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(57) Abstract: A semiconductor device is provided with first and second 
MIS transistors. The first MIS transistor has a first gate insulating film 
formed on a first active region; a first gate electrode which is formed on 
the first gate insulating film and composed of a second metal film; and an 
insulating film formed over from a side surface of the first gate electrode 
to an upper surface of a region positioned on the side of the first gate elec­
trode in the first active region. The second MIS transistor has a second 
gate insulating film formed on a second active region; a second gate elec­
trode which is formed on the second gate insulating film and composed of 
a first metal film and a conductive film formed on the first metal film; and 
an insulating film formed over from a side surface of the second gate elec­
trode to an upper surface in a region positioned on the side of the second 
gate electrode in the second active region. The first metal film and the sec­
ond metal film are composed of different metal materials, respectively. No 
insulting film is formed on the upper surfaces of the first and the second 
gate electrodes. 
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SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This is a continuation of PCT International Application PCT/JP2009/000574 filed 

5 on February 13, 2009, which claims priority to Japanese Patent Application No. 2008-064435 

filed on March 13, 2008. The disclosures of the applications including the specification, the 

drawings, and the claims are hereby incorporated by reference in their entirety. 

10 

BACKGROUND 

The present disclosure relates to semiconductor devices and methods for 

manufacturing the semiconductor devices. More particularly, the present disclosure relates 

to a semiconductor device including a Metal Insulator Semiconductor Field Effect Transistor 

(MISFET) having a gate electrode made of a metal material, and a method for manufacturing 

the semiconductor device. 

15 As the scale and speed of semiconductor integrated circuit devices increase, an 

attempt is being made to achieve further miniaturizat1on of MISFETs. The further 

miniaturization of MISFETs is accompanied by an extremely thin thickness of the gate 

insulating film, leading to problems, such as manifestation of the depletion capacitance of the 

polysilicon gate electrode and penetration of boron into the channel region. To solve these 

20 problems, a semiconductor device with a dual-metal gate structure has been studied in which 

a metal gate electrode made of a metal material is used as the gate electrode of an n-type 

MISFET (hereinafter referred to as an "n-type MIS transistor"), and a metal gate electrode 

made of a metal material is used as the gate electrode of a p-type MISFET (hereinafter 

referred to as a "p-type MIS transistor"). 

25 In the case of the dual-metal gate semiconductor device, the gate electrodes of the 
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n- and p-type MIS transistors need to be made of different metal materials. For example, the 

gate electrode of the n-type MIS transistor is made of a metal material having a work function 

of 4.05 eV or more and 4.6 eV or less, and the gate electrode of the p-type MIS transistor is 

made of a metal material having a work function of 4.6 e V or more and 5 .15 e V or less. 

As a method for manufacturing the dual-metal gate semiconductor device, for 

example, a first conventional semiconductor device manufacturing method (see, for example, 

NON-PATENT DOCUMENT 1) and a second conventional semiconductor device 

manufacturing method (see, for example, NON-PATENT DOCUMENT 2) have been 

proposed. 

CITATION LIST 

NON-PATENT DOCUMENTS 

NON-PATENT DOCUMENT 1: Z. B. Zhang et al., "Integration of Dual Metal 

Gate CMOS with TaSiN (NMOS) and Ru (PMOS) Gate Electrodes on HfO2 Gate 

15 Dielectric," VLSI 2005 

NON-PATENT DOCUMENT 2: S. C. Song et al., "Highly Manufacturable 45nm 

LSTP CMOSFETs Using Novel Dual High-k and Dual Metal Gate CMOS Integration," VLSI 

2006 

20 SUMMARY 

However, the first and second conventional semiconductor device manufacturing 

methods have the following problems. 

The first conventional semiconductor device manufacturing method and its 

problems will be described hereinafter in sequence. The first conventional semiconductor 

25 device manufacturing method will be described with reference to FIG. 13. FIG. 13 is a 
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cross-sectional view showing main steps of the first conventional semiconductor device 

manufacturing method, as viewed in a gate width direction thereof. Note that, in FIG. 13, 

"nMIS" shown on the left side indicates an n-type MIS formation region where an n-type MIS 

transistor is formed, and "pMIS" shown on the right side indicates a p-type MIS formation 

5 region where a p-type MIS transistor is formed. 

Initially, an isolation region 101 is selectively formed in an upper portion of a 

semiconductor substrate 100. As a result, a first active region 1 OOa surrounded by the 

isolation region IO 1 is formed in the n-type MIS formation region, and a second active region 

1 OOb surrounded by the isolation region 101 is formed in the p-type MIS formation region. 

IO Thereafter, a p-type well region 102a is formed in the n-type MIS formation region of the 

semiconductor substrate 100, and an n-type well region 102b is formed in the p-type MIS 

formation region of the semiconductor substrate 100. 

Next, a gate insulating film formation film, a first metal film made of a gate 

electrode material for the n-type MIS transistor (hereinafter referred to as an "nMIS metal 

15 material"), a second metal film made of a gate electrode material for the p-type MIS transistor 

(hereinafter referred to as a "pMIS metal material"), and a silicon film are successively 

fonned on the semiconductor substrate 100. 

Thus, as shown in FIG. 13, a first patterning portion 107A is formed in which a gate 

insulating film formation film 103a, a first metal film 104a, a second metal film 105a, and a 

20 silicon film 106a are successively formed on the first active region 1 OOa, and a second 

patterning portion 107B is formed in which a gate insulating film formation film 103b, a 

second metal film 105b, and a silicon film 106b are successively formed on the second active 

region 1 OOb. 

Thereafter, although not shown, by dry etching using as a mask a resist having a 

25 gate pattern, which is formed on the silicon films 106a and 106b, the first patterning portion 

3 P051653 



107 A is subjected to patterning to form a first gate insulating film made of the gate insulating 

film formation film 103a and a first gate electrode made of the first metal film 104a, the 

second metal film 105a and the silicon film 106a, while the second patterning portion 107B is 

subjected to patterning to form a second gate insulating film made of the gate insulating film 

5 formation film 103b and a second gate electrode made of the second metal film 105b and the 

silicon film 106b. 

Here, a problem with the first conventional semiconductor device manufacturing 

method will be described. In the first conventional semiconductor device manufacturing 

method, as shown in FIG. 13, although the first and second patterning portions 107A and 

10 107B have different structures (specifically, the first patterning portion 107 A has a four-layer 

structure, and the second patterning portion 107B has a three-layer structure), the first and 

second patterning portions 107 A and 107B are subjected to patterning in the same step, i.e., 

under the same etching condition, and therefore, the first and second gate electrodes cannot 

both be formed with high precision, which is a problem. For example, when an etching 

15 condition is set so that the second gate electrode can be formed with high precision, the first 

metal film 104a and the gate insulating film formation film 103a in the first patterning portion 

107 A are not etched and remain, and therefore, the first gate electrode cannot be formed with 

high precision. On the other hand, for example, when an etching condition is set so that the 

first gate electrode can be formed with high precision, the semiconductor substrate 100 and 

20 the isolation region 101 in the p-type MIS formation region are also etched, and therefore, the 

second gate electrode cannot be formed with high precision. 

The second conventional semiconductor device manufacturing method and its 

problem will be described hereinafter in sequence. The second conventional semiconductor 

device manufacturing method will be described with reference to FIGS. 14A-14E. FIGS. 

25 14A-14E are cross-sectional views showing main steps of the second conventional 
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semiconductor device manufacturing method in an order in which the steps are performed, as 

viewed in a gate width direction thereof. Note that, in FIGS. 14A-14E, "nMIS" shown on 

the left side indicates an n-type MIS formation region where an n-type MIS transistor is 

formed, and "pMIS" shown on the right side indicates a p-type MIS formation region where a 

5 p-type MIS transistor is formed. 

Initially, an isolation region 201 is selectively formed in an upper portion of a 

semiconductor substrate 200. As a result, a first active region 200a surrounded by the 

isolation region 201 is formed in the n-type MIS formation region, and a second active region 

200b surrounded by the isolation region 201 is formed in the p-type MIS formation region. 

10 Thereafter, a p-type well region 202a is formed in the n-type MIS formation region of the 

semiconductor substrate 200, and an n-type well region 202b is formed in the p-type MIS 

formation region of the semiconductor substrate 200. 

Next, a first gate insulating film formation film made of a gate insulating film 

material for the n-type MIS transistor (hereinafter referred to as an "nMIS insulating 

15 material"), a first metal film made of an nMIS metal material, and a first mask film are 

successively formed on the semiconductor substrate 200. Thereafter, as shown in FIG. 14A, 

a resist mask 206 which covers the n-type MIS formation region is formed on the first mask 

film by photolithography. 

Next, the first mask film is etched using the resist mask 206 as a mask to form a 

20 first mask film 205a, and thereafter, the resist mask 206 is removed. Thereafter, the first 

metal film 204 and the first gate insulating film formation film 203 are successively etched 

using the first mask film 205a as a mask. 

Next, as shown in FIG. 14B, a second gate insulating film formation film 207 made 

of a gate insulating film material for the p-type MIS transistor (hereinafter referred to as a 

25 "pMIS insulating material"), a second metal film 208 made of a pMIS metal material, and a 
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second mask film 209 are successively formed on the semiconductor substrate 200. 

Thereafter, a resist mask 210 which covers the p-type MIS formation region is formed on the 

second mask film 209 by photolithography. 

Next, as shown in FIG. 14C, the second mask film 209 is etched using the resist 

5 mask 210 as a mask to form a second mask film 209b, and thereafter, the resist mask 210 is 

removed. Thereafter, the second metal film 208 and the second gate insulating film 

formation film 207 are successively etched using the second mask film 209b as a mask. 

Next, as shown in FIG. 14D, the first and second mask films 205a and 209b are 

removed, and thereafter, a silicon film 211 is formed on the first and second metal films 204 

10 and208. 

Thus, as shown in FIG. 14D, a first patterning portion in which the first gate 

insulating film formation film 203, the first metal film 204 and the silicon film 211 are 

successively formed is formed on the first active region 200a, and a second patterning portion 

in which the second gate insulating film formation film 207, the second metal film 208 and 

15 the silicon film 211 are successively formed is formed on the second active region 200b. 

Next, as shown in FIG. 14E, a resist (not shown) having a gate pattern is formed on 

the silicon film 211 by photolithography, and thereafter, etching is performed using the resist 

as a mask to subject the first patterning portion to patterning to form a first gate insulating 

film 203a, and a first gate electrode 212A including a first metal film 204a and a first silicon 

20 film 211a, and to subject the second patterning portion to patterning to form a second gate 

insulating film 207b, and a second gate electrode 212B including a second metal film 208b 

and a second silicon film 211 b. 

Here, a problem with the second conventional semiconductor device manufacturing 

method will be described with reference to FIG. 15. FIG. 15 is a plan view indicating the 

25 problem with the second conventional semiconductor device manufacturing method. Note 
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that line XIVe-XIVe shown in FIG. 15 is a line along which the cross-sectional view of FIG. 

14E is taken. 

If the resist mask 210 for covering the p-type MIS formation region is formed and 

deviated in the gate width direction, so that an end portion in the gate width direction of the 

5 resist mask 210 is located in the n-type MIS formation region as shown in FIG. 14B, a 

protruding residual portion r including a residual portion 205c of the first mask film 205a, a 

residual portion 207c of the second gate insulating film formation film 207, and a residual 

portion 208c of the second metal film 208, is formed on the isolation region 201 as shown in 

FIG.14D. 

If patterning is performed while the residual portion r is formed, a patterned residual 

portion rp extending in a gate length direction is left on the isolation region 201 as shown in 

FIG. 15 (note that the patterned residual portion rp includes a patterned residual portion 205cp, 

a patterned residual portion 207cp and a patterned residual portion 208cp as shown in FIG. 

14E). In addition, a sidewall insulating film 211c made of the silicon film 211 is formed on 

15 side surfaces in the gate width direction of the patterned residual portion rp. 

The patterned residual portion rp ( or the sidewall insulating film 211 c) electrically 

connects the first and second gate electrodes 212A and 212B to other first and second gate 

electrodes (not shown) adjacent in the gate length direction to the first and second gate 

electrodes 212A and 212B, and therefore, the first and second gate electrodes 212A and 212B 

20 do not function as a gate electrode. Thus, in the second conventional semiconductor device 

manufacturing method, the first and second gate electrodes 212A and 212B cannot be formed, 

which is a problem. 

