of Paper No. 20120403 
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1/f./20]? _, . - ~-· SHEET 1 OF 1 
ATTY. DOCKET NO. SERIAL NO. 

INFORMATION DISCLOSURE 085393-0499 13/037,831 

STATEMENT BY APPLICANT 

APPLICANT 

Junji HIRASE, et al. 
(Substitute for form 1449/PTO) FILING DATE GROUP 

March 01, 2011 2892 

U.S. PA TENT DOCUMENTS 
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where 

INITIALS NO. Number-Kind Code2 (dknown) MM-DD-YYYY Document Relevant Passages or Relevant 
Figures Appear 

!CL! 
us 2004/0227185 11-18-2004 MATSUMOTO et al. Corresponds to 

JP 2004-241755 

us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 

FOREIGN PATENT DOCUMENTS 

EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Translation 
INITIALS CITE Country Code, -Number ,-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant 

NO. Codes (if known) Figures Appear Yes No 

/!; i I JP 2003-258241 09-12-2003 X 

OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.) 

EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, 
INITIALS CITE journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where 

NO. published. 

EXAMINER DATE CONSIDERED 

/Chuong Luu/ 04/CJ3/2CJ12 
*EXAMINER: Initial 1f reference considered, whether or not cItatIon Is in conformance with MPEP 609. Draw line through cItatIon If not m conformance and not considered. 
Include copy of this form with next communication to applicant. 
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached. 
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EAST Search History 

EAST Search History 

EAST Search History (Prior Art) 
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lrJE .... t.:~ .. ~e~ IEJ~;,;~~.:~rJE~ 
IL1 :3 !11/491260 !US-ffiPUB;!OR !ON !2012/04/03! 
! ! I USPAT; ! ! ! 21 :08 ! 
i : iUSOCR : i : i 
\ : : ' : : : : 
i : i FPRS· : i : i 
I i ! ER) 

1

JF{)· i i i i 
I i ~ ' 'i i 1 i 
i : i DERWENT;: i : i 
i : i I BM TDB i i : i 

I G : ;; i 600Goo22;~:·i··::;40;;4::·i··:;0040;·;s~1:·i··:.~o;o; ;;;;;:.·;· .:200~; 2;~5:··;· :;000012;·;4;;:· 1·::;;o;; :··········· i us~RJB;i[oR·············; ON i 20;~04100: 
I i i"6929992"1"6992358").PN.OR("7579227").URPN. !USPAT; i i !21:08 i 

i : : iUSOCR : i : i Irr r~m l:rl□L)!~~~i 
! L4 3238 (257/295).CQS. US-ffiPUB;i OR i OFF 
! USPAT; ! i 21 :08 
! USOCR; i ! 
I FPRS· i i 
i .' . i : : EFQ, JFQ, : i 
i DERWENT": i 
\ l1 : 

i IBM TDB i i l ....... - .......... 1 .................... : ............ . I~ 1~51(25113101m ~:loR Im ::;!~ool 

i : IBM TDB i ! ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1, ,, ,,,,,,,,,,,,,,,,,,,,1 

IL6 :3 09/916509 US-ffiPUB;!OR !ON 2012/04/03! 

I ~; I 2100 !

111 

I EFQ; JFQ; ! : 
! DERWENT;! 
i IBM TDB ! 
\ nnnnn\' n ~n nnnnnnnnnn1 """""'""" \\\\\\\\\\\\\\\\\\\\\\ 

I ll 5254 (2571296,295,31 O.cds.) and (gale or electrode) and ( (gale or ~eel rode) adj (insula1$4 or di~eclric or oxide)) i:; I OR I ON :::!~001, 

I DERWENT" i : : 
i IBM TDB 

1

i 
I L8 669 (257/296,295,310.ccls.) and (gate or electrode) near ((gate or electrode) adj (insulat$4 or dielectric or oxide)) US-~PUB;! OR o·N······ ...... ,,,,,,,,,,,,,,,,,,,,,, 
i USPAT; ! 21 :08 
i 
i USOCR; i 
I FPRS· i 
' I ' 

! EFD; JFQ; ! 
I DERWENT;! 
i ' 
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I L9 : 669 (257/296,295,310.ccls.) and ((gate or electrode) near ((gate or electrode) adj (insulat$4 or dielectric or oxide))) US-ffiPUB;! OR 2012/04/03! 

