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Docket No.: 085393-0808 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Customer Number: 53080 In re Application of 

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

Application No.: Divisional of 
U.S. Serial No. 13/037,831 

Filed: July 12, 2012 

For: SEMICONDUCTOR DEVICE 

Group Art Unit: Not Yet Assigned 

Examiner: Not Yet Assigned 

PRELIMINARY AMENDMENT 

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

Sir: 

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

follows: 

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

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

Amendments to the Claims begin on page 4 of this paper. 

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

Please amend the title as.follows: 

SEMICONDUCTOR DEVICE /\ND METHOD FOR FABRICATING THE SAME 

- 2 -
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IN THE SPECIFICATION: 

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

THE INVENTION" 

-- RELATED APPLICATIONS 

This application is a Divisional of U.S. Application No. 13/037,831, filed on March 1, 

2011, which is a Divisional of U.S. Application No. 12/505,799, filed on July 20, 2009, now 

U.S. Patent No. 7,923,764, which is a Divisional of U.S. 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 hereby 

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. (Canceled) 

21. (New) A semiconductor device comprising: 

a gate insulating film formed on an active region in a substrate and including Hf; 

a gate electrode formed on the gate insulating film; 

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

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

the gate electrode along the gate length, and 

an end of the gate insulating film under the insulating sidewall is located to retract 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 formed of a silicon oxide film and provided between the substrate and the gate insulating 

film. 

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

the gate insulating film is formed of a Hf based oxide. 

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

the gate insulating film is formed of a HfSiON film .. 

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

a part of the gate insulating film located under the insulating sidewall includes a notch at 

the end thereof. 

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

- 4 -
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a part of the gate insulating film located under the insulating sidewall has a thickness of 

2 nm or less. 

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

an end of the gate insulating film protrudes from a side end of the gate electrode toward 

the insulating sidewall. 

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

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

film. 

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

the insulating sidewall has a triple layer structure including a first oxide film, a nitride 

film and a second oxide film. 

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

a width of a bottom surface of the gate insulating film along a gate length is larger than a 

width of a bottom surface of the gate electrode along the gate length. 

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

the end of the gate insulating film located under the insulating sidewall has a tapered 

surface. 

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

the gate insulating film located under the insulating sidewall has a thickness which 

becomes smaller toward the end thereof. 

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

the width of the gate insulating film along a gate length is larger than a width of pai1 of 

the gate electrode in a middle position in height along the gate length. 

- 5 -
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REMARKS 

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

the continuity information. The title has been amended. Additionally, this amendment cancels 

claims 1-20, without prejudice. New claims 21-33 are pending 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:ksa 
Facsimile: 202. 756.8087 
Date: July 12, 2012 

Respectfully submitted, 
/j 

_//''\ 

McDER:iviokiwILL~ EMERY LLP 
I ff 

I 
~ ,/t/~/ 

I / 

~pty{~l E. F og{rty 
R~gistratiopNo, 36,139 

Please recognize our Customer No. 53080 
as our ~orrespondence address. 
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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, HjSiON-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 

1 
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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 

10 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. 

SUl\tll\tlARY OF THE INVENTION 

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

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

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

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

insulating film becomes closer to Si02 or like other inconvenience occurs. As a result, 

reduction in the dielectric constant and insulation property of the high dielectric constant 

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

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

25 

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

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

constant gate insulating film. 

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

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

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

insulating film from being in contact with the sidewalls, and a method for forming the 

MISFET structure. In the mean time, when the high dielectric constant gate insulating film 

5 is kept remaining under the sidewalls, a capacitance between gate/drain regions is 

increased, thus resulting in adverse effects on circuit speed. Also, in such cases, when 

extension implantation or LDD (lightly doped drain) implantation is performed, it is 

necessary to implant ions through a high dielectric constant film. Thus, when ion 

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

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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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. In the semiconductor device, 

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

5 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 insulating sidewall has 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 insulating sidewall may 

10 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 

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 

15 under the first 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. 

20 

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 

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 

25 dielectric constant gate insulating film located under the first insulating sidewall. 
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When the insulating sidewall includes the first insulating sidewall and the second 

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 

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

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 

10 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 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, 

15 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 high 

dielectric constant gate insulating film located under the gate electrode. 

20 

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 

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

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 

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

5 
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A method for fabricating a semiconductor device according to the present invention 

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 

5 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. 

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 

10 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 

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

sidewall interposed therebetween. 

When the step d) includes the step d 1) 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 

20 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 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 

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

6 

Page 18 of 203



5 

located in an external side to the second insulating sidewall. 

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 

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 

10 electrode. 

15 

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 

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 

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

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 

25 be reduced. Furthermore, since extension implantation or LDD implantation is performed 
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through the part of the high dielectric constant film which has a small thickness, increase in 

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. 

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

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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 

15 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 

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

25 

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 

8 
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according to a first modified example of the second embodiment of the present invention. 

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 

5 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 

10 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 

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

invention. 

20 

25 

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 

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. 

9 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(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 

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

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. 

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

well 2 surrounded by a STI 3. The p-type well 2 is formed in a substrate 1 made 0£ 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 

15 formed in part of the p-type well 2 located under the sidewall 7. Furthermore, a p-type 

pocket region 11 is formed in part of the p-type well 2 located under the n-type extension 

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

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

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

20 5. 

25 

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 
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dielectric constant gate insulating film 4A located under the sidewall 7 is smaller than a 

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 

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

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 

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

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

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

electrode 5 and the n-type extension region 10 stronger in the vicinity of the end portion of 

the gate electrode 5. As a result, a high overlapping effect between a gate and a drain can 

15 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. 

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 

20 regions 12 is increased and, accordingly, a circuit speed is reduced. However, as described 

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. 

25 As has been described, according to this embodiment, device/circuit characteristics 
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5 

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 First Embodiment) 

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

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 

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 

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

regions 12 can be further suppressed. 

(Second Embodiment) 

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

20 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 

a simple manner will be described in the second embodiment. In this embodiment, 

25 description will be made using an n-type MISFET as an example. However, even when 
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the present invention is applied to a p-type MISFET, the same effects as those of this 

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 

5 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 4B interposed therebetween. An 

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

sidewall 6 interposed therebetween. An n-type extension region 10 is formed in each of 

10 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 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 

15 gate electrode 5. 

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 

20 sidewall 6. 

25 

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

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 

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

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

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

insulating film 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 

10 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. 

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 

15 between the gate electrode 5 and each of then-type source/drain regions 12 can be further 

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 

20 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. 

(First Modified Example of Second Embodiment) 

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

25 embodiment of the present invention will be described with reference to the accompanying 
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drawings. FIG. 7 is a cross-sectional view illustrating a structure of the semiconductor 

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 

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

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 

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

regions 12 can be further suppressed. 

(Second Modified Example of Second Embodiment) 

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

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

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

semiconductor device (more 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 

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

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

insulating 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 

25 insulating film 4C located under the sidewall 7 is the same as the thickness of part of the 
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high dielectric constant gate insulating film 4C located under the offset sidewall 6. That is, 

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 

5 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 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 

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

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

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 

15 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 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 

20 speed due to the increase can be suppressed. 

(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 

25 accompanying drawings. FIG. 4 is a cross-sectional view illustrating a structure of a 
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semiconductor device (more specifically, a double sidewall type MISFET) according to the 

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 

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

sidewall 7. That is, the high dielectric constant gate insulating 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 

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

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 

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

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 

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

25 film can be prevented. 
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In this modified example, as in the first embodiment, because of the existence of 

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 

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

in the part located under the sidewall 7 than a thickness of the part located under the gate 

electrode 5. Therefore, increase in a parasitic capacitance and adverse effects on circuit 

speed due to the increase can be suppressed. 

(Third Embodiment) 

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 

15 overlapping amount between a gate electrode and an extension region can be optimized in 

20 

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 

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 

25 insulating sidewall 7 is formed on each side surface of the gate electrode 5 with an offset 
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sidewall 6 interposed therebetween. An n-type extension region 10 is formed in each of 

parts of the p-type well 2 located under the offset sidewall 6 and the sidewall 7. 

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 

5 the source/drain 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. 

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 off set sidewall 

10 6 and the sidewall 7. That is, the high dielectric constant gate insulating film 4E 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 

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

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

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. 

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

1s continuously formed so as to extend from under the gate electrode 5 to under the 

sidewall 7. Thus, even when the offset sidewall 6 has a very small width (thickness), each 

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

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

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

dielectric constant and insulation property of the high dielectric constant gate insulating 

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 

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 

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

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

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

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

regions 12 is increased and, accordingly, a circuit speed is reduced. However, as has been 

15 described, in this embodiment, the high dielectric constant gate insulating film 4E IS 

formed so that the thickness of the high dielectric constant gate insulating film 4E IS 

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

part located under the sidewall 7. Therefore, increase in a parasitic capacitance and 

adverse effects on circuit speed due to the increase can be suppressed so that the parasitic 

20 capacitance is a very low level. 

25 

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

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

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

(Modified Example of Third Embodiment) 
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Hereafter, a semiconductor device according to a modified example of a third 

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 

5 example of the third embodiment. 

15 

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 

mcrease m 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 

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 

20 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. 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 

25 insulating film 4A. 
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According to this embodiment, in addition to the effects of the first embodiment, an 

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 

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

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. 

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

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 

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

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 

20 the case where the gate electrode 5 is directly formed on the high dielectric constant gate 

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 

25 between the substrate 1 and the high dielectric constant gate insulating film 4A, 4B, 4C, 
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5 

15 

4D or 4E. With such a structure, deterioration of each of the substrate-gate insulating film 

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 

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 

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 

mcrease m 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 

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

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 

25 the third modified example of the second embodiment or the high dielectric constant gate 
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insulating film 4E of the third embodiment, the same effects of the modified example can 

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 

5 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 

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

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 

15 formed on a substrate 1 of, for example, silicon and then, for example, B (boron) is ion 

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

1 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 

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

performed. 

Next, as shown in FIG. llB, 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. llC, for example, a gate electrode material film 5A 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 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. 11D, 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 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. 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 

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

the gate electrode 5 as a mask, for example, B is ion implanted into the substrate 1 at an 

implantation energy of 10 keV and a dose of 3 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. 

20 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. llE, an 

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

Next, using the gate electrode 5 and the sidewall 7 as a mask, for example, As is 

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

25 5 x 1015 cm-2
, and then, for example, spike RTA (rapid thermal annealing) is performed at 
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a temperature of about I 050 °C, thereby activating the implanted impurity. Thus, as 

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 

5 simple manner. 

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

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

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

11D, if without reducing the thickness of the high dielectric constant gate insulating film 4, 

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

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, 

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

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

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 

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

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

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 

25 first embodiment can be realized in a simple manner. 
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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 

5 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). 

(Sixth Embodiment) 

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

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 

15 embodiment. 

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 I x 1013 cm-2
. 

Thus, a p-type well 2 which is to be an active region is formed. Subsequently, ion 

20 implantation (of Bat an implantation energy of 150 keV and a dose of I 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. 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 

25 the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant 
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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. 12C, for example, a gate electrode material film 5A is 

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

5 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. 12D, a 

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

10 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 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. 

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

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 

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

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

dose of 1 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, 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
, 

25 thereby forming a p-type pocket region 11. 
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5 

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. 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, 

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 

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

simple manner. 

In this embodiment, after the off set 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 

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

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 

20 second 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. However, for example, when an HfSiON film is 

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

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

In this embodiment, after the off set 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 

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

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

ion implantation for forming the n-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 

10 external side to the 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 

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. 

15 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 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 

20 sidewall 6. 

(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 

25 drawings. FIGS. 13A through 13G are cross-sectional views illustrating respective steps 
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for fabricating a semiconductor device according to the seventh embodiment. 

First, as shown in FIG. 13A, a STI 3 which is to be an isolation region 1s 

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 

5 1 x 1013 cm-2
. Thus, a p-type well 2 which is to be an active region is formed. 

15 

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 

oxide film (not shown) is formed on the active region of the p-type well 2 surrounded by 

the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant 

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

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

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

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 

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

insulating film 4 located in the external side to the gate electrode 5 can be reduced so that a 

25 remaining thickness of the part of the high dielectric constant gate insulating film 4 
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becomes about 2 nm. 

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 

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

electrode 5 and the offset sidewall 6 is further removed by about 1 nm. 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 

10 an implantation energy of 2 ke V and a dose of 1 x 1015 cm-2
, thereby forming an 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 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 

15 50 nm, and then the insulating film is etched back to form, as shown in FIG. 13F, 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, 

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

20 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. 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 

25 simple manner. 
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In this embodiment, the high dielectric constant gate insulating film 4E is formed 

so that the thickness of the high dielectric constant gate insulating film 4E is reduced in the 

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

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

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

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 

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 

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

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

can be realized in a simple manner. 

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

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

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

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 
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(Eighth Embodiment) 

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 

5 n-type MISFET as an example. FIGS. 14A through 14G and FIGS. 15A through 15D are 

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 

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

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

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

1 x 1013 cm-2
) for 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 

15 performed. 

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

oxide film (not shown) is formed on the active region of the p-type well 2 surrounded by 

the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant 

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

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

Next, as shown in FIG. 14C, as a gate electrode material film 5A, 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 5A to a 

25 thickness of about 10 nm. 
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Next, a resist pattern (not shown) is formed on the cover film 15 so as to cover a 

gate electrode formation region, and then the cover film 15 and the gate electrode material 

film 5A 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. 

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 becomes about 2 nm. 

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

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 

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

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

2 keV and a dose of 1 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, B is 

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

20 3 x 1013 cm -2
, thereby forming a p-type pocket region 11. 

25 

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, 
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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. 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 

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 the n-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 

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 

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

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

offset sidewall 6 are also removed. 

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

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

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

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) 

25 structure can be realized in a relatively simple manner. 
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In this embodiment, when the offset sidewall 6 has been formed and then 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, part 

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

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

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 

10 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 

gate insulating film 4 located in the external side to the gate electrode 5 is preferably 

15 reduced to about 2 nm or less (so that a surface of the substrate 1 is not exposed). 

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

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

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

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

20 ion implantation for forming the n-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 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 

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

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

5 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. 

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

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

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. 

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

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 

20 including an SiO2 film as a lower layer, a SiN film as a middle layer and a SiO2 film as an 

upper layer) or the like may be used. 

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 then-type MISFET, a 

25 p-type MISFET may be formed. 
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In each of the fifth through eighth embodiments, to prevent deterioration of the 

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 

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 

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

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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WHAT IS CLAIMED IS: 

1. A semiconductor device comprising: 

a high dielectric constant gate insulating film formed on an active reg10n m 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 

10 under the second insulating sidewall, and 

15 

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

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

constant gate insulating film located under the first insulating sidewall. 

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

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

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

sidewall interposed therebetween, 

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

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

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

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

constant gate insulating film located under the gate electrode, and 

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

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

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

insulating film includes a notch at a side end portion. 

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

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

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

10 silicon oxide film or a silicon oxynitride film. 

15 

20 

25 

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. 

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

therebetween. 

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

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

the external side to the first insulating sidewall. 

15. The method of claim 13, further comprising: 

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

insulating film located in an external side to the first insulating sidewall to reduce a 

thickness of the part; and 

after the step d2), the step of removing part of the high dielectric constant gate 

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

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

film is selectively removed by wet etching. 

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

25 film is selectively removed by wet etching. 
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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 compnsmg 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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FIG.7 
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MEI Form -1.2. /July 1. 2005) 

Docket'No. 

DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATION 
lgJ Original □ Supplemental □ Substitute D PCT □ Design 

As a befow named inventor, I hereby declare that: my residence, post office address and citizenship are as stated below 
next to my name; and I believe that I am the original, first and sole inventor (if only one name ls listed below) or an original, first 
and joint inventor (if plural inventors are named below) of the subject matter which is claimed and for which a patent is sought on 
the invention entitled: 

Title: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

which is described and claimed in (if the following box is not checked, the specification of which is attached hereto): 
181 the attached specification, or 
□ the specification in the Application No. ____________ filed on ______ _, 

and with amendments filed on. _____________________ (if applicable), or 
D the specification in International Application No. PCT/ _________________ _ 

filed ____________ and as amended on ___________ (if applicable). 

f hereby state that f have reviewed and understand the contents of the above-identified specification, including the claims, 
as amended by any amendment(s) referred to above. 

I acknowledge my duty to disclose to the U.S. Patent and Trademark Office all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 (a-d), §172, or §365(b) of any foreign 
appfication(s) for patent or inventor's certificate, or §365(a) of any PCT international application which designated at feast one 
country other than the United States of America, listed below, and have also identified below any foreign appflcation for patent or 
inventor's certificate, or of any PCT international application having a filing date before that of the application on which priority is 
claimed: 

COUNTRY APPLICATION NO. DATE OF FILING PRIORITY 
CLAIMED 

JAPAN 2005-227457 August 5, 2005 Yes 

□ 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) 
fisted below_ 

Number (Day/Month/Year Filed) 

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

• 1 -
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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. I U.S. FILING DATE I STATUS: PATENTED, PENDING, ABANDONED 

I I I I 
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 COUNTRY 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 At,.ti ✓);z/4e fa101y, // ;2!7?:-6 

CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 
Osaka Japan Japan 
ADDRESS CITY STATE OR COUNTRY ZIP CODE 
C/0 Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadorna-shi, Osaka Japan 571-8501 

- 2 -
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MEI Form -1.2, (July 1, 2005) 

Doctcei No. 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Third Inventor Naoki KOTANI /Vc.,,,.-e'r /4~ /11""1 , ii, 2.<>o r;; 
Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 

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

C/0 Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadorna, Kadoma-shi, Osaka Japan 571-8501 

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

Gt?M. Dka.zaJ:/ /1.IAu / I . S)oo6 
Residence & Citizenship CITY STATE OR COUNTRY COUNTRY- OF CITIZENSHIP 

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

C/0 Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadorna, Kadoma-shi, Osaka Japan 571-8501 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Fifth Inventor Kazuhiko AIDA ,-¼l..au/2,,/co A ,'do .. M7. /?-, ;).,;;v6 

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

Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE 
C/0 Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadorna, Kadoma-shi, Osaka Japan 571-8501 

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE 
Sixth Inventor Shinji TAKEOKA 

$~,,-i,-.._fl U,l<-f'd cA kc..>- l I . 2-oob 

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

Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE 
C/0 Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadorna, 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'--'-42.._-...,,0'--'-1 ______ Attorney Docket No. _________________ _ 
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Docket No.: 085393-0808 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Customer Number: 53080 In re Application of 

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

Application No.: Divisional of 
U.S. Serial No. 13/037,831 

Filed: July 12, 2012 

For: SEMICONDUCTOR DEVICE 

Group Art Unit: Not Yet Assigned 

Examiner: Not Yet Assigned 

INFORMATION DISCLOSURE ST A TEMENT 

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 Inf01mation 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. 

Page 72 of 203



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

application Serial no. 13/03 7,831, filed on March 1, 2011, which is relied upon for an earlier filing 

date under 35 USC 120. Thus, copies of these references are not attached. 37 CFR l.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:ksa 
Facsimile: 202.756.8087 
Date: July 12, 2012 

Respectfully,S4bmitted, 
J 

/ f 

McDERMoliwILL & EMERY LLP 
,/' ,f 

J 

✓IL/v· 
f-' ,i/" 

//• .f··y 

l'v)}c~iel E. {'.ggarty 
Rejistrat}6n No, 36,139 

Pleas, recognize our Customer No. 53080 
as our correspondence address. 

2 
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SHEET 1 OF 1 
ATTY. DOCKET NO. SERIAL NO. 

INFORMATION DISCLOSURE 085393-0808 Divisional of U.S. Serial 

STATEMENT BY APPLICANT No. 13/037,831 

APPLICANT 

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

July 12, 2012 Not Yet Assigned 

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 r,fknownJ MM-DD-YYYY Document Relevant Passages or Relevant 
Figures Appear 

us 7,923,764 04-2011 Hirase et al. 

us 2004/0227185 11-18-2004 MA TSU MO TO et al. Corresponds w/ JP 2004-241755 

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 et al. 

us 2004/0004234 A 1 01-08-2004 YAGISHIT A 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 et al. Corresponds wt 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 CodeJ-Number 4-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant 

NO. Codes (ii known) Figures Appear Yes No 

JP 2005-064190 03-10-2005 TOSHIBA CORP English translation 
only 

JP 2004-172178 06-17-2004 X 

JP 2003-258241 09-12-2003 X 

CN 1610129 A 04-27-2005 Corresponds w/ 

us 2005/0127436 

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 

SAYAMA, 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. 13/037,831, mailed April 13, 2012. 

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

Notice Allowance issued in United States Patent Application No. 11/491,260, mailed June 2, 2009. 

EXAMINER DATE CONSIDERED 

*EXAMINER: ln1t1al 1f reference considered, whether or not c1tat1on 1s in conformance with MPEP 609. Draw line through citation 1f not 1n conformance and not considered. 
Include copy of this form with next communication to appiicant. 
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/Kayla Adkins 

Attorney Docket Number: 085393-0808 

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 1 380 380 

Utility Search Fee 1111 1 620 620 

Utility Examination Fee 1311 1 250 250 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1250 
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Electronic Acknowledgement Receipt 

EFSID: 13240911 

Application Number: 13547913 

International Application Number: 

Confirmation Number: 2994 

Title of Invention: SEMICONDUCTOR DEVICE 

First Named Inventor/Applicant Name: Junji HIRASE 

Customer Number: 53080 

Filer: Michael E. Fogarty/Kayla Adkins 

Filer Authorized By: Michael E. Fogarty 

Attorney Docket Number: 085393-0808 

Receipt Date: 12-JUL-2012 

Filing Date: 

Time Stamp: 17:44:33 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1250 

RAM confirmation Number 4913 

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 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Document Description File Name 

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

1 Transmittal of New Application 
P04204205_TRN_0853930808d 

ivisional.pdf 

45677 

no 3 
0ec90d5 fad 9 35 fd e02 7bd 7 ca8eb0d085c98 

8f874 

Warnings: 

Information: 

55927 

2 Preliminary Amendment 
P04204205_AMEND-

P _0853930808prelimamen.pdf 
no 6 

29e6435baf248adbf98a3809bdafa8dffdc5 
7218 

Warnings: 

Information: 

1847452 

3 
P04204205_SPEC_0853930800 

spec.pdf 
yes 45 

2ff5 ac2e 16050ab 7 c2e8d6edaf687f492 079! 
89e 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 39 

Claims 40 44 

Abstract 45 45 

Warnings: 

Information: 

340231 

4 
Drawings-only black and white line P04204205_DRW_0853930808 

11 
drawings drawings.pdf 

no 
ee32bc694f5904251345166a4c66596ab04 

Ofdf9 

Warnings: 

Information: 

5 Oath or Declaration filed 
P04204205_DEC_0853930808d 

ec.pdf 

164249 

no 3 
92d6f2b2a47c6cac115ddf49290c9a274dad 

937b 

Warnings: 

Information: 

84457 

6 
Information Disclosure Statement (IDS) P04204205_IDS_0853930808id 

3 
Form (SB0S) s.pdf 

no 
1 0b8f704d 149f93b0a4057 c0f500f26f202ad 

Sbb 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 
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32968 

7 Fee Worksheet (5B06) fee-info.pdf no 2 
cl eaccl a2695781513bb 17adb880ff93b39, 

1201 

Warnings: 

Information: 

Total Files Size (in bytes) 2570961 

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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PTO/SB/06 (07-06) 
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 13/547,913 07/12/2012 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

□ BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (ml) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS * X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 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)) 

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

APPLICATION AS AMENDED - PART II 
OTHER THAN 

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

CLAIMS HIGHEST 

07/12/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i)) • 13 Minus ** 20 = 0 X $ = OR X $60= 0 
0 

Independent z * 1 Minus ***3 = 0 X $ = OR X $250= 0 w (37 CFR 1 .16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent * Minus *** X $ = OR X $ = 
0 (37 CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /JOY J. DOBBS/ 
*** 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 US PTO 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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United States Patent and Trademark Office 
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37l(c)DATE 

GRPART 
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13/547,913 07/12/2012 2811 1250 085393-0808 13 1 

53080 
MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, NW 
WASHINGTON, DC 20005-3096 

CONFIRMATION NO. 2994 

FILING RECEIPT 

1111111111111111111111 ll]~!l]!~l!~l!~Hl!UH] 111111111111111 IIII IIII 

Date Mailed: 07/27/2012 

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 13/037,831 03/01/2011 
which is a DIV of 12/505,799 07/20/2009 PAT 7923764 
which is a DIV of 11/491,260 07/24/2006 PAT 7579227 

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. 
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If Required, Foreign Filing License Granted: 07/24/2012 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/547,913 

Projected Publication Date: 11/01/2012 

Non-Publication Request: No 

Early Publication Request: No 
Title 

SEMICONDUCTOR DEVICE 

Preliminary Class 

257 

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). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best 
country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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(g~::KJJl 1 0 J 
g~ ::KJJl 1 ~ 9 0) P 9 ,h h" 1 JJl t-=: gcti 0)-='=FlJi'::t~ @'. i::: .B It , --C , 
~Ugcif- I---ffi:tiii, ~tJUih"Y' 1J-it4 F1t~ t1k 71v1/ 1J-it4 Fif'- J--.ffl:,tic~o 2: ~ 

~ tif:l& ~ 9 Q -='¥-lJ i'::t~ @Lo 
rn~::KJJt 1 1 J 
£tJxO)~r3itHJtiJ:.i:::r'a':Jg3\ffi:$if- l---:t.e~m,1;~fb,oxT6If'E (a) ~­
~iJgcr'a':Jg3\ffi:$if'- 1---:t.e~IIIJ:.t:::if'- I---ffi:t-i~fbox--toif'E c b) ~-
~ugcif'E ( b) O)f3z(;::, ~Ugcif- 1--- ffi:ti0):$}1J:{IJ t= 11@'.T 6 ~Ugcr'ajgj\ffl:-$:if- 1--- :t.e~m,1; ~ 