Note that a cause of this problem has been described using a specific example in 

which the resist mask 210 covering the p-type MIS formation region is deviated and formed 

25 in the n-type MIS formation region. However, even if the resist mask 210 is not deviated or 
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formed in then-type MIS formation region, when the resist mask 206 covering then-type 

MIS formation region is deviated and formed in the p-type MIS formation region, a problem 

similar to that described above arises. Specifically, if the resist mask 206 is deviated and 

formed in the p-type MIS formation region in the step of FIG. 14A, a protruding residual 

5 portion r is formed on the isolation region 201 as shown in FIG. 16. 

Here, the aforementioned problem can be avoided by increasing a width in the gate 

width direction of the isolation region 201. Specifically, a matching margin (margin region) 

is previously provided for the isolation region 201 to increase the width in the gate width 

direction of the isolation region 201. As a result, even if the resist mask 206 is formed and 

10 deviated in the gate width direction when the resist mask 206 is formed in the step of FIG. 

14A, an end portion in the gate width direction of the resist mask 206 can be located in the 

n-type MIS formation region rather than in the p-type MIS formation region. In addition, 

even if the resist mask 210 is formed and deviated in the gate width direction when the resist 

mask 210 is formed in the step of FIG. 14B, an end portion in the gate width direction of the 

15 resist mask 210 can be located in the p-type MIS formation region rather than in then-type 

MIS formation region. However, in this case, the following problem arises. Specifically, a 

matching margin is required for the isolation region 201 both when the resist mask 206 is 

formed and when the resist mask 210 is formed. Therefore, the width in the gate width 

direction of the isolation region 201 cannot be reduced, which is a problem. 

20 Moreover, in the second conventional semiconductor device manufacturing method, 

although the first and second patterning portions have different structures (specifically, the 

first and second patterning portions have the same silicon film 211, but have the different first 

and second gate insulating film formation films 203 and 207 and the different first and second 

metal films 204 and 208, respectively), i.e., have different etching characteristics, the first and 

25 second patterning portions are subjected to patterning under the same etching condition as 
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shown in FIG. 14D. Therefore, the first and second gate electrodes cannot both be formed 

with high precision, which is a problem. 

Thus, the second conventional semiconductor device manufacturing method has the 

problem that the first and second gate electrodes can be formed, but not both with high 

5 precision, and in addition, the problem that the width in the gate width direction of the 

isolation region 201 cannot be reduced. 

As described above, the first conventional semiconductor device manufacturing 

method has the problem that the first and second gate electrodes cannot both be formed with 

high precision. On the other hand, the second conventional semiconductor device 

10 manufacturing method has not only the problem that the first and second gate electrodes 

cannot both be formed with high precision, but also the problem that the width in the gate 

width direction of the isolation region cannot be reduced. 

In view of the aforementioned problems, an object of the present disclosure is to 

provide a semiconductor device including n- and p-type MIS transistors having gate 

15 electrodes made of different metal materials, in which the gate electrodes of the n- and p-type 

MIS transistors are formed with high precision, and the width in the gate width direction of 

the isolation region is reduced. 

To achieve the object, a semiconductor device according to the present disclosure 

includes a first MIS transistor and a second MIS transistor. The first MIS transistor includes 

20 a first gate insulating film formed on a first active region in a semiconductor substrate, a first 

gate electrode includes a second metal film formed on the first gate insulating film, and an 

insulating film formed, extending over side surfaces of the first gate electrode and upper 

surfaces of regions located in the first active region laterally outside the first gate electrode. 

The second MIS transistor includes a second gate insulating film formed on a second active 

25 region in the semiconductor substrate, a second gate electrode including a first metal film 
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formed on the second gate insulating film and a conductive film formed on the first metal film, 

and the insulating film formed, extending over side surfaces of the second gate electrode and 

upper surfaces of regions located in the second active region laterally outside the second gate 

electrode. The first and second metal films are made of different metal materials. The 

5 insulating film is not formed on any of upper surfaces of the first and second gate electrodes. 

According to the semiconductor device of the present disclosure, the first and 

second gate electrodes can be formed with high precision. In addition, an isolation region 

having a reduced width in a gate width direction thereof can be achieved, whereby the 

semiconductor device can be further miniaturized. 

10 In the semiconductor device of the present disclosure, the first metal film preferably 

has a thickness smaller than that of the second metal film. 

In the semiconductor device of the present disclosure, the first and second metal 

films preferably have different work functions. 

In the semiconductor device of the present disclosure, the insulating film preferably 

15 has a thickness smaller than that of the first gate electrode. 

In the semiconductor device of the present disclosure, the conductive film is 

preferably made of the second metal film. 

In the semiconductor device of the present disclosure, the conductive film is 

preferably made of a silicon film. The semiconductor device preferably further includes a 

20 metal silicide film formed on the silicon film. 

25 

In the semiconductor device of the present disclosure, the first and second gate 

insulating films are preferably made of the same insulating material. 

In the semiconductor device of the present disclosure, the first and second gate 

insulating films are preferably made of different insulating materials. 

The semiconductor device of the present disclosure preferably further includes a 
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first inner sidewall having an L-shaped cross-section formed on each of side surfaces of the 

first gate electrode, and a second inner sidewall having an L-shaped cross-section formed on 

each of side surfaces of the second gate electrode. The insulating film is preferably formed 

above and in contact with the first and second inner sidewalls. 

In the semiconductor device of the present disclosure, the insulating film is 

preferably a stress insulating film which causes first stress in a gate length direction of a 

channel region in the first active region. 

In this case, the stress insulating film can apply the first stress in the gate length 

direction of the channel region in the first active region, whereby the drive capability of the 

10 first MIS transistor can be improved. 

In the semiconductor device of the present disclosure, the first MIS transistor is 

preferably an n-type MIS transistor. The insulating film is preferably made of a silicon 

nitride film. The first stress is preferably tensile stress. 

The semiconductor device of the present disclosure preferably further includes 

15 source/drain regions formed in the second active region laterally outside the second gate 

electrode. The source/drain regions are preferably formed in respective trenches provided in 

the second active region, and preferably include a silicon mixed crystal layer which causes 

second stress in a gate length direction of a channel region in the second active region. 

In this case, the silicon mixed crystal layer can apply the second stress in the gate 

20 length direction of the channel region in the second active region, whereby the drive 

capability of the second MIS transistor can be improved. 

25 

In the semiconductor device of the present disclosure, the second MIS transistor is 

preferably a p-type MIS transistor. The silicon mixed crystal layer is preferably made of a 

SiGe layer. The second stress is preferably compressive stress. 

In the semiconductor device of the present disclosure, the first and second gate 
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insulating films preferably include a high-k film made of a metal oxide having a relative 

dielectric constant of 10 or more. 

To achieve the object, a semiconductor device manufacturing method according to 

the present disclosure is a method for manufacturing a semiconductor device including a first 

5 MIS transistor formed on a first active region in a semiconductor substrate and a second MIS 

transistor formed on a second active region in the semiconductor substrate. The method 

includes the steps of (a) forming a first gate electrode formation portion having a first gate 

insulating film, a first metal film and a first silicon film on the first active region, and a 

second gate electrode formation portion having a second gate insulating film, a first metal 

10 film and a second silicon film on the second active region, (b) after step (a), forming an 

insulating film on the semiconductor substrate, the insulating film covering the first and 

second gate electrode formation portions, ( c) removing the insulating film formed on the first 

and second gate electrode formation portions to expose an upper surface of each of the first 

silicon film in the first gate electrode formation portion and the second silicon film in the 

15 second gate electrode formation portion, (d) after step (c), successively removing the first 

silicon film and the first metal film in the first gate electrode formation portion to form a first 

recess surrounded by the insulating film on the first active region, and (e) forming a second 

metal film in the first recess. A first gate electrode of the first MIS transistor includes the 

second metal film. A second gate electrode of the second MIS transistor includes the first 

20 metal film in the second gate electrode formation portion. 

According to the semiconductor device manufacturing method of the present 

disclosure, after the first and second gate electrode formation portion are formed in the same 

step, the second metal film is formed in the first recess which has been formed by 

successively removing the first silicon film and the first metal film in the first gate electrode 

25 formation portion, to form the first gate electrode including the second metal film. On the 
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other hand, the second gate electrode including the first metal film in the second gate 

electrode formation portion is formed. Therefore, when the first silicon film and the first 

metal film in the first gate electrode formation portion is replaced with the second metal film, 

a matching margin is required for the isolation region. On the other hand, when the first and 

5 second gate electrode formation portions are formed, a matching margin is not required for 

the isolation region. Therefore, the number of steps in which a matching margin is required 

for the isolation region can be reduced, whereby a width in the gate width direction of the 

matching margin can be reduced, and therefore, a width in the gate width direction of the 

isolation region can be reduced. As a result, the semiconductor device can be further 

10 miniaturized. 

In addition, as the first and second gate electrode formation portions having the 

same structure (in other words, the first and second gate electrode formation portions having 

the same etching characteristic) are formed in the same step, the first and second gate 

electrode formation portions can be easily formed with high precision. As a result, the first 

15 metal film and the first silicon film in the first gate electrode formation portion which has 

been formed with high precision can be replaced with the second metal film to form the first 

gate electrode including the second metal film. On the other hand, as the second gate 

electrode including the first metal film in the second gate electrode formation portion which 

has been formed with high precision can be formed. As a result, the first and second gate 

20 electrodes can be formed with high precision. 

In the semiconductor device manufacturing method of the present disclosure, step 

( d) preferably includes forming, on the first active region, the first recess from a bottom of 

which the first gate insulating film is exposed, and removing the second silicon film in the 

second gate electrode formation portion to form, on the second active region, a second recess 

25 surrounded by the insulating film, the first metal film being exposed from a bottom of the 
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second recess. Step (e) preferably includes forming the second metal film on the first gate 

insulating film in the first recess, and forming the second metal film on the first metal film in 

the second recess. The second gate electrode preferably includes the first metal film in the 

second gate electrode formation portion and the second metal film formed on the first metal 

5 film. 

In this case, when the first metal film in the first gate electrode formation portion is 

removed, a matching margin is required for the isolation region. On the other hand, when 

the first and second gate electrode formation portions are formed, a matching margin is not 

required for the isolation region. Therefore, the number of steps in which a matching margin 

10 is required for the isolation region can be suppressed to one. 

In the semiconductor device manufacturing method of the present disclosure, step 

(d) preferably includes forming, on the first active region, the first recess from a bottom of 

which the first gate insulating film is exposed. Step (e) preferably includes forming the 

second metal film on the first gate insulating film in the first recess. The method preferably 

15 further includes the step of (f) after step (e), forming a metal silicide film on the second 

silicon film. The second gate electrode preferably includes the first metal film and the 

second silicon film in the second gate electrode formation portion. 

In this case, when the first silicon film and the first metal film in the first gate 

electrode formation portion are removed, a matching margin is required for the isolation 

20 region. On the other hand, when the first and second gate electrode formation portions are 

formed, a matching margin is not required for the isolation region. Therefore, the number of 

steps in which a matching margin is required for the isolation region can be suppressed to 

one. 

In the semiconductor device manufacturing method of the present disclosure, step 

25 ( d) preferably includes successively removing the first silicon film, the first metal film, and 
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the first gate insulating film in the first gate electrode formation portion, to form, on the first 

active region, the first recess from a bottom of which the first active region is exposed. Step 

(e) preferably includes forming a third gate insulating film in the first recess, and forming the 

second metal film on the third gate insulating film. The method preferably further includes 

5 the step of (f) after step (e), forming a metal silicide film on the second silicon film. The 

second gate electrode preferably includes the first metal film and the second silicon film in 

the second gate electrode formation portion. 

In this case, when the first silicon film, the first metal film and the first gate 

insulating film in the first gate electrode formation portion are removed, a matching margin is 

10 required for the isolation region. On the other hand, when the first and second gate electrode 

formation portions are formed, a matching margin is not required for the isolation region. 

Therefore, the number of steps in which a matching margin is required for the isolation region 

can be suppressed to one. 

The semiconductor device manufacturing method of the present disclosure 

15 preferably further includes the step of (g) after step (a) and before step (b), forming a first 

inner sidewall having an L-shaped cross-section on each of side surfaces of the first gate 

electrode formation portion, and a second inner sidewall having an L-shaped cross-section on 

each of side surfaces of the second gate electrode formation portion. In step (b ), the 

insulating film is preferably formed above and in contact with the first and second inner 

20 sidewalls. 