I i; I 

2100 

I:::: ! EFO; JFO; i : 
i DERWENT"! l ,1 

1........... IBMJDB ! ..................... , 

I L1 O ~91:. (2571296,295,31 O.cds.) and ( ( gale or electrode) adj ( (gale or electrode) adj (insula1$4 or di~ectric or oxide) I) I 1:IR I Cl'J I :::!04/031 

i : ! DERWENT;! : l i I : i I BM TDB : ' ' ' 
1,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,-,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,1 ,,,, ........... ' ..................... 1 

I L1·1·----i 66········1 (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) near (high ! US-ffiPUB;! OR············--i ON··········12012/04/03! 
! ! adj dielectric adj constant)) ! USPAT; ! ! ! 21 :09 ! 
i : iucncR· : : : : 
\ : : \}._/' : : : : 

! ! ! FPRS; ! i i i 
i i ! EFO· JFO· i i i i 
I ! ! DERWENT"! ! ! ! 
! i ! I BM TDB Ii i i i 
t 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. I 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.~ ' '-'-'-'-'-'- - '-'-'-'-'-'-'-'-'-'- \ '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- : '-'-'-'-'-'-'-'-'-'-'-'-'-' J '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- : 

! L12 : 41 (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) adj (high US-ffiPUB;! OR ON 2012/04/03! 
! adj dielectric adj constant)) USPAT; i 21 :09 i 
i USJCR; ! ! 
: FPRS; ! : 
:, EFO JFO \ ; 

·, ·,: ' I • ! 
i DERWENT;! : 
1........... I BM .. TDB ___! .................. ...! 

! LI 3 17 i (2571296,295,31 0.cds.) and (gate or electrode) and ( ( ( gale or electrode) adj (in&Jlat$4 or di~ectric or oxide)) adj (high I US-ffiPUB; I OR I::::, ON l 2012/ 04/ 03! 
I !:::, adj dielectric adj constant)) and overlap$4 I ~ ' j I 21 :00 I 
1,: • 1,

1,FPRS; • • 
i : EFO· JFO· : l ! \ \ l ' ': , • 
i i ! DERWENT' i i i i 
! i ! I BM TDB Ii i i i 
i-•·····················:·······························································································································································································································i·······-··········:····················:···············:·····················: 
! L1·4 .... ] i ...... i (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) near (high US-ffiPUB;! o·f·········--i ON······----; 2012/04/03! 
I ! adj dielectric adj constant)) and overlap$4 USPAT; ! ! ! 21 :09 ! 
i : USJCR' : : : : 
! : ' : : : i 
i : FPRS; : : : : 
! i EFO· JFO· i i i i 
I ! DERWENT"! ! i ! 
I I l 1 \ 1 \ 

! ! I BM TDB ! i i i 
r6""f S""""i ("20030200761" I "20040150620" I "20~178451" I "20050040464" I "20060051843" I "20050110085" I "4979014" I U&FGRUB:jlii""""""'ilON""""'i ;o;·;;iOOi 
! ! i "6437404" I "6538916" I "6580132" I "6639246" I "6646307" I "6687152" I "6724046" I "6740938" I "6744390" I USPAT; i i ! 21 :10 i 
I j i "6800513" I ') USJCR i j i j 
1••······················\ ,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,, ............. 1 ................... . 

I L17 : 72 ! (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) same (high ! US-ffiPUB;! OR ! ON l 2012/04/03! 
! ! adj dielectric adj constant)) and overlap$4 ! USPAT; ! i l 21 :10 i 
! ! !USJCR; ! i i i 
I i ~ FPPS· ; l i i 
l : ; .' . : i : i 
I ! ! EDFOERW1 JENFOT, · ! i l i 
\ : \ ,: : : : 

i i ! I BM TDB i i i i 
I 1 \ _ 1 \ 1 \ 

11l18 •□! (("7018873") or ("6929992") or ("6992358") or ("20060121740") or ("20050121733") or ("7579227")).PN. US-ffiPUB;:LJR rF i 2012/04/03! 
i : : USPAT : : :21:10 i 
\ ....................... 1 """" """""""""'\""""""""\""""""""'"'\ 