::c '1/ -=r /!ft,, --c ~m,1;1tT 6 If'E ( c) ~, 
~iJgcif'E cc) 0)13tt=, ~iJgcif'- 1--- ffl:tiO)ffiUarH=:t.e~'ri-it 4 ~- r:'7 :;t-;v ~fb.ox--t oif'E 

( d ) ~ ~ 1/ffi x. --C i, , 6 2: ~ ~ tif:l!k ~ T 6 -='¥-lJi'::t~ @'. 0) ~:rg7'J$ o 

rn~ ::KJJt 1 2 J 
i~::KJJl 1 1 t: icti 0)-='=FlJtf~@'. O)~:rg7'J$ t: ;f3 P --C, 
~ugcif'E c d) 0)13tt=, ~ugc:t.e~,11:-it -1 ~- r:'7 7J - 1v O)'.>}fflU i= 1-t®'.--t o ~ugcr'a':Jg3\ffi:$if' -

1--- ¥e~m,1;~ ~:cT 6If'E ~1imx. --Ci, 'o 2: ~ ~lif:l& ~ T 6-='¥lJ1t~@'.O)~iE1°15$o 
rn~ ::KJJt 1 3 J 
g~::KJJl 1 1 (:gctiO)-='=FlJ1::t~@'.O)~:rg7'J$(:.BP--C, 
~Ugcif.E~'ri-1:t 4 F r'J :;t - Jvttm 1 O)iftfl~1!1:-lt 4 F r'J :;t - Iv~ m 2 O)it,E~'ri-lt 4 F r'J :;t -

Jv ~ h" G tct VJ , 
~Ugcif'E ( d) ,i, ~Ugcif- 1--- ffi:tiO)ffilJOOt= ~Ugcm 1 0)¥E~ft-it 4 F r'J :;t - }v ~fb}ft9 

oif'E c d 1 ) ~, ~IJgcif'- 1--- ffl:tiO)iJ:!Uaot= ~ugcm 1 O)~e,~'11:-it 4 F r:'7 7J - 1v ~* t,, --c ~u 
gem 2 O)it,E~'ri-lt 4 ~- r'J :;t -Jv ~ lb!ftT 6 I:f'E ( d 2) ~ ~ *ts 2: ~ ~ tif:l& ~ T 6-='¥lJ1::t 
·tt- ~11'=-I::::<+. 3'X~ O)~Jt::t .J J {I;,_o 

( g~::KJJl 1 4 J 
g~::KJJl 1 3 {:gctiO)-='=FlJ1::t~@'.O)~:rg7'J$(:.BP--C, 
~Ugcif'E (d 1) ~~Ugcif'E (d 2) ~O)Fa~t-=:, ~Ugcm1 O)it,E.~1!1:_-lt4 Fr'J:;t-JvO):$} 

iJ:!U(::: 11@'.T 6 ~iJgcr'a':Jg3\ffi:$if- 1--- ¥e,~IJI ~ ~:cT 6If'E ~ ~ G t=:1/ffix. --C P 6 2: ~ ~tif:l!k ~ 
9 o-='¥lJi::t~@'.O)~Jg/J$o 

rn~<KrJt 1 s J 
g~ ::KJJl 1 3 t: gcti 0) -='¥-lJ 1::t~ @'. 0) ~:rg7'J$ t: ::t~ i, , --C , 
~Ugcif'E ( d 1 ) ~ ~iJgcif'E ( d 2) ~ 0) Fa~ t-=:, ~Ugcm 1 0)¥E~1!1:-lt 4 F r'J :;t - Jv 0):$} 

ffilj(::: 11@'.T 6 ~iJgcr'a':Jg3\ffi:$if- 1--- ¥e,~IJI ~ ::c ,:,, -=r / :7' L, --C ~ G t:~m,1;1tT 6 If'E ~ 1/ffix., 
~ugcif'E c d 2) J: vJ 'b 13ti=, ~ugcm 2 O)if.it~~,11:-it 4 F r:'7 7J - 1v0):>}1Jl'H= 11®'.--t o ~ugc 

r'a':Jg3\ffi:$if- 1--- if.@..,~m,1;~ ~:cT 6If'E ~ ~ G (:1/ffix. --Ci, 'o 2: ~ ~tif:l&~ T 6-='¥lJ1::t~@'.O) 
~Jli/]1~0 

( g~::KJJl 1 6 J 
i~<KJJl 1 2, 1 4 JUi 1 s O)P9,f1;()" 1 JJtt:gcti0)¥-lJ1::t~®'.O)~:rg7'J$t=-BP--C, 
~Ugcr'ajgj\ffi:$-7'"'- Hre~m,1;0)~:cti, r'J::,:. '1/ 1--- ::c '1/ T / :7''~ tfiP--CJ~tREfH=fft_),hQ 2: 
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~ ~tiftk~ --t o"¥lJ1i~i!"LOJmU]g:1J{~o 
rn~::KJJt 1 7 J 
§~::KJJl 1 1 ·------ 1 6 O)P9,f17J~ 1 JjJ~gc~OJ"¥lJ1*~i!"LOJmUJg:1Ji.tJ~.:BP---c 
~iJgcif'E C b) ~i, ~Ugc if- r- ~;{©iOJ J:::.00 ~ 11-51~Illll ~ 7f~Jrx;9 o If'E ~ ~ h-, 
~Ugcif'E Cd) J: vJ 1=>11z,~, ~iJgc¥&Jtl'l'iY'1 Fr:'.7;t-JvOJ½-tU,~11i!"L--to~iJgc1t'l'i~ti 

O)~[fil~1/ 1}y,1 F1tLJdft, ~Ugc1*§1Jll~~:l2L, -fOJfft, ~Ugc-3/'- r-~ti~7}v1/1J 
y ,1 F 1t--t Q If'E ~ ~ G ,~ 1im X. -c I,' Q --= ~ ~ti~~ 9 Q 4lJ 1i~i!"L OJmU]g1J1~0 

rn~::KJJt 1 s J 
§~::KJJl 1 1 ------ 1 7 O)P9,f17J~ 1 JjJ~gc~OJ4lJ1*~@'.0JmUJg:1Ji,tJ~.:BP-C, 
~iJgcif'E ( a) J: t'.) 'b ~U t~, ~Ugc1t'l'itJUiJ:::. ,~ /'\ ,y 7 7 -¥&~~Jll ~ ff:;irx;'"t o If'E ~ ~ G 

,~ {imx., 

~Ugcif'E (a) cli~iJgc1t'l'itJti_u~~Ugc/'\ ,y 7 7 -¥e~Jll~1t L-C ~Ugcr'a':J§3\~2¥if'­
r- ¥&,~ijf ~ff:;J»<:9 o--= ~~ti~~ --t o4lJ1*~u'i'.OJmUJg:1J~o 
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(~~:g) 8J:J*ffi~ 
(~~0:g~J ~~#~~&ut0~m~$ 
(txfiitrnffJ 

(0001) 
:;ijs:~8mi, ~~1*~~&u'\tvJ~:ia-~$, ~ii!'fli:::t;J:M IS FE T (metal insulator 

semiconductor field effect transistor ) 0ttm&u~m~$t=:~ L,, It:::M I SF E 
T uJt!Im1J1Jl!z u'{1-~jJ'l'!1 ~ ftiJ _1_ ~ -ti" 6txfiitr,::: ~9 6" 
(~~txfiitrJ 

(0002) 
ill: 4, ~~i*'~tl@l lfi!r~ ~ 0 ra'J*tl1t, ra'J ~1'Hdt& u~ ra'J ilE 1t, = 14 tct t , , 7-..Jr - 1J > ::7'ffe!U 

t=:-oi: '"J -C :c ::7 7-- T > 1/ 3 > (Extension ) 0tiii-~~ ~~~ < 9 6 ~ [o]Bit:::, M I S FE T 
0if- r- *it~Jll ~ L, 't .l:tiiffi:-:$UJ,;4 f'Em'.0 S i 02 *0;r,B%iilli:::f,;t 't Hf *OOt1tW)ZJi 
A 1 *00t11w~0 triiffi:-$JJ\ 1 o L?Jl:_ 0 ra'Jg*ffl:*ill ~ m", J:. 7 ~ L- -c i, o C 

(0003) 
CR! 1 6 (a) & u ( b) ~;J: t tl-z' tt-ot*vJ ra'Jgiffi:$if- r- ;r,B~Jll ~ti":) t-=:M I S F ET 

vJttm ~ ~9WfrnJCR!c &') 6 C1Ff¥it~l¥i* 1 ) o 

(0004) 
CR! 1 6 (a) t:::~9 J:. 7 ,:::, £;;j;Jx 1 0 1 vJ)t1r11Jtic &':> 6 r) .:r.. Jv 1 0 2 i::: :S ~t 6 ST I 

( sha 11 ow trench i so 1 at ion) 1 0 3 (::: J:. ":) -C lttl :t t1J-=: tJUi 0 _1_ i::: ra'J giffi:$ if - r- *it~JJJ 
1 o 4 ~ ft L- -c if- r- ~ti 1 o 5 7'.J{70$: ~ t1 -c P 6 o if- r- ~li 1 o 5 0fflUTia t::: 1i;r,B~'l1 
0-fr-1 Fr);,r---Jvl 0 77'.Ji70nx~tl-CP60 rJ.:r..Jvl 0 2(:::.:;s~t6-tt-1 Fr);,r---Jvl 0 7 
(7J~ffl1H:::,;J::c::7 AT/1/ 3 >tl'lti 1 107'.J{:ff3nx~t1-CP6 ~~,= r) .:r..}v 1 0 2 ,::::stt6:c 
::7 7-- T > 1/ 3 >t&ti 1 1 0 0 ~ fflU t::: ~;J: ~ Jr '1/ r- tJUi 1 1 1 7'.Ji70Jft ~ ti--C P 6 o ? .:r.. Jv 1 0 
2,=:s~t6!,f'- r-ffi:ti1 o 57'.J,GJ!-C:r.::77--T>Y:=1 >tW:ti1 1 o&u'\~1,r,1/ r-1Jti1 1 
1 <T)~mu,= (j: '} - A • F V -1 >tl'lti 1 1 2 7'.J{:ff3,nx ~ ti L p 6 0 

(0005) 
[X!l 6 (b) i:::~9ltm1.)r[XJ1 6 (a) t:::~9;ftm~~tct'"J-Ct,6,r~~Ui, !,f'-r-ffi'.lil 

o 5 0fflUaat:::-tt-1 F? ;,r-- - Jv 1 o 7 7'.Ji;r,B~'l107J 7t '1/ r- -tt-1 ~,? ;,r-- - Jv 1 o 6 ~ft L, -C 
70 )ft ~ t1 -C P 6 C: ~ c &':> 6 c C: ti t::: J:. [') , if - r- ffi:ti 1 0 5 ~ :c ::7 7-- T > 1/ 3 > tl'l ti 1 1 
o ~ 07!-/'\-7 '1/ 7°m01&Jffi1t~~~,:::CRJ6 c: ~ 7'.Jic~ 60 

(;;Ftig-'f~l¥i* 1 ) ift:lZl&i, 1 ra'J 11'1~~ • ra'Ji§JJ'l'l'i ~~:El9 6 HfSi0N-CM0Stxfll;r J , Semi 
. Forum Japan 2005 

(;;Ft'¥g-'f~itx 2) T.HorL IEDM Tech. Dig. , 19894, P. 777 
(;;Ft'¥g-'f~l¥i* 3) H. Sayamafth, IEDM Tech. Dig. , 20004, P. 239 

(~8J=I 0 rm~J 
(~8}=} 7'.Ji~l(!j7( L, J:. 7 ~ 9 6 §!~) 

(0006) 
L, 7'.J, L, fcth\ G, 1iE*0ra'Jgiffi'.$!,f'- HrB~Jll~{i ":) t-=:M I S F ET 0tim,= :SP L ,i, 

ra'Jgi~$!,f' - r- ;r,B~Jll 01J{Uit1mi~7'.Ji-ft -1 F? ;,r-- - Jv i::: 111[titi L- 't P 6 t-=: c6, f1U ;t ,11/ 1J ::::r > 
OOt1till~7'.J, G tct 6 -tt-1 F? ;,r-- - Jv 070JftBii::: ra'Jgiffi:$if- r- ¥B~Jll0fflUtIToi~0*JiJft7'.Ji s i 
02 (:::ili:-:5 < ~0Fo~~7'.l,;± t: 60 t0~JL !,f'- r-~lif'IToi~1:::.:;sP-C ra'Jgiffi'.$!,f'- Hre~ 
JJJ0ii~*m ~~*e~'l'i{~ ~ 7'.Ji111 ~~c: ~ tt, t tti= J:. ":) -c 7',1'{-1 At'¥'11~!,f-- r- *&~ill 
01it:l'l'l17'.Ji~1t L, -C L, :i 7 o 

(0007) 
~Ugc,:::i~<ff-, :;ils:~8J=Hi, ra'Jgi~$if- r-*it~JJJ~o/51t~--tt6 c: ~ fct <MIS FE T0t'¥ 

'ri ~ ftiJ _1_ ~ --tt 6 c: ~ ~ § ITT ~ 9 6 o 

(il~~Mdt9 6 kc60cf.M¼'.) 
(0008) 

~Ugc0 § Efl~~ftx:9 6 t-=:c6(:::, :;i!s:JU~8J=I~ G ,i, -tt-1 F? ;,r-- - Jv0~fflUi:::ra'Jgi~-¥if­
r- ;r,e~JJJ ~¥~ff~ -ti", t ,flt= J:. V) ra'J§*~$if- r- ;r,e~JJJ0fflUit1mi~ ~ -tt-1 F? 7t - }v ~ 0ti 
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~~ ~ 13/J 1-t. L k.. M I S F E T ;flJ£t& u -f Cl) ~J£t1fn;; ~ ~J~lj 9 6 (: ~-:;) k.. o ~ 2: ~ c, Y ,-f F 
r'J 7t - Jv(l) T mUt: ra:ilt~ffl_)$Vr- 1' iitE~lm ~ l~t¥ ~ -t±f:~iit: ii, if- 1" • F v '1 :,,, Fa~ Cl)~ 
miJi l:.H L ---C @J~:riJJ'.t:~~~iJij:_ t: 6 o ~ k.., 2:: (7)~3', ::r... !7 7-. ;:;- :,,, 'Y s :,,,)i_J\ ~ L D 
D (1 ightly doped drain ) )i.A ~*Jitfi.9 6 ~(=, ra:iiiffl-$/ll ~fr-ff~ -t±-t.:tk~c ,17!:,,, 
)i.A ~ fr 7 d~'~iJi&b 6 o -f Cl)~, t1 T (l)flEB ts: J::-:;) ---C)i.A1J□ ii::r... :::f Jv:¥'-iJira:i < tcf_ 6 t.: th 
, ii.A::fMi.W Cl)~~ /JftiJ~ Cl)j)Z;iJH) iJi::k ~ < fJ:_-:;) ---C L ~ P, § P~;{.. 6 ~, ::r... !7 7-. ;:;- :,,, Y 
3 :,,,~ L DD (l)ffiiif_lL@'./Jii* < tcf_-:;) ---CL j: 1t \, -f (l)Jf-5~, pfr~Cl)7',1'\,-f 7-.l~tl:iJif~ G tifcf_ 

< ~ 6 ~ 1t \ 7 Fn~~iJi1=. t: 6 o 

(0009) 
f I EB 1 ) lf - 1' %&~Im ~ L ---C ra:i iiffllm ~ J=li P 6 ±~ii, JmJ],[ ~ ~ < L tcf_ < ---C t pfr ~ Cl) iiffl 

-$iJif~ G tl 6 t.: th, Jmf],[iJif],[ < ~JE ~ tl 6 o 

(0010) 
flEB 2) ra:iiiffl-$/llii:m~~~~/vcP6t.:th, ii.A,-{7J:,,,fioJR p (Projection Ran 

ge) iJi;J, ~ < fJ:_oo 

( 0 0 1 1) 
-f 2: c, * JU[ JE BJ:J ~ G ii, Y ,-f F r'J 7t - ; v Cl) T mu t: ra:i iiffl-$ ij' - 1--- ijtfl,~ Im ~ :Yi t¥ ~ -t±- __§_ 

~ Y ,1 F r'J 7t - Jv T mu Cl) ra:i iiffl-$ if - 1' %&,~JW ~ if' - 1' ffl:t:i T mu Cl) ra:i iiffl2¥ if - 1' *&,~Im 
J:: VJ t ~ < Jt;,61x: L t.:: M I S F E T i#fJ£t& u -f Cl) ~J£t:1]$ ~ :!1t:¥1J 9 6 t = ~-:;) t.:: o 

(0012) 
g 1i ffH = 1 i, * JE BJ:H: t7~ 6 ~iJ 1i~ u"L 1 i, £i1x Cl) ittl:tJJJi J::. t = Jt;,61x: ~ tit.: ra:i iiffl-$ if -

1-- iit&~JW ~, ~uicra:iiiffl$if'- 1-- 1jt&,~JWJ::.t=1061x: ~ ttt-= if- 1-- fflii ~, ~uicif- J--ffl,ii(l) 
muua i= 10wt ~ t1k.. %e~tl:Y ,1 F r:'7 7J - 1v ~ ~ i!ffi;{__, ~uicra:iiiffl$if'- 1-- %&,~Jmii~uicif' -
1' fflii(l) T mUiJ" G ~Ui=lCiitE~tiY ,-f F r'J 7t - Jv Cl) T mu j: c:Ll!Mf:EfJ t: Jt;,61x:~ ti.---c .t3 tJ, ~Ugcra'J 
iiffl$J;f- 1' iitE~/llt: -B ~t 6 ~Ui=lciite,~'r:iY ,1 F r'J 7t - Jv(l) T mumti(7)"1/'tcf_ < ~ 1:> ~f1ip7t(l) 
W~1i, ~Ui:JCra:i§*~*ij'- f'iitE~Jm,s:::.B~to~Ugcif'- }--~;f-i(l)TffiUtJtioJJ],[~ J:: V) E,lj\~ 

(0013) 
*Je,8/j (7)~ij!1*~@'.(S::: .BP L' ~Ugc%e,~'r:iY ,{ F r'J 7J - }vii, ~Ugcl;f- f' fflii(l)muua t= 

10mt~t1k..m 1 (l)*e~'r:ty,1 Fr:'7;,t-;v~, ~ugcif- 1'fflt-i(l)muuai=~ugcm 1 oJ%e~'r1Y 
,-f F r'J 7t - Jv ~ fr- L ---C Jt;nx ~ tit.: m 2 Cl) iitE,~'ri y ,-f F r'J ;;t - Jv ~ 7J" G tcf_ vJ , ~IJ gcra'J §~ffl-$ 
J;f- 1' iitE~/ll1i~UgcJ;f- 1' fflii(l) TffiUiJ'> G ~Ugcm 1 (7)%E~'P-'tY '1 F r'J ;;t - }v Cl) T mu j: c:Ll! 
MrrffJ i=10mt ~ tt ---c -B tJ, ~uicra:iiiffl$if- 1' iit&~ilmt= .t3~t o ~uicm 1 (7)%e,~'r:iY ,1 F r:'7 ;;t 
-Jv(l) T mutJti(l) w ~ ti, ~uicra:iiiffl$if'- 1' *&,~im,= -B ~t 6 ~Ugcif'- 1-- ffltioJ T m1Jt1tti 
Cl) W ~ J:: vJ 1:> 1j\ ~ < ---C 1:> J:: Po 

(0014) 
~UgciitE~'r:iY ,1 F r'J ;;t - JviJi~uicm 1 (l)iitE~'r:iY ,1 ~, r'J ;;t - Jv ~ ~uicm 2 (7)iitE~'r1Y ,1 

F r'J ;;t - Jv ~ iJ" G tcf_ 6 ~ii, ~Ui:Jcra:iiiffl$J;f- 1" %e~JW1i~Ugcm 2 (7)~:E~'r:iY ,1 F r'J ;;t -

Jv(l) TffiUt= 1iJt;rot ~ ti ---C P~ < ---C 1:> J:: Po 
( 0 0 1 5) 

~Ui:JCiitE~'r:iY ,-f F r'J ;;t - JviJi~LJgcm 1 0J%e,~'r:iY ,-f F r'J 7t - Jv ~ ~uicm 2 (l)iitfl~'r:iY '1 

F r:'7 7t - 1v ~ 7J" G tcf_ o ~ii, ~uicra:iiiffl$if- 1-- %e~Jmii~uicif'- 1-- fflii(l) T ffltiiJ" G ~Ugc 
m 2 (l)ijte~,11:Y ,1 F r:'7 7t - Jv(l) T1]U j: c:Ll!MrrffJ ,=10mt ~ tt ---c -B vJ, ~uicra:iiiffl$if' - 1--- *& 
~imi= -B ~to ~uicm 2 0)ijtfl~'r:iY ,1 F r:'7 ;;t - }v(l) T mumti(l) w ~ 1i, ~uicra:iiiffl$if- 1--­

*e~im,= .Bit 6 ~uicm 1 (7)%fl~11'1Y ,-f F r'J ;;t - Jv(l) TffiUtJJ:ti(l) W ~ ~ [o]~c &b -J ---C 1:> J:: 1r \ 

( 0 0 1 6) 
~UgciitE~1r:iY ,1 F r'J ;;t - JviJi~LJgcm 1 (l)iitB~'r:iY ,-f ~, r'J ;;t - Jv ~ ~Ugcm 2 (l)iitE~'i'iY ,1 

F r:'7 7t - 1v ~ 7J" G tcf_ o~ii, ~uicra:iiiffl-$if- 1-- %e~Jmii~uicif'- 1-- fflii(l) TffltiiJ" G ~uic 
m 2 (l)*e~'r:iY ,1 F r:'7 7t - Jv(l) T m11 j: c:Ll!%?c:EfJ ,= 10mt ~ t1 ---c -B tJ, ~uicra:iiiffl$if- 1-- ~ie 
~,Wt: -B ~t 6 ~Ugcm 2 (7)%e,~'r:1Y '1 F r'J ;;t - Jv(l) T mUtJJ:ti(l) W ~ 1i, ~Ui=lcra:iiiffl$if- 1' 
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(0017) 
*¥€BJ=J O)-='=Fij!1:;$:~ui'U= ;GP --c ~iJgc¥e~tt-tt -1' Fr) 7J - JvtJ:, ~Ugc,3/'- f' ffi:tioJ1'J:!UlliH= 

Jbnx~.hkM 10)$flJt~11'1-tt-1' J<r)71-Jv~, ~Ugcif'- f'ffi::,t:iO)fflUo'iH=~ugcM 1 0)$fl~11'1-tt 
,1 Fr) 71 - }v ~* L --C Jf;nx~ .hf:M 2 OJ*&~tt-tt-1' ~' r) 71 - }v ~ iJ" G tct V), ~Ugcr'a'Jg*ffl:* 
ij'- f' $fl~JJiii~iJgcif' - f' ffi:t~O) T'1'J:!UiJ" G ~UgcM 2 0)$fli\'i'riY-1' Fr) 71 - }v 0) T'1'J:!U ~ cil 
~lfH=tbmt ~ .h--C .t~ V), ~Ugcr'a'Jg*ffi:-¥if- f' *&~imi= .B~t 6 ~UgcM 1 O)*~mtl'i-tt-1' Fr) 71 
- }vO) T'ffiUtffe:tlilO) W ~ ii, ~Ugcr'a'Jg*ffi:-¥if- f' $fl~ITT%t= -B tt 6 ~Ugcif'- f' ffl:,tiO) T' fflU~Ji 
0) w ~ ~ [o]~c &') ~' ~Ugcr'a'Jg*ffi:-$:if- f' ¥&~ITT%(: .B ~t 6 ~UgcM 2 0)$E,'&d"1Y-1' Fr) 7J -

JvO) T'fflUtJi:tiO) W ~ ti, ~Ugcr'a'Jg*ffi:-¥if- f' *&~imi= .B~t 6 ~Ugcif- f' ffi:tiO) T'fflU1tW:tlilO) 
w~ J: tJ 1:J;J\ ~ < --c 1:> J: po 

( 0 0 1 8) 
*¥£BJ=J O)-='=Fij!1:;$:~u"ri= BP --c, ~ugcr'a'Jg*ffl:*if- f' *e~JmO)fflUt#oi~,= / '1/ -:f-iJ{~~t G .n 

--CP--Cl:JJ:Po 
(0019) 

*¥€B)=J O)-='=Fij!1:;$:~@r(: .BP--C, ~Ugc£t!x ~ ~Ugcr'a'Jg*ffi:-$:if'- f' $fl~JJI ~ O)Fa~ (:.r{ '1/ 7 7 

-*&~ITTJ;iJ{g~~t G .h--C t, \c tJ J: t, \0 c.= 0)~15", ~UgC/\ '1/ / 7 -*e~ITTJ;ii1/ lJ ::::r /~1LJJix. 
ti1/ 1J ::::r /~~1LITT%c &')-::> --c 1:> J: t- 'o 

(0020) 
*¥€BJ=J O)-='=Fij!1:;$:~@r(: .t~P --c, ~Ugcif' - f' ffi:titi, ~tffe:tliliJi1/ lJ -tr -1' Fir:~ .hk 7 }v Y 

lJ -tr -1' ~- if' - f' ffi:ti c &f) -::> --C 1:> J: Po 
(0021) 