The semiconductor device manufacturing method of the present disclosure 

preferably further includes the steps of (h) after step (a) and before step (b), forming trenches 

in the second active region laterally outside the second gate electrode formation portion, and 

(i) forming, in the trenches, a silicon mixed crystal layer which causes stress in a gate length 

25 direction of a channel region in the second active region. 
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According to the semiconductor device of the present disclosure and the 

manufacture method of the semiconductor device, the first and second gate electrode 

formation portions are formed in the same step, and thereafter, the second metal film is 

formed in the first recess which has been formed by successively removing the first silicon 

5 film and the first metal film in the first gate electrode formation portion, to form the first gate 

electrode including the second metal film. On the other hand, the second gate electrode 

including the first metal film in the second gate electrode formation portion is formed. 

Therefore, when the first silicon film and the first metal film in the first gate electrode 

formation portion are replaced with the second metal film, a matching margin is required for 

10 the isolation region. On the other hand, when the first and second gate electrode formation 

portions are formed, a matching margin is not required for the isolation region. Therefore, 

the number of steps in which a matching margin is required for the isolation region can be 

reduced, whereby a width in the gate width direction of the matching margin can be reduced, 

and therefore, a width in the gate width direction of the isolation region can be reduced. As 

15 a result, the semiconductor device can be further miniaturized. 

In addition, as the first and second gate electrode formation portions having the 

same structure are formed in the same step, the first and second gate electrode formation 

portions can be easily formed with high precision. As a result, the first gate electrode 

including the second metal film can be formed by replacing the first metal film and the first 

20 silicon film in the first gate electrode formation portion, which has been formed with high 

precision, with the second metal film. On the other hand, the second gate electrode 

including the first metal film in the second gate electrode formation portion, which has been 

formed with high precision, can be formed. As a result, the first and second gate electrodes 

can be formed with high precision. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA-1D are cross-sectional views showing main steps of a method for 

manufacturing a semiconductor device according to a first embodiment of the present 

disclosure in an order in which the steps are performed, as viewed in a gate length direction 

5 thereof. 

FIGS. 2A-2D are cross'-sectional views showing main steps of the manufacture 

method of the semiconductor device of the first embodiment of the present disclosure in an 

order in which the steps are performed, as viewed in a gate length direction thereof. 

FIGS. 3A-3D are cross-sectional views showing main steps of the manufacture 

10 method of the semiconductor device of the first embodiment of the present disclosure in an 

order in which the steps are performed, as viewed in a gate length direction thereof. 

15 

20 

FIGS. 4A-4C are cross-sectional views showing main steps of the manufacture 

method of the semiconductor device of the first embodiment of the present disclosure in an 

order in which the steps are performed, as viewed in a gate length direction thereof. 

FIGS. 5A-5C are cross-sectional views showing main steps of the manufacture 

method of the semiconductor device of the first embodiment of the present disclosure in an 

order in which the steps are performed, as viewed in a gate length direction thereof. 

FIGS. 6A and 6B are diagrams showing a structure of the semiconductor device of 

the first embodiment of the present disclosure. 

FIGS. 7 A-7C are cross-sectional views showing main steps of a method for 

manufacturing a semiconductor device according to a second embodiment of the present 

disclosure in an order in which the steps are performed, as viewed in a gate length direction 

thereof. 

FIGS. 8A-8C are cross-sectional views showing main steps of the manufacture 

25 method of the semiconductor device of the second embodiment of the present disclosure in an 
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order in which the steps are performed, as viewed in a gate length direction thereof. 

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

the second embodiment of the present disclosure, as viewed in a gate width direction thereof. 

FIGS. lOA-lOC are cross-sectional views showing main steps of a method for 

5 manufacturing a semiconductor device according to a variation of the second embodiment of 

the present disclosure in an order in which the steps are performed, as viewed in a gate length 

direction thereof. 

FIGS. llA-llC are cross-sectional views showing main steps of the manufacture 

method of the semiconductor device of the variation of the second embodiment of the present 

10 disclosure in an order in which the steps are performed, as viewed in a gate length direction 

thereof. 

15 

20 

25 

FIG. 12 is a cross-sectional view showing a structure of the semiconductor device 

of the variation of the second embodiment of the present disclosure, as viewed in a gate width 

direction thereof. 

FIG. 13 is a cross-sectional view showing main steps of a first conventional 

semiconductor device manufacturing method, as viewed in a gate width direction thereof. 

FIGS. 14A-14E are cross-sectional views showing main steps of a second 

conventional semiconductor device manufacturing method in an order in which the steps are 

performed, as viewed in a gate width direction thereof. 

FIG. 15 is a plan view indicating a problem with the second conventional 

semiconductor device manufacturing method. 

FIG. 16 is a cross-sectional view indicating the problem with the second 

conventional semiconductor device manufacturing method, as viewed in a gate width 

direction thereof. 
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5 

DETAILED DESCRIPTION 

Embodiments of the present disclosure will be described hereinafter with reference 

to the accompanying drawings. 

(First Embodiment) 

A semiconductor device according to a first embodiment of the present disclosure 

and a method for manufacturing the semiconductor device will be described with reference to 

the drawings. 

The method for manufacturing the semiconductor device of the first embodiment of 

the present disclosure will be described hereinafter with reference to FIGS. IA-ID, FIGS. 

10 2A-2D, FIGS. 3A-3D, FIGS. 4A-4C, and FIGS. 5A-5C. FIGS. 1A-5C are cross-sectional 

views showing main steps of the manufacture method of the semiconductor device of the first 

embodiment of the present disclosure in an order in which the steps are performed, as viewed 

in a gate length direction thereof. Note that, in FIGS. 1A-5C, "nMIS" shown on the left side 

indicates an n-type MIS formation region where an n-type MIS transistor is formed, and 

15 "pMIS" shown on the right side indicates a p-type MIS formation region where a p-type MIS 

transistor is formed. 

Initially, as shown in FIG. lA, an isolation region 11 which is a trench filled with 

an insulating film is selectively formed in an upper portion of a semiconductor substrate 10 

made of, for example, p-type silicon by, for example, Shallow Trench Isolation (STI). As a 

20 result, a first active region 10a made of the semiconductor substrate 10 surrounded by the 

isolation region 11 is formed in the n-type MIS formation region, and a second active region 

I Ob made of the semiconductor substrate IO surrounded by the isolation region 11 is formed 

in the p-type MIS formation region. Thereafter, a p-type impurity, such as B (boron) or the 

like, is implanted into the n-type MIS formation region of the semiconductor substrate 10 by 

25 lithography and ion implantation, and an n-type impurity, such as P (phosphorus) or the like, 
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is implanted into the p-type MIS formation region of the semiconductor substrate 10 by 

lithography and ion implantation. Thereafter, the semiconductor substrate 10 is subjected to, 

for example, a thermal treatment at 850°C for 30 sec, to form a p-type well region 12a in the 

n-type MIS formation region of the semiconductor substrate 10, and the n-type well region 

5 12bin the p-type MIS formation region of the semiconductor substrate 10. 

Next, as shown in FIG. lB, a surface of the semiconductor substrate 10 is cleaned 

by, for example, a diluted hydrofluoric acid treatment, and thereafter, an underlying film (not 

shown) made of a silicon oxide film having a thickness of about 0.8 to 1 nm is formed on the 

first active region 1 0a and the second active region 1 Ob by, for example, In-Situ Steam 

10 Generation (ISSG) oxidation. Thereafter, a gate insulating film formation film 13 made of, 

for example, a high-k film having a thickness of 2 nm is deposited on the underlying film by, 

for example, Metal Organic Chemical Vapor Deposition (MOCVD). Here, the gate 

insulating film formation film 13 desirably includes a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

15 Thereafter, a first metal film 14 made of, for example, titanium nitride (TiN) is 

deposited by, for example, CVD (Chemical Vapor Deposition), ALD (Atomic Layer 

Deposition), sputtering or the like. Here, the first metal film 14 is desirably made of a metal 

material or a metal compound material (hereinafter referred to as a "pMIS metal material") 

which is optimized for the p-type MIS transistor, and desirably has a work function of 4.6 eV 

20 or more and 5.15 eV or less. Examples of the first metal film 14 include, in addition to a 

TiN film, metals such as titanium (Ti), ruthenium (Ru), platinum (Pt), tungsten (W) and the 

like, nitrides containing at least one metal of Ti, Ru, Pt and W, carbon nitride, silicon nitride, 

and the like. Thereafter, a silicon film 15 made of, for example, a polysilicon film having a 

thickness of 100 nm is deposited on the first metal film 14 by, for example, CVD, and 

25 thereafter, a protective film 16 made of, for example, a silicon oxide film having a thickness 
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of 30 nm is formed on the silicon film 15 by, for example, CVD. 

Next, as shown in FIG. IC, a resist (not shown) having a gate pattern is formed on 

the protective film 16 by photolithography. Thereafter, the protective film 16, the silicon 

film 15, the first metal film 14 and the gate insulating film formation film 13 are successively 

5 subjected to patterning by dry etching using the resist as a mask. As a result, a first gate 

insulating film 13a, a first metal film 14a, a first silicon film 15a and a first protective film 

16a are successively formed on the first active region 10a, and a second gate insulating film 

13b, a first metal film 14b, a second silicon film 15b and a second protective film 16b are 

successively formed on the second active region 10b. 

10 Thus, a first gate electrode formation portion 14A having the first gate insulating 

15 

film 13a, the first metal film 14a and the first silicon film 15a is formed on the first active 

region 10a, and a second gate electrode formation portion 14B having the second gate 

insulating film 13b, the first metal film 14b and the second silicon film 15b is formed on the 

second active region 1 Ob. 

Next, as shown in FIG. 1D, an insulating film made of, for example, a silicon oxide 

film having a thickness of 10 nm, which is to become an offset spacer, is deposited on an 

entire surface of the semiconductor substrate 10 by, for example, CVD, and thereafter, the 

offset spacer insulating film is subjected to anisotropic etching. As a result, a first offset 

spacer 17a is formed on each of side surfaces of the first gate electrode formation portion 14A, 

20 and a second offset spacer 1 7b is formed on each of side surfaces of the second gate electrode 

formation portion 14B. 

Thereafter, a resist (not shown) which does not cover the n-type MIS formation 

region and covers the p-type MIS formation region is formed on the semiconductor substrate 

10, and thereafter, an n-type impurity, such as As (arsenic) or the like, is implanted into the 

25 first active region 10a using the first gate electrode formation portion 14A as a mask, to form 
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n-type source/drain reg10ns (LDD regions or extension regions) 18a having a relatively 

shallow junction depth in the first active region 10a adjacent to the channel region below the 

first gate electrode formation portion 14A and extending laterally away from it (or referred to 

as "in the first active region 1 0a laterally outside the first gate electrode formation portion 

5 14A"), in a self-alignment manner. On the other hand, a resist (not shown) which covers the 

n-type MIS formation region and does not cover the p-type MIS formation region is formed 

on the semiconductor substrate 10, and thereafter, a p-type impurity, such as BF2 or the like, 

is implanted into the second active region 1 Ob using the second gate electrode formation 

portion 14B as a mask, to form p-type source/drain regions (LDD regions or extension 

10 regions) 18b having a relatively shallow junction depth in the second active region 10b 

adjacent to the channel region below the second gate electrode formation portion 14B and 

extending laterally away from it ( or referred to as "in the second active region 1 Ob laterally 

outside the second gate electrode formation portion 14B"), in a self-alignment manner. 

Next, as shown in FIG. 2A, a first insulating film made of, for example, a silicon 

15 oxide film having a thickness of 10 nm and a second insulating film made of, for example, a 

silicon nitride film having a thickness of 30 nm are successively deposited on an entire 

surface of the semiconductor substrate 10 by, for example, CVD, and thereafter, the first and 

second insulating films are subjected to anisotropic etching. As a result, a first sidewall 20A 

including a first inner sidewall 19a made of the first insulating film having an L-shaped 

20 cross-section and a first outer sidewall 20a made of the second insulating film formed on the 

first inner sidewall 19a, is formed on each of side surfaces of the first gate electrode formation 

portion 14A with the first offset spacer 17a being interposed therebetween, and a second 

sidewall 20B including a second inner sidewall 19b made of the first insulating film having an 

L-shaped cross-section and a second outer sidewall 20b made of the second insulating film 

25 formed on the second inner sidewall 19b, is formed on each of side surfaces of the second 
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gate electrode formation portion 14B with the second offset spacer 17b being interposed 

there between. 