IIL19 Jg i (("6992358") or ("6929992") or ("6642071") or ("20060121740") or ("20030022422") or ("20040004234") or I US-ffiPUB)oR7IOFF i 2012/04/03! 
! """"" Lmmm: ("20040129997"), Or ("20050121733'tor J'20050127 436")), PN, mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm I USPAT "'"" L,mmmmmj "'""""" j 21,: 10 """"" i 
i[l20 •□! (("6,992,358") or ("7579227") or ("20050121733")).PN. ! US-ffiPUB;!LR !EJFF ! 2012/04/03! 
i : : 1 USPAT : : 121·10 : 
\,,,,,,,,,,:,,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,i,,,,,,,,,,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,:,,,,,,,,,,,,,,,:,,,,;,,,,,,,,,,,,,,,i 
\r··········~~············~.-------------------------,,------,,-·•·················:r···············~ . 
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1

11111 

l21 i 72 i (2571296,295,31 O.cds.) and (gate or ~ectrode) and ( ( (gate or electrode) adj (insulat$4 or di~ectric or oxide)) same (high i US-FGRJB; i OR i:::::: ON !::::::, 2
2
0
1 

!. 

1
2
0
104/031:::: 

! adj dielectric adj constant)) and overlap$4 I USPAT; • ! ! 
! i USOCR; 
! i~~ 

\ ::, i I i i ER) JRJ i i i 
i i i DERW

1 

ENT
1 

• i i ! i:, \ : : ,: : : : 
i i i I BM TDB i i i 
I I l - I : :;:=::==:I 

IEJ2 !□!1("5473168").R'J. i US-ffiPUB;!EJR !EJFF ! 2012/04/03! 
i ! ! iUSPAT ! i !21:11 i 
~ :1 , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , \ 1 \ I • • • • • • • • • • • • \ 

iL23 :2 !12/190015 iUS-ffiPUB;!OR !ON !2012/04/03! 
I ! i USPAT; ! i !21:11 i 
i i i uc-f"ICR• i : i : 
~ : l CV ' i : : : 
i i l~RS; i i l l 
i ! i ERJ· JRJ ! i ! i 
i ! i DERW

1 

ENT
1 

• i i ! i 
\ : : ,: : : : 

i i i I BM TDB i i i i I I l .................. - ................................. : ......................................................... : ......... v.. ........................................ : : 

I L24 : 24 (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) near (high US-ffiPUB;! OR ON 2012/04/03! 
! adj dielectric adj constant)) and overlap$4 USPAT; ! 21: 12 ! 
I USOCR; i i 
i FPRS; ! i 
! ERJ· JRJ· i i 
I DERWENT;! i 
i IBM TDB ! i 
!L;s---- 10 "6992358" us.ffipus:· oR oN 201.2104103; 

I ~:; 2113 I 

I L26 1135 gate and ((gate adj (oxide or insulat$4 or dielectric)) with (notch$4 or undercut$4)) US- OR ON 2012/04/03! 
i USPAT; 21:13 i 
i 
i USOCR 

I L27 : 24 ! (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) near (high US-ffiPUB;! OR ! 20·;·2io4io3! 

I, !::::: adj dielectric adj constant)) and overlap$4 i I 1

21 
: 
13 

I 

i, ERJ; JRJ; i !: i, 

1 DERWENT;! : i 
! , I BM TDB i : : 
\ ........................ : " ... 1 .................................... 1 ..................... ,1 

l28 •L55 ! gate and ((gate adj (oxide or insulat$4 or dielectric)) near (notch$4 or undercut$4)) i US-ffiPUB;![JR !LJN ! 2012/04/03! 
i : i i USP'AT· i i i 21 • 13 i \ : : l /1.' : : : • : 

! ! ! iUSOCR ! i ! i 
~ , , , , , , , , , , ' , , , , , , , , , , , , I , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , I , , , , , , , , , , , , , , , , , , , , I , , , , , , , , , , , , , , , , , , , \ , , , , , , , , , , , , , , , , 1 , , , , , , , , , , , , , , , , , , , , ,\ 

I L29 ! 23 ! gate and ((gate adj (oxide or insulat$4 or dielectric)) adj (notch$4 or undercut$4)) I US-ffiPUB;![JR ! ON i 2012/04/03! 
1 : : 1 USP'AT· : : : 21 · 13 : t : ; l M' ; ! : ' : 
i : i iUSOCR i i : i 
~ • • ,: • •••••••I • • • • • • • • • • • • • • • • • u n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n • J n n n n n n n n n n I n n n n n n n n n .: n • n • • • • • • • • • • • \ • • • • • • • • • • • • • • • • • • • ,: 