*¥€BJ=J(: 1* 6-='=FlJW~u'L O)ffilJJE:15~ ii, £tJx 0) )lr'ri~Jlil J:. i= r'a':r g*ffi:-$:if - f' *&~ITT% ~ 1b 
nx't6If'E (a)~, ~Ugcr'a'Jg*ffi:-$if-f'¥fl~JJIJ:.t:::if'-f'ffi:ti~,ft;J$t96If'E (b) ~ 
, ~Ugcif'E (b) O)ffzt=, ~Ugcif'- f'ffi::fiO)~ffiU(:::1JL:@r96~Ugcr'a'Jg*ffl:*if- l--¥e~Jm~ 
x '1/ -:r- / :~~"' L --c ~im1r:-t 6 If'E cc) ~, ~ugcif'E cc ) 0J1!zt=, ~ugc if' - [' ffl:tiO)tuoo 
1:$&~11'1-tt-1' Fr) 7l - Jv ~ Jbnx't 6 If'E ( d) ~ ~{im;t --C P 6 o 

(0022) 
*¥€BJ:IoJ-='=Fij!1:;$:~@rO)ffilJJE:1Jtt1=:.BP--C, ~Ugcif'E (d) O)fft(:, ~UgC$fl~11'1-tt-1' Fr) 

71-JvO)~fflUi=1JLu'L96~Ugcr'a'Jg*ffl:*ij'- f'*fl~lm~~7'296If'E~{im;t --CP--C 1:J J:Po 
(0023) 

*¥E.BJ:I oJ-='=Fij!1:;$:~u"LO)ffilJJE:15tti=;sP --c, ~Ugc¥e~'ri-tt-1' ~- r) 71 - ;vitm 1 oJ¥e,~tt-tt 
,1 Fr) 71 - Jv ~ M 2 O)*flif~eri-tt-1' Fr) 71 - Jv ~ iJ" G tct IJ, ~Ugcif'E ( d) ii, ~Ugcif- f' 
ffi:tiO)ffiUOOi= ~iJgcM 1 O)iiiE,~111:Y ,1 Fr) 71- }v ~jb}$t9 6If'E ( d 1 ) ~, ~Ugcif'- f' ffi: 
tiO)ffiUOO(: ~iJgcM 1 O)*fl~'ri-tr-1' Fr) 7J -Jv ~1r L --C ~UgcM 2 O)*fl~'ri-tr-1' Fr) 71 - Jv ~ 
Jb,nx9 6If'E ( d 2) ~ ~~ /vcP--C 't J: Po 

(0024) 
~Ugcif'E ( d) iJ{~IJgcif'E ( d 1) ~ ~Ugcif'E ( d 2) ~ ~~tl~EJ, ~iJgcif'E ( d 1 

) ~~Ugcif'E (d 2) ~O)FJH:::, ~UgcM 1 O)*fl~11'1Y-1' f'r)71-Jl,,O)~fflU(:f-1[@r96~iJgc 
r'a':r g*ffi:-$ if' - f' *&,~ITT}; ~ ~12 9 6 I f'E ~ ~ G t: ·ilm ;t --C t- , --C 1:> J: t- , o 

(0025) 
~Ugcif'E ( d) iJ{~iJgcif'E ( d 1) ~ ~iJgcif'E ( d 2) ~ ~~cu-~15", ~Ugcif'E ( d 1 

) ~ ~Ugcif'E Cd 2) ~ 0) Fa~(:::, ~Ugcm 1 0)$Ei\'i11'1-tt-1' Fr) 7J - JvO)~fflUt::: 1JL:u"r't 6 ~Ugc 
r'a'Jg*ffl:*if'- f'*&,~Jm~x,1/-r ✓ :'.o/•'L--c~ Gt=~JJI1r:-t6If'E~fimx, ~iJgcif'E Cd 2) 
J: vJ 1:> 1!zt=, ~UgcM 2 0J*&~11'1-tt-1' F r:'.7 7J - JvO)~fflUt= fJL:u"r-t 6 ~Ugcr'a'Jg*ffl:*if- f' *&~ 
Im~ ~12 9 6 If'E ~ ~ G t::: fim ;t --C t- , --C 1:> J: t- \ o 

(0026) 
*¥£8J=J O)-='=FlJ1:;$:~@r OJffilJ:ia-7'5tt1= ;GP --c' ~Ugcr'a'Jg*ffi:_$ij' - f' ifie~ITT};O) ~12ii, r) X- '1/ 

f' x '1/ -:r- / :7·· ~ m 1- , --c :1~1FUfl, = 1r .t) .n --c 1:> J: 1- , 0 
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(0027] 
:;ijs:~8/=I0)4lJ1t~u'LO)ffiJJ:r1t11~t=.:J3tr,-c, ~Ugc_:Lf'E ( b) ii, ~Ugcl:f- r-ffi:iiO)J::.00~ 

~ :i 1*1ti!IJ ~ ID,QX:9 6 If'E ~ ~ df., ~Ugcif'E ( d) J:: VJ 1:> tit=, ~Ugc~i&~tEY '1' F r'.7 :-t -
JvuJ5JH~Ut= 1J'.[u'L9 6 ~Ugc~5tit1ttiO)~Tio ~ Y lJ .Jt '1' ~-1t L td?t ~Ugcf*gl!IJ ~ ~~ L, -z: 
O)f?z, ~iJgcl:f- r-ffi:ii~ 7 Jvy 1J .Jt,,f F1t'9 6If'E~ ~ G t:{im;t -C Pc ti J:: Po 

(0028] 
:;ils:~8FJ0)4ij!1t~u'LO)ffi!J:rgjj$(:;J3P-C, ~Ugcif'E (a) J:: VJ ti~iJt:, ~iJgc)5ifoit!UiJ::. 

t:,r" ,:,, 7 7 -¥e~im~IDmt'9 6If'E~ ~ G t:{im;t, ~Ugcif'E (a) cii~Ugc)5tit1ttiJ::.t: 
~Ugc/"' ,:,, 7 7 -¥fl;~)IJ ~ fr L -C ~Ugcra'Jg3%ffi:$l:f- r- ¥fl;~)IJ ~ IDO½ L -C t J:: tr 'o 

(~BFJ O)~;IJ:~J 
(0029] 

:;i1s:~sm= J:: 6 ~, 'f- t-- ffi:iiO) T'ffiU7'.J, G .Jt '1' F r'.7 :-t - JvO) T'fflU ~ cra'Jg3%ffi:$l:f- t-- ¥&~ 
Jm7'.l,;J1!Mc:fl"1 (:IDmt ~ t1 -C P 6 k 60, § P~;t 6 ~, l:f- r- llffoi'5-~c OJ ra'Jg3%ffi:$l:f- r- ¥e~Jm 
O):@!~ifc:114.7'.l,;M!=J¥ ~ tL -C P 6 t-=: 60, ra'Jg3%ffi:$l:f- r- ¥&~!IJO)ffiUllffo15"~7J,;Y '1' F r'.7 ;;t - )vim~~ 
:J'¥Hi'9 6 :: ~ t=~l:z.-:!9 6, 'f- r- lLffili'5-~c O)ra'Jg3%ffi:$if- "¥e~!IJO)g3%ffi:$fJx T'& cf¥fl;'f:~'14. 
f_fr T' ~ trnmU'9 6 :: ~ 7J,;C ~ 6 c ~ k, .Jt '1' F r'.7 ;;t - )v T' fflU 0) ra':I g3%ffi:$,3/'- r- ¥Eit~IIJ ~ ij' -
r- ffi:ii T' fflU 0) ra':I g3%ffi:-'¥ l:f - 1' *fl;~ijJ J:: rJ 1:J ~ < ID mt L -C tr , 6 k 60, l:f - 1' • F v '1' ::,,,, Fa~ 0) 

~ _m 0) --1:::. H ~ trn mu L -c [_g] !Ffr iSR & ~ 0) ~~~ ~ 11xrax 9 o :: ~ 7J,;c ~ o C ~ G , =, :r..J7 A T ✓ 
Y 3 ::,,,,i-1:A ~ L D Di-=E)\ ~*lfflI9 6 ~(:fr:t±'9 6 ra'Jg3%ffi:$JmO)Jmµj[7'.l,;~pf_: 60, )-1A1J□ iSR 
:C::f Jv::¥'-O)t~::k~t[l]fbUc ~ 60 1;1:'J -C, :c !J AT::,,,, 1/ 3 ::,,,,~ L DD t:.:J3Pc)3'Ptit"i-~ 
~~ t = ID mt C ~ 6 0) C' 7' /"\ '1' A ti 114. OJ [ti] J::. ~ ~ i) ~ 9 p 0 

(~BFJ ~~lfflI9 6 t-=: 60 O):®:R:O)ID~J 
(0030] 

cm 1 O)*tmff~~) 
tJT', :;iis:~B}IO)ffi 1 O)*lfflIID~(:1i64lJ1t~u'Lt:::-=iP-C, ~Tio~~~,ijLIJ:7'.J,;GmBJ=I9 

60 ~ 1 ii, ffi 1 O)*lfflIID~H=1i64lJ1t~u'L (J:!1tf!"]t:tiy::,,,,!J'';v.Jf-'1' Fr'.l;;t-JvlfilO) 
MI SFET) O);ji:rg~:,y:9Wfrn=i~c~60 f6J, :;iis:*lH!IID~ciini:filMI SFET~fafiP 
-C g52.8}I9 6 7'.J\ :;ijs:~BJ=I ~ p i:filM I S F ET t::@l=fi L k~t"i-t: ti [o]tJO)~;IJ:~ ~1~ 6 :: ~ 7'.J,;c 
~60 

(003 lJ 
~ 1 (-=: :,r::9 J:: :i t-=:, 1:YU ;tit Y TJ ::::r ::,,,, 7'.J, G feet 6 lHix 1 (-=: ID,lft ~ ti k P lfil r'.7 .:r. Jv 2 t: .:J3 tt 6 

S T I 3 t: J:: 'J -C lttl ~ tL td51!1:t1tti 0) J::. t: ra':i g3%ffi:$ l:f - r- *&~Im 4 A ~ fr L -C ,3/' - r- ffi:ii 
5 7'.l,;IDmt~ tL -Ctr 'oc -3/'- r- ffi:ii 5 O)fflUTiot: ii¥fl;~'r-'EO).Jf- '1' ~- r'.7 ;;t - Jv 7 iJ,;IDmt~ tL -Ctr, 
6 o p lfil r'.7 .:r. Jv 2 t: .t3 tt 6 .Jf- '1' F r'.7 ;;t - Jv 7 0) T'ffiU t: ii n lfil :c !J AT::,,,, Y 3 ::,,,,tJiti 1 0 7'.J,; 
IDmt ~ tL -Ctr, 6 ~ ~(: p lfil r'.7 x. Jv 2 (: .:B ~t 6 n lfil:c !J AT:::,,, 1/ 3 /'fflti 1 O 0) T'ffiUt: tt p 

lfil ;tU:r ,y r- tJUi 1 1 7'.J,; ID mt ~ tL -C P 6 c p lfil r'.7 .:r. ; v 2 t: .:B ~ t 6 ij' - r- ffi:ii 5 7'.J" G Ye. -C n lfil 
:c !J AT::,,,, 1/ 3 /'fflti 1 0 &up lfil;:NJ,r ,y 1' tJti 1 1 O)~ffiUt: ii n lfil V - A • F v '1' ::,,,,tJ[ 
ti 1 2 7'.J,;IDmt ~ tL -C P 6 o 

(0032] 
**imID~O)ffi 1 O)tif:l!Hi, if- r- ffl:ii 5 0) T'ffiUO),Jf.lJ: G 9.J:T-{ F r'.7 :-t - Jv 7 0) T'fflUt= 

ti ra':i g3%ffi:$ ,3/' - r- ¥&~Im 4 A 7'.J,;yj;(¥ L -C tr , 6 :: ~ c ~ 6 o 9 iJ: h ~ , ra':i g3%ffi:$ ,3/' - r- ;r,&~ 
Im 4 A i'i-3/' - r- ffi:;f-i 5 0) T' 1'J:!U 7'.l" G .Jf- -1 F r'.7 :-t - Jv 7 0) T' ffiU ~ c :rlEMc:8"1 t: ID mt ~ tL -C P 6 o 

(0033] 
~ k, **imID~O)ffi 2 O)tirttii, ra'Jg3%ffi:$-3/'- r-¥e~)IJ4 A t:.:B~t 6 .Jf- '1' F r'.7 ;;t - Jv 

7 0) T' fflU tJt ti 0) W ~ i 'i, ra':i g3%ffi:$-3/' - r- ¥fl;~!m 4 A t = .:J3 t t 6 if - 1' ffi:ii 5 0) T' fflU tJUi 0) W 
~ J:: VJ 1:> 1 J \ ~ p :: ~ c ~ 6 0 9 feet v ~ , ra':I i3%ffi:$-3/' - t-- ;r,e~JIJ 4 A ii 8 lfil>tk, = ID mt~ n -c 
P6a 

(0034] 
**imID~t= J:: 6 ~, ra'Jg3%ffi:$l:f- r- ¥e~!IJ 4 A O)fflUlLffili'5-~iJ,;.Jf- -1 F r'.7 :-t - Jv 7 ~ ti'9 6 

:: ~ tJ: < , -3/' - r- ffi:ii 5 llffoi'5-~c 0) ra'Jg3%ffi:$l:f- r- *&~Im 4 A O):@!Mc:114.7'.l,;*Ui ~ t1 -Ci, 6 o 
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::.. u) t::. t:lJ, lf- t--it-ti s imHl~c OJ~§3%1'it$:if- t-- $e~/Ji4 A OJ§iffi:$:11\ T'Bzu"'$e~t1il\ T' 
~tfflltU9 6::.. ~ iJic ~ 6 OJc, -r /'\-1' Ali'riOJ1I\ T'"'?if- t-- $fl;~/Ji1i,irtOJ~1t~ ~ll 9 
6::.. ~ iJic~6o 

(0035] 
~ t::., **mEJf;J~U-=: J:. 6 ~, y -1' Ft) 71 - Jv 7 OJ T'fflUt-=: ~§*ffi:$:if- r- if.fl;l'~/Ji 4 AiJi-:{¥ 

fr9 6 ::.. ~ t-=: J:. --:J ---C, if- r- ffi:ti 5 Jllffii':r~ill:ftc tl:-3/' - r- ffi:ti 5 ~ n _!fl::c ::7 A 5- > 1/ s >tl 
ti 1 O ~ OJ Fa~ OJ ti _m ¥a i";-iJ iiHi~ ~ VJ , -f OJ Jf.a:JL ~ P if - r- • F v -1' > FEi:I :;ct - /'\ 7 '1/ 7:S(fJ * 
~1~6::.. ~ iJic ~ 6 C;JFti~-'f=tJik 2) C tE--:J ---c, y-·/\-1' Ali'riOJftiJJ:.BzcY* •1/ t-- ~ -y lJ 7 
1iJJf'r1 OJ [ti] J:.iJi[oJHi i: CR! t16 o 

(0036] 
~15, **m[yf;~(S::.BP'""Cli, Y-1' Ft)71-Jv7 OJT'fflUt=~~*ffi:$:if- r-*e~/Ji4 A/Ji 

fffr9 6::.. ~ t= J:. VJ, tit=, if- r-ffi:ti 5 ~ n 2fl V - A • F v-1' >tJUi 1 2 ~ OJFEi:I OJti_m 
OJ J:. * 7J r Jt:':t L , -f t1 t = J:. --:J ---C [g] Im .ifrn'. OJ 11\ T' iJ r 't t::. G ~ t1 6 oJ ~ t'ri iJ r db 6 c L iJ" L , ~ U 
~O) J:. -5 (S::, **mEM~t= .BP ---C li, Y-1' ~- t) 71 - Jv 7 T'fJ:lUOJ~§3%ffi:$if- r- ~ie~/Ji 4 A 
~ if - t-- ffi::ri s T-tu 0) ~ §*ffi:* if - 1- Jt-e~/Ji 4 A J:. 'J 't ~ < M.lft L ---r v " 6 t::. t:1J, if' - t-- • 
F v-1' >FEi:IOJti_mOJ J:.* v v "'""C ti[g]lffiifJJ'.A-..OJ~:lil:~~~tfflltU9 6::.. ~ iJic ~ 6 0 

(0037] 
J,:.jJ:.(:g5tB)=JLt::.J:.-5 (:, :-zl's::*m[yf;~i-=:J:.6 ~, JiP(: 1' v- F:;t70J~1;¥;(S::db6T',1'{-1' 

A ti'ri • [_g] !F:8-ti'ri ~ if' - t-- ~:e~/Ji1i,J,r1 ~ ~ ~ t= * ~ < foJ J:. ~ -i± 6 ::.. ~ iJic ~ 6 0 

(0038] 
cm 1 OJ*rnE*;~O)~Jf;eiU) 

tl T', :-zl's::~B)=J OJm 1 OJ*rn!!.M~OJ~M17Ut-=: 1:¥;6-='=f::ijl1t~@'.t-=: ~ t "---C, CRITID ~$~ij L t:J:.iJr 
Gg5t8J=I960 CRl6 li, m 1 OJ*mE.Jf;~OJ~MfliUt-=:t1~6-='¥-:ij11t~u"t'. (J:!it!fJt:li1/>::7'';vy 
.{ Ft) 71 - Jv_!flOJ n 2flM I SF ET) OJtiJEt~~9WfrnJCR!c db 6 o 

(0039] 
:-zts::~MfU!Jrm 1 OJ*m!!.M~~~tct:--:J'""CP6,t~~Ui, CR! 6 t-=:~9 J:. -5 ts::, Y-1' Ft)71-Jv7 

0Jffi1JJ1ffi]-&~0JT'ffi'H=1_tl@'.96~§*ffi:*if- t--*e~/Ji4 AOJ~-&~~~ 1J ~§*ffi:*if'- t--*e~/Ji 
4 A OJffilJJlffi]i:f~~ / '1/ c:f-:\;k:ts::I[X vJ ~ < ::.. ~ (: J:. tJ, / '1/ c:f- 2 0 /Ji~~t G t1 ---C v "6::.. ~ c db 6 

(0040] 
:-zts::~Mi:YUt-=: J:. 6 ~, if- t--ffi:ti 5 ~ n 2fl V - :A • ~- v-1' >tlti 1 2 ~ OJFEi:I OJti_m_OJ ____t* 

i = ~ffi 9 6 [_g] ~fr :rw rn: A._ 0) ~,i~ ~ J:. tJ ~ fi tm tu 9 6 ::.. ~ iJic ~ 6 0 

( 0 0 4 1 J 
cm 2 O)*m[yf;~) 

L?l T', :-zl's::~BF} OJm 2 OJ*rn!!.M~t= 1:¥;6 ¥:ij!1t~@'.t: ~ t "---C, CRITID ~$~,ij L t:J:.iJr G g5t8F}9 
6 0 ri1rj, m 1 O)*m[yf;~iJ{1/ > :::7•';vy-1' Ft) 71 - }v_!fl 0) M I s F E T ~ x-t~ ~ LL t \ t::. 0) 
t-=:xi L ---C, m 2 OJ*rn[Jf;~li, if- r- ffi:ti ~ ::c ::7 A 5- > 1/ s >fflti ~ OJ Fa~ OJ:;t- /'\ 7 ·1/ 7 
_m OJ :l&:@I1t ~ CR! vJ "'? 9 v" !f-:f Jvy .{ Ft) 71 - Jv_!fil OJ M I S F E T C ;JMi~f )(f$i;I( 3 ) ~ xi~ 
~ 9 6 o ri1rj, :-zl's::*m[lf;~c li n 2flM I S F E T ~ Jti P ---C g5t8j::J 9 6 iJ\ :-zts::~B)=J ~ p _!filM I S 
FE T t::@ilti L t::.~i";-t-=: 't [oJ;jJOJ:SffJ*~i~6::.. ~ iJic ~ 60 

(0042] 
CR! 2 li, m 2 OJ*mE.ff;~(:1:¥;6-='=f::ijl1t~u"t'.OJtiJEt~~9[tlfTiaCR!cdb60 CR! 2 t:~9 J:. -5 

ts::, fU;tJ;J:1/lJ:::t>iJ,Gt:J:.6£.t!xl t:Mnx;~;hf::.p_!flt).r-Jv2(:.:stt6ST I 3(-=:J:.--:J'""C 
1±±1 ~ t1 t::. ~15111: fflti OJ J:. t: ~ §3%ffi:$: if' - r- *fl;~/Ji 4 B ~ ft L ---C if - r- ffi:ti 5 iJ iM mt ~ t1 ---C P 
6 o if- r- ffi:ti 5 OJffiUTia1-=: li~e~'riOJ:;t7t '1/ r-Y-1' ~- t) 71 - Jv 6 ~ fr- L ---C if.E~'riOJY-1' 
F t) 71 - }v 7 iJijf;ftx: ~ t1Lp60 p _!flt) .r-}V 2 t=.:s~t 6 :;ct 7-l? '1/ f' y .{ Ft) 71 - }v 6 Bzu 
Y-1' Ft) 71 - Jv 7 OJ-f tt-rttOJ T-11:{Ut: li n _!fl::c ::7 A 5- > 1/ s >tJUi 1 O iJiff;nx; ~ t1 ---C P 6 
~ ~t= p _!flt) .r-Jv 2 (S:: .B~t 6 n _!fl::c ::7 AT> Y 3 >tJ'lti 1 0 0) T'fflU(-=: lip _!fil~,y '1/ r- tJ'lti 
1 1 iJiMnx ~ t1 ---C P 6 o p _!flt) .r- Jv 2 t-=: .B ~t 6 if - r- ffi:ti 5 iJ" G J! ---C n _!fl ::c ::7 A 5- > 1/ 3 

>fflti 1 O Bz u"' p _!fil~ -7 '1/ r- tJ'lti 1 1 OJ~ffiU ts:: li n 2fl V - A • F v -1' >fflti 1 2 iJiff;ftx: ~ 
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ti-CL\60 
(0043) 

**mEJf;~OJm 1 OJti~Hi, if- l- ffi:ti 5 OJ T'fJtU OJ ;J-;.iJ:. G 9:;t 7 t ,y 1' -it--{ Fr) 7t- - Jv 
6 U) T' fflU '= t; ra':i glffi::$: lf- 1' ilifl~ITT% 4 B ;1JS:lj~f¥ G L lt \ 6 --= .t C d':l 6 0 9 t~ b ti ' ra'J glffi::$: 
if - 1' ilifl~ITT% 4 B ~ i if - 1' ffi:ti 5 OJ T' fflU iJ \ G :;t 7 t ,y r-- -it --1 ~, r) 7t- - Jv 6 OJ T' fflU ~ c :rl®IT 
ff}(:::ff;.ox~ tl-Cv \<';)o 

(0044) 
~ t-=:, **mEJf;~O) m 2 OJli~Hi, ra':i glffi::$:if - 1' ilifl~ITT% 4 B t= .B ~t 6 :;t 7 t '/ 1' -It --{ 

F r) 7t- - Jv 6 OJ T' fflU iiJ!Ji uJ W: ~ ti, ra':i glffi::$: if - 1' ;t,fl;~ITTJ; 4 B , = .t3 ~ t 6 if - 1' ffi:ti 5 OJ T' 
ffiUiiJUiOJW:~ J: !'.J t:;1J\~P..: .tcd':>60 9iJ:.bti, ra'Jglffi::$:if-1'¥fl;~ITTJ;4 B,i82f't[:f;J::: 
ff;J$t~ ti-C Poo 

(0045) 
**1fiEJfJ~t= J: 6 .t, ra'Jglffi::$:,3/'- r-- ijlfl;~ITTJ;4 B OJfflU.\Lffili'r~iJs::;t7t ,y l- -it --1 Fr) 7t- - Jv 

6 .t fi9 6 .-= .t iJ:. < , if- 1' ffi:ti 5 Jtffilir~c OJ ra'Jglffi::$:if- 1' ijlfl;~ITTJ; 4 B OJ:rl®IT't'iiJS:*1Hi ~ 
ti -c P 6 0 .:: OJt-= ~, if- 1' ffl::ri 5 itffiJir~coJra'Jglffi::$:if- 1' *fl;~ITTJ; 4 B OJglffi::$:1~ T'l$<.u 
*fl;~'r1i5: T' ~:JflJmU9 o--= .t iJS:c 'e" o O)c, T /'\--1 Ati't'iOJm T' -'\",3/'- 1' if.fl;~m%1in,t-10J'-h 
1t ~ ~ 1t 9 6 .:: .t iJS:c 'e" 6 0 

(0046) 
~ t-::, **1fiEff; ~ 1::: J: 6 .t , :;t 7 t ,y r-- -it --1 F r) 7t- - Jv 6 OJ T' ffiU i::: ra':i glffi::$: ,3/' - 1' iFE~ 

ITT% 4 B iJitfB:9 6..: .t (::: J:-:;, -C, if- 1' ffi:ti 5 .\LffiJi'r~Jlrftc tiif- 1' '§!tti 5 .t n ;lf1:c !7 AT 
/1/ 3 :,,,tJUi 1 0 .t OJFa~CIJ~_m.*53';1JS:5~~ VJ, -z-0)¥5*, ra'JPif- 1' • F V--1 :,,,FJj:;t-/'\ 
:J ,y 7°::t!J*~1~6.:: .t iJS:c ~ 6 C1F1i~-'f:=ti¥i~ 2) 0 1JE-:;, -c, T /'\--1 Af~'t'iOJftiJJ:..&0"'* ,y 
1' ~ -'7 1J 71§JJ'l't'i OJ [ti] J:.iJS:[o) Bi(::: ['.Kl ti 6 o 

(0047) 
~ Gt:::, **1fiEff;~t:::J:6 .t, -it,{ ~'r;77t--Jv7 OJT'fflUt:::tit'a':d~lffi::$:,3/'-1'ilifl~ITT%4 B 

iJS:tftE Gt~ Pt-=:~, if - 1' ffi:ti 5 .t n 2f1 Y - A • F v --{ :,,, twti 1 2 .t OJ Fa~ OJ~ _m OJ l:.H ~ 
~ G t::: 1J\ ~ < :ffp x. 6 .-= .t iJS:c 'e" 6 OJ c, '.~Et~ _ml:.H .t --f tit::: fl -5 [g]~iSR& ""-OJ~~~~ 
jRlj\~IH=:JflJmU9 6 .-= .t iJS:c 'e" Oo 