Next, as shown in FIG. 2B, a surface protective film 21 made of, for example, a 

silicon oxide film having a thickness of 10 nm is deposited on an entire surface of the 

5 semiconductor substrate 10 by, for example, CVD. 

Next, as shown in FIG. 2C, a resist mask 22 which covers then-type MIS formation 

region and does not cover the p-type MIS formation region is formed on the surface 

protective film 21, and thereafter, the surface protective film 21 formed in the p-type MIS 

formation region is removed, leaving the surface protective film 21a in the n-type MIS 

10 formation region, by anisotropic dry etching having a selectivity ratio with respect to the 

second outer sidewalls 20b (silicon nitride film). As a result, surfaces of regions (i.e., source 

and drain formation regions) in the second active region 10b laterally outside the second 

sidewall 20B, are exposed. 

Next, as shown in FIG. 2D, the resist mask 22 is removed, and thereafter, the 

15 second active region 10b whose surface is exposed is etched using dry etching having a 

selectivity ratio with respect to the surface protective film 21a (silicon oxide film), the second 

protective film 16b (silicon oxide film), the second offset spacer 17b (silicon oxide film), the 

second inner sidewall 19b (silicon oxide film) and the second outer sidewall 20b (silicon 

nitride film), or using a successive combination of dry etching and wet etching having a 

20 selectivity ratio with respect to these films. As a result, trenches 23 having a depth of, for 

example, 60 nm is formed in regions (i.e., source and drain formation regions) in the second 

active region 1 Ob laterally outside the second sidewall 20B. In this case, as a surface of the 

first active region 1 Oa is covered with the surface protective film 21 a, the first active region 

10a is not etched. Also, as an upper surface the first silicon film 15a is covered with the first 

25 protective film 16a and the surface protective film 21 a successively, and an upper surface of 
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the second silicon film 15b is covered with the second protective film 16b, none of the first 

and second silicon films 15 a and 15b is etched. 

Next, as shown in FIG. 3A, etching residues, natural oxide film and the like in the 

trench 23 are removed by, for example, a hydrofluoric acid treatment, and thereafter, a silicon 

5 mixed crystal layer 24 made of a p-type Si Ge layer is epitaxially grown so that the trench 23 

is filled with the silicon mixed crystal layer 24, by, for example, CVD with a supply of, for 

example, silane gas (SiH4) and germane gas (GeH4) along with p-type dopant gas, such as 

diborane gas (B2H6) or the like, at a temperature of, for example, 650 to 700°C. In this case, 

as the surface of the first active region 1 Oa is covered with the surface protective film 21 a, a 

10 SiGe layer is not epitaxially grown on the first active region 10a. Also, as the upper surface 

of the first silicon film 15a is covered with the first protective film 16a and the surface 

protective film 21 a successively, and the upper surface of the second silicon film 15b is 

covered with the second protective film 16b, a SiGe layer is not epitaxially grown on any of 

the first and second silicon films 15a and 15b. 

15 Thereafter, the surface protective film 21a formed in the n-type MIS formation 

region is removed by dry etching having a selectivity ratio with respect to the semiconductor 

substrate 10 and the first outer sidewall 20a (silicon nitride film) or using a successive 

combination of dry etching and wet etching with respect to these films, whereby surfaces of 

regions (i.e., source and drain formation regions) in the first active region 10a laterally outside 

20 the first sidewall 20A, are exposed. 

25 

Thus, by successively performing the steps of FIGS. 2B-3A, the silicon mixed 

crystal layer 24 which causes compressive stress in the gate length direction of the channel 

region in the second active region 1 Ob is formed in the trenches 23 formed in the second 

active region 10b laterally outside the second sidewall 20B. 

Next, as shown in FIG. 3B, an n-type impurity, such as As (arsenic) or the like, is 
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implanted into the first active region 10a by lithography and ion impiantation using the first 

gate electrode formation portion 14A, the first offset spacer 17a and the first sidewall 20A as 

a mask, to form n-type source/drain regions 25a having a deeper junction depth than that of 

the shallow n-type source/drain regions 18a (i.e., having a relatively deep junction depth), in 

5 the first active region 1 0a laterally outside the first sidewall 20A, in a self-alignment manner. 

On the other hand, a p-type impurity, such as B (boron) .or the like, is implanted into the 

second active region 10b using the second gate electrode formation portion 14B, the second 

offset spacer 1 7b and the second sidewall 20B as a mask, to form p-type source/drain regions 

25b having a deeper junction depth than that of the shallow p-type source/drain regions 18b 

10 (i.e., having a relatively deep junction depth), in the second active region 1 Ob laterally outside 

the second sidewall 20B, in a self-alignment manner. Thereafter, the impurities contained in 

the deep n-type source/drain regions 25a and the deep p-type source/drain regions 25b are 

activated by a thermal treatment. 

Thus, the deep p-type source/drain regions 25b include the silicon mixed crystal 

15 layer 24 formed in the trenches 23 provided in the second active region 10b. 

Next, natural oxide film (not shown) formed on surfaces of the deep n-type 

source/drain regions 25a and the deep p-type source/drain regions 25b is removed, and 

thereafter, a metal film (not shown) made of, for example, nickel having a thickness of 10 nm 

is deposited on an entire surface of the semiconductor substrate 10 by sputtering. Thereafter, 

20 Si in the deep n-type source/drain regions 25a and the deep p-type source/drain regions 25b 

and Ni in the metal film are caused to react with each other by, for example, a first Rapid 

Thermal Annealing (RTA) treatment in nitrogen atmosphere at 320°C, thereby forming first 

and second metal silicide films 26a and 26b made of nickel silicide in upper portions of the 

deep n-type source/drain regions 25a and the deep p-type source/drain regions 25b. 

25 Thereafter, the semiconductor substrate 10 is immersed in an etchant which is a 
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mixture solution of sulfuric acid and hydrogen peroxide in water, to remove unreacted metal 

film remaining on the isolation region 11, the first and second offset spacers 17a andl 7b, the 

first and second sidewalls 20A and 20B and the like, followed by a second RTA treatment at a 

higher temperature (e.g., 550°C) than that in the first RTA treatment, thereby stabilizing the 

5 silicide composition ratio of the first and second metal silicide films 26a and 26b. 

Next, as shown in FIG. 3C, the first outer sidewall 20a (silicon nitride film) and the 

second outer sidewall 20b (silicon nitride film) are removed by, for example, dry etching 

having a selectivity ratio with respect to the first and second inner sidewalls 19a and 19b 

(silicon oxide film). 

Next, as shown in FIG. 3D, an insulating film 27 made of, for example a silicon 

nitride film having a thickness of 50 nm is deposited on an entire surface of the 

semiconductor substrate 10 by, for example, plasma CVD. 

Thus, the insulating film 27 is formed, covering the first gate electrode formation 

portion 14A on a surface of which the first protective film 16a is formed, and the second gate 

15 electrode formation portion 14B on a surface of which the second protective film 16b is 

fonned. Thereafter, the insulating film 27 is formed above and in contact with the first inner 

sidewall 19a having an L-shaped cross-section from which the first outer sidewall 20a is 

removed and the second inner sidewall 19b having an L-shaped cross-section from which the 

second outer sidewall 20b is removed. 

20 Thereafter, a first inter-layer insulating film 28 made of a silicon oxide film is· 

deposited on the insulating film 27 by, for example, CVD, and thereafter, the first inter-layer 

insulating film 28 is removed by polishing while planarizing a surface of the first inter-layer 

insulating film 28 by, for example, Chemical Mechanical Polishing (CMP), until an upper 

surface of the insulating film 27 formed on the first and second protective films 16a and 16b 

25 is exposed. 
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Next, as shown in FIG. 4A, the first and second protective films (silicon oxide 

films) 16a and 16b and the insulating film (silicon nitride film) 27 formed on the first and 

second gate electrode formation portions 14A and 14B are removed by dry etching or wet 

etching having a selectivity ratio with respect to the first and second silicon films (polysilicon 

5 films) 15a and 15b, thereby exposing upper surfaces of the first silicon film 15a in the first 

gate electrode formation portion 14A and the second silicon film 15b in the second gate 

electrode formation portion 14B. In this case, the first and second offset spacers 17a and 

17b, the first and second inner sidewalls 19a and19b, the insulating film 27, and the first 

inter-layer insulating film 28 formed laterally outside the first and second gate electrode 

10 forrnation portions 14A and 14B are removed until a height of upper surfaces thereof becomes 

the same as or similar to a height of upper surfaces of the first and second silicon films 15a 

and 15b. 

Thus, the insulating film 27 is formed, extending over side surfaces of the first and 

second gate electrode formation portions 14A and 14B and upper surfaces of regions located 

15 in the first and second active regions 10a and 10b laterally outside the first and second gate 

electrode formation portions 14A and 14B, and the insulating film 27 is not formed on any of 

upper surfaces of the first and second gate electrode formation portions 14A and 14B. 

Next, as shown in FIG. 4B, the first silicon film 15a in the first gate electrode 

forrnation portion 14A and the second silicon film 15b in the second gate electrode formation 

20 portion 14B are removed by dry etching or wet etching having a selectivity ratio with respect 

to the first metal films (TiN films) 14a and 14b, the first and second offset spacers 17 a and 

17b, the first and second inner sidewalls 19a and 19b, the insulating film 27, and the first 

inter-layer insulating film 28. 

Next, as shown in FIG. 4C, a resist mask 29 which does not cover then-type MIS 

25 formation region and covers the p-type MIS formation region is formed on the semiconductor 
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5 

substrate 10, and thereafter, the first metal film 14a in the first gate electrode formation 

portion 14A is removed by wet etching having a selectivity ratio with respect to the first gate 

insulating film 13a, the first offset spacer 17a, the first inner sidewall 19a, the insulating film 

27, and the first inter-layer insulating film 28. 

Thus, by successively performing the steps of FIGS. 4B and 4C, the first silicon 

film 15a and the first metal film 14a in the first gate electrode formation portion 14A are 

successively removed to form, on the first active region 1 Oa, a first recess Ca surrounded by 

the insulating film 27 with the first offset spacer 17a and the first inner sidewall 19a being 

successively interposed therebetween. The first gate insulating film 13a is exposed from a 

10 bottom of the first recess Ca. In addition, by performing the step of FIG. 4B, the second 

15 

silicon film 15b in the second gate electrode formation portion 14B is removed to form, on 

the second active region 1 Ob, a second recess Cb surrounded by the insulating film 27 with 

the second offset spacer 17b and the second inner sidewall 19b being successively interposed 

therebetween. The first metal film 14b is exposed from a bottom of the second recess Cb. 

Next, as shown in FIG. 5A, the resist mask 29 is removed, and thereafter, a second 

metal film 30 made of, for example, tantalum nitride (TaN) is formed on the semiconductor 

substrate 10 by, for example, CVD, ALD, sputtering or the like, filling the first and second 

recesses Ca and Cb. Here, the second metal film 30 is desirably made of a metal material or 

a metal compound material optimized for then-type MIS transistor (hereinafter referred to as 

20 an "nMIS metal material"), and desirably has a work function of 4.05 eV or more and 4.6 eV 

or less. Specific examples of the second metal film 30 include, in addition to TaN, metals 

such as tantalum (Ta), hafnium (Hf) and the like, nitrides containing at least one of Ta and Hf, 

carbon nitride, silicon nitride, and the like. 

Next, as shown in FIG. 5B, the second metal film 30 is removed by, for example, 

25 CMP or etchback until an upper surface of the insulating film 27 is exposed. As a result, a 
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second metal film 30a is formed on the first gate insulating film 13a in the first recess Ca, and 

a second metal film 30b is formed on the first metal film 14b in the second recess Cb. 

Thus, a first gate electrode 30A made of the second metal film 30a is formed on the 

first active region 1 0a with the first gate insulating film 13a being interposed therebetween, 

5 and a second gate electrode 30B made of the first and second metal films 14b and 30b is 

formed on the second active region 10b with the second gate insulating film 13b being 

interposed therebetween. 

Next, as shown in FIG. SC, a second inter-layer insulating film 31 is deposited on 

the first inter-layer insulating film 28 by, for example, CVD, covering the first and second 

10 gate electrodes 30A and 30B, and thereafter, a surface of the second inter-layer insulating film 

31 is planarized by, for example, CMP. 