I L30 ! 202 i (257/296,295,310.ccls.) and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) and (high I US-ffiPUB;! OR ON i 2012/04/03j 
i i adj dielectric adj constant)) and overlap$4 I USPAT; i i 21: 14 ! 
i i i USOCR· i : i 
~ : : ' : : : 

t i l FPRS; i ~ i 
i : iEm-Jm·: : i \ : i rv, rv,: : , 
i ! i DERWENT"! ! i 
\ I \ l1 \ \ 

i ! i I BM TDB ! i i 
l[l31 •□! i(:'66420/1 ·1 or ("6929992') ).111. ilUSPAT ;EJR ![OFF""""; 2012104/00! 
i : i i i i : 21 ·14 i 
! : : ............................................................................................................................................................................................................................................................................................................................................................................................................................................ l .................... : ................... : .............................. : .... • ............... : r ·ni (257/296,295,310.ccls.) and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or US-ffi'.UB;inR inN j 20~2/04/03! 
: : : electrode) USPAT, : : : 21.14 : 
i ! ! USOCR" ! i ! i 
i ! ! FPRS· I ! i ! i 
i j i ' i i 1 i 
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L33 !3 (("20070228442") or ("20040171280") or ("20030207097")).PN. 

l34 16321 hirase.inv 

EFQ; JRJ; 
Ut:t'IVVC\JI 

I -
US-FGPUB; OR 
USPAT 

OFF 2012/04/03! 
21 :15 i ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

i US-ffiRJB; i OR !:::::::_ ON 2012/ 04/ 03! I:; ~ • 2115 I:::: i FPRS; i I 
i EFQ- JRJ· i 
I DERWENT;! 
i IBM TDB i i 

•••••••••••• 1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 ••••••• - •••••••••• 1 ..................................... • .......... ' 

L35 91 34 and junji 

L36 o 

L37 O 

35 and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) adj (high adj dielectric adj 
constant)) 

135 and (((high adj dielectric adj constant) or (ferroelectric)) adj gate adj (layer or film)) and (gate or electrode) 

US-FGPUB; ! OR 
USPAT; i 
USOCR; i 
FPRS· i 

I ' 

EFQ; JRJ; i 
DERWENT;! 
IBM TDB i 

ON 

irlOR l:::_ON 

EFQ; JRJ; i I 
DERWENT"! ,, 

IBM TDB i 
,,,, ,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

lir:OR l::::ON 

i EFQ· JRJ· i : 
\ l 'I 

i DERWENT;! 
i IBM TDB i 

21:15 

21:15 

2012/04/03! 

2116 I 

•••••••••••• 1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 ••••••• - •••••••••• 1 •••••••••••••••••••• 1 ................ ···················••\ 

L38 308 sebe.inv. 
US-ffiRJB; i OR I:::::_ ON 2012/ 04/ 03! i I • 2116 I: 

EFQ; JFQ; i : 
DERWENT;! 
IBM TDB ! i 

•• • ...................................... 1 •••••••••••••••••••••• 1 

L39 20 38 and akio 
US-ffiRJB;j OR I::::: ON 2012/ 04/ 03! i 1 • 2116 I::: 

EFQ; JFQ; i : 
DERWENT"! ,, 

I BM" TDB,,_! """"""""""' """'""""' """""""""'"' 

L~ O ::::::::_ 39 and (((high adj dielectric adj constant) or (ferroelectric)) adj gate adj (layer or film)) and (gate or electrode) i US-ffiRJB;i OR !:::::::_ ON 2012/04/03! 

• 
1
~ ~ • 2117 I:::_ i FPRS; i : 
i EFQ· JR)· i 
l ' ': 
! DERWENT;! 
i IBM TDB i i 

•••••••••••• 1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 ••••••• - •••••••••• 1 •••••••••••••••••••• 1 ................ • .......... 
1 

L41 19806 kotani.inv. US-FGPUB; ! OR 
USPAT; i 
USOCR; i 
FPRS· i 

I ' 

EFQ; JFQ; i 
DERWENT;! 

ON 2012/04/03! 