(0048) 
J.,jJ:.(:::g5tB)=J0kJ: -5 (:::, **1fiElf;~(:::J:6 .t, ]iP(::: 1' v- F:;t70J~1i7d:::d':>oT/"--1 

Ati't-1 • [g]~li't-1 .t if- 1' *&Jtlm%1in,t-1 .t ~ ~t=::k 'e" < ftiJ J:. ~ 7±- 6 .:: .t iJS:c 'e" o 0 

(0049) 
cm 2 oJ*1fiEjf;~O)m 1 ~ff;tU) 

tl T', *~aJ=I O)m z oJ*1fiEjf;~O)m 1 ~lf;fJU i= 1lk<S-='¥ij!ft~u"ri= ~ L \ -c, ['.K]aa ~$~,ij G 
t~ iJS: G g5t8J=I9 o O ['.Kl 7 ti, m z 0)*1fiEjf;~O)m 1 ~ff;,fJU ,= 1*6-='¥-ij!"ft~u"r CJ:! 1tff1 t= ~i 3l 

:f}v-1:r ,{ Fr) 7f - Jv;lf'10) M I s F E T) OJt1ill£ ~ ~9!MTia['.K]c d':l 6 0 

(0050) 
*~ff;fUiJs:m 2 OJ*rnEff;~.t ~t~-::, -CPo}~~ui, ['.Kl 7 ,=~9 J: -5 i:::, :;t7t ,y 1'-it--1 F 

r) 7t- - Jv 6 OJ ffllJ.\Lffili'r~ OJ T' 1J{U t = 1J'z: u"r 9 6 ra':i glffi::$: if - 1' *&~ITT% 4 B OJ ~ii~~ ~ vJ ra':i ilffi::$: ,3/' 
- 1' ijlfl;~ITTJ;4 B OJfl:{U.\LffiJi'r~~ / ,y +tkJ:::J{X tJ ~ < ..: .t t= J: VJ, / ,y -=r 2 0 iJS:~~t G tl-C L, 6 
.-= .t c d':l 6 o 

(0051) 
*~lf;fJU ( = J: 6 .t , if - 1' ffi:ti 5 .t n 2f1 Y - :::Z • ~, v --{ :,,, iiJUi 1 2 .t 0) FE!:I 0) ~ _m_ 0) l:.H 

( = ~ffi 9 6 [g] ~fr JW BE"'- 0) ~,i~ ~ J: tJ ~ fi :jfp mU 9 6 --= .t iJS:c ~ 6 0 

(0052) 
cm 2 0)*1fiEjf;~O)m z ~ff;fljU) 

tz T', *~BF} OJffi 2 OJ*rnEM~OJffi 2 ~lf;fJUt::: 1*6-='¥-ij!tf~u'[(::: ~ P -C, ['.K]Tia ~$~,ij G 
t~ iJS: G g5t8J=I9 o O ['.Kl 3 ti, m z OJ*rnEM~OJm z ~:ffJtu ,= 1*6-='¥-ij!tf~u"r CJ:! 1tff1 t= ti 1f 
-:.:f}v-1:r ,{ Fr) 7f - Jv;lf'1 OJ M I s F E T) O)f~]g ~ ~9!MTia['.K]c d':l 6 0 

(0053) 
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*3tMwlJ iJ \m 2 0) *:f1t!iMi,iu~ ~ tech --:7 ---c P o ,~~u i, if - 1' ffi:ti 5 oJ T mu & u-:-;t 7 t ,y r- 7 
4 F r:'7 :t- - Jv 6 0) TfflU O):JJ.tech IS 97 4 F r:'7 :t- - Jv 7 0) TfflUt= $ ~giffi:$if- r- Mg~m 4 c 
iJ{y!M¥ L, ---c v \ o s:= ~ -c: &') o O Ttech -0 ti, ~g*ffi:*if' - r- *e~m 4 c iiif- r- ffl:ti 5 0) T mu 
iJ\ G 7 4 F r:'7 :t- - Jv 7 0) T1'J:!U j: cJl~ITT ,=:ff~.Q½ ~ tL ---c v \ o 0 

(0054) 
roj, *3tM1§1Jt= .BP ---C, 7 4 F r'J :t- - Jv 7 0) Tffl1JO)~giffi:$if- r- ti&~m 4 C O)mMHi 

' 7J 7 t '1/ f' 7 4 F r'J 7f - }v 6 0) T 1'J:!U 0) ~ g*ffi:* if' - f' Mt~m 4 C OJ mw ~ [o] t: C &') 0 0 

T i;t: b ti ' ~ giffi:-$-if - f' ¥e~m 4 C ii 8 ;Jft~ t = M pX ~ tL L p O 0 

(0055) 
*3tMw'H= J: o ~, ~g*ffi:*if'- r- ie~m 4 c iJ{if- r- ffi:ti 5 oJ TfflUiJ\ G 7 4 F r:'7 :t- -

Jv 7 0) TfflU j: cJl~ITT t=Mnx ~ tL ---c Pok 60, :-;t 7t ,;1 I'-- 7 4 F r:'7 :t- - Jv 6 0)$jiJ{;,;IF~t= 
~v \~Et=$, ~g*ffi:$if- r- *&~m 4 C OJfflljtifiHl~iJ{7 4 F r'J :t- - }v 7 ~ tiT o 2: ~tech< 
' if' - f' ffi:t!lz 5 i'iifiHr~c 0) ~ g*ffi:* if' - f' *e,~m 4 C 0) Jltm:tt ~ *11:Jf TO 2: ~ iJ{c ~ 0 0 2: 
0) t::. 60, if- r- ffi:t!lz 5 i#oi~-c: O)~g*ffi:*if- f' *e~m 4 c O)giffi:$L& T&u"'*e~ttf_fr T~ 
tf!JltUT o 2: ~ iJ{c ~ o O)c, 7'/\4 :7--.1i111:0J1_fr T ~if- r- *e~m1itJ!j10)%1t~ Mil:. To 
2: ~ iJ{c ~ oo 

(0056) 
1fl L,, *3tM1JIJ ,= .:s P ---C ii, ffi 1 uJ*:11t!iM~ ~ ro:J;i'Jt= 7 4 F r'J :t- - Jv 7 0) T fflU t= ~giffi: 

$if'- r-*e~m4 C iJ{t¥ffT o 2: ~ t= J: tJ, if'- r- ffi:t!lz 5 ~ n _!ill Y-:7--. • F v 4 ✓~JJ~ 1 
2 ~ 0) Fa~ O)~ _m 0) l:.:¥F-iJ{¥£1=_ TO oJ 1'H~1!1:iJ{&'> 0 0 L, /J\ L,' ~u:rzt 0) J: "J t=' *3tM·wlJ ,= .:8 V \ 

---C ii, 7 .,r F r'J :t- - Jv 7 T fflU 0) ~ giffi:-$-if - f' *e~Jm 4 C ~ if - I'-- ffi:ti 5 T fflU 0) ~ giffi:$ 
if' - f' *e~m 4 c J: tJ $ ~ < MQ½ L, ---c p o t-= 60, ~1=. ~ _m_ 1:. :¥F-& cf -=c tt, = 1# -5 [g] ~ :r!!JJ:"" 
0) ~~f!f ~ tfP itU T o s:= ~ iJ i-c: ~ o 0 

(0057) 
cm 2 0)*:11t!iM~O)m 3 3tMwlJ) 

L?l T, *¥€BF} O)ffi 2 O)*JJlE.Ifq~O)ffi 3 3tM1§1Ji= 1io "¥lJtf~u'i'.i=-:) P ---C, CKIOO ~$~,ij L, 
tech iJ{ G i2.BJ:IT o O Cill 4 ti, m 2 O)*JJtE.M~O)m 3 3t:ff~1§1J i= 1io "¥lJtf~u'i'. CJ:! 1*ITT t= it 1f 
-:.:f;v7 ,r F r'J :t- - Jv;Jf!1 oJ M r s F E T) oJt~iEt ~ ~T!ffrOOCKlc &') o 0 

(0058) 
*3tMwlJ!J{m 2 O)*:f1t!iM~~ ~tech --:7 ---c Po m 1 O),r~~ui, if'- t--ffi:t!lz 5 oJ TfflU&U':-;t7t 

'1/ r- 7 ,{ F r'J :t- - }v 6 OJ T ffllj 0) :JJ.i;r 6 97 ,{ F r'J :t- - }v 7 0) T ffllj t= $ ~giffi:$if- f' *e~ 
m 4 D iJ{yj:(¥ L, L p O 2: ~ C &') 0 0 Ti;rb ti' ~giffi:$if'- f' *&~m4 D itif'- f' ffi:t!lz 5 
0) TffllJ/J'> G 7 4 F r'J 7f - }v 7 0) T1'J:!U j: cJl~ITT,=MQ½ ~ tL LL\ 0 0 

(0059) 
*3tM1§1JiJ{M 2 O)*JJtE.M~~ ~tech --:7 ---C v \om 2 O),~ii, :-;t 7 t ,;1 1' -rt,{ F r:'7 :t- - 1v 6 0) 

TffllJO)~g*ffi:*if'- ""*e~m4 D 0)/mw!Ji, if'- r- ffl:t11z 5 oJ TffllJO)~iiffi:*if'- r-*&~m 
4 D 0) mw ~ ro:J~c &'> o 2: ~ c &'> o o roj, 7 ,{ F r'J :t- - Jv 7 0) T ffllj 0) ~ giffi:$ if - f' *e~ 
m4 D O)mwit, if- f' ffi:t!lz 5 0) Tffl1JO)~giffi:$if- r- *e~m4 D O)mw J: VJ $lj\ ~ po 

Ti;rbti, ~giffi:$if- r-ie~m4 Dii82:filtkJ=MQ½~.rt---CPoo 
(0060) 

*3tM1§Ui= J: o ~, ~giffi:$if'- r- *e~Jm 4 D iJ{if- 1' ffi:t-i 5 0) TffilJiJ" G 7 ,{ F r'J :t- -
Jv 7 0) TfflU j: cJl~ITT ,=Mox:~ tL ---c Po ts: 60, :-;t 7 t '1/ r- 7 4 F r:'7 :t- - 1v 6 0)$jiJ{;,;IF~,= 
~v \~Et=$, ~g*ffi:$if- r- *e~m 4 D O)ffllJJliffii'f~iJ{7 4 F r'J :t- - Jv 7 ~ tiT o s:= ~tech< 
' if' - f' ffi:t!lz 5 Jl#oi~c 0) ~giffi:$if' - f' *e,~m 4 D O)Jl~,11: ~ MHiT O 2: ~ iJ{c ~ 0 0 2: 
0) t-= 60, if'- f' ffi:t-i 5 i#oi~-c: O)~giffi:$if'- t-- *e,~m 4 D oJg*ffi:*m T.& u"'*e.~'11:1_fr T ~ 
tf!JitUT o s:= ~ 1Ji-c: ~ o oJc, T /'\4 .:::z1i'l1:0)1_fr T ~if- t-- *e~m1in1rt0)%1t~ M± To 
s:= ~ iJi-c: ~ o 0 

(0061) 
1fl L,, *3tM·fJU(=i3t \ ---C ii, M 1 O)*JJiE.M~~ ro:J;i'Jt= 71' F r'J :t- - Jv 7 0) TfflUt= ~giffl: 

$if'- ""*e~m4 DiJ>;t¥ffTo 2: ~ t=J: VJ, if'-1'ffi:t!lz5 ~ n2:filY-.:::Z • F v,{ ::,/'~ti 1 
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2 2:: Cl) Fa~ Cl)~ _m Cl) J:.~/J'I:¥£± 9 6 oJ j'j~114:/J'lcit:> 6 o L iJ, L, ~UJlt C7) J: -5 (:, :;,js:~ffJfU t: Bl " 
cli, '-lf'1 Fr'J:ot-Jv7 rfflUC7)ra'JlH\ffl-'¥.if- r";%e~Jll4 D~if- r-mti5 TfflUCl)ra'Jg*ffl-$ 
if - r- ;%e~Jll 4 D J: ~J 1:J ~ < ID Bx L -C l ' 6 k &'), &f ± ~ _m J:. ~ & U' -{- tL t: ff -5 [g] li!fr Ji&~ 
OJ~~~~t[p1'5ij9 6 _:_ 2:: /;'le~◊ o 

(0062) 
cm 3 Cl)*:fi'ili.ffJ~) 

t.XT, :;,js::¥£8)=} Cl)m 3 Cl)*nili.ID~t= 1io 4'::ij!1*~@'.t:-::=i p L' [2100 ~$~,ij L IJ:/J'I G g5l8)=}9 
6 o iWI, m 1 Cl)*nili.ID~iJi:,,</ :'.'.J''Jv'-lf--1' F r'J :ct - Jv2i'l Cl) M I S F E T ~ :x-t~ 2:: L -C Pt-=: Cl) 
t: xi L -C, m 3 Cl) *:ffili.ffj~~i, if - 1- fflti 2:: :.c :7 7' 5- >:,,, s >ti!'!}~ 2:: Cl) Fa~ Cl) :;t- ,r{ 7 ,:; 7 
_m uJ ~:@111 ~ [21 t'.) --'\"Tl" 1:1'-::f Jv'-lt --1' F r'J :ct - Jv2i'l Cl) M I S F E T ( ?Ff~g-'f :Xi¥i~ 3 ) ~ xi* 
2:: 9 6 o iWf, :;,js:*:ffili.ID~c ~in 2fl1M I S FE T ~ J:ti l, -C g5l8)=}9 6 !Ji, :;,js::¥£8J:J ~ p :J:lliM I S 
F E T t: :@iJ:ti L k ~ii (: 1:J ro] 11 Cl) :!J1J* ~ 1~ 6 -.: 2:: /J'lc ~ 6 o 

(0063) 
[215 t•i, m 3 C7)*nili.ID~,:1i64'::iji1:f~@'.C7)fj:rg~~T!m00[2]ccit:>6o CR15 t=~T J: -5 

t:, fU}Uf:,,,lJ:::r>iJ,GIJ:6£:t!Jl ,:IDl'ft~tlkp:J;llir'J.:r.Jv2t:stt6ST I 3t:J:"'JL 
lffl ~ tL t-=: )i114: t!Ui Cl) J:.,: ra'J g*ffl-$ ij' - r" ;%e,~Jll 4 E ~ 71" L -C if - r- fflti 5 iJ iIDrtx; ~ t1 -C P 
6 o if - r- fflti 5 C7) fflUOO t: ~ i *e,~'14: C7) :;t 7 t ,:; r- '-lf --1' ~, r'J :ct - Jv 6 ~ 71" L -c *tg~,14: Cl) '"1f --1' 
F r'J :ct - Jv 7 /J'lffJmt ~ tt -c "'6 0 P :J:lli r'J .:r. Jv 2 t= .:s ~t 6 :;t 7 t ,:; 1' '-lf-1' F r'J :ct - Jv 6 }'$(_ u 
'-lf-1' F r'J :;t-Jv 7 C7)--z:-t1-tt1C7) T1J{Ut: ii n :J:fil:.c :7 7' 5- >-'/ s >tJ'iti 1 o iJiIDmt~ t1 -C P 6 
2:: ~, = p :J:lli r'J .:r. Jv 2 t = :l3 ~ t 6 n :J:lli :.c :7 7' 5- > -'/ s > tJ'i ti 1 O C7) T fflU t = ii p :J:lli ;T- Jr ,y r- ffl ti 
1 1 /J'IID$t~tl-CP6o p:J;llir'J .:r.}v 2 ,:.:sitoif- r"fflti5 /J>GJ!-C n:J;lli:.c:7 AT/'1/ s 
>tJui1 o.&0"'p2fll;T,J;r,y r-tJ'iti1 1 C7)~1J:!u,:iin:J:lli~-A • ~'v-1>tJ1:ti1 2/J'IID.rft~ 
,f1cP6n 

(0064) 
**:ffili.ID~Cl)mlCl)ffl~~, if-1'ffl~5C7)T~C7)~1J:G~:;t7to/r-'-lf--i'Fr'J:ot-~ 

6 & 0"' '-lf --1' F r'J :ct - Jv 7 C7) --z:- t1 -t tL C7) T fflU t: tJ ra'J g*ffl-$ ij' - 1' ;%&~Jll 4 E iJ i J5:t¥ L -C P 6 
--= 2:: C cit) 6 0 9 tct: ;t~ tj ' ra'J g*ffl* ij' - 1' ;%e,~Jll 4 E ti ij' - j, fflti 5 C7) T 1J{IJ jp I~ y 4 F r'J 7f 

- Jv 7 C7) T fflU ~ cil~Sl t= IDl'ft ~ t1-c1r,60 
(0065) 
~ k, **:ffili.ID~Cl)m 2 Cl)li~ii, ra'Jg*ffl-$:if- 1' ;%&~Jll4 E ,:.:s~t 6 :;t 7 t ,y 1' '-lf-1' 

F r'J :ct - Jv 6 C7) r ffllJfflti C7) W ~ !Ji, ra:i g*ffl-$ if - r- ;%e,~Jll 4 E t: .B t t 6 if - r- fflli 5 C7) T 
mu ffl ti Cl) w ~ J:. ~J t> I J \ ~ < , _§_ -:::i ra:i g*ffl* if - r- *e~ ,m 4 E , = .t~ ~ t o '"1f --1 F r1J :ct - 1 v 7 C7) 

T fflljfflti OJ W ~ /J'I, ra:i g*ffl* if - r- ~ie~Jll 4 E (: .B ~t 6 :;t 7 t '1/ r- Y -1 F r'J :ct - }v 6 C7) T 
ffiU tJ'i ti Cl) w ~ J:. t'.) tJ I J \ ~ p --= 2:: C cit) 6 0 9 tct: ;t~ tj ' ra':i g*ffl-$ if - 1' ;%e,~ Jll 4 E ii 2 :m 8 :J:lli 
~(=Mmt~ tL L l '>oc 

(0066) 
**:ffili.ID~,: J: 6 2::, ra':Jg*ffl-$:if- f' ;%it~Jll 4 E iJiJf'- r- ffl1i 5 Cl) T ffiUiJ, G '-lf-1' F r'J :ct 

- }v 7 C7) T ffllj ~ c il~ITT (: ID mt~ t1 -C P 6 k &'), :;t 7 t '1/ r- '-lf --1' F r'J :ct - }v 6 U) $i iJ{?F* 
,: ~P~t"i-i= t>, ra':Jg*ffl-$:if- r" ;%e,~Jll 4 E Cl)fflUfiffofi~/J'l'-lf-1' ~, r'J :ct - Jv 7 2:: tiT 6 -.= 2:: tct: 

<' l,f- 1' fflli 5 fiffofi~c C7) ra':Jg*ffl-$:if- f' *e,~Jll 4 E C7)il~114: ~ MHiT 6--= 2:: /J'lc ~ 6 0 

:::.. Cl) k «), ij'- r-fflti 5 fiffofi~c C7)ra':Jg*ffl$if- r- ;%e~Jll4 E C7)g*ffl$fl\; T&0"';%e~'1'1{5; T 
~t[IJltUT 6:::.. 2:: /J'lc ~ 6 Cl)c, -r'/'\ '1 7'li'l4:C7)11\; T--'\",3/'- j, ;%e~Jm1itll4:C7)o/51t:~ piJJ.t. T 
6 :::.. 2:: 1Ji-c ~ 6 0 

(0067) 
~ ts:, **:ffili.M~t= J: 6 2::, :;t 7t ,:; f" '-lf-1' F r'J :ct - Jv 6 Cl) TfflU(: ra':Jg*ffl-$,3/'- 1' ;%e;y,~ 

Jll 4 E /J'1f¥tfT 6:::.. 2:: t: J: "'J -C, if- r" fflli 5 Jl/ffifi~:rlf:11.rc liif- 1' fflti 5 2:: n :J;lli:.c :7 7' 5-
> 1/ 3 > tJ'iti 1 0 2:: Cl) Fifl Cl)~ _m;f-5t";-iJ{5~ ~ 1) , --Z:- Cl) ;t-5*, ra':i l '> ij' - f' • F V --1 > Fa~ :;t- /'\ 
5 ,y 77-i11*~1~6-.= 2:: 1Ji-c ~ 6 (?Fli~-'f:::ti¥i~ 2) 0 f!E"'J -c, -r',1'\--{ Ali'l4:C7)1tiJJ:.&0"'* ,y 
1' q- -y lJ 71§ f}'l'l4: Cl) [ti] J:. iJ i roJ Hi (: [21t16 o 

(0068) 
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~ 15, **MEM,!H: .:BP ---c ~;t, m 1 (7)*Jm7f3J~L:: roJi§JH: -1:t ,1 ~, r'J :;t - Jv 7 Cl) T'1J!U t: r'aJ lH\ 
ffl$if - r- tFfl~/Jl 4 E iJit¥tET 6 2: ~ i: J:. !'.) , if - r- ffl1i 5 ~ n ~ V - 7-- • F v ,1 :,,,~ti 
1 2 ~ Cl) Fa~ Cl) ti _m_ Cl) l:. H iJ i ~± L , --f oJ *a 5FL [g] ~ ii& Cl) {& T' hi tJ k.. G ~ t1 6 ciJ ~ ~111. iJ i d0 
60 LiJ'- L, ~iJ~Cl) J:. -5 t:, **MEM!~H:.:BPc t;t, 7t7t ,::; r- -1:t,1 F r'J :;t-Jv 6 T'fflUc 
r'a:J§lffl->¥if- t-- tFfl~/ll 4 E (l)JjIM[~ ~a~< L, _§_ ~-1:t ,1 F r:'7 7J - Jv 7 T'fflUcr'a:J§lffl$if­
t-- tFfl~IJI 4 E Cl) lllW ~ ~ t~ t: ~ < L c t , 6 k.. &'), &f ± ti _m_ J::. H Bz U' --f t1 t: f'F -5 [g] ~ii&~ 
oJ~~~~1FRft:ill; < tffJmUT 6 s:= ~ i:/-:.c 'e" 60 

(0069) 
tiJ::.t=:g5tB)=JLk..J:. "J (:, **JJifiJf3J~!H:J:.6 ~, JiP(: r- v- F7t7(7)~1:¥:t=:d00-r',1",f 

:A4i'r1 • [g]~ti1!1. ~ 1f- t-- ~ie~JJI1ifl'li. ~ ~~'=* 'e" < ftiJ 1:. ~ -i± o s:: ~ 1Jic 'e" o 0 
(0070) 
Cm 3 Cl) *ME.7f3 ~ Cl) ~7f3eiU) 

ti T', ::zjs:~BJ=I (l)ffi 3 (l)*JmM~(l)~MfUt: 1if:6-='=f::ijl1t~@'.t: ~ t, c, CZITID ~$~ij L ~!Ji 
G g5tBJ=JT 6 o CZ1 8 ~i, m 3 (l)*JliE7f3~(7)~MfliU t: t7~6-='=f::ijl1t~u'l'. CJ:!ittfl t: ti -Y :f;v-1:t ,1 
F r'J :;t - Jv ~ Cl) M I S F E T) Cl) t#f:rg ~ ~T Im 00 CZ! c d0 6 o 

(0071) 
::zjs:~MfU !Jim 3 Cl)*Jmlf3~ ~~~'Jc P 6 J~~J;t, CZI 8 t: ~T J:. "J t:, -1:t ,1 F r'J :;t - Jv 7 

(l)tUJIToi~(l) T' tui= 111M'.T o r'a:J§lffl$ij' - t-- *e~lll 4 E (l)~i~, ~ ~ vJ r'a:J§l~$if- t-- *e~ 
JJI 4 E (l)mumi~~ / ,y "1-tk: i= ItZ vJ ~ < s:: ~ i= J:. VJ , / ,y "1- 2 o 1Ji~it G n ---c po s:: ~ c d') 

60 
(0072) 

*~MeilH:J:.6~, ij'-t--~ti5 ~ n~V-7-- • ~'v,{::,,,tJui1 2 ~OJFa~Cl)ti_m_Cl)l:.H 
i=~l:EIT o [g]~iif!t✓,(7)~~~~ J:. VJ ~ratmitUT o s:: ~ 1Ji-r:: 'e" o 0 

(0073) 
cm 4 (l)*MEM~) 

tz T', *~BF} (l)ffi 4 (l)*JmM~t= 1io ¥:ij!1t~@'.(: ~Pc, CZITID ~$~,ij L ~ iJ{ G g5tBF}T 
6 0 CZI 9 ~i, m 4 (l)*JmM~i= 1if:6-='=f::ijl1t~u'l'. CJ:! 1ttfl i= ti:,,-::,,, :'.~l;v-1:t ,1 F r'J :;t - Jv~ Cl) 
MI SFET) (7),t#f:rg~~TimTIDCZlcd06o fiil, **ME7F3~c,in~MI SFET~}=tIP 
L g5tB}=}T 6 iJ{, *~BF} ~ p ~M I s FE T t=nfilm L t.:~5(: t [o],fj(l)~;/J:~ ~i~o 2: ~ /J';c 
'e" Q 0 

(0074) 
**MEM~iJim 1 (l)*JmM~~ ~tct 'J cv 'loJ~~Ui, CZI 9 t=~T J:. "J t:, £t1x 1 ~ r'a:J§lffl 

$ij'- f" *e~IJI4 A~ (l)Fa~ (:, fU;t (f 1/ 1) ::::r ✓~1t1JI)Ui:,,- 1) ::::r ✓~~1tlJI~iJ{,1'\ ,y '7 7 

-tFe~JJI2 5 ~ Lc~ttG;hcP62: ~cd06o 
(0075) 