Thereafter, as in a method for manufacturing a semiconductor device having a 

typical MIS transistor, a resist (not shown) is formed on the second inter-layer insulating film 

31, and thereafter, first and second contact holes 32a and 32b reaching upper surfaces of the 

15 first and second metal silicide films 26a and 26b are formed in the insulating film 27, the first 

inter-layer insulating film 28 and the second inter-layer insulating film 31 by dry etching 

using the resist as a mask. In this case, if a two-step etching method is used in which etching 

is temporarily stopped at the time that the insulating film 27 is exposed, the amount of 

over-etching of the first and second metal silicide films 26a and 26b can be reduced. 

20 Thereafter, titanium and titanium nitride are successively deposited on bottom 

portions and sidewall portions of the first and second contact holes 32a and 32b by sputtering 

or CVD, to form a barrier metal film. Thereafter, a tungsten film is deposited on the second 

inter-layer insulating film 31 by CVD, filling the first and second contact holes 32a and 32b, 

and thereafter, the tungsten film formed outside the first and second contact holes 32a and 32b 

25 is removed by CMP. Thus, first and second contact plugs 33a and 33b are formed by filling 
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5 

the first and second contact hoies 32a and 32b with the tungsten film with the barrier metal 

film being interposed therebetween. Thereafter, a metal wire (not shown) which electrically 

connects the first and second contact plugs 33a and 33b is formed on the second inter-layer 

insulating film 3 1. 

Thus, the semiconductor device of this embodiment, i.e., a semiconductor device 

including an n-type MIS transistor NTr having the first gate electrode 30A made of the 

second metal film 30a and a p-type MIS transistor PTr having the second gate electrode 30B 

made of the first metal film 14b and second metal film ( conductive film) 30b, can be 

manufactured. 

A structure of the semiconductor device of the first embodiment of the present 

disclosure will be described hereinafter with reference to FIGS. 6A and 6B. FIGS. 6A and 

6B are diagrams showing the structure of the semiconductor device of the first embodiment of 

the present disclosure. Specifically, FIG. 6A is a plan view and FIG. 6B is a cross-sectional 

view as viewed in a gate width direction thereof, taken along line VIb-VIb of FIG. 6A. Note 

15 that line Vcl-Vcl shown in FIG. 6A corresponds to a cross-section line in the left portion of 

FIG. 5C, and line Ver-Ver shown in FIG. 6A corresponds to a cross-section line in the right 

portion of FIG. 5C. Note that, in FIGS. 6A and 6B, "nMIS" shown on the left side indicates 

an n-type MIS formation region where an n-type MIS transistor is formed, and "pMIS" shown 

on the right side indicates a p-type MIS formation region where a p-type MIS transistor is 

20 formed. 

As shown in FIG. 6A, the first active region 10a surrounded by the isolation region 

is formed in the n-type MIS formation region, and the second active region 1 Ob surrounded by 

the isolation region is formed in the p-type MIS formation region. The first gate electrode 

30A is formed on the first active region 10a with the first gate insulating film being interposed 

25 therebetween, and the second gate electrode 30B is formed on the second active region 1 Ob 
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with the second gate insulating film being interposed therebetween. The insulating film 27 

is formed on the side surfaces of the first and second gate electrodes 30A and 30B with the 

first and second offset spacers 17a and 17b and the first and second inner sidewalls 19a and 

19b being successively interposed therebetween. Although the first inter-layer insulating 

5 film (see 28 in FIG. 5C) and the second inter-layer insulating film (see 31 in FIG. 5C) are not 

shown in FIG. 6A, the first inter-layer insulating film is actually formed on the insulating film 

27. Also, the second inter-layer insulating film is actually formed on the first inter-layer 

insulating film, covering the first and second gate electrodes 30A and 30B. 

As shown in FIG. 6B, the isolation region 11 formed by filling the trench with 

10 insulating film is formed in an upper portion of the semiconductor substrate 10, separating the 

n-type MIS formation region from the p-type MIS formation region. The p-type well region 

12a is formed in then-type MIS formation region of the semiconductor substrate 10, and the 

n-type well region 12b is formed in the p-type MIS formation region of the semiconductor 

substrate 10. The first gate electrode 30A made of the second metal film 30a is formed on 

15 the first active region 10a with the first gate insulating film 13a being interposed therebetween, 

and the second gate electrode 30B made of the first metal film 14b and the second metal film 

(conductive film) 30b formed on the first metal film 14b are formed on the second active 

region 1 Ob with the second gate insulating film 13b being interposed therebetween. The 

second inter-layer insulating film 31 is formed on the semiconductor substrate 10, covering 

20 the first and second gate electrodes 30A and 30B. 

Here, structures of then-type MIS transistor and the p-type MIS transistor will be 

described with reference to FIG. 5C. 

As shown in FIG. 5C, the n-type MIS transistor NTr includes the first active region 

1 Oa surrounded by the isolation region 11 in the semiconductor substrate 10, the first gate 

25 insulating film 13a formed on the first active region 10a, the first gate electrode 30A made of 
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the second metal film 30a formed on the first gate insulating film 13a, the first inner sidewalls 

19a having an L-shaped cross-section formed on the side surfaces of the first gate electrode 

30A with the first offset spacers 17a being interposed therebetween, the shallow n-type 

source/drain regions 18a formed in the first active region 10a laterally outside the first gate 

5 electrode 30A, the deep n-type source/drain region 25a formed in the first active region 1 Oa 

laterally outside the first inner sidewalls 19a, the insulating film 27 formed extending over the 

side surfaces of the first gate electrode 30A and the upper surfaces of the regions located in 

the first active region 10a laterally outside the first gate electrodes 30A, and the first metal 

silicide film 26a formed in the upper portions of the deep n-type source/drain regions 25a. 

10 As shown in FIG. SC, the p-type MIS transistor PTr includes the second active 

region 1 Ob surrounded by the isolation region 11 in the semiconductor substrate 10, the 

second gate insulating film 13b formed on the second active region 10b, the second gate 

electrode 30B made of the first metal film 14b and second metal film (conductive film) 30b 

formed on the second gate insulating film 13b, the second inner sidewalls 19b having an 

15 L-shaped cross-section formed on the side surfaces of the second gate electrode 30B with the 

second offset spacer 17b being interposed therebetween, the shallow p-type source/drain 

regions 18b formed in the second active region 10b laterally outside the first gate electrode 

30B, the deep p-type source/drain regions 25b including the silicon mixed crystal layer 24 

formed in the second active region 10b laterally outside the second inner sidewalls 19b, the 

20 insulating film 27 formed extending over the side surfaces of the second gate electrode 30B 

and the upper surfaces of the regions located in the second active region 1 Ob laterally outside 

the second gate electrode 30B, and the second metal silicide film 26b formed in the upper 

portions of the deep p-type source/drain regions 25b. 

The second metal film 30a included in the first gate electrode 30A is made of a 

25 metal material (or a metal compound material) having a work function of 4.05 eV or more 
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and 4.6 eV or less, and the first metal film 14b included in the second gate electrode 30B is 

made of a metal material (or a metal compound material) having a work function of 4.6 eV or 

more and 5 .15 e V or less. Thus, the second metal film 30a and the first metal film 14b are 

made of different metal materials ( or metal compound materials) having different work 

5 functions. 

Also, the first and second gate electrodes 30A and 30B have the upper surfaces 

having the same height. The first gate electrode 30A is made of the second metal film 30a, 

and the second gate electrode 30B is made of the first metal film 14b and the second metal 

film 30b. Therefore, a thickness of the second metal film 30a is larger than a thickness of 

10 each of the first metal film 14b and the second metal film (conductive film) 30b. 

The insulating film 27 is formed on the side surfaces of the first and second gate 

electrodes 30A and 30B and the upper regions located in the first and second active regions 

10a and 10b laterally outside the first and second gate electrodes 30A and 30B, and the 

insulating film 27 is not formed on any of the upper surfaces of the first and second gate 

15 electrodes 30A and 30B. Also, a thickness of the insulating film 27 is smaller than a 

thickness of each of the first and second gate electrodes 30A and 30B. 

The first and second gate insulating films 13a and 13b are formed in the same step 

and are made of the same insulating material. 

According to this embodiment, after the first and second gate electrode formation 

20 portions 14A and 14B (see FIG. IC) are formed in the same step, the second metal film 30a is 

fonned in the first recess Ca (see FIG. 4C) which has been formed by successively removing 

the first silicon film 15a and the first metal film 14a in the first gate electrode formation 

portion 14A, to form the first gate electrode 30A (see FIG. 5B) made of the second metal film 

30a. On the other hand, the second metal film 30b is formed in the second recess Cb (see 

25 FIG. 4B) which has been formed by removing the second silicon film 15b in the second gate 
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eiectrode formation portion 14B, to form the second gate eiectrode 30B (see FIG. 5B) made 

of the first and second metal films 14b and 30b. Therefore, when the first metal film 14a in 

the first gate electrode formation portion 14A is removed, the resist mask 29 which does not 

cover one of the n-type MIS formation region and the p-type MIS formation region and 

5 covers the other is formed as shown in FIG. 4C, and therefore, a matching margin is required 

for the isolation region 11. On the other hand, when the first and second gate electrode 

formation portions 14A and 14B are formed, a matching margin is not required for the 

isolation region 11. Therefore, the number of steps in which a matching margin is required 

for the isolation region 11 (hereinafter referred to as "matching margin requiring steps") can 

10 be suppressed to one, and therefore, a width in the gate width direction of the matching 

margin can be narrowed to reduce a width in the gate width direction of the isolation region 

11 (see Wnp in FIG. 6B). Thus, the semiconductor device can be further miniaturized. 

In contrast to this, in the second conventional semiconductor device manufacturing 

method, a matching margin is required for the isolation region 201 when the resist mask 206 

15 is formed in the step of FIG. 14A, and a matching margin is required for the isolation region 

201 when the resist mask 210 is formed in the step of FIG. 14B, i.e., there are two matching 

margin requiring steps. Therefore, as described above, the width in the gate width direction 

of the isolation region 20 I cannot be reduced. 

In addition, as shown in FIG. lC, the same silicon film 15, the same first metal film 

20 14, and the same gate insulating film formation film 13 are successively subjected to 

patterning in the same step to form the first and second gate electrode formation portions 14A 

and 14B, whereby the first and second gate electrode formation portions 14A and 14B can be 

easily formed with high precision. As a result, the first metal film 14a and the first silicon 

film 15a in the first gate electrode formation portion 14A which have been formed with high 

25 precision are replaced with the second metal film 30a to form the first gate electrode 30A 
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made of the second metal film 30a, and the second silicon film 15b in the second gate 

electrode formation portion 14B which has been formed with precision is replaced with the 

second metal film 30b to form the second gate electrode 30B made of the first and second 

metal films 14b and 30b. Thus, the first and second gate electrodes 30A and 30B can be 

5 fanned with high precision. 

In contrast to this, in the first conventional semiconductor device manufacturing 

method, as shown in FIG. 13, the first and second patterning portions 107A and 107B, which 

have different structures, are subjected to patterning in the same step. Therefore, as 

described above, the first and second gate electrodes cannot both be formed with high 

10 precision. On the other hand, also in the second conventional semiconductor device 

manufacturing method, as shown in FIG. 14D, the first and second patterning portions, which 

have different structures, are subjected to patterning in the same step. Therefore, as 

described above, the first and. second gate electrodes cannot both be formed with high 

precision. 

15 

20 

Moreover, the deep p-type source/drain region 25b includes the silicon mixed 

crystal layer 24 which causes compressive stress in the gate length direction of the channel 

region in the second active region 1 Ob, and therefore, compressive stress can be applied in the 

gate length direction of the channel region in the second active region 1 Ob, whereby the drive 

capability of the p-type MIS transistor can be improved. 

Note that, in the first embodiment, in order to improve the drive capability of the 

p-type MIS transistor, the steps of FIGS. 2B-3A are successively performed after the 

formation of the first and second sidewalls 20A and 20B (see FIG. 2A) and before the 

formation of the deep n- and p-type source/drain regions 25a and 25b (see FIG. 3B), thereby 

forming the silicon mixed crystal layer 24 made of, for example, a p-type SiGe layer in the 

25 trenches 23 formed in the second active region 10b laterally outside the second sidewalls 20B. 
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The present disclosure is not limited to this specific example. 