2117 I 
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IL42 :258 41 and naoki US-ffiPUB;!OR 2012/04/03! 

I i; I 2118 I:::: 
! EFO; JFO; i : 
i DERWENT"! l ,1 

1........... IBMJDB ! ..................... , 

I L~ o I::: 42 and ( ( (high adj di~ectric adj constant) or (ferroelectric)) adj gate adj (layer or film) I and I gate or electrode) I ~~B;; OR I::: ~ I ~; !~001 

! : I EFO; JFO; ! : : i 
i ! DERWENT;! l i 
I : i I BM TDB : ' ' ' 
1,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,-,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,1 ,,,, ........... ' ..................... 1 

I L44 .... l 0 .......... 1 okazaki and gen and (( (high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or ! US-ffiPUB;! OR············--i ON··········12012/04/03! 
! ! electrode) ! USPAT; ! ! ! 21: 18 ! 
i : i LJC"CR· : i : i 
\ : : \}._/' : : : : 
! ! ! FPRS; ! i i i 
i i ! EFO· JFO· i i i i 
! i ! DERWENT'! i i i 
I ! ! I BM TDB I! ! i ! 
t 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. I 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.~ ' '-'-'-'-'-'- - '-'-'-'-'-'-'-'-'-'- \ '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- : '-'-'-'-'-'-'-'-'-'-'-'-'-' J '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- : 

! L45 : O aida and kazuhiko and (( (high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or US-ffiPUB;! OR i ON 2012/04/03! 

I electrode) =; I 2118 ! 

: FPRS; i : 
:, EFO JFO \ ; ·, ·,: ' 

I • ! 
i DERWENT;! i 

1........... IBM .. TDB ... 1 .................... , .................. ...! 

! L46 ! O ! takeoka and shinji and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or ! US-ffiPUB;i OR 1::::::: ON i 2012/04/03! 

I !:::, electrode) I~ ' • 121 :19 1, 
1,: • 1,

1,FffiS; • 
i : EFO· JFO· : l ! \ \ l ' ': , • 
i i ! DERWENT' i i i i 
! i ! I BM TDB Ii i i i 
i-•·····················:·······························································································································································································································i·······-··········:····················:···············:·····················: ! L47 .... 138 ........ i (( (semiconductor) and (gate or electrode) and (( (gate or electrode) adj (insulat$4 or dielectric or oxide)) adj (high adj ! US-ffiPUB;! o·f·········--i ON······----; 2012/04/03! 
I !dielectricadjconstant)))).clm. !USPAT; i ! 121:19 ! 
i : iUSJCR' : i : i 
! : ; ' : : : i 
i : i FffiS; : i : i 
! i ! EFO· JFO· i i i i 
I i ! DERWENT"! ! i ! 
I I I l 1 \ 1 \ 

i : i I BM TDB : i : i 

l[L 48 :1227 ( ( ( semkond~ctor) and (gale or ~ectrode) and ( ( (gale or ~ectrode) adj (insulat$4 or di~ectric or oxide)) adj ( high adj 1111& RJPUs i~ i100 i 20121114/00i 
! mm .. Jnmmm.i dielectric adJ constant)))).clm. ! !~ m ............ ] 21_:19 ...... J 
l[L49 •□! (("20050127436") or ("6284630") or ("20020163039") or ("20010028086") or ("5223445")).PN. ! US-ffiPUB;:rJR rF j 201210000: 
! ! i !USPAT i i !21:19 i 
\'-'-'-'-'-'-'-'-'-'-''-'-'-'-'-'-'-'-'-'-'-'-'- 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'1.'1.\ 'l.'l.'l.'l.'l.'l.'l.'I.\' 

I L50 3 09/824672 US-ffiPUB;! OR 2012/04/03! 
! USPAT; ! 21:19 i 
I USJCR; i ! 
i FPRS· i i 
\ ' : : 
i EFO· JFO· : i 
I DERWENT;! ! 
I IBMJDB i ! 

I L51 2 09/848431 US-ffiPUB;! OR ON 2012/04/.03! 