**MEM~t:J:.6 ~, ffi 1 (7)*JmM~C7)~1J:~H:1Jo;t c, £tW • ij'- r-*&~IJIWTia~IERf 
i= 1*~ s:= ~ 1Jic ~ o ~ t, ") ~1J~;0i1~ G no O Ttct v t>, £tix 1 J::. i= ,l\ ,y 7 7 -*e~JJI 2 s 
~ fr L c r'a:J§lffl$if- r- tFe,~IJI 4 A~ 7F3nxT 6 2:. ~ t: J:. 'Jc, £i!J 1 J::.(.: r'a:J§lffl$if- r­
tFE~IJI 4 A~ 1ffiJ¥Mnx L k..~ii ~ 1::1::~c' £iW. if- f" *e,~JllWTIDC7)~1t~ rnrr T Q 2: ~ 
iJic 'e" 6 0 

(0076) 
ri1ti, **ME7F3~t:.:BPc, m- 1 (7)*Jmff3~(7)r'a:J§l~$ij'- r-;Fe~JJI4 A ~£i1x 1 ~ (l)FEtl 

t=: ,1'\ '1/ 7 7 -Me,{~IJI 2 5 ~ ~tt k o L iJ'- L, s:= ;ht: f,;t c, ffi 2 (7)*JJ1Eff3~(7) r'a:J§l~->¥if 
- r- tFB~IJI 4 B, ffi 2 (l)*JmM~(l)ffi 2 ~MfU Cl) r'a:J§lffl$ij'- r- *e,~IJI4 c, ffi 2 Cl)*Jm 
JFJ~Cl)m- 3 ~7F3tU (7)r'a:J§lffl$if- t-- ~ie~JJI4 D JUim 3 oJ*ME.lf3~Cl)r'aj§*~*ij'- t-- tFflit~ 
IJI4 E ~ £i1x 1 ~ (l)Fa~(:,1" ,y 7 7 -*e~IJI 2 5 ~~ttc t>, **mElf3~~ roJiJ(l)~jJ~iJi1~ 
G t16o ~ k, r'a:J§lffl$ij'- r-*&~/ll4 A~ 4 E ~ £iff 1 ~ (l)Fa~(:,1" ,y 7 7 -*e~IJI 2 5 
~~tt 61\V t'.) t=:, if- r-~,ti 5 ~ r'a:J§lffl$ij'- r-¥&~1JI4 Ar--;4 E ~ OJFa~(:,1'\ ,y '7 7 -

~ie~IJI ~ ~tt c BJ:. Po 2: (7),t#ftft(: J:. ;h(f, r'a:J§l~$if- r- *e,~IJI 4 Ar-.,, 4 E J::.t: if- r­
fflt©i 5 ~tffi.ffiMnxLk~ii~l:t✓-z---c, if- r-ffl,ti • if- r-*e~JJIWTIDC7)~1t~~7JrrT6 2:. 
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2 iJ,;c 'e' 6 0 ~Pii, ~glffl:-)$Vt'- f' ¥e~JJJ 4 Ar--, 4 E 2 £trx 1 2 uJFE!H=/\ '>' 7 7 -/llE.~ 
1JJ 2 5 ~ ~ ,t 6 2 ~ t: Jf' - f' ffl:ti 5 2 ~ ilffl:$ Jf' - f' illfl~IJJ 4 A,...._, 4 E 2 OJ Fa~ t: /'\ ,y 7 7 

- illE~IJJ ~ it~~ t L 'tJ J: p O ::: 0) ti /rxJ = J: tti i, £trx • J,f - [' illB~IJJWOO & cf J,f - [' ¥B't~ 1JJ 
• Jf- [' ffl:i!lzWOO OJ rifii/J OJo/51t ~ p1Jrr 9 6::: 2 iJ,;c 'e" 6 o 

(0077) 
cm 4 O)*:fi'ili.lfJ@OJ~lfJeiU) 

t-1 T', ::zjs:~BJ=I OJffi 4 OJ*:ffili.M@OJ~M1:1Ut: 1if:6-='=f::ijl1t~u"t'.t= ~ t, L, CZIOO ~$Jij L t;J:_iJ;; 
Gg52.8J=J960 CZ! 1 o ti, ffi4 OJ*:ffili.M@OJ~MeiUt:{*6-='=f::ijlw~u"t'. (J:!1tfflt:ii:,,,::,,,,:'.~:t-;v 
-tr--1 F?7t-Jv;/ffJO)M Is F ET) ifJT'lie:~~91ffrrnJCZicd':>60 

(0078) 
::zjs:~M1:1UiJ,;ffi 4 OJ*:ffili.M@2 ~t;J:_ 'J L P6,sUi, CZ! 1 O t:~9 J: -5 t:, -tr--1 Fr) 7t - Jv 

7 OJfflU*@if~OJ T'fflUt:{i'.t:@'.9 6 ~ilffl:$,,Y-'- f' illfl~IJJ4 A&U'/" ,y 7 -r -*ek~JJJ 2 5 OJf:lUi 
*e~IJJOJ~if~, ~ j: t'.) ~it-fifi*e~IJJOJfflUi'L@if~~ / ,y cr:f-kt=ICZ !tJ ~ < ::: 2 t= J: t:J, / ,y cr 
2 O iJi~~t G ,h LP 6 ::: 2 c df:> 6 o 

(0079) 
*~Mfljlj(:J:62, ij'-t--ffl:t!lz5 2 n;l:ill~-_A • ~'v--{::,,,,tJui122uJFa~O)~_mO)J:.H 

t=~l:z.-:l9 6 [gj\MtJi!J'.✓,O)~~~~ J: t:J ~fi:J1lHtU9 6::: 2 iJ,;c 'e' 6 o 

(0080) 
ri16, ::zjs:~Mf1U1:.:B1t "L, m 1 OJ*:ffili.M@OJ~glffl:$,,Y-'- r- ¥Ek~IJJ4 A 2 /\ ,y 7 -r -ill&~ 

]JJ 2 5 2 OJflfiillE~IJJOJffllJi'L@if~t= / ,y cf- 2 O ~ ~,t t-=:o L iJ-. L, ::: tl-t= 1,x.. L, ffi 2 OJ* 
:ffili.M@OJ~glffl:$ij'- r- /llE.Jf~IJJ4 B, ffi 2 U)*nili.M@OJffi 2 ~M1:YUOJ~glffl:$Jf'- f' illfl~ 
]JJ4 c, ffi 2 OJ*:ffili.M@OJffi 3 ~M1:1UOJ~glffl:$,,Y-'- f' illB~IJJ4 D )Oiffi 3 OJ*:ffili.M@OJ 
~ilffl:->¥if- f' *e~JJJ 4 E 0) Pi"nn" 2 /'\ ,y 7 -r -~e~JJJ 2 s 2 OJflfi*e~JJJOJfflUi'L@if~t= 
/ ,y cf-~ ~,tL t», ::zjs:~lfJeiU 2 IDltJvJ7t1J*iJi{~ G t16 o ::: OJ 2 'e', ~glffl:$Jf'- f' ¥e4:~JJJ 
4 A"-- 4 E 2 £tN 1 2 OJ Fa~ t: /\ ,y 7 7 -ille~]JJ 2 5 ~ ~~t 6 2 ::t:IJ:, ij' - r- ffl:;t!lz 5 2 ~ gl 
ffl:$Jf'- J, illfl~IJJ4 Ar--, 4 E 2 OJFa~t: t; /'\ ,y 7 7 -¥e~JJJ~~~tL ti J: Po 

(0081) 
cmsOJ*:ffili.M@) 

tzT', ::zjs:~BF}OJffi 5 OJ*:ffili.M@t:{i6-='=f::ijl1t~@'.OJ~JE/Ji:ct:~PL, n;l:illM IS FE 
T OJ~ie:/JJ~ ~ 1:YU 2 LL, CZIOO ~ $ J,ij L tJ: !Ji G g52.8J:I 9 6 o CZ! 1 1 ( a) r--, ( f ) ii, ffi 5 
OJ*:ffili.M@t= 1if:6-='=f::ijl1t~u"t'.OJ~ie:_JJd;;uJ;;. If'E ~ ~9!ffrrnJCZ!c d') 6 0 

(0082) 
j: i", CZ! 1 1 Ca) t:~9 J: -5 t:, -eiUfUi:,,, lJ :::z ::,,,,n" G tJ: 6£tJxJ:. 1 ::, ~-=f;1-Mt1tti 

2tJ:6sT r 3~~iREflt=MnxLtd:tt, £trx1 i=:xtLL, 1:1ux..,1B c~o::,,,,) ~1-1Ax:z-
}v ::¥'- 3 0 0 k e V' F- _::~(_m 1 X 1 0 13 C m-20)*14-c ,{ 7]- ✓1-1A 9 6 0 ::: nt= J: !:J' 

)t11'1fflti 2 tJ: 6 P 2fJ r) .r. Jv 2 iJiM/ft ~ n 6 0 ~PL, /\::,,,,cf-A Jv- A f' ,y /'\M/ftffl OJ--1 % 
::,,,,1_1)'- 0-1A--1 % ::,,,, : B, 1-1AX * Jv::¥'- l 5 0 k e V, F- _:::(_m 1 X 1 0 13 c m-2) .& 
cf cf- --y * JvlfJ/ftffl OJ--1 % ::,,,,1-1A 0-1}\. --1 % ::,,,, : B, 1-1A x * Jv ::¥'- 2 o k e v, F- -7-:'_m 
5Xl012cm-2) ~1T7

0 

(0083) 
YRt:, CZ!l 1 (b) t:~9J:"5t:, p;l:illr).r.Jv2t:.t~~t6ST I 3t:J:-JL[ffij:,htdt5 

'l'iffltiOJ J:.t:, /'\ ,y 7 -r -¥e~JJJ 2 LL eiU;t iilJJW o. 5 n mf'EJJ'.OJ:,,, 1J :::z ::,,,,~1t1JJ (CZ! 
~'B-m;;) ~M.W<:Ltd:tt, ~glffl:$if-1'11lit~IJJ4 2 LL11Ux..ii]JJM[4 n mf'E&OJH f s i 
0 N 1JJ (~11::JJJ~l[JJJM[ii 1 n mf'Ern'.) ~:ftff9 6 o 

(0084) 
JXt:, CZ! 1 1 ( c) t=~9 J: 7 i:, ~glffl:$Jf'- 1--- illfl~/m 4 J:.t: 1:1Ux..1i]JJM[ 1 0 0 nm 

f'Ern'. OJ ij' - 1' ~i!lztt'f~-IJJ 5 A ~ M/ft9 6 o 

(0085) 
!Xt=, J,f- f' ffl:t!lzlt'f-Hl 5 A J:.i= J,f- 1' ffl:i!lzM/ft1t1Ui~ ~ -5 v -V: -7-, f' /\ :7 - ::,,,, (CZJ~'§r' 

m;;) ~Mm<: L td:tz, ~gt v -V: A 1--- /\ :7 - ::,,,, ~"'<A ::7 2 LL ij'- f' ffl:i!lztt'f-tlJJ 5 A t:xt LL 

Page 100 of 203



X-1/T ✓ :'.~t'~fr"J't, cm 1 1 (d) (:709 J: -5 (:, if- r-ffi:t:i5 ~70/lX90c -fuAft Jf 

- r- ffi:t:i 5 0:$1}-.ffllJ (: 1JtiM'.9 6 r'a'J§*ffi:-¥if- 1' ¥&~Im 4 ~ ~tRff'J :r. '1/ -=r- > ::7'(: J: "J 't lmW: 2 
n m f'V~ ~* 9 6 o 2: tL (: J: tJ , if - J, ffi:t:i 5 0) 54ffl1J (: 1Jt iM'. 9 6 r'a'J §*ffi:* if - I'- ¥B%iml 4 
~:Y!t¥ijf]],: 2 n mf_¥JJ'.j:_ c~ < 9 6 2: ~ iJS:c ~ 6 o Mc:P 't, if- r- ffi:liffK 5 ~ "? 7..!7 ~ L 't 
£t1x 1 (:xi L 't, ·f§IJ;Uf A s ( e: ~) ~ii.AX t-Jl,<¥- 2 k e V, F- -7:'_m 1 X 1 0 15 c 
m-2 O)*'ff c-,{ 7J >ii.}\. 9 6 2: ~ (: J: V) , n ;liY :r. :7 ;z., T > Y 3 > iiJti 1 0 ~ 70,rx:9 6 o -f 
uJf3z, lf- 1' ffi:ti 5 ~ "? ;z., :7 ~ L 't £tlx 1 (:xi L 't, flj;t ti B ~)i.A:r. t-Jv:¥' - 1 0 k e 

V, F- -7:'_m 3 X 1 0 13 c m-20)*'ff C-4 7J >ii.A 9 6 2: ~ ,: J: IJ, p ;l!Y;JU:r '1/ 1' tiWti 1 
1 ~70.0X9 6 o 2: 2: c, P ;l!Y~Jr '1/ J, tJti 1 1 ~70,wt L td3t, n ;l!Y:r.:7 ;z., T > Y :1 >tiWti 
1 O ~70.0X L 't tJ J: lt -.0 

(0086) 
U:(.::, £t1x 1 0 J:.i.::~aa,: a "J -c JJIW: 5 o n mf_¥JJ'.0¥e~JJI ~:ftti L td3t, ~~~if.B't~lm 

(:xi L 't :r. '1/ -=f- ,1'{ '1/ :7 ~fr"J 't, cm 1 1 ( e) (:709 J: -5 (:, 1f- J, ffi:ti 5 0ffl1Jaat.::¥e~ 
11'10 -it -1' Fry 7t - Jv 7 ~ 70ftx:9 6 o 

(0087) 
O:t:, Jf- 1' ffi:t:i 5 Bz u-it-1' Fry 7t - Jv? ~ "? ;z., :7 ~ L 't £tfx 1 (:xi L 't, f§IJ ;t ii A s 

~)-=EAX :Z-Jv::¥- 1 0 k e V' F- -7:'_m 5 X 1 0 15 C m-20*14c-1' 7J >)i.A L td3t, flj 
;t ti 1 0 5 0 °Cf_¥JJ'.0'marn'.c SP I KE RT A (rapid thermal annealing ) ~frlt ", 
)-=EA~*4.!W ~)t1r:11tT 6 o 2: ttt: J: tJ, cm 1 1 ( f) (,::709 J: -5 (:, n 2iY 'J - ;z., • F v-1' 
>iiJUi 1 2 iJS:70,rx:~ tLoo 

(0088) 
J...jJ:.(.::NBJ:l L k::z!s:*:f1t!i70~0~:I£7J$(: J: 6 ~, ffi 1 OJ*:11t!iff3~uJM I SF E Tli:I£ ( 

cm 1 $J,~0 ~ ttJi1~8'Jr1Jf*t:*Et9 6 2: ~ iJS:c ~ 60 
(0089) 
~ -:.;sc, r'a'J§*ffi:*if'- r-¥e~lm4 ti:m:~~~~!vcPot~60, r'a'J§*ffi:*if- r-¥e~JJI 

4 ~.iffii@I96)i.A-1'7J>OJR p (Projection Range) ,:VJ\~< fd:- tJ-'\='9v"o t'i:"J't, cm 
1 1 (d) (:709_If_¥(:;J31t,-C, n;l!Y:r.:7;z.,7:,,,,y3 >t:&ti1 O)ZJ;J:p;l!Y~Jr-1/ r-tJti1 
1 ~ 70 mt T 6 t-:: 60 , =, if - 1' ffi:ti 5 0 54ffllJ, = -B P -c r'a'J i*ffi:* if - I'- ¥€tr~lm 4 t = 11 b tL t~ £ 

llx 1 t.=xiL't-1'7J>)i.}\9o~t:ii, 1Jo:if:r.:z-;v::¥-~:::k:~ < 90£,~iJS:~60 LiJ"L, 
**MEID~c iiif' - I'- ffi:t!lR 5 054,'~IJ 0 r'a'J iiffi:*if - r- ¥&~ITT% 4 iJS:~JlI1t ~ t1 't t -. 6 t~ 60, 
1J□:if:r.:z-1v:¥-0tl:::k:~tfPfijUc~60c, n;l!Y:r.:7 ;z.,7:,,,,y :1 >iiJUi 1 o (:.Bv"'t)iPti 
i'r ~ ~JiH = :ff; rote ~ , -=ctn = J: vJ -r-' /'\ -1' ;z., tit!=. 0 [ti] J:. ~ cm iJ -'\=' 9 P 0 

(0090) 
roj, **ME.ID~{: ::I3 P 't, -it-1' Fry 7t - Jv 7 070ift13tt:, -it '1' Fry 7t - Jv 7 054ffllJ i: 1Jt 

iM'.9 6 r'a'Jg*ffi:*if'- r- ¥'&~ml 4 ~, flJ;t ,f 7 '1/ ~~ ffl Pk ry x. '1/ 1' :r. '1/ -=f- > ::7')Ui~tR F 
7 -1' :r. '1/ -=f- > ,:7'(: J: "J 't ~* L 't tJ J: Po 2: OJ~ ~, ry x. '1/ 1' :r. '1/ -=f- > :7'' ~ ffl t "6 ~st: 
ii, -it '1' Fry 7t - Jv 7 uJffllJSrIToi'r~OJ T'ffllJ(:·fJtiM'.9 6 r'a'J§*ffi:*if' - r- ~ie~ITTJ; 4 OJ~i'r~, -::) j:_ tJ 
r'a'J i*ffi:* if' - r- ¥€tr~ml 4 01'J:!IJS!IToi'r~ ~ / '1/ -=r- )IT\ t: l!J vJ ~ P 't / '1/ -=r- ~ il ~ t 't tJ J: Po -:. 0 J: 
-5 (:9 6 ~, ffi 1 0*:f1t!i70~0Jat70flj0M I SF E Tti:I£ (cm 6 $f~) ~00*(:*1;[9 6 
2: ~ iJS:c~ 60 

(0091) 
j:_ k, **MEID~t= -BP -c, if' - 1' ffi:t!lR 5 054ffl1H: -B tt 6 r'a'J iiffi:*if' - r- ¥&~ITT% 4 0~ 

ITT%1t0f_¥JJ'.(it~t= ~IUE ~ tL 6 tJ OJ c iitd:- PiJ\ r'a']§*ffi:*if- r- ¥&~/JI 4 ~ L 't f:ylj ;t ii H f 
Si ONITTJ;~J=liPo~s, if- 1' • F v-1 >Fa~0~_m0-1.H~tfPmlJ9of-:60(:,i, if- 1' 
ffi:t!lR 5 054ffllJOJr'a'J§*ffi:*ij'- r- ¥e~/JI4 ~/JIW 2 n mf_¥JJ'.J...1T't=~ITT%1t9 6 ( 1!! L£tlx 1 
O)~[iliJS:Ej:\ LlJ:PJ: 7 (=) c'.: ~iJS:yf;t LP 0 

(0092) 
cm 6 uJ*MEID~) 

J...1T', 2js:~8J:JO)ffi6 <7J*MEID~t=1io¥lJ1::$:~iM'.O)~Jg7J$(:-::)P't, n;l!YM Is FE 
T 0~:I£7JJ~ ~flJ ~ L 't, cmOO ~$J,ij L td:-iJi G NBJ:l9 6 o cm 1 2 (a) ~ ( g) ii, ffi 6 
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OJ*:tftEjfq~(: 1i6¥::ij11*~u'L(7)~:r1t7J$(7)~ If'E ~~9[ffcffilK!c d1) 60 
(0093) 
~ i\ lK! 1 2 (a) (:~9 J: ·:H:, fU;tiiY lJ :::r >iP Gt~ 6£i'IxJ:. 1 (:, ~~:5ttl~J~ 

~ t~ 6 ST I 3 ~~:JfUrJ,:Jf;mt L td3t, £tJJ: 1 ,:xi L --c '(Jlj;t ii B ~i-1.A:c * Jv ::¥- 3 O 
0 k e V' F- _::::(_m 1 X 1 0 13 C m-2(7)*14 c -1' % >i-1.)\. 9 6 0 C: tu= J: tJ ' )tr- 1!1:{iJ'jJi ~ 
t~ 6 P 2i'1 r'.7 x. Jv 2 iJ\ff;rft ~ t16 0 ~P --c, /\ >-r ;z,. Jv- ;z,. I'- ,:; /'\ff;,qx;ffl (7) -1' % >i-1.)\. Oi. 
J\-1' % > : B, i_i.}\:c*;v::¥- 1 5 o k e V, F- _::::(_m 1 x 1 o 13c m-2) &u"'-J-~ *Jv 
ff;,ftffl (7) '1 % >iI)\. (iIA-1' % > : B, i_i.}\:c * Jv::¥- 2 O k e V, F- .::;(_m 5 x 1 O 12 
C m-2) ~ff 7 o 

(0094) 
~,x,:, lK!l 2 (b) (:~9J:7(:, p;li'lt)x.Jv2(:.B~t6ST I 3(:J:--::;,--Clffl~;ht-:iE 

111:tJUi (7) J:. (:, ,1-{ '1/ 7 7 - $E~!W ~ L, --C flj ;t ti!WW O. 5 n mf'Ern'. (7) 1/ 1) :::r >IM'11::JW (lK! 
~'B~lre) ~ff;J»tLtd3t, ra:rlti'ffl:_:$Vr'- r-$&,~,W4 ~ L--C'fJIJ:tti,WJ],:4 n mf'fffi'.(l)H f Si 
ON !W (!M'11::!WtrJ!l'!/llW(i 1 n mf'EJJ'.) ~ftff9 60 

(0095) 
~,=, lKJ 1 2 ( c) ,=~9 J: 7 (:, ra1:rii'ffl:-,$Vf- r- $E.~~/ll 4 J:.i= ,wlj;t ii!WW: 1 0 0 nm 

f'Ern'. (7) if - r- 'ffl:t:©itt'f-'). JW 5 A ~ lfjfft9 6 o 

(0096) 
~ (:, lf - r- 'ffl:t:©itt 'f_'j. JW 5 A J:. (: if - r- 'ffl:t:©iff;Bx tJ'l ti ~ ~ 7 v :J 7--. r- /\ 7 - > ( lKJ ~'B~ 

Ire) ~70/JX L t-=:13z, ~gt v 1/ 7--. r- /'\ 7 - > ~ "< 7--. !J ~ L --C lf- r-'ffl:l:©Kl:f'f_'j.JW 5 A (:xi L --C 
:c ,:; -r > !J'' ~ff--::;, --C, lKI 1 2 ( d) (: ~9 J: 7 (:, if- r- 'ffl:t:©i 5 ~ 706½9 6 o --f (l)f3z, if 
- 1--- 'ffl:t:©i 5 (7) ~1J{IJ (: 1JLli'L9 6 ra1:rii'ffl:*if- r- *&~!W 4 ~~tRfl'l :c ,:; -r > -:7,,,: J:--::;, --c JliW 2 
n mf'Ern'.~~9 6 o 2: tLt: J: vJ, if- r- ~ti 5 (7)5}mlJ (7) ra1:rii~$if- r- *e,~JW 4 ~ l~t¥!W 
W: 2 n mf'Ern'.~ c~ < 9 6 2: ~ iJ\c ~ 60 

(0097) 
;,xi:, £tJJ: 1 (7) J:.i:~OOt: a--::;, --c /llW l o n mf'fffi'.(l)*&~Jli~:tlfl L td1z, ~gt*&~JW 

(: xi L --c :c ,:; -r ,1-{ ,:; -:7 ~fr--::;, --c, lKI 1 2 ( e) ,: ~9 J: -'J i:, Jf- r- ~t:©i 5 (l)fflljo'iJ t: % 7 
t ,:; r- --it -1' F r'.7 7t - Jv 6 ~ 706½9 6 0 --f oA1z, % 7 t ,:; r- --it -1' ~- r'.7 7t - Jv 6 (7):)}ffllj i= 1JLli'L 
9 6 ra1:rii~*if- r- *-&~!W 4 ~, flJ ;t ii 7 ,:; IM'~ ffl Pt-:: r'.7 x. ,:; r- :c ,:; -r > -7')Ui:r~tR F 7 
-1' :c ,:; -r > -:7''(: J:--::;, --C ~:t'29 6 o $'mi, ,--c, if- r- 'ffl:t~ 5 & LJ'{% 7 t ,:; r- --it -1' F r'.7 7t - Jv 6 
~ '""< 7--. !J ~ L --C £t!x 1 (: xi L --C, fjlj ;t li A s ~ i_i.}\ :c * Jv ::¥- 2 k e V, F - ;:(_m 1 X 1 
0 15 C m-2(7)*1-tc-1' % >iIA 9 6 2: ~ (: J: tJ' n ;li'l:c!J AT ✓ 1/ 3 >tJti 1 0 ~70.6½9 
6 0 -E (7)11z, if- r- ~t:©i s zz u%--;, t '1/ r- --it-1' F t:'.7 7f - ;v 6 ~ '? ;z,. Y ~ L --c £tJJ: 1 i= xi L 
--C, 1JIJ:tiiB ~iIAX*Jv::¥- 1 Ok e V, F-;:(_m.3 x 1 O 13c m-2(7)*ffc-1'%>i_i. 
)\ 9 6 2: ~ i= J: ~) ' p 2!'1,~ f:r '1/ f' tJti 1 1 ~ 70.6½9 6 0 

(0098) 
~i=, £tlx 1 (l)J:.(:~OOt:a--::;, --C!WW: 5 on mf'£/J'.(7)*-&~!W~ftflLJd3t, ~itMe,f~!W 

(: xi L, --c :c ,:; -r ,1-{ ,:; -:7 ~ ff--::;, --c, lKI 1 2 ( f ) (: ~9 J: -'J (:, Jf- r- ~t1lz 5 (l)fflljo'iJ t: % 7 

t ,:; r- --it -1' F r'.7 7t - Jv 6 ~ fr' L --c *e,~'11: (7)--Jf -1' F r'.7 7t - Jv 7 ~ 70.Bx9 6 0 