For example, as shown in FIG. 2A, after the formation of the first and second 

sidewalls 20A and 20B, the deep n- and p-type source/drain regions 25a and 25b may be 

formed as shown in FIG. 3B, without successively performing the steps of FIGS. 2B-3A, i.e., 

5 without forming the silicon mixed crystal layer 24. 

Also, for example, a silicon mixed crystal layer ( e.g., an n-type SiC layer) which 

causes tensile stress in the gate length direction of the channel region in the first active region 

10a may be formed in the trenches formed in the first active region 10a laterally outside the 

first sidewalls 20A, after the formation of the first and second sidewalls 20A and 20B (see 

10 FIG. 2A) and before the formation of the deep n- and p-type source/drain regions 25a and 25b 

(see FIG. 3B). In this case, the drive capability of then-type MIS transistor can be improved 

rather than that of the p-type MIS transistor. 

(Second Embodiment) 

A semiconductor device according to a second embodiment of the present 

15 disclosure and a method for manufacturing the semiconductor device will be described with 

reference to the drawings. Note that differences between the semiconductor device of the 

second embodiment and the manufacture method of the semiconductor device, and the 

semiconductor device of the first embodiment and the manufacture method of the 

semiconductor device will be mainly described, and their common points will not be 

20 described unless necessary. 

The manufacture method of the semiconductor device of the second embodiment of 

the present disclosure will be described hereinafter with reference to FIGS. 7A-7C and FIGS. 

8A-8C. FIGS. 7 A-8C are cross-sectional views showing main steps of the manufacture 

method of the semiconductor device of the second embodiment of the present disclosure in an 

25 order in which the steps are performed, as viewed in a gate length direction thereof. Note 
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that, in FIGS. 7A-8C, the same components as those of the first embodiment are indicated by 

the same reference symbols as those shown in FIGS. 1A-5C of the first embodiment. Also, 

in FIGS. 7 A-8C, "nMIS" shown on the left side indicates an n-type MIS formation region 

where an n-type MIS transistor is formed, and "pMIS" shown on the right side indicates a 

5 p-type MIS formation region where a p-type MIS transistor is formed. 

Initially, the steps of FIGS. 1A-4A in the first embodiment are successively 

performed to obtain a structure shown in FIG. 7A (i.e., the same structure as that of FIG. 4A). 

Next, as shown in FIG. 7B, a resist mask 29 which does not cover the n-type MIS 

formation region and covers the p-type MIS formation region is formed on the semiconductor 

10 substrate 10, and thereafter, the first silicon film 15a in the first gate electrode formation 

portion 14A is removed using dry etching or wet etching having a selectivity ratio with 

respect to the first metal film 14a, the first offset spacers 17 a, the first inner sidewalls 19a, the 

insulating film 27, and the first inter-layer insulating film 28. Thereafter, the first metal film 

14a in the first gate electrode formation portion 14A is removed using wet etching having a 

15 selectivity ratio with respect to the first gate insulating film 13a, the first offset spacers 17a, 

the first inner sidewalls 19a, the insulating film 27, and the first inter-layer insulating film 28. 

Thus, the first silicon film 15a and the first metal film 14a in the first gate electrode 

formation portion 14A are successively removed to form, on the first active region 10a, a first 

recess Ca which is surrounded by the insulating film 27 with the first offset spacers 17a and 

20 the first inner sidewalls 19a being successively interposed therebetween. The first gate 

insulating film 13a is exposed from a bottom of the first recess Ca. 

25 

Next, as shown in FIG. 7C, the resist mask 29 is removed, and thereafter, a second 

metal film 30 made of, for example, TaN is formed on the semiconductor substrate 10 by, for 

example, CVD, ALD, sputtering or the like, filling the first recess Ca. 

Next, as shown in FIG. 8A, the second metal film 30 is removed by, for example, 
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CMP or etchback until an upper surface of the insulating film 27 is exposed. As a result, a 

second metal film 30a is formed on the first gate insulating film 13a in the first recess Ca. 

Thus, the first gate electrode 30A made of the second metal film 30a is formed on 

the first active region 10a with the first gate insulating film 13a being interposed therebetween, 

5 and the second gate electrode 30B made of the first metal film 14b and the second silicon film 

15b is formed on the second active region 10b with the second gate insulating film 13b being 

interposed therebetween. 

Next, as shown in FIG. 8B, natural oxide film (not shown) formed on a surface of 

the second silicon film 15b is removed, and thereafter, a metal film (not shown) made of, for 

10 example, nickel having a thickness of 10 nm is deposited on an entire surface of the 

semiconductor substrate 10 by, for example, sputtering. Thereafter, Si in the second silicon 

film 15b and Ni in the metal film are caused to react with each other by, for example, a first 

RTA treatment in nitrogen atmosphere at 320°C, to form a metal silicide film 34 made of 

nickel silicide in an upper portion of the second silicon film 15b. 

15 Thereafter, the semiconductor substrate 10 is immersed in an etchant which is a 

mixture solution of sulfuric acid and hydrogen peroxide in water, to remove unreacted metal 

film remaining on the first inter-layer insulating film 28, the insulating film 27, the first and 

second inner sidewalls 19a and 19b, the first and second offset spacers 1 7 a and 17b and the 

like, followed by a second RTA treatment at a higher temperature (e.g., 550°C) than that in 

20 the first RTA treatment, thereby stabilizing the silicide composition ratio of the the metal 

silicide film 34. 

Next, as shown in FIG. 8C, a second inter-layer insulating film 31 is deposited on 

the first inter-layer insulating film 28 by, for example, CVD, covering the first and second 

gate electrodes 30A and 30B, and thereafter, a surface of the second inter-layer insulating film 

25 31 is planarized by, for example, CMP. Thereafter, as in a method for manufacturing a 
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semiconductor device having a typical MIS transistor, first and second contact plugs 33a and 

33b which connect to the first and second metal silicide films 26a and 266 are formed in the 

first and second contact holes 32a and 326 in the insulating film 27, the first inter-layer 

insulating film 28 and the second inter-layer insulating film 31. Thereafter, a metal wire 

5 (not shown) which electrically connects the first and second contact plugs 33a and 336 is 

formed on the second inter-layer insulating film 31. 

Thus, the semiconductor device of this embodiment, i.e., a semiconductor device 

including the n-type MIS transistor NTr having the first gate electrode 30A made of the 

second metal film 30a and the p-type MIS transistor PTr having the second gate electrode 

10 30B made of the first metal film 14b and the second silicon film ( conductive film) 15b, can be 

manufactured. 

Here, the manufacture methods of this embodiment and the first embodiment are 

different from each other in the following points. 

In the first embodiment, as shown in FIG. 4B, the second metal film 30b is formed 

15 in the second recess Cb which has been formed by removing the second silicon film 156 in 

the second gate electrode formation portion 14B, to form the second gate electrode 30B made 

of the first metal film 14b in the second gate electrode formation portion 14B, and the second 

metal film 306. 

In contrast to this, in this embodiment, the second silicon film 15b in the second 

20 gate electrode formation portion 14B is not removed as is different from FIG. 4B in the first 

embodiment, and the second gate electrode 30B made of the first metal film 14b and the 

second silicon film 156 in the second gate electrode formation portion 14B is formed. In 

addition, after the formation of the second gate electrode 30B, the metal silicide film 34 is 

formed on the second silicon film 156 in the second gate electrode 30B as shown in FIG. 8B. 

25 A structure of the semiconductor device of the second embodiment of the present 
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disclosure will be described hereinafter with reference to FIG. 9. FIG. 9 is a cross-sectional 

view showing the structure of semiconductor device of the second embodiment of the present 

disclosure, as viewed in a gate width direction thereof. Note that, in FIG. 9, the same 

components as those of the first embodiment are indicated by the same reference symbols as 

5 those of FIG. 6B in the first embodiment. Note that, in FIG. 9, "nMIS" shown on the left 

side indicates an n-type MIS formation region where an n-type MIS transistor is formed, and 

"pMIS" shown on the right side indicates a p-type MIS formation region where a p-type MIS 

transistor is formed. 

As shown in FIG. 9, the first gate electrode 30A made of the second metal film 30a 

10 is formed on the first active region 1 0a with the first gate insulating film 13a being interposed 

therebetween, and the second gate electrode 30B made of the first metal film 14b and the 

second silicon film (conductive film) 15b formed on the first metal film 14b is formed on the 

second active region 10b with the second gate insulating film 13b being interposed 

therebetween. The metal silicide film 34 is formed on the second silicon film 15b. 

15 Here, the structure of this embodiment is different from that of the first embodiment 

in the following points. 

In this embodiment, the second gate electrode 30B is made of the first meal film 

14b and the second silicon film 15b. Also, the metal silicide film 34 is formed on the second 

silicon film 15b. In contrast to this, in the first embodiment, the second gate electrode 30B 

20 is made of the first metal film 14b and the second metal film 30b. 

Thus, the conductive film formed on the first metal film 14b in the second gate 

electrode 30B is the second silicon film 15b in this embodiment, and is the second metal film 

30b in the first embodiment. 

According to this embodiment, after the first and second gate electrode formation 

25 portions 14A and 14B (see FIG. lC) are formed in the same step, the second metal film 30a is 
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formed in the first recess Ca (see FIG. 7B) which has been formed by successively removing 

the first silicon film 15a and the first metal film 14a in the first gate electrode formation 

portion 14A, thereby forming the first gate electrode 30A (see FIG. 8A) made of the second 

metal film 30a. On the other hand, the second gate electrode 30B made of the first meal film 

5 14b and the second silicon film 15b in the second gate electrode formation portion 14B is 

formed. Therefore, when the first silicon film 15a and the first metal film 14a in the first 

gate electrode formation portion 14A are removed, a matching margin is required for the 

isolation region 11 so as to form the resist mask 29 which does not cover one of the n- and 

p-type MIS formation regions and covers the other as shown in FIG. 7B. On the other hand, 

10 when the first and second gate electrode formation portions 14A and 14B are formed, a 

matching margin is not required for the isolation region 11. Therefore, the number of 

matching margin requiring steps can be suppressed to one, and therefore, the width in the gate 

width direction of the isolation region 11 (see Wnp in FIG. 9) can be reduced, whereby the 

semiconductor device can be further miniaturized. 

15 In addition, as shown in FIG. IC, the same silicon film 15, the same first metal film 

14, and the same gate insulating film formation film 13 are successively subjected to 

patterning in the same step, to form the first and second gate electrode formation portions 14A 

and 14B. Therefore, the first and second gate electrode formation portions 14A and 14B can 

be easily formed with high precision. As a result, the first metal film 14a and the first silicon 

20 film 15a in the first gate electrode formation portion 14A which have been formed with high 

precision are replaced with the second metal film 30a to form the first gate electrode 30A 

made of the second metal film 30a, and the second gate electrode 30B made of the first meal 

film 14b and the second silicon film 15b in the second gate electrode formation portion 14B 

which have been formed with high precision, can be formed. Therefore, the first and second 

25 gate electrodes 30A and 30B can be formed with high precision. 
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Moreover, as in the first embodiment, the deep p-type source/drain region 25b 

includes the silicon mixed crystal layer 24, and therefore, compressive stress can be applied in 

the gate length direction of the channel region in the second active region 1 Ob, whereby the 

drive capability of the p-type MIS transistor can be improved. 

(Variation of Second Embodiment) 

A semiconductor device according to a variation of the second embodiment of the 

present disclosure and a method for manufacturing the semiconductor device will be 

described hereinafter with reference to the drawings. Note that differences between the 

semiconductor device of the variation of the second embodiment of the present disclosure and 

10 a manufacture method of the semiconductor device and the semiconductor device of the 

second embodiment of the present disclosure and a manufacture method of the semiconductor 

device will be mainly described, and their common points will not be described unless 

necessary. 

The manufacture method of the semiconductor device of the variation of the second 

15 embodiment of the present disclosure will be described hereinafter with reference to FIGS. 

lOA-lOC and 1 lA-1 lC. FIGS. lOA-1 lC are cross-sectional views showing main steps of 

the manufacture method of the semiconductor device of the variation of the second 

embodiment of the present disclosure in an order in which the steps are performed, as viewed 

in a gate length direction thereof. Note that, in FIGS. lOA-llC, the same components as 

20 those of the second embodiment are indicated by the same reference symbols as those in 

FIGS. 7A-8C of the second embodiment. Note that, in FIGS. lOA-llC, "nMIS" shown on 

the left side indicates an n-type MIS formation region where an n-type MIS transistor is 

formed, and "pMIS" shown on the right side indicates a p-type MIS formation region where 

a p-type MIS transistor is formed. 