I i I 

21

~ I::: I EFO; JFO; ! 
: ' 
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II ii !I ~B:~:T} ii ii i ,., -~'' 

IEJ□ ;tf;;;~:lmr.(:62~0:·1 .. or.(::~01~~9::1 .. or.(:2001~2~86:).or.(:~~5:1.or.(:'6!-0S6l2") .. or.(:67942~':) .. I ;~~B;IDrJ.~'.~~~] 
IL53 4 i10/904875 US-ffiPUB;iOR !ON 2012/04/03! 
I i USPAT; i i 21 :20 ! 
\ : : : : 
i : USJCR; : i i 
I i FPPS· : 1 1 
I i , : ; : 
i : EFO; JFO; : i i 
I i DERWENT;! ! ! 
I i I BM TDB i i i 
i'L54"" 2363"'" (257/,324),,CQS, US-ffiPUB; OR OFF 2012/04/03,j 

I ~. 21~1 

1

1111111 

l55 : 7 ! (2571296,295,310,324,410,411. eels.) and (gate or ~ectrode) and ( (gate or ~ectrode) adj (insulat$4 or di~ectric or oxide)) US-fllPUB; i OR !:::::: ON !::::::, 2
2

0
1 

~. 
2
2
3
104/03!:::: 

i and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) USPAT; i 
1 1 ! USJCR; i 

i FPRS· ! 
' I ' 

I !:: EFO; JR); i l, ! 

1 ...................... ! ~;;;1 I : : 
IL56 1412 !(257/410),CQS, iUS-ffiPUB;!OR !OFF 2012/04/03! 
' : i USPAT; ! ! 21:23 ! 
I ! iurom ! ! ! 

I:::: !:::, I FPRS; I i ! ! i EFO· JFO· i i i 
\ ' ': : : 

i DERWENT;! ! ! 
I ! I I BM JOB i i i :"""""' ,,,,,,,,,,,,,,,,,,,,,,,,, ........................................................ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.1 __ "'"'"'·'"" ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

I L57 198 257/e29.132.ccls. US-ffiPUB; OR ON 2012/04/03! 

I !:; 21241 

:~~~~::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::.:.:.:.:.:.:.::;::,:,:,:.:.:.::.:.:.:.:.:.:.:~::::,:;;;;;;;;;=:~:;;;;;;:.:::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.1 

IL59 1631 i257/e29.137.ccls. IUS-ffiPUB;!OR ? !2012/04/03! 
I ! I USPAT; i i i 21 :25 i 
! ! iUSJCR; ! i ! ! 
I i ~ FPPS· ; l i i 
i ~ ; .' . : l : l 
I ! I EDFOERw' JEFONT,. ! ! ! ! 
\ : \ ,: : : : 

i ! i I BM TDB i ! i ! 
i"""""' ........................ 1 .............................................................................................................................................................................................................................................................................................................................................................................................................................................................. 1 ............ - .................... 1 ...................................... 1 ...... ,.,.,.,.,.,.,.,.,.,.,.,.1,_,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.1 

IL60 181 !257/e29.138.ccls. IUS-ffiPUB;!OR !ON l2012/04/03! 
I ! i USPAT; ! ! ! 21 :25 ! 
I ! iurom ! ! i ! 
I ! i FPRS· I i ! i ! 
\ I I l I \ 1 I 

i i i E[Y\· J[Y\· ! ! i ! 
I I I rv, rv, I I I ' 

I ! i DERWENT"! ! i ! 
I 1 \ l1 I I I 

i i i I BM TDB ! ! i ! 
l·······················\·······························································································································································································································1·······-··········\····················'···············\·····················' 

file:// /CI/U sers/cluu/Documents/e-Red%20Folder/13037831/EASTSearchHistory.1303783 l_Accessible Version.him[ 4/3/2012 9:36:24 PM] 

Page 237 of 245 UMC 1002
UMC v. AICP



EAST Search History 

L61 684 257/e29.162.ccls. US-ffiPUB;! OR ON i 2012/04/03j :t :.21:25 I. 

FPRS' i 
' I : ; 

ERJ; JRJ; i !:: !:: 

DERWEN( 
IBM TDB i : ! 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

L62 602 257/e29.165.ccls. US-ffiPUB;i OR ON 2012/04/03! 
USPAT; i 
USOCR" i 

I ' 

FPRS· i 
I ' 

ERJ; JRJ; i 
DERWENT;! 
IBM TDB , 

2125 I 

••••••••••••••••••••• 1 

L63 2 i (257/ e29.132,e29.133,e29.134,e29.135,e29.136,e29.137,e29.138,e29.138,e29.162,e29.163,e29.164,e29.164,e29.165.ccls.) I US-ffiPUB;i OR 2012/04/03! 