(0099) 
;,x t =, Jf- I'- ~t:©i 5 , % 7 t ,:; r- --it -1' F r'.7 7t - Jv 6 & u"'--it -1' F r'.7 7t - Jv 7 ~ '""< ;z,. -:7 ~ L 

--C£i'JJ: 1 (:xiL,--C, ,fylj;t(iA s ~~_i.J\.:c*Jv::¥- 1 0 k e V, F-::;(_m.5X1O15c m-2 
(7)*14c-1'%>iIALtd3t, flj;t(il 0 5O°Cf'fffi'.(7)~ffi'.cSP I KE RTA~ffi,,, 
i_i.J\~$le.1o/1~itr-'"111::96 o 2: ,h(: J: tJ, lKI 1 2 ( g) (:~9 J: -'J (:, n 2i'1 'J - 7--. • F v-1' 
>fflti 1 2 7J\70fjx ~ t16 0 

(0100) 
L?,LJ:.(:~BJ:J L k:2js:*.ffff!70~(7)~:rB7J$(: J: 6 ~, m 2 (7)*ml!70~(7)M I SF E TiJJJEt ( 

lKI 2 $~JD ~ 1::t:l:18'1M*t:*fl9 6 2: ~ iJ\c ~ 60 
(0101) 

roj, **.ffff!ff;~t= BP --C, % 7 t ,:; r- --lf-1' F r'.7 7t - Jv 6 (l)70J»t11zt:, % 7 t ,:; r- --lf-1' F 
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r'J ;;t - Jv 6 0 ~1J{U (: f_1[@'.9 6 r'aJg1t~$if- r- iF~J~JW 4 ~, iJU ;t it7 ,,1 ~~ m Pk r'J .:L ,,1 r­
::c '1/ c:f- > :~n: J: --:;, ---C ~:±2 9 Q ~ t:, 7J 7 t '1/ r- -1:t -{ F r'J ;;t - }v 6 0 fflUf!#ui"f~ 0 T fflU (: 1JL @'. 9 
6 r'aJgiffl:$!,f'- r-iF~~JW4 0~fr~, -:::,) :t tJ r'aJg*ffi:$if- r- iFe~JW4 01J:!Uitlffiir~~ / ,,1 c:f->~i= 
l!X ~J ~P---C / ,,1 c:f- ~~~t---C 't J: Po 2: 0 J: 7 ,:9 6 ~, m 2 0*J:tthM~uJm 1 at'.MiJU0M 
I s FE T;J;#f:ig ([ZJ 7 $~,~) ~ m*,:*fl9 6 2: ~ /J\c ~ 6 0 

(0102) 
:it-:, **J:tthM~(= ,BP ---C, !,f'- r- ffi:ti 5 0~fflU t= :B ~t 6 r'ajgiffl:$!,f'- r- iFE.it~JW 4 0~ 

JW1t0t¥.rn'.1il~t= ~NYE~ ti 6 't uJ c iitct t, \fJ\ r'aJgiffi:$if- r- iF&~®; 4 ~ L ---c 1:YU ;tit H f 
s i ON}W~JtiPo~c"'r, /j"'-" • F v,-1' >Fa~0~_m.0____t_~~trnmU9ok&0(:ii, !,f'-" 
ffi:t:i 5 0~1J{IJ0r'aJg*ffl:$!,f'- r- iF&~JPJ;4 ~JWW: 2 n mt¥.rn'.l'JT'(:~JW1t9 6 ( 1!:! L£t1x 1 
0~TifiiJi~j:\ LiJ:PJ: 7 (=) 2: ~tJit,f:i LPo 

(0103) 
:t t-:, **J:tthM ~ (: .:BP ---C , 7J 7 t ,,1 r- -1:t ,-1' F r'J ;;t - Jv 6 ~ ff3FDt L td3t, 7J 7 t ,,1 r- -1:t 

,-1' F r'J ;;t - Jv 6 0 ~fflU i: 1JL @'. 9 6 r'aJ iiffi:$ if - I'- iFE~JW 4 ~ ~:±2 L , --f 013t, n :lfJ ::c :7 ;;z 
T>1/a>~~lO&up:lf!~7'1/r-ffl~ll~MfiX9ofs:&00,-1'71>~A~fi--:;,ko L 
tJ" L , 2: .rt ( : 1i: x. -c 7J 7 t ,,1 r- -1:t ,-1' ~- r'J ;;t - J v 6 ~ M FD<; LJ-: 13z, 7J 7 t ,,1 r- -1:t ,-1' F r'J ;;t 

- Jv 6 0 ~fflU t: ~®; 1t L t-: r'aJ iiffi:$ !,f' - I'- iF~~}W 4 ~ Jiff ~ tr t-: ~~c n :lf! ::c :7 ;;z T > 1/ 
a > 1tW:ti 1 o & cf P :lfJ ~ 7 ,,1 r- tJti 1 1 ~ 70fDt9 6 t-: &0 0 ,-1' 7J >1-1A ~ fi--:;, ---C 't J: Po s: 
vJ J: 7 t: L ---C t, **J:tthM~c 1i7J 7 t ,,1 r- -1:t ,-1' F r'J ;;t - Jv 6 0~1J:!U(: 1JLu'L9 6 r'aJgiffi:$ 
if- r- iF&~JW 4 tJi~JW1t~ ti ---Ct" 6 t-: &0, 1Joif ::c,:z, Jv:¥'- 0±:~t:k~trnmUc ~ 6 0c, n :lfJ 
::c:7 AT/1/ a >tlti 1 o t:.:BP---Ciit,tii'.~~~t=MFDtc~, --Etit=J: vJ 7'/\,,f ;;z~~,i,t 
vJ IOJ --1:_ ~ [ZJ vJ --'? 9 t, -. o :t k, 2: 0 ~15", n :lfJ ::c :7 ;;z T > 1/ a > tl ti 1 O & u p :lfJ ~ 7 ,,1 r­
tJ ti 1 1 ~ MfiX9 o t-: &0 0 ,-1' 7J >1-1)\. ~ fi--:;, td3t, 7J 7 t ,,1 r- -1:t ,-1' F r'J ;;t - Jv 6 0~fflU t: 
lJL @'. 9 6 r'aJ iiffi:$ !,f' - I'- iFE3f~ Im 4 ~ ~:±2 L , --f 013t, fol~£ 11x --1:_ i: :B ~ t 6 fth 0 c:f- -v :z- J v :lfl 
)OiJJU 0ffl:iw*0 M I s F E T 0 ::c :7 AT> 1/ 3 > ta:ti& u"' ~ 7 '1/ 1--- tlti ~ 70,fiX9 Qt-: &1) 

uT) ,-{ 7J >)-=f.A ~ fr-J L 'f:J J: l 'o 

(0104) 
(
k/r ~ '=±?-1±.::P:,!'il§) 
$ I 0::7':J./t!!..JI/,=• 

tzT', :2js:¥E,BJ10m? 0*J:tthM~t:t7~6¥:ij!1t~@'.0~1i1r:1Ji:c(:-:::)P""(, n:lf! MIS F 
ET0~JB:151:t:~1:YU~ L---C, [ZJTifi~$~,~LiJ:iJiGgSlBJi900 [ZJ 1 3 (a),____, (g) ii, m 
7 0 *J:tthM~t: 1* 6 ¥:ij!1t~ @'. 0 ~JB:15i:c 0 ~ It'E ~ ~9 Wf 00 [ZJ c d') 6 o 

(0105) 
;t 9\ [ZJ 1 3 (a) ,:~9 J: 7 t:, ,fJUx.ii:,, lJ ::::z >iJ" G tJ: o£1Jx__l:_ 1 ::, ~-=f-;1-Mtlti 

~tctoST I 3~~tfUfJt:M$:Ltd3t, £11xl t:xtL---C, 1:YUx.itB~)-=EAX:Z-Jv:¥'-3 O 
0 keV, F-_::;(_m_l X 1 Ol3cm-20*ftc,-1'7J>~-=EA9oo S:ti(:J:t), )!5-titlti~ 
tct 6 p :lfJ r'J .:L Jv 2 iJiMJlX ~ ti 6 0 ir-%P ---c, /\ > c:f- ::;z. Jv- ;;z 1--- ,,1 /'\J0llXtt1 uJ ,-1' 71 >1-1A (1-1 
A ,-1' 7J > : B, )-=EA ::c ,:z, Jv :¥ - l 5 o k e v, F - _::;(_m_ 1 x 1 o 13 c m-2) & u"' c:f- -v ,:z, Jv 
MfiXJ:ti 0,-1' 7J >~-=EA 0-1)\. ,-1' 7J > : B, 1-=EA::C ,:z, Jv:¥'- 2 O k e V, F- _::::(_m_ 5 x 1 0 12 
C m-2) ~fi 7 o 

(0106) 
YR(:, [Zll 3 (b) ,:~9J:7(:, p:Jf,!r'J_:,:_Jv2(:.t~~t6ST I 3,:J:-J---C[ttl:ititdt5 

1'1:fflti0 --1:_(:, /\ '1/ 7 7 -iFe~JW ~ L ---C f§Ux. itJWw O. 5 n mt'Ern'.01/ 1) ::::z >~1tJW ([ZJ 
~'B,m;;) ~M,W<:Ltd3t, r'aJgiffi:$if- r-iFit~JPJ;4 ~ L---CiJUx.itJPJ;W:4 n mt'Ern'.0H f s i 
0 N 1W (~1tJW~l[JWW:ti 1 n mt¥.rn'.) ~:ftHt9 6 o 

(0107) 
JX(:, [ZJ 1 3 ( c) (:~9 J: 7 (:, r'ajg*ffi:$if- r- iF&~JW 4 --1:_(: 1:YU;t 111WW 1 0 0 nm 

t¥.rn'. 0 !,f' - r- ~i:itt'f~-JW 5 A ~ 70fiX9 6 o 

(0108) 
!Xt=, if- r-ffi:t:iM'f-Hl5 A____t_(:if- r-ffi:tiMllX'it&ti~~7 V1/A f'/\:)"-> ([ZJ~'§[ 

m;;) ~MfiX L td3t, ~;ft v -V: ;;z 1'- /\ :7 - > ~ "'< ;;z :7 ~ L ---C !,f'- r-ffi:t:i1:t'f-tJW 5 A (:xi L ---C 
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X-1/T ✓ :'.~t'~fr"J't, cm 1 3 (d) (=709 J: -5 (=, if- r-ffi:t:i5 ~70/lX90c -fuAft Jf 

- r- ffi:t:i 5 0Jt-.fflU ,= 1JtiM'.9 6 r'a'J~*ffi:-¥if- 1' if.il~lm 4 ~ ~tRff'J :r. '1/ -=r- > ::7'(= J: "J -c JmW: 2 
n m f'V~ ~* 9 6 o 2: tL t = J: tJ , if - J, ffi:t:i 5 0) 54fflU 0) r'a'1 ~*ffi:$ if - 1' if.g.J~Jm 4 ~ Ji t¥ Im 
w: 2 n mf'E& ~ c~ < 9 6 2: ~ /.J'lc ~ 6 0 

(0109) 
o:t=, £tJx 1 0 J:.i=~aiH= a "J -c lmW: 5 n mf'E&OJif.it~Jm ~:ltfl L tdft, ~~lif.B%iJP;H= 

xiL-CX,1/7/\,1/ !7 ~fr"J-C, cm 1 3 (e) ,=709 J:-5 ,=, if-1'ffi:t:i5 0fflU001=if.it~'l'i 
0 7J- 7 t '1/ 1' --rt -1' F r'.7 71 - Jv 6 ~ :.ff;Jrx:9 6 0 -f 01ft, if - 1' ffi:t:i 5 & u"' 7J- 7 t '1/ 1' --rt -1' F 
r'.7 71 - Jv 6 t = J: v) 1i1t~ ~ ;h 't P feet P r'a'J g*ffi:$ if - 1' if.B~lm 4 ~ ~ G t = lmW: 1 n m f'E& ~* 
9 6 o -:. .rt 1 = J: t? , 7J- 7 t '1/ 1' --rt -1' F r'.7 71 - Jv 6 0 54fflU, = 1Jt iM'. 9 6 r'a'J g*ffi:$ if - 1' if.it~lm 
4 ~ Jit¥1mW: 1 n mf'E& ~ c~ < 9 6 2: ~ /.J'lc ~ 6 0 -f 01ft, if- f' ffi:t:i 5 }'z u7J-7 t '1/ 
f' Y -1' F r'.7 71 - }v 6 ~ '"? 7-. !7 ~ L 't £tJx 1 t=xi L 't, fU;t ti As ~ii.AX:f Jv:¥'- 2 k e 
V, F-.:::(_ml X 1 Ol5cm-20J*14c-1'7J->ii.A962'.:~(=J:!?, n2f'J:r.!;J:7..3->1/3 
>tJUi 1 O ~ 70Jnt9 6 o -f 01ft, if- 1' ffi:l:i 5 & u7J-7 t '1/ 1' '"if -1' F r'.7 71 - Jv 6 ~ '"? 7-. !7 
~ L't½l!x 1 t=xiL't, fU;ttfB ~ii.},:r.;r-Jv:¥-'- l Ok e V, F-.:::;(_m.3 x 1 O 13c m 
-20*ftc-1' 7J >ii.A 9 6 2: ~ ,= J: IJ' p _JflJ~-7 '1/ f' tJUi 1 1 ~70Jnt9 Oc 

(0110) 
o:t=, £tJx 1 0 J:.i=~OOt= a "J -c JmW: 5 o n mf'EBtOJif.it~Jll~:ltfl L tdft, ~~lif.B't~lm 

,=xi L 't :r. '1/ -=f- /\ '1/ !7 ~fr"J 't, cm 1 3 ( f) (=709 J: 7 t=, Jf- J, ffi:ti 5 0fflUOOt= 7J7 
t '1/ 1' --rt -1 F r'.7 71 - Jv 6 ~ ft L 't if.fl~'ri 0--rt -1' F r'.7 71 - Jv 7 ~ 70.lrx:9 6 o 

(0111) 
o:t=, Jf- 1' ffi:t:i 5, 7J- 7 t '1/ 1' -v-1' F r'.7 71 - Jv 6 & u"'-v-1' ~, r'.7 71 -Jv 7 ~ '"? ;:z.. !7 ~ L 

't½l!xl t=xiL't, fU;t(iA s ~ii.)\.X:fJv:¥-'- l Ok e V, F-A'_m.5 X 1 015c m-2 
0)*14c1'7J->i.:E)\.Ltdft, fU;t(il O 50°Cf'E&OJ'ifill.&cSP I KE RTA~frP, 
i.:EA~*le,~ ~i~'ri1t9 6 0 2: tt,= J: t'.)' cm 1 3 ( g) ,=709 J: 7 t=, n 2f'J ~ - A • F v-1' 
/~j:i 1 2 /.)'170/nt~ .ft-Oo 

(0112) 
tJ.J:.t=g£8J=J L t.:::zls:*JJiE,ff;~OJffi!JJ£7J~(= J: 6 ~, m 3 OJ*JliE70~0JM I SF E Tl#J£ ( 

cm 5 $~,ij) ~ J::tl18'JM*t=*fl9 6-:. ~ /.J'lc ~ 60 
(0113) 
~ t.:, **JliE70~t=-B1t \--C tt, 7J- 7-l? '1/ 1'-v -1' F r'.7 71 - Jv 6 rfflUcr'a'J~*ffi:$if- r- if.fl~ 

Jll 4 E 0 JllW: ~ ~ B ~ < L H-=> 7J- 7 t '1/ 1' --rt -1' F r'.7 71 - Jv 6 OJ 54fflU OJ r'a'1 g*ffi:$ ij' - 1' if.E~ 
Jll 4 E OJ lmW ~ ~ E:d = ~ < L 't P 6 o 2: OJ k <1J , if - 1' ffi:1:i 5 & u"' 7J 7 t '1/ 1' --rt -1' F r'.7 71 
- Jv 6 ~ '"? 7-. !7 ~ L 't, n 2f'J :r. !7 7-. 3- > 1/ 3 > tJUi 1 O ~ 70,W<:9 6 k <1J OJ -17J- >ii.A~ fr 
7 ~,=ti' 11□~:r. * }v :¥'- 0tw::k ~j&lj\~m=tfPmUc ~ 6 0) C' n _JflJ:r. !7 AT ✓ 1/ 3 >tJUi 
1 o t=-BP-C ~ G i=}~t, \ffii'i-~iiJ~H=70W<:c ~, -=en,= J: vJ T-/\-1' ::z.,f~1ri0ftiJJ:.~cm tJ-'\" 
9\., \0 

(0114) 
ri16, **ME70~t=-BP't, -v-1' Fr'.771-Jv7 OJ70W<:1!tt=, -v-1' Fr'.771-Jv7 uJY}ffllH=1Jt 

iM'. 9 6 r'a'J g*ffi:-¥ if - 1' if.it~ijJ 4 ~, 1YU ;t ti 7 '1/ ~ ~ ffl 1t :. k r'.7 -=r- '1/ i'- :r. '1/ -=r- > !7'' X ti~tR. F 
:J-1' :r. '1/ -=f- > ::7't= J: "J 't ~* L 't ti J: 1t \0 ~ t.:, 2: 0~t=, -v-1' F r'.7 71- Jv 7 tiffiir~OJr'a'Jg* 
ffi:$ if - 1' if.fl,~Jll 4 -=> ~ t'.) r'a'J ~*ffi:$ if - i'- if.E~Jll 4 OJ fflUtiffiir~ ~ / '1/ -=f- tk 1 = l!X V) ~ It \ 't B J: 
It \0 2: OJ J: -5 t=9 6 ~, m 3 OJ*JliE70~uJ3t70f§U0M I SF E T1#:I£ (cm 8 $~.~0 ~fm* 
'=*fl9 6-:. ~ /.J'lc ~ 6 o 

(0 1 1 5) 
~ t.:, **Jjlli70~t= .BP--C, if- 1' ffi:t:i 5 05,}fflUt= .B~t 6 r'a')g*ffi:$if- r- if.fl~lm 4 O)~ 

Jll1t0f'E&ii, 7J 7 t '1/ r- -v-1' F r'.7 71 - }v 6 OJ rfflUt= .t~P 't t-v-1' F r'.7 71 - }v 7 0) rtu,= 
.;GP't til~t=P.NJ-E'.~ .rt6 ti O)c/itctPc L/.J\ L, r'a')g*ffi:$ij'- f'if.fl~Jll4 ~ L 'tfJU:ttiH 
f Si ONJm~fflP6~i';-, if- i'- • ~'v-1'>Fs~0ii_m.0_1_~~tfPmU96f.:<1J(=ti, if­
}-- ffi:1:i 5 uJ 54fflU 0) r'a'1 ~*ffi:$ if - i'- if.fl,~ Im 4 ~ lmW: 2 n m f'E& 1:1 T' ( = ~ Jm 1t 9 6 2: ~ /.J '15lf ~ 
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L Po 
(0116) 
cm s O)*:fi'ili.lfJ~) 

l,,_1~, ::zjs:~BJ=IOJm 8 OJ*:ffili.70~t:1i64'::ij!1*~@'.0J~JB:)J$,:-:::>Pc, nlf'lM I SF E 
T OJ~JB:7Jj~~,fJU ~ L c, QTOO ~$J,ij L tctf,)s; G g52.8)=}9 6 o [ZJ 1 4 Ca) .~ ( g) &u~[ZJ 1 
5 (a) r--_; ( d) it, m 8 OJ*nili.7f;~i:1i64'::ij!1*~@'.0J~JB:7J$OJ:;;If'E~:,r:9WfTio[ZJ 
cc66o 

(0117) 
~i\ [ZJ 1 4 ( a) (::,r:9 J: 7 (:, 1iU:tiiY 1J ::::r >iPGtct6£i'/Jl:. l (:, ~~:5ttl~J~ 

~ tct 6 S T I 3 ~ ~:JfUrJ ,:10mt L td3t, £tJJ: 1 ,:xi L c, iJU ;t ii B ~i-1.A:c * Jv ::¥- 3 0 
Ok e V, F-;:(_m l x 1 O 13c m-20J*14c-1'~>i-1.)\.90o c:tU:J: tJ, iE'ritiWti~ 
tct 6 P lf'1 r'.7 x. Jv 2 7'.)s;10fft ~ t16 0 ~v. -c, /\ >-r ;z,. Jv- ;z,. I'- ,:; ,1'\70,qx;ffl OJ -1' ~ >i-1.)\. Oi. 
J\-1' ~ > : B, i_i.}\:c*;v::¥- 1 5 o k e V, F- _::::(_m 1 x 1 o 13c m-2) &u"'-J-~ *Jv 
70,ftffl OJ '1 ~>iI)\. (iIA-1' ~ > : B, i_i.J\:c*;v::¥- 2 O k e V, F- .::;(_m 5 x 1 O 12 
C m-2) ~ff 7 o 

(0118) 
~,x,:, [Z!l 4 (b) (::,r:9J:7(:, p_rfllt)x.Jv2i=.:s~t6ST I 3(:J:--::;,clffl~;ht-:itr-

111:t.Ui 0) J:. (:, /'\ '1/ 7 7 - $E~!W ~ L c fU ;t ti!WW O. 5 n mf'E& 0) 1/ 1) ::::r >IM'11::JW ([ZJ 
:,r:'B~lre) ~10mtLtd3t, ra:rlti'ffl:.$:,3/'- r-$&,~,W4 ~ LciJU:tti!WW:4 n mf'E&OJH f s i 
ON,W (!M'11::!WtrJ!l'!!WW1il nmf'EJJ'.) ~fiUl96o 

(0119) 
;X(:, [ZJ 1 4 ( c) ,::,r:9 J: -5 t=, ra1:rii'ffi:,$:ij'- f'$fl~~,W4 J:.i:ij'- 1---'ffl:;,t:it:tt.').Jli 5 A 

~ L c iJU ;t 1i]Ii)],: 1 O O n mf'E& OJ ;T- 1J Y 1J ::::r >Im~ 70,vt L k 13z, if- r- 'ffl:{it:tt.+!W 5 A 
OJ J:. ,= 7J /'\- Im ( 1:'f:~l!W) 1 5 ~ L c fU ;t ii!WW: l O n mf'E& OJ Y 1) ::::r > IM'11::JW ~ :ftfl9 
60 

(0120) 
lRt=, 7)/'\-!Wl 51:.(:if- r-'ffl:1-i10qx;tJ'lti~~7 LF//-,. f'/\:7- ✓ ([ZJ:,r:'§(~lfe) ~70 

mt Lt-=: 13z, ~ it v :J 7--. r- /\ :7 - > ~ '? ::7- :7 ~ L c 7J ,1'{ - JW 1 5 lJz u"' ij' - r- 'ffi:,t,~H:tf.').JW 5 A 
,:xi L c )l[ij;X:c ,:; -r > :7'' ~ ff-,:;, c, [ZJ 1 4 ( d) (::,r:9 J: 7 (:, 7J ,1'{-,W 1 5 ,: J: vJ J:.00 
7'.)s;~btLk ,3/' - r- 'ffl:ti 5 ~70.Bx:9 6 o -f OJ13t, if- r- 'ffl:1~ 5 OJ~ffllJ 1: 1J'.[@'.9 6 ra1:ril'ffl:.$:,7' 
- f'$E,~,W4 ~~tR!fJ:c,:;-r ✓ :7''(:J:--::;,cJWW:2 nmf'E&~:t=:9Oo C:,h(-=:J: vJ, if- f' 
'ffl:t~ 5 OJ~ffilJOJra1:ril'ffl:.$:,7'- r- *&~!W4 ~7vit¥!WW: 2 n mf'Ern'.~ c~ < 9 6.:: ~ 7Js;c 'e' 6 

(0121) 
YRt:, £tJJ: 1 OJ J:.i:~OOt: a--::;, c !WW 1 o n mf'E&OJ$E~Jli~:tltl L td3t, ~gt*&~!W 

,: xi L c :c ,:; -r ,1'{ ,:; :7 ~fr--::;, c, [ZJ 1 4 ( e) (: :,r:9 J: -5 (:, ,3/' - r- 'ffl:t~ 5 OJffilJTio (: ~ 7 
t ,:; r- "if -1' Ft) 7t - Jv 6 ~ 70$:9 6 0 -f vJ13t, ~ 7 t ,:; r- "if -1' ~, t) 7t - Jv 6 OJ~ffllj t= fJ'.[@'. 
9 6 ra1:ril'ffl:.$:if- r- *-&~!W 4 ~, iJIJ ;t ii 7 ,:; IM'~ ffl Pt-:: r'.7 x. ,:; r- :c ,:; -r > -7')UiJ~tR F 7 
-1' :c ,:; -r > :7''(: J:--::;, c ~:t=:9 6 o $'mi.,, c, if- r- 'ffl:;f-i 5 & CJ'{~ 7 t ,:; r- "if -1' Ft) 7t - Jv 6 
~ '? 7--. :7 ~ L c £t/J 1 (: xi L c, fJU ;t li A s ~ i_i.}\ :c * Jv ::¥- 2 k e V, F - _::::(_m 1 x 1 
0 15 C m-20)*f4c-1' ~ >iIA 9 6.:: ~ (: J: tJ' n _rfll:c:7 AT ✓ 1/ 3 >tJti 1 0 ~70.ltx:9 
Q O -f 0J13z, if- f' 'ffl:t~ 5 lz a~/ t '1/ f' Y 4 Ft) 7f - )v 6 ~'?A :7 ~ LL £tJJ 1 t= xi L 
c, 1JU:tiiB ~iIAX*Jv::¥- 1 Ok e V, F-;:(_m.3 x 1 O 13c m-20J*ffc-1'~>i_i. 
)\ 9 6 .:= ~ i= J: vJ , p lf'l,~ l:r ,:; I'- tJti 1 1 ~ 70.ltx:9 6 0 

(0122) 
;X(:, £tJJ: 1 OJ J:.1:~aiH: a--::;, c !WW 5 o n mf'E/J'.OJ*-&~!W (iJIJ:tii s i N !W) ~:lttl 

L td3t, ~gt*-e,~M;(:xi L c :c ,:; -r ,1'{ ,:; :7 ~fT--::;, c, [ZJ 1 4 ( f) t::,r:9 J: -5 ,:, if- r­
'ffl:t~ 5 OJ ffllJTio (: ~ 7 t '1/ r- "if -1' F t) 7t - )v 6 ~ 1r L c $E.~1"1 OJ "if -1' F t) 7t - )v 7 ~ 70P½9 
60 

(0123) 
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;Xt:, J-f- r- ffi:;fi 5, % 7 t '1/ r- --1:r ,1 Fr) :ct - Jv 6 & u"'--1:t ,1 ~, r) :ct -Jv 7 ~ '"? 7-. !7 ~ L 
't £tlx 1 (:xi L 't, {JUfUiA s ~1-1)\.x :Z-Jv :¥'- 1 0 k e V, F-7-:'m 5 X 1 0 15 c m-2 
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Application/Control Number: 13/547,913 

Art Unit: 2898 

DETAILED ACTION 

REJECTIONS BASED UPON PRIOR ARTS 

Statutory Basis 

Claim Rejections - 35 USC § 102 

Page 2 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21 (2) 
of such treaty in the English language. 