25 Initially, the steps of FIGS. 1A-4A m the first embodiment are successively 
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performed to obtain the structure of FIG. 7A as in the second embodiment. Note that the 

gate insulating film formation film 13 of this variation desirably has a thickness optimized for 

the p-type MIS transistor and is desirably made of an insulating material optimized for the 

p-type MIS transistor. 

Next, as shown in FIG. lOA, a resist mask 29 which does not cover then-type MIS 

formation region and covers the p-type MIS formation region is formed on the semiconductor 

substrate 10, and thereafter, the first silicon film 15a in the first gate electrode formation 

portion 14A is removed using dry etching or wet etching having a selectivity ratio with 

respect to the first metal film 14a, the first offset spacers 17 a, the first inner sidewalls 19a, the 

10 insulating film 27, and the first inter-layer insulating film 28. Thereafter, the first metal film 

15 

14a in the first gate electrode formation portion 14A is removed using wet etching having a 

selectivity ratio with respect to the first gate insulating film 13a, the first offset spacers 17a, 

the first inner sidewalls 19a, the insulating film 27, and the first inter-layer insulating film 28. 

Thus, a step similar to that of FIG. 7B in the second embodiment is performed. 

Thereafter, the first gate insulating film 13a in the first gate electrode formation 

portion 14A is removed using wet etching having a selectivity ratio with respect to the 

semiconductor substrate. 

Thus, the first silicon film 15a, the first metal film 14a, and the first gate insulating 

film 13a in the first gate electrode formation portion 14A are successively removed to form, 

20 on the first active region 1 Oa, a first recess Ca which is surrounded by the insulating film 27 

with the first offset spacers 17a and the first inner sidewalls 19a being successively interposed 

therebetween. The first gate insulating film 13a is exposed from a bottom of the first recess 

Ca. 

Next, as shown in FIG. 10B, the resist mask 29 is removed, and thereafter, a 

25 chemical oxide film (not shown) is formed on a surface of the semiconductor substrate 10 by, 
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for example, a Hydrochloric Acid/Hydrogen Peroxide/Water Mixture (HPM) treatment. 

Thereafter, a gate insulating film formation film 35 made of, for example, a high-k film 

having a thickness of 2 nm is deposited on the semiconductor substrate 10 by, for example, 

MOCVD, covering the inside of the first recess Ca. Here, the gate insulating film formation 

5 film 35 desirably includes a high-k film made of a metal oxide having a relative dielectric 

constant of 10 or more. Moreover, the gate insulating film formation film 35 desirably has a 

thickness optimized for the n-type MIS transistor and is desirably made of an insulating 

material optimized for the n-type MIS transistor. 

Thereafter, a second metal film 30 made of, for example, TaN is deposited on the 

10 semiconductor substrate 10 by, for example, CVD, ALD, sputtering or the like, filling the first 

recess Ca with the gate insulating film formation film 35 being interposed therebetween. 

Next, as shown in FIG. lOC, the second metal film 30 and the gate insulating film 

formation film 35 are removed by, for example, CMP or etchback until an upper surface of 

the insulating film 27 is exposed. As a result, a third gate insulating film 35a is formed in 

15 the first recess Ca, and a second metal film 30a is formed on the third gate insulating film 35a. 

Here, the third gate insulating film 35a is formed, extending over an upper surface of the first 

active region 10a in the first recess Ca and side surfaces of the second metal film 30a. 

Therefore, although not shown in FIG. lOC which is a cross-sectional view in the gate length 

direction, the third gate insulating film 35a is formed and interposed between the second 

20 metal film 30a, and the first meal film 14b and the second silicon film 15b, which are adjacent 

to each other in the gate width direction. 

Next, as shown in FIG. 1 IA, an upper portion of the third gate insulating film 35a is 

removed by, for example, etching or a diluted hydrofluoric acid treatment having a selectivity 

ratio with respect to the second metal film 30a, thereby causing heights of upper ends of the 

25 third gate insulating film 35a to be lower than a height of an upper surface of the second metal 
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fiim 30a, to form a groove R. Here, the groove R is formed along a periphery of the second 

metal film 30a, exposing side surfaces of the second metal film 30a. Therefore, although not 

shown in FIG. 1 lA which is a cross-sectional view in the gate length direction, the groove R 

is formed between the second metal film 30a and the second silicon film 15b, which are 

5 adjacent to each other in the gate width direction, and side surfaces in the gate width direction 

of the second metal film 30a and side surfaces in the gate width direction of the second silicon 

film 15b are exposed in the groove R. 

Thus, by successively performing the steps of FIGS. lOB-1 lA, the third gate 

insulating film 35a is formed in the first recess Ca, and the second metal film 30a whose side 

10 surfaces are exposed in the groove R is formed on the third gate insulating film 35a. 

Thus, the first gate electrode 30A made of the second metal film 30a is formed on 

the first active region 10a with the third gate insulating film 35a being interposed 

therebetween, and the second gate electrode 30B made of the first meal film 14b and the 

second silicon film 15b is formed on the second active region 10b with the second gate 

15 insulating film 13 b being interposed therebetween. 

Next, as shown in FIG. 1 lB, natural oxide film (not shown) formed on a surface of 

the second silicon film 15b is removed, and thereafter, a metal film (not shown) made of, for 

example, nickel having a thickness of 10 nm is deposited on an entire surface of the 

semiconductor substrate 10 by, for example, sputtering. Thereafter, Si in the second silicon 

20 film 15b and Ni in the metal film are caused to react with each other by, for example, a first 

RTA treatment in nitrogen atmosphere at 320°C, to form a metal silicide film 34 made of 

nickel silicide on the second silicon film 15b. In this case, the metal silicide film 34 of this 

variation is also formed in the groove R formed between the second metal film 30a and the 

second silicon film 15b due to expansion of its volume. Specifically, the metal silicide film 

25 34 is formed above and in contact with side surfaces in the gate width direction of the second 
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metal film 30a and side surfaces in the gate width direction of the second silicon film 15b 

which are exposed in the groove R (see 34 in FIG. 12 described below). Therefore, the 

metal silicide film 34 can electrically connect the second metal film 30a and the second 

silicon film 15b. 

Thereafter, the semiconductor substrate 10 is immersed in an etchant which is a 

mixture solution of sulfuric acid and hydrogen peroxide in water to remove unreacted metal 

film remaining on the first inter-layer insulating film 28, the insulating film 27, the first and 

second inner sidewalls 19a and 19b, the first and second offset spacers 17a and 17b and the 

like, followed by a second RTA treatment at a higher temperature (e.g., 550°C) than that in 

10 the first RTA treatment, thereby stabilizing the silicide composition ratio of the metal silicide 

film 34. 

Next, as shown in FIG. 11 C, a second inter-layer insulating film 31 is deposited on 

the first inter-layer insulating film 28 by, for example, CVD, covering the first and second 

gate electrodes 30A and 30B, and thereafter, a surface of the second inter-layer insulating film 

15 31 is planarized by, for example, CMP. Thereafter, as in a method for manufacturing a 

semiconductor device having a typical MIS transistor, first and second contact plugs 33a and 

33b which connect to the first and second metal silicide films 26a and 26b are formed in the 

first and second contact holes 32a and 32b formed in the insulating film 27, the first 

inter-layer insulating film 28, and the second inter-layer insulating film 31. Thereafter, a 

20 metal wire (not shown) which electrically connects to the first and second contact plugs 33a 

and 33b is formed on the second inter-layer insulating film 31. Thus, a step similar to that of 

FIG. 8C in the second embodiment is performed. 

Thus, the semiconductor device of this embodiment, i.e., a semiconductor device 

including the n-type MIS transistor NTr having the first gate electrode 30A made of the 

25 second metal film 30a and the p-type MIS transistor PTr having the second gate electrode 
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30B made of the first metal film 14b and the second silicon film ( conductive film) 15b, can be 

manufactured. 

Here, the manufacture method of this variation is different from that of the second 

embodiment in the following points. 

In the second embodiment, the second metal film 30a is formed on the first gate 

insulating film 13a in the first recess Ca (see FIG. 7B) which has been formed by removing 

the first silicon film 15a and the first metal film 14a in the first gate electrode formation 

portion 14A. 

In contrast to this, in this variation, the third gate insulating film 35a is formed in 

10 the first recess Ca (see FIG. lOA) which has been formed by removing the first gate insulating 

film 13a in addition to the first silicon film 15a and the first metal film 14a in the first gate 

electrode formation portion 14A, and the second metal film 30a is formed on the third gate 

insulating film 35a. 

Also, in this variation, the first gate insulating film 13a in the first gate electrode 

15 formation portion 14A is replaced with the third gate insulating film 35a, and therefore, the 

third gate insulating film 35a is interposed between the first and second gate electrodes 30A 

and 30B, which are adjacent to each other in the gate width direction. Therefore, in this 

variation, when the metal silicide film 34 (see FIG. 11B) is formed, an upper portion of the 

third gate insulating film 35a is removed to form the groove R, thereby exposing, to the 

20 groove R, side surfaces in the gate width direction of the second metal film 30a and side 

surfaces in the gate width direction of the second silicon film 15b, as shown in FIG. 1 IA, so 

as to electrically connect the first and second gate electrodes 30A and 30B. As a result, 

although not shown in FIG. llB which is across-sectional view in the gate length direction, 

the metal silicide film 34 can be formed above and in contact with side surfaces in the gate 

25 width direction of the second metal film 30a and side surfaces in the gate width direction of 
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the second silicon film 15b which are exposed to the inside of the groove Ras shown in FIG. 

12 described below. Therefore, by electrically connecting the second metal film 30a and the 

second silicon film 15b, the first and second gate electrodes 30A and 30B can be electrically 

connected. 

A structure of the semiconductor device of the variation of the second embodiment 

of the present disclosure will be described hereinafter with reference to FIG. 12. FIG. 12 is a 

cross-sectional view showing the structure of the semiconductor device of the variation of the 

second embodiment of the present disclosure, as viewed in a gate width direction thereof. 

Note that, in FIG. 12, the same components as those in the second embodiment are indicated 

10 by the same reference symbols as those of FIG. 9 in the second embodiment. Note that, in 

FIG. 12, "nMIS" shown on the left side indicates an n-type MIS formation region where an 

n-type MIS transistor is formed, and "pMIS" shown on the right side indicates a p-type MIS 

fonnation region where a p-type MIS transistor is formed. 

As shown in FIG. 12, the first gate electrode 30A made of the second metal film 

15 30a is formed on the first active region 10a with the third gate insulating film 35a being 

interposed therebetween, and the second gate electrode 30B made of the first metal film 14b 

and the second silicon film (conductive film) 15b formed on the first metal film 14b is formed 

on the second active region 1 Ob with the second gate insulating film 13b being interposed 

therebetween. The metal silicide film 34 is formed on the second silicon film 15b. 

20 Here, the structure of this variation is different from that of the second embodiment 

in the following points. 

In this variation, the third gate insulating film 35a is made of an insulating material 

different from that of the second gate insulating film 13b. Also, as shown in FIG. 12, the 

third gate insulating film 35a is formed, extending over an upper surface of the first active 

25 region 10a and side surfaces in the gate width direction of the second metal film 30a, and is 
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interposed between a lower region of the first gate electrode 30A and a lower region of the 

second gate electrode 30B (note that, as shown in FIG. llC, the third gate insulating film 35a 

is also formed on side surfaces in the gate length direction of the second metal film 30a in 

addition to the side surfaces in the gate width direction thereof). Also, the metal silicide film 

5 34 is formed above and in contact with side surfaces in the gate width direction of the second 

metal film 30a and side surfaces in the gate width direction of the second silicon film 15b 

which are exposed in the groove R. The metal silicide film 34 also electrically connects to 

the first and second gate electrodes 30A and 30B. 

In contrast to this, in the second embodiment, the first gate insulating film 13 a is 

10 made of the same insulating material as that of the second gate insulating film 13b. Also, 

the first gate insulating film 13a is not interposed between the first and second gate electrodes 

30Aand 30B. 

Thus, the gate insulating film in the n-type MIS formation region and the gate 

insulating film in the p-type MIS formation region are made of different insulating material in 

15 this variation, and they are made of the same insulating material in the second embodiment. 