2125 I 
! and (gate or electrode) and ((gate or electrode) adj (insulat$4 or dielectric or oxide)) and (((high adj dielectric adj ! USPAT; 
• constant) or (lerroelectric)) adj gate adj (layer or lilm)) I USOCR; i 

i FPRS· : 
\ ' : 
i ERJ; JRJ; i 
i DERWENT"! I I, 

i IBM TDB i 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 • - ••• 1 •••••••••••••••••••• 1 .••••••••••••••••••••••••••••••••• \ 

L64 115 (257/296,295,310,324,410,411.ccls.) and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj US-ffiPUB;!OR ON 
(gate or electrode) adj ( dielectric or oxide or insulat$4)) USPAT; i 

USOCR; i 
FPRS; i 
ERJ; JRJ; i 
DERWEN( 
IBM TDB i 

21:27 

L65 85 (257/ 296,295,310,324,410,411.ccls.) and (gate or electrode) and ( ( (high adj dielectric adj constant) or (lerroelectric)) adj ! US-ffiPUB; i OR 
(gate or electrode) adj ( dielectric or oxide or insulat$4)) and @ad<= "20050805" I USPAT; 

i 2012/04/03! 
i 21:27 i 

i USOCR· : 
i FPRS; I i I I 

: ; 

i i 
I ERJ; JR); i 
i DERWENT;! 
; IBM TDB i 

.............................................................................................................................................................................................................................. J - ... 1 ................... 1 ................ , ••••••••••••••••••• ,• 

L66 280 ("257"/$.ccls.) and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj US-ffiPUB;i OR ON 2012/04/03! 
(dielectric or oxide or insulat$4)) and @ad<= "20050805" USPAT; i 21 :27 i 

L67 57 

USOCR; i i 
FPRS; i i 
ERJ; JRJ; i i 
DERWENT;i ! 
IBM TDB i i . .. ..1..................... . .......... 

(257/ e29.132,e29.133,e29.134,e29.135,e29.136,e29.137,e29.138,e29.138,e29.162,e29.163,e29.164,e29.164,e29.165.ccls.) US-ffiPUB;! OR 
and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj (dielectric or USPAT; i 
oxide or insulat$4)) and @ad<= "20050805" USOCR; i 

FPRS; i 
ERJ; JRJ; i 
DERWENT;! 
IBMJDB i 

ON 

L68 257 (257/e$.ccls.) and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj US-ffiPUB;l OR i 2012/04/03! 
i 21:28 ! ( dielectric or oxide or insulat$4)) and @ad<= "20050805" USPAT; i 

USOCR; i 
FPRS; i 
ERJ; JRJ; i 
DERWENT;! 

: ; 

I I 
: ; 
: : 

IBM TDB i 

L69 i1 ("438"/$.ccls.) and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj US-ffiPUB;inR !nN i 2012/04/03! 
( dielectric or oxide or insulat$4)) and @ad<= "20050805" USPAT; i ! i 21 :28 ! 

USOCR; ! i i i 
FPRS' : i : i 

' i : : : 
: ; ; l 

file:// /CI/U sers/cluu/Documents/e-Red%20Folder/13037831/EASTSearchHistory.1303783 l_Accessible Version.him[ 4/3/2012 9:36:24 PM] 

Page 238 of 245 UMC 1002
UMC v. AICP



EAST Search History 

i i ! i EFQ; JRJ; i i i i 
! ! i ! DERWENT' i i i i 
i : i i I BM TDB Ii i i i 
t .......... : ............ :""""""""'"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!'"""-""""";"""""""""":""""""'": .................. , .. : I L?o .... 1545.5 ... ! (257/296,295,310,324,410,411.ccls.) and (gate or electrode) and ((gate or electrode) adj (dielectric or oxide or insulat$4)) US-FGPIJB;i ci ............. i ON········ .. 12012/04/03! 
I :and@ad<="20050805" USPAT; ! ! !21:29 ! 
i : LJCY"ICR• : i : \ : vv ' : \ : 
i i FPRS· i i i 
\ : ' : \ : 
i i EFQ· JRJ· i i i i \ ' 'I \ I 

i i DERWENT' i i i 
\ I l 1 \ I 

I i I BM _TDB i i ! 
\,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._I ,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,.\,._..,,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._-.,-.,-.,-..-..-..-..-..-..-..-..-.. -..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.. 