The Rejections 

Claims 21-25 and 27-33 are 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 Figure 3C, a semiconductor device with 
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FIG .. 3C 

110 

102 
101 

Page 3 

(21) a gate insulating film (102) formed on an active region in a substrate (101) 

and including Hf; 

a gate electrode (113b) formed on the gate insulating film (102); 

a insulating sidewall (106, 110, 112) formed on each side surface of the gate 

electrode (113b); and 

wherein a width of the gate insulating film (102) along a gate length is larger than 

a width of the gate electrode along the gate length, and 

an end of the gate insulating film (102) under the insulating sidewall (106, 110, 

112) is located to retract from an outer end of the insulating sidewall (106, 110, 112) 

toward the gate electrode (113b) (see column 9, lines 40-64. Figure 3C); 

(22) further comprising a buffer insulating film formed of a silicon oxide film and 

provided between the substrate and the gate insulating film (see Figure 3C); 
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Page 4 

(23) wherein the gate insulating film is formed of a Hf based oxide (see column 9, 

lines 40-64); 

(24) wherein the gate insulating film is formed of a HfSiON film (see column 9, 

lines 40-64); 

(25) wherein a part of the gate insulating film located under the insulating 

sidewall includes a notch at the end thereof (see Figure 3C); 

(27) wherein an end of the gate insulating film protrudes from a side end of the 

gate electrode toward the insulating sidewall (see Figure 3C); 

(28) wherein the insulating sidewall has a double layer structure including an 

oxide film and a nitride film (see Figure 3C); 

(29) wherein the insulating sidewall has a triple layer structure including a first 

oxide film, a nitride film and a second oxide film (see Figure 3C); 

(30) wherein a width of a bottom surface of the gate insulating film along a gate 

length is larger than a width of a bottom surface of the gate electrode along the gate 

length (see Figure 3C); 

(31) wherein the end of the gate insulating film located under the insulating 

sidewall has a tapered surface (see Figure 3C); 

(32) wherein the gate insulating film located under the insulating sidewall has a 

thickness which becomes smaller toward the end thereof (see Figure 3C); 

(33) wherein the width of the gate insulating film along a gate length is larger 

than a width of part of the gate electrode in a middle position in height along the gate 

length. 
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Statutory Basis 

Claim Rejections - 35 USC § 103 

Page 5 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The Rejections 

Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hieda et 

al. (U.S. 6,992,358). 

Hieda teaches the above outlined features except for wherein a part of the gate 

insulating film located under the insulating sidewall has a thickness of 2 nm or less. 

Even through, Hieda does not explicitly describe wherein a part of the gate insulating 

film located under the insulating sidewall has a thickness of 2 nm or less. However, 

wherein a part of the gate insulating film located under the insulating sidewall has a 

thickness of 2 nm or less is considered to be obvious. Therefore, it would have been 

obvious to one having ordinary skill in the art at the time the invention was made to 

modify the teachings of Hieda since it has been held that where the general conditions 

of a claim are disclosed in the prior ad, discovering the optimum or workable ranges 

involves only routine skill in the art and it is noted that the applicant does not disclose 

criticality in the ranges claimed. In re Aller, 105 USPQ 233 (see MPEP 2144.05). 
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Furthermore, the specification contains no disclosure of either the critical nature of the 

claimed dimensions of any unexpected results arising therefrom. Where patentability is 

aid to be based upon particular chosen dimensions or upon another variable recited in a 

claim, the Applicant must show that the chosen dimensions are critical. See In re 

Woodruff, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

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 21-33 are rejected on the ground of nonstatutory obviousness-type 

double patenting as being unpatentable over claims 1-22 of U.S. Patent No. 8,253,180. 

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 
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side surface of the gate electrode. Specifically, regarding claim 21 of instant application 

discloses a semiconductor device (claim 1 of Pat. 8,253,180, line 9) comprising: a gate 

insulating film formed on an active region in a substrate and including Hf (claim 1, lines 

10-11 and claims 6-7); a gate electrode formed on the gate insulating film (claim 1, lines 

12-13); a insulating sidewall formed on each side surface of the gate electrode (claim 1, 

lines 14-15); wherein the width of the gate insulating film along a gate length is larger 

than a width of the gate electrode along the gate length (claims 16-17), and an end of 

the gate insulating film under the insulating sidewall is located to retract from an outer 

end of the insulating sidewall toward the gate electrode (claim 1, lines 19-22). 

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

U.S. Patent No. 8,253,180. The facts are that the claims of the U. S. Patent No. 

8,253,180 and instant application have claimed the same goal and are not distinguished 

from each other. 

For these reasons, claim 21-33 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 A. 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 
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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 2898 
April 07, 2013 
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First Named Inventor Junji Hirase 

Attorney Docket Number 085393-0808 

Title of Invention 

SEMICONDUCTOR DEVICE 
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iL:::,J Office Action 

IZJ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 
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PANASONIC CORPORATION 100% 

The owner(s) with percent interest listed above 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 of prior patent number(s) 

8253180 

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 the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term 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; 
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@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 
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I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2). 

Applicant(s) status remains as SMALL ENTITY. 

@ Applicant(s) status remains as other than SMALL ENTITY. 

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 ofTitle 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 36139 

Q A sole inventor 

Q A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors 

Q A joint inventor; all of whom are signing this request 

Q The assignee of record of the entire interest that has properly made itself of record pursuant to 37 CFR 3.71 

Signature 
/Michael E. Fogarty/ 

Name Michael E. Fogarty 

*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 certification. See MPEP § 324. 
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Docket No.: 085393-0808 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Junji HIRASE, et al. 

Application No.: 13/547,913 

Filed: July 12, 2012 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation Number: 2994 

Group Art Unit: 2898 

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 

Madam: 

PATENT 

In response to the Office Action dated April 12, 2013 having a shortened statutory period 

ofresponse set to expire on July 12, 2013, please amend the above-identified application as 

follows: 

An eTerminal Disclaimer is being filed concurrently herewith. 
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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. Application No. 13/037,831, filed on March 1, 

2011, now U.S. Patent No. 8,253,180, which is a Divisional of U.S. Application No. 12/505,799, 

filed on July 20, 2009, now U.S. Patent No. 7,923,764, which is a Divisional of U.S. 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 hereby incorporated by reference. --

- 2 -
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IN THE CLAIMS: 

Please amend the claims as follows: 

1-20. (Canceled) 

21. (Currently amended) A semiconductor device comprising: 

a gate insulating film formed on an active region in a substrate and including Hf; 

a gate electrode formed on the gate insulating film; 

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

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

the gate electrode along the gate length, and 

an end of the gate insulating film under the insulating sidewall is located to retract 

retracted from an outer end of the insulating sidewall toward the gate electrode. 

22. (Previously presented) The semiconductor device of claim 21, further comprising a 

buffer insulating film formed of a silicon oxide film and provided between the substrate and the 

gate insulating film. 

23. (Previously presented) The semiconductor device of claim 21, wherein the gate 

insulating film is formed of a Hf based oxide. 

24. (Previously presented) The semiconductor device of claim 21, wherein the gate 

insulating film is formed of a HfSiON film. 

25. (Previously presented) The semiconductor device of claim 21, wherein a part of the 

gate insulating film located under the insulating sidewall includes a notch at the end thereof. 

26. (Previously presented) The semiconductor device of claim 21, wherein a part of the 

gate insulating film located under the insulating sidewall has a thickness of 2 nm or less. 
- 3 -
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27. (Previously presented) The semiconductor device of claim 21, wherein an end of the 

gate insulating film protrudes from a side end of the gate electrode toward the insulating 

sidewall. 

28. (Previously presented) The semiconductor device of claim 21, wherein the 

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

29. (Previously presented) The semiconductor device of claim 21, wherein the 

insulating sidewall has a triple layer structure including a first oxide film, a nitride film and a 

second oxide film. 

30. (Previously presented) The semiconductor device of claim 21, wherein a width of a 

bottom surface of the gate insulating film along a gate length is larger than a width of a bottom 

surface of the gate electrode along the gate length. 

31. (Previously presented) The semiconductor device of claim 21, wherein the end of 

the gate insulating film located under the insulating sidewall has a tapered surface. 

32. (Previously presented) The semiconductor device of claim 21, wherein the gate 

insulating film located under the insulating sidewall has a thickness which becomes smaller 

toward the end thereof. 

3 3. (Previously presented) The semiconductor device of claim 21, wherein the width of 

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

middle position in height along the gate length. 

- 4 -
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REMARKS 

I. Introduction 

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

so as to update the priority information. Applicants have also amended claim 21 to clarify the 

intended subject matter. The scope of claim 21 remains the same. No new matter has been 

added. 

Applicants and Applicants' attorney would like to thank Examiner Luu for his time and 

courtesy during the interview conducted on June 27, 2013 during which it was agreed that the 

pending claims were patentable over the cited prior art reference. A summary of the discussions 

conducted during the interview is set forth below. 

For all of the following reasons, Applicants respectfully submits that the application is 

now in condition for allowance. 

II. The Rejection Of The Claims Under 35 U.S.C. § 102 

Claims 21-25 and 27-33 were rejected under 35 U.S.C. § 102(e) as being anticipated by 

USP No. 6,992,358 to Hiedi. As agreed upon during the interview, claim 21 is patentable over 

Hiedi for at least the following reasons. 

Claim 21 relates to a semiconductor device comprising: a gate insulating film formed on 

an active region in a substrate and including Hf; and a gate electrode formed on the gate 

insulating film; a insulating sidewall formed on each side surface of the gate electrode. Claim 21 

further recites that the width of the gate insulating film along a gate length is larger than a width 

of the gate electrode along the gate length, and an end of the gate insulating film under the 
- 5 -
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insulating sidewall is retracted from an outer end of the insulating sidewall toward the gate 

electrode. 

Turning to the pending rejection and the cited prior art, it is asserted that layer 102 of 

Hiedi shown in Fig. 3C corresponds to the recited gate insulating film. However, layer 102 of 

Hiedi is not a gate insulating film. It is a buried oxide film 102 as described in col. 4, line 56 of 

Hieda. 

It is further asserted that layer 101 of Hiedi shown in Fig. 3C corresponds to the active 

region in the substrate. However, layer 101 of Hieda is not an active region in a substrate. It is a 

p-type silicon substrate 101 as described in col. 4, line 5 8 of Hieda. 

Finally, it is asserted that layer 113b of Hiedi shown in Fig. 3C is a gate electrode. 

However, layer 113b of Hieda is not a gate electrode. It is a drain region 113b as described in 

col. 5, line 5 of Hieda. 

Thus, contrary to the assertions set forth in the pending rejection, the foregoing makes 

clear that the elements of Fig. 3C of Hieda do not correspond to the elements recited by claim 21, 

and therefore claim 21 is not anticipated by Hieda. 

Accordingly, as it is well known that the factual determination oflack of novelty under 

35 U.S.C. § 102 requires the identical disclosure in a single reference of each element of a 

claimed invention, such that the identically claimed invention is placed into the possession of 

one having ordinary skill in the art, Halifax Ltd. v. Blok-Look, Ltd., 208 F.3d 1339, 54 USPQ2d 

1299 (Fed. Cir. 2000); Electro Medical Systems SA. v. Cooper Life Sciences, Inc., 34 F.3d 1048, 

- 6 -
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32 USPQ2d 1017 (Fed. Cir. 1994), and Hiedi fails to do so for at least the foregoing reasons, it is 

clear that Hiedi does not anticipate claim 21. 

III. Double Patenting Reiection 

In response to the double patenting rejection in view of USP No. 8,253,180, Applicants 

submit concurrently herewith a terminal disclaimer so as to overcome the double patenting 

rejection. Thus, it is respectfully submitted that the double patenting rejection has been 

overcome. 

IV. Dependent Claims 

Under Federal Circuit guidelines, a dependent claim is nonobvious if the independent 

claim upon which it depends is allowable because all the limitations of the independent claim are 

contained in the dependent claims, Hartness International Inc. v. Simplimatic Engineering Co., 

819 F.2d at 1100, 1108 (Fed. Cir. 1987). Accordingly, as the pending independent claim is 

patentable for at least the reasons set forth above, it is respectfully submitted that all claims 

dependent thereon are also patentable. 

V. Summary 

Applicants submit that all of the claims are now in condition for allowance, an indication 

of which is respectfully solicited. 

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

- 7 -
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including extension of time fees, to Deposit Account 500417 and please credit any excess fees to 

such deposit account. 

500 North Capitol Street, N.W. 
Washington, DC 20001 
Phone: 202.756.8000 MEF:MWE 
Facsimile: 202.756.8087 
Date: July 1, 2013 

DM_US 43498555-1085393.0808 

Respectfully submitted, 

McDERMOTT WILL & EMERY LLP 

/Michael E. Fogarty/ 

Michael E. Fogarty 
Registration No. 36,139 

Please recognize our Customer No. 53080 
as our correspondence address. 
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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 

13/547,913 07/12/2012 

53080 7590 09/09/2013 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

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. 

085393-0808 2994 

EXAMINER 

LUU, CHUONG A 

ART UNIT PAPER NUMBER 

2898 

DATE MAILED: 09/09/2013 

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. 
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Application No. 
13/547,913 

Applicant(s) 
HIRASE ET AL. 

Notice of Allowability Examiner 
CHUONG A. LUU 

Art Unit 
2898 

AIA (First Inventor to 
File) Status 

No 

-- The MAILING DATE 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 M PEP 1308. 

1. [8J This communication is responsive to Julv 01, 2013. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

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. [8J The allowed claim(s) is/are 21-33. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
~;ttp://www.uspto.gov/patents/init events/pph/index.iS:P or send an inquiry to PPHfeedback@uspto.aov . 

4. [8J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) [8J All b) D Some *c) D None of the: 

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

2. [8J Certified copies of the priority documents have been received in Application No. 13/037,831. 

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: __ . 

Interim copies: 

a) D All b) D Some c) D None of the: Interim copies of the priority documents have been 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. [8J Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 7/12/2012 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

U.S. Patent and Trademark Office 

5. [8J Examiner's Amendment/Comment 

6. [8J Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 03-13) Notice of Allowability Part of Paper No./Mail Date 20130825 

Page 172 of 203



Application/Control Number: 13/547,913 

Art Unit: 2898 

DETAILED ACTION 

Terminal Disclaimer 

Page 2 

The terminal disclaimer filed on July 01, 2013 disclaiming the terminal portion of 

any patent granted on this application which would extend beyond the expiration date of 

the US Patent Number 8,253,180 has been reviewed and is accepted. The terminal 

disclaimer has been recorded. 

The assignment document filed on July 01, 2013 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 21-33 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 
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Application/Control Number: 13/547,913 

Art Unit: 2898 

Page 3 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHUONG A. LUU whose telephone number is 

(571 )272-1902. The examiner can normally be reached on M-F (6:30-3:00). 

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/ 
Primary Examiner, Art Unit 2898 
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Application/Control Number: 13/547,913 

Art Unit: 2898 

August 25, 2013 

Page 4 

Page 175 of 203



Application No.: 13/547,913 

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. Application No. 13/037,831, filed on March 1, 

2011, now U.S. Patent No. 8,253,180, which is a Divisional of U.S. Application No. 12/505,799, 

filed on July 20, 2009, now U.S. Patent No. 7,923,764, which is a Divisional of U.S. 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 hereby incorporated by reference. --

It is OK to enter. 

CAL 

08/25/2013 

- 2 -

Page 176 of 203



IN THE TITLE: 

Please amend the title as.follows: 

SEMICONDUCTOR DEVICE /\ND METHOD FOR FABRICATING THE SAME 

It is OK to enter. 

CAL 
08/25/2013 

- 2 -
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IN THE SPECIFICATION: 

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

THE INVENTION" 

-- RELATED APPLICATIONS 

This application is a Divisional of U.S. Application No. 13/037,831, filed on March 1, 

2011, which is a Divisional of U.S. Application No. 12/505,799, filed on July 20, 2009, now 

U.S. Patent No. 7,923,764, which is a Divisional of U.S. 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 hereby 

incorporated by reference. --
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1,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,-,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,1 ,,,, ........... ' ..................... 1 

I S26s·i o······----1 S264 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) ! US-ffiPUB;! OR············--i ON··········12012/04/03! 
! i !USPAT; i ! !21:17 ! 
i ! !ucncR· ! : i : 
\ : : \}._/' : : : : 
! ! ! 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 '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- : 

!S266 19806 kotani.inv. US-ffiPUB;!OR !ON 2012/04/03! 
! USPAT; i 21:17 i 
i USJCR; ! ! 
: FPRS; ! : 
:, EFO JFO \ ; 

·, ·,: ' I • ! 
i DERWENT;! : 
1........... IBM .. TDB ... ! .................... , .................. ...! 

I ~7; ~ i_ ~66 and naoki I i~B;i OR 1, ~ 1

1

• :::!~001, 

i • 1 EFO· JFO· : : · : 
\ \ l ' ': 
i i ! DERWENT' i i i i 
! i ! I BM TDB Ii i i i 
i-•·····················:·······························································································································································································································i·······-··········:····················:···············:·····················: ! 8268·1 o······----1 S267 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) US-ffiPUB;! o·f·········--i ON······----12012/04/03! 
I ! USPAT; ! 1 !21:18 1 

i : USJCR' : : : : 
! : ' : : : i 
i : FPRS; : i : : 
! i EFO· JFO· i i i i 
I ! DERWENT"! ! i ! 
I I l 1 \ 1 \ 

! ! I BM TDB ! i i i 
\ 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.\ '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.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.~ 'l.'I.H'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'1.,.1 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.~ 

I S269 : 0 okazaki and gen and (( (high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or US-ffiPUB;i OR i ON 2012/04/03! 
I electrode) USPAT; ! ! 21:18 ! 
i USJCR' ! i : 
I FPRS· I i ! ! 
I l : \ \ 

! EFO· JFO· : i i 
t ' ': \ \ 
i DERWENT;! i i 
I ........... , l.~~)g.~ . ..L ............... ....i ! 
! S270 o i aida and kazuhiko and (((high adj dielectric adj con~ant) or (ferr0eectric)) adj gate adj (layer or film)) and (gate or i IJS.Rl~B;i OR !:, ON 2012/04/03! 
i !_ electrode) I USPAT; • : 21: 18 i 
I ' i USJCR· : : 
t : : ' : : : 
i : i FPRS; : : : 
i i ! EFO· JFO· i : i I i I l l i \ \ 

I i ! DERWENT;! ! ! 
! i I I BM JOB i ! ! \ :~~~~~~~~~~ ............ , ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ''''''''''''''''''''' .................... ~ ,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,1 

! S271 0 ! takeoka and shinji 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) USPAT; ! i 21:19 ! 
! i USJCR;! i i 
~ : : : : 
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i,
1 

FPRS· i 
I ' I ERJ; JR); i 

i DERWENT;! 
I ' IBM TDB i 

21:23 

I S280 : 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 
i and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) USPAT; ! 
I USOCR; i : \ 

i FPRS; ! 
i ERJ·, JR)·, ! l I 

i DERWENT;! 
i IBM TDB , 
\ ......... .. 

ON 2012/04/03! 

21~ I 

·····················' 
1 s2a1 1412 i (257/410).CQS. US-ffiPUB;i OR OFF 2012/04/03! 

! ! itl 21~ I 

lr7r-~~====================::::;:~~B~=R~=T~N=BT;~!~I =~!~!: """"" 
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1~2 1981, 257/e29.132.ccls. 
US-ffiPUB;! OR ON i 2012/04/03j 

:; I 
1
2124 I 

FPRS' i . ' ' I : ; 

i : 

ERJ; JRJ; i !: ! 
DERWEN( : : 

I ' 

18283 1713 ,257/e29.133.ccls. 

IBM TDB i : ! 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

i 
i 
! : 
i 
i 
i 
i 
i .......... . 

US-ffiPUB;i OR 
USPAT; i 
USOCR" i 

I ' 

FPRS· i 
I ' 

ERJ; JRJ; i 
DERWENT;! 
IBM TDB , 

18284 1631 257/e29.137.ccls. US-ffiPUB;iOR 
i USPAT; i 
i USOCR; i 
I FPRS; i 
i ERJ; JRJ; ! 
! DERWENT;! 

ON 2012/04/03! 

2124 I 

• •••••••••••••••••••• 1 

2012/04/03! 

21~ I 

! IBM TDB i ~~~~::========================,;,;,;,;,;,;,;,:~·;;,;;;";,;,;,;,;,;,;,;·.;;.;: .. ';·;;;;; .... ,;;;;, .... ·;;;;; .... ,;;;;, .... ·~··~,;;;;,·;;;;;··-~ .... -:;,; .. .;.;;;;· .... ;;;;; .... ,;,;;;; ..... ;;;;;.;: .... ,,I 
US-ffiPUB; ! OR ON 
USPAT; i 21:25 
USOCR; i 
FPRS; i 
ERJ; JRJ; i 

I DERWEN( 

i """'"" """""": I BM TDB i 
I 8286: 684 257/e29.162.ccls. i US-ffiPUB;i OR 
: ! USPAT; 
i i USOCR· i 
I i FPRS; I i 
i ! ERJ; JRJ; i l I 

i iDERWENT;! 
i ; IBM TDB i 
~ ··········' .............................................................................................................................................................................................................................. J - ... 1 ................... 1 ................ , ••••••••••••••••••• ,• 

i 2012/04/03! 
i 21:25 i 

I I 
: ; 

i ! 

!8287 602 257/e29.165.ccls. US-ffiPUB;iOR ON 2012/04/03! 
i USPAT; i 21 :25 i 
! USOCR; i ! 
! FPRS; i ! 
! ERJ; JRJ; i i 
i DERWENT" i i 
\ l1 

1 

! I_BM .. TDB .. i .................... , _ ....... J 
! 8288 : 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;! OR ON 2012/04/03! 

i i and (gate or electrode) and ((gate or electrode) adj (insulat$4 or dielectric or oxide)) and (((high adj dielectric adj USPAT; i 21,:25,,,,,,,,,,1

111111111

, I i constant) or (lerroelectric)) adj gate adj (layer or lilm)) USOCR; i : 
! i FPRS; i 
1 i ERJ; JRJ; i i 
i i DERWENT;! 
! i IBMJDB i 

I 8289 115 i (257/296:295,310,324,410,411.ccls.) and (gate or electrode) and (( (high adj dielectric adj constant) or (lerroelectric)) adj US-ffiPUB;l OR 

I, 1

1

:, (gate or ~ectrode) adj ( dielectric or oxide or insulat$4)) i; • 
: DERWENT;! 

i \ 
i : IBM TDB ! 

11~n5 i (257/ 296,295,310,324,410,411.ccls.) and (gate or electrode) and ( ( (high adj dielectric adj constant) or (lerroelectric)) adj US-ffiPUB; inR jnN i 2012/04/03j 
i ! i (gate or electrode) adj ( dielectric or oxide or insulat$4)) and @ad<= "20050805" USPAT; i i : 21 :27 i 
1 : , USOCR" i i i i l : ~ . , : :,1 ; :,, 
!
1 

!: i, FFRS, i : : : . : ; ; l 

i 2012/04/03! 
i 21:27 ! 
: ; 

I I 
: ; 
: : 
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i i ! i EFQ; JRJ; i i i i 
i ! i i DERWENT' i i i i 
i : i i I BM TDB Ii i i i 
t .......... : ............ :""""""""'"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!'"""-""""";"""""""""":""""""'": .................. , .. : 
I 8291 : 280 ! ("257"/$.ccls.) and (gate or electrode) and (((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj US-FGPUB;i OR i ON i 2012/04/03! 
I i (dielectric or oxide or insulat$4)) and @ad<= "20050805" USPAT; ! ! ! 21 :27 ! 
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 ! 
\,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._ .................................................. .1 .................................................................................................................................................................. ... 

i 5292 ' 57 (2571 e29. I 32,e29. I 33,e29. I 34, e29. I 35,e29. I 36,e29. I 37, e29. I 38, e29. I 38,e29. I 62,e29. I 63, e29. I 64,e29. I 64,e29. I 65. eels.) i US-FGPUB;l OR !:::::::::, ON 2012/ 04/ 03! i and (gale or ~ectrode) and (((high adj di~ectric adj constant) or (ferroelectric)) adj (gate or ~ectrode) adj (di~ectric or I IJS'AT; I 1 21 :28 i:::::::, 

i oxide or insulat$4)) and @ad<= "20050805" i USOCR; : 
i ! FPRS; i 
:, : ' i ! EFQ; JRJ; ! 
I !DERWENT·: 
\ l ': 
i ! IBM TDB i : 

I 5293 ; 257 I (257/e,$.ccl~) and (gate or electrode) and (((high adj di~ectric adj constant) or (lerr~ectric)) adj (gate or electrode) adj i US-ffiPUs;j OR !:::::::, ON ! 2012/04/03j 
i ! (dielectric or oxide or insulat$4)) and @ad<= "20050805" ! USPAT; ! : i 21 :28 i 
i i i ucv·,cR· i : i 
i : l vv ' : : : 
i i ! FPRS· i i i 
\ : l ' : : : i i i EFQ; JRJ; i i i 
i i ! DERWENT·! , i i 
\ I \ l1 \ I \ 

i i i I BM TDB i i i i 
t HHHHH HHHHHH: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH\ l HHH\ - HHHHH: HHHHHHHHHH: \HHHHHHH: \ HHHHH: 

I 8294 132 ] ("438"/$.ccls.) and (gate or electrode) and ( ((high adj dielectric adj constant) or (lerroelectric)) adj (gate or electrode) adj US-FGPUB;! OR i ON l 2012/04/03! 
i ! (dielectric or oxide or insulat$4)) and @ad<= "20050805" USPAT; ! i i 21 :28 i 

I:, I t;I 11 

: DERWENT;! : : 
I i I BM_TDB i i ! 
\..................................................................... 1 ..................................................................... ,.,.,.,.,.,.,.,.,.,.,. ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. 

I 8295 : 5455 ! (257/296,295,310,324,410,411.ccls.) and (gate or electrode) and ( (gate or electrode) adj (dielectric or oxide or insulat$4)) ! US-FGPUB;! OR 2012/04/03! 

I I and ~d<•'~050005" I i I 21 29 I::::: 

i i ! Em· Jm· i : 
1 \ 1 ru, ru, I 

i i ! DERWENT" i 
I i I I BM TDB I! 
\ HHHHH~ HHHHHH \ HHHHHHHHH \ - \ HHHHHHHHHH~\ 

! 5296 i 85 I (257/296,295,310,324,410,4I1.ccls.) and (((high adj dielectric adj constant) or (lerr~ectric)) adj (gate or electrode) adj i US-FGPUB;i OR I:::, ON l 2012/04/03! 

I I::, ( dielectric or oxide or insulat$4)) and ~d<. "20050005" I = I : 121 :29 I 
i, : i FPRS·, i , • I : ; i i EFQ· JR)· i : i 
\ I l ' ': \ I 

i i i DERWENT": i : 
\ \ I l1 \ I 

i i ! I BM TDB i i i 
1,,,,,,,,,,,,,,,,,,,,,,, 1,,,,,,,,,,,,,,,,,,nnHHHHHHHHHHHHHHHHHHH"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""' 1, ...... - .......... 1 .................... 

1 
.. .,,,,,,,,,,,,

1
,,,,,,,,,,,,,,,,,,,,,1 

I 8297 i 772 ] (257/296,295,310,324,410,411.ccls.) and (( (gate or electrode) adj ( dielectric or oxide or insulat$4)) with ((high adj US-FGPUB;j OR i ON ! 2012/04/03! 
i i dielectric adj constant) or (lerroelectric))) and @ad<= "20050805" USPAT; i i i 21 :30 i 
i i USOCR' i i i i 
t : ' : : : : 
i i FPRS; i i : i 
i i Em-Jm· i i : i 
1 : rv, rv, ~ : : : 

i i DERWENT"! i i i 
I ! I BM TDB I! i ! i 
I 8298 185 ! (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 ______________ , ON _________ ! 2012/04/,03! 

I 1

1

,::_ di~ectric adj constant) or ( lerr~ectric))) and ~d<. "2005C605" I i 
1 

121 :30 I 

i : i EFQ; JFQ; ! i i I i DERWENT' i ' ' 
I : I I BM TDB I: i ! 
118299 !11015 i (257/296,295,310,324,410,411.ccls.) and (((gate or electrode) adj (dielectric or oxide or insulat$4)) same ((high adj !jUS-ffiPUB;ifoR7foo7 2012/04/03! 
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dielectric adj constant) or (lerroelectric) )) and @ad<= "20050805" 

S300 ! 2 10/ 519799 

,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.1 

S301 : 2 "7186604" 

USPAT; 
USOCR; 
FPRS; i 
ER} JR} i 

I I• 

DERWENT;! 
IBM TDB i 
• - ... 1 .................... 1 

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

I • 

EFQ· JRJ" i I I, 

DERWENT;! 
IBM TDB i 
,,,,,,,,,,,,-,,,,,,,,,,,,,,,,,,,,,,1 

i US-ffiPUB;i OR 
i USPAT· 
i USOCR· i 
l ' : 
i FPRS; ! 

ON 

!ON 

21 :30 

2012/04/031 
21 :30 i 

,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. 

2012/04/03! 
21 ·31 i 

I 
I EFQ; JFQ; i 
i DERWENT;! 
i IBM TDB i 

,,,,,,,,,,,, !,.,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,, .......................................................................................................................................................................................................................................................................................................................................................................................................................... : - I ........................................ \ .............................. , ,,,,,,,,,,,,,,,,,,,,,1 

S302 3 11/491260 US-ffiPUB;i ON 2012/04/03! 

i; I 2131 I::: 

S303 (257/410).CQS. 

S304 1 13/547913 

S305 2 13/ 037831 

S306 : 3 12/ 505799 

'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,'\,\ 

S307 4 11/491260 

EFQ; JFQ; i : 
DERWENT"! 
IBM TDB 

1

i 
• - "I , ............ •••••••••••••••••••••\ 

US-ffiPUB; i OR I::::: OFF 2013/ 04/ 07j i; 
1 

• 1437 I: 

EFQ; JFD; i : 
DERWENT;! 
IBM TDB i i 
,_,_,_,_,_,_-,_,_,_,_,_,_,_,_,_,_,_I ,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_Vl.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.\ 'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.\ 

tr10R l:::ON 

EFQ; JRJ; i : 
DERWENT;! 
I BM JOB mi nnnnnnnnnn• 

14:37 

US-ffiPUB; i OR 
USPAT' i 

I • 

USOCR; i 
FPRS; i 
EFQ; JFQ; i 
DERWENT;! 
IBM TDB i 

2013/ 04/ 07! 

1437 I 

' - , .. 1 .................... 1 .................................. , 

US-ffiPUB; ! OR 
USPAT; i 
USOCR; i 
FPRS; i 
EFQ; JRJ; i 
DERWENT;! 
IBMJDB i 

US-ffiPUB; i OR 
USPAT; i 
USOCR' i 

I • 

FPRS; i 
EFQ; JRJ; i 

ON 
14:38 

ON 2013/ 04/ 07! 

1438 I 
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ll J IL 11~:l il. IL I 
ll~~ll5. ii::~~°.~422:1 or 1:2~4~4:1 or r-~01:1:·1 or 1·200~121733·1 or 1:~1211::11 : l~~r II~~ 

1 
~'.~i.~°.7.i 

IEJ□ 11::~:'.~°.:1 □.:'.:1.9.~~~:::r1::1.~~'.'.~:1:: 1 ~~~8.:IDEJ ~;;g~o?i 
I 5311 : 3362 ! (257/295),CQS, ! US-ffiPUB;! OR i OFF i 2013/04/07! 
I i !USPAT; i j !14:39 j 
i i i LJC'l"'ll"D, i : i : 
\ \ \ \JV\Jfl, \ \ I \ 

i i ! FPRS· i i i i \ : l ' : : : : 
! ! i EFD; JRJ; ! i i i 
i : 1 DERWENT·: i : i \ : \ ,: I : I 
i i ! I BM TDB i i i i 

115312 :[3 i 11"7,579,227'1 or 1"20050121733"1 or 1"6,992,358")).PN. 
1 

US-~P\JB;DR i10FF i 2013/04/071 
i : : USPAT : i :14.39 i 
\-. ............................................ 1 ,.,.,.,.,.,.,. ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ,.,.,.,.,.,.,.,.,.,. 

ll~'.~ .. 118 .......... 1 :~~:~;;~;·:: .. ~~~:f ~~:1 □-:'.::~1:7.:1::1:~'.~1'.'.~'.'.::::1:2.:12.17.:::::1::::~'.:::: □-:1 ~~PUB:!~IIOFF I ;:;;9~~7.i 
tr 1~1=t r 1~~ 
ilS315 □! I I "7923764 "I or 1"7579227"1 or 1"6, 99'.!,358"1 I. PN. US- FGPUB: Jiiii- ilOFF i 2013/04/07! 
! i ! USPAT t ............. J i 14:40 i 

11~1:t I 11"7923764"1 or 1"7579227") or 1"20040227185"1 I.PN. ~~PUB:IDEJ ~:;!:°.J 
r)u3 !("20020053711" I "5889331" I "6314021" I "6512258" I "6518155" I "6765273" I "6777283" I "6777759").PN. OR US-ffiPUB;:□R !uN l2013/04/07j 
! i i ("2004/0227185" I "7067881").URFN USPAT; i i i 14:40 i 
i:: USJCR: i : i ! 'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.: 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'I. I : : ""'"°"""""""""""J 'l.'l.'l.'l.'l.'l.'l.'l.'l.'I.: 

I 5318 1613 ! (257/411),CQS, US-ffiPUB;! OR OFF 2013/04/07! 
! i USPAT; i 14:41 i 
i i USJCR' i i 
~ I ' I : 

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

I ! DERWENT;! i 
! i IBM TDB i ! ~"""'"" """"""\ - I .................... \ 
I 5319 1528 (257/410),CQS, US-ffiPUB; OR OFF 2013/04/07! 

I ~i. 1441

1 

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

I ' 

EFD; JFD; ! 

I 5321 : 2769 ! (257/368).CCLS. ! US-ffiPUB;! OR i OFF ! 2013/04/07! 
: : ! USPAT; j l 14:41 j 
I i i\USJCR', i i i 

I I iFP~; ': i l ! 
i i i EFD, JFD, i i i 
: : 1 DERWENT': : : 
! i ! I BM TDB Ii i i 
\ : : - : : : 

1

1

S322 r79 !

1

(257/369).CCLS. i US-ffiPUB;inR r i-201--3/0--4/0--7-!
1 

! i ! !USPAT; ! i !14:41 i 
! i ! iurom ! i i i 
! i i i FPRS· I i i i i 
i i : I ' : l ; l 
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i i ! i EFQ; JRJ; i i i i 
i ! i i DERWENT' i i i i 
i : i i I BM TDB Ii i i i 
t .......... : ............ :""""""""'"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!'"""-""""";"""""""""":""""""'": .................. , .. : 
1 S323 .. 1 2s6 ...... 1 ( 257/ 389). CCLs. us. FGPUB; i ci··········· .. 1 oFr···· .. 1 2013104107! 
I i USPAT; ! ! ! 14:42 ! 
i i USOCRi i i i 
I : ' : : : : 
i i FPRS; i i i i 
i i EFQ· JRJ· i i i i 
I ! DERWENT'! i i i 
\ I , 1 \ I \ 

i i I BM TDB i i i i ! ,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._: .................. .:::::::: .............................. ) ....................................................... J ............................................. J .......................................................... J 

I S324: 940 (257/392).CCLS, 
i 
i 
i 
i 
i 
I 
i 
i 
t HHHHH~ 

~:loR lo~ ;:;:~071 

IBMJDB ... i ................... ' ..................................... ' 

l,Sl25;565 l:,:':(257/m)COB 1:r10R lo~ 1;:;;~~071 

1 • 1:;J~;I • I i 
I : i DERWENT;! : : : 
i i i I BM TDB i i i i 
I S3i1 206 ...... j ( 257/ 395) 'CCLS. \ US- ~PUB; i OR··············j OFF········j 2013/ 04/ 07j 
1 : USPAT; i : : 14·42 : 

I I ~i 11 i 

I ! I BM TDB i i i i 
\ ,._,..,._,._,._,._,._,._,._,._,._ ,._,.. ...................... 1 I ...................................... ~ ,._,._,._,._,_,_,_,_,_,_,_,_,_,_,) ,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,} 

! \ ': 
i ...................... .: .................. i IBM_TDB i ..................... , 

I S328 ! 255 !:'::::::_ (2571400). ca.& ! US-ffiPUB;! OR !:::::: OFF i 2013/ 04/ 07! 
i : i USPAT' i : !:·:, 14:42 i, I lusocR; ! : : 
i, :,

1 

FPRS·, i_, : : 
i i EFQ· JR)· i i i 
I I l ' ': \ I \ 

i ! i DERWENT;! i i i 
i : i I BM TDB i i i i 
l,,,,,,,,,,.,,,,,,,,,,,,i,,,,,,,,,,,,,,,,,, ............................................................................................................................................................................................................. : ....... - .......... : .................... : .... ,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,,: 

IS32·g·11·2········1("20030022422" I "20040004234" I "20040129997" I "20050121733" I "20050127436" I "20060121740" I "6642071" I iUS-FGPUB;!OR .............. !ON·········12013/04/07i 
i ! i "6929992" I "6992358").PN. OR ("7579227").URPN. i USPAT; i i i 14:43 i 
i ! i !USOCR i i i i 

11~0 □!112/505799 ! US-FGPUB;![JR !LJN i 2013/04/07! 
i ! i iUSPAT" i i !14:43 i 
i ! i iusocR i i i i l nnnnn~ nnnnnn) nnnnnnnn~ \ : nnnnnnnnnJ ~nnnnnnnl nnnnnnnnnnj 

I S331 : 3362 ! (257/295).CCLS. i US-FGPUB;i OR i OFF i 2013/04/07! 
I i iUSPAT; i ! !14:43 i 
i i iUSOCR' i i i i 
~ : : ' : : : : 
i i i FPRS· i i i i t I \ l I \ I \ 

i i i EFQ· JR)· i i i i 
i i i DERW

1 

ENT
1

•i i i i 
\ \ \ ,1 \ I \ 

i i i I BM TDB i i i i 

11&132jj16; jji257i3iOi ms jjU&FGAJB;jjOR ii OFF j 2oi;;04; o;i 
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I i;i I::::. i ER} JR} i : l ' 'I 

i DERWENT;! 
i IBM TDB i 
i . - ... 1 .................... 1 

14:43 

l,$33!3 1,ro191~9 i]OR ~ ~;!M/071 

: DERWENT;! 
I IBM TDB i 

I S334 19 ; (257/296,295,31 0.ccls.) and (gate or electrode) and ( ((gate or electrode) adj (insulat$4 or dielectric or oxide)) adj (high i uiffiRJBj OR i ON i 201,3/,04/,07! 

I I:::, adj dielectric adj constant)) and overlap,$4 I i; 
1 

114:43 I 

I : I EFO; JFO; i : : 
i i, DERWENT',! : i I , : : 
i I l I BM TDB i \ : : 

11$35.[8 !(''20030209761" I "20040150520" I "20040178451" I "20050040464" I "20050051843" I "20050110085" I "4979014" I 
1

US-ffiPUB;i[JR iLJN !2013/04/07! 
i i i "6437404" I "6538916" I "6580132" I "6639246" I "6646307" I "6687152" I "6724046" I "6740938" I "6744390" I USPAT; i ! i 14:44 ! 
i i i "6800513" I ') USJCR i i i i 
I 8336"' ;·667""i hirase.inv. I u&'ffi'Puii OR"""""""! ON .......... ! 2013/04/07! 

i ! iUSPAT; ! i !14:44 i 
i i iUSJCR' i i i i 
\ \ \ l I I I I 

i i i FPRS· i i i i 
\ I \ l I I I I 

i : i EFO· JFO· : i : i 
\ : : ' ': : : : 
i : i DERWENT': i : i 
\ : : ' ~ : : : 
i : i I BM TDB : i : i 
\•••••••••••••••••••••••\••••••••••••••••••'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''\ - \ I I ••••••••••\ 

IS337 1667 !hirase.inv. US-FGPUB;!OR !ON !2013/04/07! 
I i USPAT; i i i 14:44 ! 
i : USJCR' : i : 
t : ' i : : 
i i FPRS; i ! i 
i : EFO· JFO· : i : 
\ I ' 'I I I 

i i DERWENT' i i i 
\ \ 'I I I 

i i I BM JOB i ! i 
\..................................................................... 'l.'l.'l.'l.'l.'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.'I. 'l.'l.'l.'I. ............................................................................................. ... 

1, S338: 95 S337 and junji US-FGPUB;i OR ON 2013/04/07! 

I i I 14M !:::: i EFO; JFO; i j 

I DERWENT;! 
I ...... ,.... I BM .. TDB ___i 

I S339 i 0 i S338 and (gate or electrode) and (((gate or electrode) adj (insulat$4 or dielectric or oxide)) adj (high adj dielectric adj I US-FGPUB;i OR i ON l 2013/04/07! 
I :constant)) !USPAT; i i j14:45 ! 
i : iUSJCR' : i : i 
i i ; FPRS· ' : : : ; 
t i ~ , i i 1 i 
i : i EFO; JFO; : i : i 
i i i DERWENT·! i i i 
I I I l1 \ I \ 

I i i I BM TDB i i i i 
\""""" """"""\""""""""""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH,\ - \ \ I ' '''''''''\ 

I S340 i 0 ! S338 and ( ((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) i US-FGPUB;! OR i ON i 2013/04/07! 
i i iUSPAT; i i !14:45 ! 
i : iuc:-r'CR· : : : : 
\ i ; VJ ' : : : ; 

i i l FPRS; i i 1 i 
i i i EFO· JFO· i i i i 
I I I l l 1 \ 1 \ 

i i i DERWENT'! i i i 
i i i I BM TDB Ii i i i 

11S34; il332 ii;;;~~ i U& ffiRJBtlR i100 i 20131QMO?i 
: : : 1USPAT,: : :14.45 : 
~ : ~ ) \ : : : 
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S342 22 S341 and akio 

S343: 0 S342 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

S344 : 20513 kotani.inv. 

S345 27 4 S344 and naoki 

S346 ! 0 S345 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 

S347: 41632 okazaki.inv. 

S348 71 S347 and gen 

S349 0 S348 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) 
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USOCR; ii I: FPRS; i i 
ERJ; JRJ; i i 
DERWENT;! i 
IBM_TDB ! i 
US-ffiPUB; i ON 
USPAT" i 

I ' 

USOCR; i 
FPRS; i 
ERJ· JRJ i I Is 

DERWENT·! 
IBM TDB 

1

! 

2013/ 04/ 07! 

14~ I 

• - "I """"""' •••••••••••••••••••••\ 

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

I ' 

ERJ; JRJ; i 
DERWENT;! 
IBM TDB i 
US-ffiPUB; i OR 
USPAT; i 
USOCR; i 
FPRS; i 
ERJ; JRJ; i 
DERWENT;! 
IBM_TDB i 
US-ffiPUB; i OR 
USPAT" i 

I ' 

USOCR; i 
FPRS; i 
ERJ· JRJ· i 

I I• 

DERWENT;! 
IBM TDB i 

ON 2013/ 04/ 07! 

14~"""""1 

2013/ 04/ 07! 
14"46 i 

I 
nnnnnnnnn~, 1 

2013/ 04/ 07! 

14~ I 

• - ... 1 ............. ,,,,,,,,,,,,,,,,,,,,,\ 

US-ffil'uB; ! OR !::::: ON 2013/ 04/ 07j 

i I • 

14

~ I: 

ERJ; JRJ; i : 
DERWENT;! 
IBM TDB ! i 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1, ,,,,,,,,,,,,,,,,,,,,1 

US-ffiPUB; i OR 
USPAT; i 
USOCR" i 

I ' 

FPRS; i 

!ON 2013/ 04/ 07! 

1447 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 

2013/ 04/ 07! 

1447 I 

• .. ...1 .................... 1 .................................. , 

US-ffiPUB; ! OR ON 
USPAT; i 14:47 
USOCR; i 
FPRS· i 

I ' 

ERJ; JRJ; i 
DERWENT;! 
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I S350 17970 aida. inv. US-ffiPUB; ! OR 2013/ 04/ 07! 

I i; I 1447 I:::: 
! EFO; JFO; i : 
i DERWENT"! l ,1 

!........... IBMJDB ! ..................... , 

1$51 1721:~and~hiko l~[iOR I~ 1;:::~071 

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

I S352·i 0 .......... 1 S351 and ( ((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) ! US-ffiPUB;! OR············--i ON··········12013/04/07! 
! i !USPAT; i ! !14:50 ! 
i i ! LJCf"ICR• 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 '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- : 

! S353: 2816 i takeoka.inv. US-ffiPUB;! OR i ON 2013/04/07! 
! i USPAT; i 14:50 i 

1 ........... 1 ~;I_ I 

I$~;~ i, $53 and shinji I iPUB;i OR 1, ~ 1

1

• ;:;:~o7
1, 

i • 1 EFO· JFO· : : · : 
\ \ l ' ': 
i i ! DERWENT" i i i i 
! i ! I BM TDB Ii i i i 
i-•·····················:·······························································································································································································································i·······-··········:····················:···············:·····················: ! 5355·1 o······----1 S354 and (((high adj dielectric adj constant) or (lerroelectric)) adj gate adj (layer or lilm)) and (gate or electrode) US-ffiPUB;! o·f·········--i ON······----12013/04/07! 
I ! USPAT; i 1 i 14:50 1 

i : USJCR' : : : : 
! : ' : : : i 
i : FPRS; : i : : 
! i EFO· JFO· i i i i 
I i DERWENT"! ! i ! 
I I l 1 \ 1 \ 

! ! I BM TDB ! i i i 
IISJS?'f """"'i (("6,992,358"1 or 1"6,929,992"1 or 1"6,642.Qll"I or l"20C60121740"1 _or ("20030022422") or ("2004000423.4"1 or LJ&fGRLJB:jlQR"""""""ilO~""""i 2Q1'3i~07i 
! ! ! ("20040129997") or ("20050121733") or ("20050127436") or ("7,579,227") or ("20050121733") or ("6,992,358") or USPAT ! i ! 14:55 i 
t I \ i\ \ \ \ \ 
1 : : ,uu'tw:.,110;; II : : : : 
\ ........... : ............. : ,,,,,,,,,,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,:,,, ............. : .................... : 

IEJ[J 11:~~1s°.:1:1:7.9.~~~:'.°.r1::1.~~~'.~::1°.'.'.:~'.'.~::1: I ~~~B;i□EJ ;~;;;~01: 

! S360 1 13/ 405639 US-ffiPUB; i 2013/ 04/ 07! 
I USPAT; i 17:47 1 

! USJCR; i i 
! FPRS· i i 
I EFO; 

1

JFO; i ! 
I DERWENT;! i 
! IBM TDB i ! 
I $361"] 206 25?/ e29. I 32.cds. U& FGPUB:r·"""""· i ON"""""i 2013/08/2Q 
1 : USPAT, : i : 19.39 : 
! ! USJCR;! i ! i 
! ! FPRS· i i i i 
I : I ! ! i ! 
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i i ! i EFQ; JRJ; i i i i 
i ! i i DERWENT' i i i i 
i : i i I BM TDB Ii i i i 
t .......... : ............ :""""""""'"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!'"""-""""";"""""""""":""""""'": .................. , .. : 
I S'.362 .. ;·86 ...... ! 257 / e29 .138. eels. US- FGPUB; i ci ............. i ON········ .. 1 2013/ 08/ 25! 

I i USPAT; ! ! ! 19:39 ! 
i i USOCRi i i i 
I : ' : : : : 
t : FPRS; : : : : 
i i EFQ· JRJ· i i i i 
I ! DERWENT'! i i i 
\ I , 1 \ I \ 

i i I BM TDB i i i i ! ,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._,._: .................. .:::::::: .............................. ) ....................................................... J ............................................. J .......................................................... J 

I S363: 702 257/e29.162.eels. 

~:IOR I~ ~;;;w2sl i 
i 
i 
i 
i 
I 
i 
i 
t HHHHH~ I BM JOB j """"""""'", """""'""" """""""""", 

I $M ; 620 '

1

·

1

·:: 257/e29.165.cds. I 5RJB;I OR I::~ I ~;!w25
1 

:,: : I FPRS; ! : !:, i I EFQ; JR); i : ! 
I \ i DERWENT': \ \ \ 
\ I \ l1 \ I \ 

i i i I BM TDB i i i i 
\'''''''''' ,,,,,,,,,,,,1,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-\\\\\\\\\\I\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

i S355·1 344 ...... ! 257 / e29 .164. eels. US- FGPUB; i OR············ .. 1 ci········1 2013/ 08/ 25! 
i i USPAT; ! i i 19·40 i 

I: i:. i~;I I ii I 
: DERWENT;! : . : 

I ! I BM TDB i i i i 
\ ................................................ 1 I ...................................... ~ ......... ,.,.,.,.,.,.,.,.,.,.,) ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.~ 

I S366: 7557 i 257/e29.255.eels. i US-FGPUB;! OR i 2013/08/25! 
i i I USPAT; ! ii 19:41 I 

I:: ii !~~:; I ! i 
• 1 EfD; JRJ; 1 I I 

I: i I DERWENT; i ! ! 
. ! I BM JOB i : : 

11$67 •[Ji (("7018873") or ("6929992") or ("6992358") or ("20060121740") or ("20050121733") or ("7579227")).PN. US-FGPUB;:FJR !IQfF""""i 2013/08/2~ 
i : i USPAT i i :19:42 i 
\ ••••••••••••••••••••••••• 1 •••••••••••••••••••• 1 •••••••••••••••••••• • ................ 1 •••••••••••••••••••••• 1 

11$68 ·[l (("8253180") or ("7923764") or ("7579227")).PN. i US-FGPUB;!LR rF i2013/W25! 
i ! i iUSPAT i i !19:43 i 
~ , , , , , , , , , , ' , , , , , , , , , , , ,1 , , , , , , , , , , , , , , , , , ",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \ , , , , , , , , , , , , , , , , , , , I , , , , , , , , , , , , , , , , , , , I , , , , , , , , , , , , , , , I , , , , , , , , , , , , , , , , , , , , , \ 
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