I L71 : 85 (257/ 296,295,310,324,410,411.ccls.) and ( ( (high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj 
i ( dielectric or oxide or insulat$4)) and @ad<= "20050805" 
i 
i 
i 
i 
I 
i 
i 
t HHHHH~ 

~:IOR ,~ :;;:~ool 

IBM_TDB ... i .................... : ...................................... : 
i L72 ; m ! (2571296,295,310,324,410,411.ccls.) and ( ( (gate or electrode) adj ( dielectric or oxide or insulat$4)) with ( (high adj i US-ffil'uB; i OR 1

111111

, ON ! 2012/ 04/ 03! 
! !::::: dielectric adj constant) or (lerroelectric) )) and @ad<= "20050805" I USPAT; • ! l 21 :30 ! 
i,, : ! USOCR; i i i 

1 1:;JRJ;I I i 

I : ! DERWENT;! : : 
i i i I BM TDB i i i 
t,,,,,,,,,, ,,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,i,,,,,,,-,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,:,,,1,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,,1 

I L73 .... , 1·ss ...... 1 (257/296,295,310,324,410,411.ccls.) and (( (gate or electrode) adj ( dielectric or oxide or insulat$4)) near ( (high adj US-FGPUB;! OR············ .. 1ci········12012/04/03! 
! !dielectric adj constant) or (lerroelectric))) and@ad<="20050805" USPAT; i i !21:30 i 

I:, I t;I 11 

: DERWENT;! : : 
I i I BM_TDB i i ! 1 ................................................ 1 1 ................................................ ,.,.,.,.,.,.,.,.,.,.,.,. ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. 

I L74 1015 ! (257/296,295,310,324,410,411.ccls.) and (( (gate or electrode) adj ( dielectric or oxide or insulat$4)) same ((high adj ! US-FGPUB;i OR ON 2012/04/03! 

I I_ di~ectric adj constant) or ( lerr~ectric) 11 and @id<• "20050005" I i; I 21 
:
3
o I:, 

I : i DERWENT" i : 
I ...................... .: .................. I I BM -TDB I: ..................... , 

! l75 i 2 !:::::_ 10/519799 i US-ffil'uB;i OR 1

11111

, ON ! 2012/04/03! i i i lJS'AT; • • :_ 21 :30 I_ 

i ! USOCR; : : 
I ! FPRS; i i 
! i EFQ· JR)· i i i 
I I l ' ': \ I 

i i i DERWENT": i i 
\ I \ l1 I I 

! i ! I BM TDB i i i 
1,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,, ............................................................................................................................................................................................................ ,1, ...... - .......... 1 .................... 1 .. 11,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,1 I L76 .... 1 2 .......... i "7186604" US-FGPUB; i OR .............. i ON ......... ! 2012/ 04/ 03! 

I i USPAT; ! ! ! 21 :31 ! 
! i USOCR' i i i i 
t : ' : : : : 
i i FPRS; i i i i 
! i EFQ· JR)· i i i i 
I : l l ~ : : : 

! i DERWENT"! i i i 
I ! I BM TDB I! i ! i 

ON i 2012/04/03! 
l 21:31 ! 

!_ i_ ! I FPRS; I i : : 
I I 

i ! EFQ; JFQ; ! i i I i DERWENT' i ' ' 
I : I I BM TDB I: i ! 
11S198 !13142 !1(257/295).CCLS. IIUS-ffiPUB;:~]IOFF !2011/08/17! 
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EAST Search History 
I 

! USPAT; 17:44 
I USOCR; 
i FPRS; i 
! ER} JR} i l , , \ 
i DERWENT;! 
i IBM TDB i : 
! s199 ! 3 i 111491260 1 us:·~~·s:; oR .............. : oN i 2011108/ 17! 
! i ! USPAT; i ! i 17:44 ! 
1 i !usom ! : i : 
i i ; ' : : : ; 
i ~ i FPRS; : : : l 
i i ! ERJ· JRJ· i i i i 
! i ! DERWENf.i i i i 
I i I I BM TDB Ii ! ! ! 
~ ,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,, \ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ,,,,,,,,,,,, - ,,,,,,,,,,,,,,,,,,,, \ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,: 
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