According to this variation, an effect similar to that of the second embodiment can 

be obtained. 

In addition, the third gate insulating film 35a has a thickness optimized for the 

n-type MIS transistor and is made of an insulating material optimized for the n-type MIS 

20 transistor (hereinafter referred to as an "nMIS insulating material"). Also, the second gate 

insulating film 13b has a thickness optimized for the p-type MIS transistor and is made of an 

insulating material optimized for the p-type MIS transistor (hereinafter referred to as a "pMIS 

insulating material"). Therefore, the flexibility of transistor design is increased, whereby a 

desired transistor characteristic can be achieved. 

25 Note that, in the first and second embodiments, a pMIS metal film made of a pMIS 
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metai materiai is used as the first metal film 14, and an nMIS metal film made of an nMIS 

metal material is used as the second metal film 30. The first metal film (pMIS metal film) 

14a and the first silicon film 15a in the first gate electrode formation portion 14A are replaced 

with the second metal film (nMIS metal film) 30a to form the first gate electrode 30A made 

5 of the second metal film 30a, and the second gate electrode 30B including the first metal film 

(pMIS metal film) 14b in the second gate electrode formation portion 14B is formed. The 

present disclosure is not limited to this specific example. 

Conversely, an nMIS metal film may be used as the first metal film 14, and a pMIS 

metal film may be used as the second metal film 30. Note that, in this case, the first metal 

10 film (nMIS metal film ) and the second silicon film in the second gate electrode formation 

portion are replaced with the second metal film (pMIS metal film ) to form the second gate 

electrode made of the second metal film, and the first gate electrode including the first metal 

film (nMIS metal film) in the first gate electrode formation portion is formed. 

Also, in the variation of the second embodiment, an nMIS metal film may be used 

15 as the first metal film 14, and a pMIS metal film may be used as the second metal film 30. 

Note that, in this case, an nMIS insulating film made of an nMIS insulating material is used as 

the gate insulating film formation film 13, and a pMIS insulating film made of a pMIS 

insulating material is used as the gate insulating film formation film 35. 

Note that, in the first embodiment, the second embodiment and its variation, after 

20 the first and second outer sidewalls 20a and 20b are removed as shown in FIG. 3C, an 

underlying insulating film made of a silicon nitride film is formed as the insulating film 27 by, 

for example, plasma CVD as shown in FIG. 3D. The present disclosure is not limited to this 

specific example. For example, after the removal of the first and second outer sidewalls 20a 

and 20b, a stress insulating film which causes tensile stress in the gate length direction of the 

25 channel region in the first active region I 0a may be formed as the insulating film 27. Here, 
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the stress insulating film is specifically formed as follows. A silicon nitride film containing 

a large amount of hydrogen is deposited by, for example, plasma CVD, followed by 

irradiation with ultraviolet light to remove hydrogen contained in the silicon nitride film, 

thereby forming an stress insulating film made of the silicon nitride film. 

5 Thus, the stress insulating film applies tensile stress in_ the gate length direction of 

the channel region in the first active region 1 0a, whereby the drive capability of the n-type 

MIS transistor can be improved. Therefore, in addition to the improvement of the drive 

capability of the p-type MIS transistor by the silicon mixed crystal layer 24 as in the first 

embodiment, the second embodiment and its variation, the drive capability of the n-type MIS 

10 transistor can be improved by the stress insulating film. 

In addition, the stress insulating film is formed after the first and second outer 

sidewalls 20a and 20b are removed, and therefore, a thickness of the stress insulating film can 

be increased by an amount corresponding to the removed portions of the first and second 

outer sidewalls 20a and 20b. As a result, tensile stress can be effectively applied in the gate 

15 length direction of the channel region in the first active region 10a. 

Moreover, the stress insulating film can be formed closer to the channel region in 

the first active region 1 0a by an amount corresponding to the removed portions of the first and 

second outer sidewalls 20a and 20b. As a result, tensile stress can be more effectively 

applied in the gate length direction of the channel region in the first active region 1 0a. 

20 Thus, when a stress insulating film is used as the insulating film 27 rather than an 

25 

underlying insulating film, then if the first and second outer sidewalls 20a and 20b are 

previously removed before the stress insulating film is formed, tensile stress caused by the 

stress insulating film can be effectively applied in the gate length direction of the channel 

region in the first active region 1 0a. 

On the other hand, when an underlying insulating film is used as the insulating film 
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27 as in the first embodiment, the second embodiment and its variation, it is not always 

necessary to remove the first and second outer sidewalls 20a and 20b before the insulating 

film 27 is formed as shown in FIG. 3C. 

Note that, in the first embodiment, the second embodiment and its variation, the 

5 silicon mixed crystal layer 24 is used to improve the drive capability of the p-type MIS 

transistor. The present disclosure is not limited to this specific example. Both the drive 

capability of then-type MIS transistor and the drive capability of the p-type MIS transistor 

may be improved. Firstly, for example, as in the first embodiment, the second embodiment 

and its variation, the silicon mixed crystal layer 24 may be provided, and a silicon mixed 

10 crystal layer which causes tensile stress in the gate length direction of the channel region in 

the first active region 1 0a may be provided in the trenches formed laterally outside the first 

sidewall 20A in the first active region 1 0a. Secondly, for example, a silicon mixed crystal 

layer which causes tensile stress in the gate length direction of the channel region in the first 

active region 10a may be provided in the trenches formed laterally outside the first sidewall 

15 20A in the first active region 10a, and a stress insulating film which causes compressive stress 

in the gate length direction of the channel region in the second active region 1 Ob may be 

provided as the insulating film 27. 

Note that specific examples of the gate insulating film formation film 13 in the first 

and second embodiments, or the gate insulating film formation film 13 and the gate insulating 

20 film formation film 35 in the variation of the second embodiment, include hafnium-based 

oxides such as hafnium oxide (HfO2), hafnium silicate (HfSiO), and hafnium silicon 

oxynitride (HfSiON) and the like, and oxides containing tantalum (Ta), zirconium (Zr), 

titanium (Ti), aluminum (Al), scandium (Sc), yttrium (Y), lanthanum (La) or the like. One 

of these insulating materials which is suitable for both the n-type MIS transistor and • the 

25 p-type MIS transistor is used as the gate insulating film formation film 13 in the first and 
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second embodiments. Also, an insulating material optimized for the p-type MIS transistor 

and an insulating material optimized for the n-type MIS transistor are used as the gate 

insulating film formation film 13 and the gate insulating film formation film 35 in the 

variation of the second embodiment. In this case, the gate insulating film formation film 35 

5 for the n-type MIS transistor and the gate insulating film formation film 13 for the p-type MIS 

transistor may be made of different insulating materials or the same insulating material. 

When the gate insulating film formation film 35 and the gate insulating film formation film 

13 are made of the same insulating material, they may be optimized by changing their 

thicknesses or compositions (e.g., concentrations). 

10 Also, although a polysilicon film is used as the silicon film 15 in the first 

embodiment, the second embodiment and its variation, a silicon film made of other 

semiconductor materials, such as an amorphous silicon film, a silicon film and the like, may 

be used. 

Also, in the first embodiment, the second embodiment and its variation, when the 

15 first and second metal silicide films 26a and 26b are formed, a metal film made of nickel is 

used as the metal film which is caused to react with upper portions of the deep n- and p-type 

source/drain regions 25a and 25b. Instead of this, a metal film made of a metal for 

silicidation, such as platinum, cobalt, titanium, tungsten or the like, may be used. 

The present disclosure can provide gate electrodes of n- and p-type MIS transistors 

20 which are formed with high precision, and an isolation region having a reduced width in the 

gate width direction, and therefore, is useful for a dual-metal gate semiconductor device and a 

method for manufacturing the semiconductor device. 
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CLAIMS 

What is claimed is: 

1. A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, 

wherein 

the first MIS transistor includes 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, 

a first gate electrode includes a second metal film formed on the first gate 

insulating film, and 

an insulating film formed, extending over side surfaces of the first gate 

electrode and upper surfaces of regions located in the first active region laterally outside the 

first gate electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film, and 

the insulating film formed, extending over side surfaces of the second 

gate electrode and upper surfaces of regions located in the second active region laterally 

outside the second gate electrode, 

the first and second metal films are made of different metal materials, and 

the insulating film is not formed on any of upper surfaces of the first and second 

25 gate electrodes. 
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2. The semiconductor device of claim 1, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

3. The semiconductor device of claim 1, wherein 

the first and second metal films have different work functions. 

4. The semiconductor device of claim 1, wherein 

the insulating film has a thickness smaller than that of the first gate electrode. 

5. The semiconductor device of claim 1, wherein 

the conductive film is made of the second metal film. 

6. The semiconductor device of claim 1, wherein 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the 

silicon film. 

7. The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of the same insulating material. 

8. The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of different insulating materials. 

9. The semiconductor device of claim 1, further comprising: 
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a first inner sidewall having an L-shaped cross-section formed on each of side 

surfaces of the first gate electrode, and 

a second inner sidewall having an L-shaped cross-section formed on each of side 

surfaces of the second gate electrode, 

5 wherein 

15 

the insulating film is formed above and in contact with the first and second inner 

sidewalls. 

10. The semiconductor device of claim 1, wherein 

the insulating film is a stress insulating film which causes first stress in a gate 

length direction of a channel region in the first active region. 

11. The semiconductor device of claim 10, wherein 

the first MIS transistor is an n-type MIS transistor, 

the insulating film is made of a silicon nitride film, and 

the first stress is tensile stress. 

12. The semiconductor device of claim 1, further comprising: 

source/drain regions formed in the second active region laterally outside the second 

20 gate electrode, 

wherein 

25 

the source/drain regions include a silicon mixed crystal layer which is formed in 

trenches provided in the second active region, and causes second stress in a gate length 

direction of a channel region in the second active region. 
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13. The semiconductor device of claim 12, wherein 

the second MIS transistor is a p-type MIS transistor, 

the silicon mixed crystal layer is made of a Si Ge layer, and 

the second stress is compressive stress. 

14. The semiconductor device of claim 1, wherein 

the first and second gate insulating films include a high-k film made of a metal 

oxide having a relative dielectric constant of 10 or more. 

15. A method for manufacturing a semiconductor device including a first MIS 

transistor formed on a first active region in a semiconductor substrate and a second MIS 

transistor formed on a second active region in the semiconductor substrate, the method 

comprising the steps of: 

(a) forming a first gate electrode formation portion having a first gate insulating 

15 film, a first metal film and a first silicon film on the first active region, and a second gate 

electrode formation portion having a second gate insulating film, a first metal film and a 

second silicon film on the second active region; 

(b) after step (a), forming an insulating film on the semiconductor substrate, the 

insulating film covering the first and second gate electrode formation portions; 

20 ( c) removing the insulating film formed on the first and second gate electrode 

formation portions to expose an upper surface of each of the first silicon film in the first gate 

electrode formation portion and the second silicon film in the second gate electrode formation 

portion; 

( d) after step ( c ), successively removing the first silicon film and the first metal film 

25 in the first gate electrode formation portion to form a first recess surrounded by the insulating 
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film on the first active region; and 

( e) forming a second metal film in the first recess, 

wherein 

a first gate electrode of the first MIS transistor includes the second metal film, and 

a second gate electrode of the second MIS transistor includes the first metal film in 

the second gate electrode formation portion. 

16. The method of claim 15, wherein 

step ( d) includes forming, on the first active region, the first recess from a bottom of 

10 which the first gate insulating film is exposed, and removing the second silicon film in the 

second gate electrode formation portion to form, on the second active region, a second recess 

surrounded by the insulating film, the first metal film being exposed from a bottom of the 

second recess, 

step ( e) includes forming the second metal film on the first gate insulating film in 

15 the first recess, and forming the second metal film on the first metal film in the second recess, 

and 

20 

25 

the second gate electrode includes the first metal film in the second gate electrode 

formation portion and the second metal film formed on the first metal film. 

17. The method of claim 15, wherein 

step ( d) includes forming, on the first active region, the first recess from a bottom of 

which the first gate insulating film is exposed, 

step ( e) includes forming the second metal film on the first gate insulating film in 

the first recess, 

the method further comprises the step of 
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(f) after step (e), forming a metal silicide film on the second silicon film, 

and 

the second gate electrode includes the first metal film and the second silicon film in 

the second gate electrode formation portion. 

18. The method of claim 15, wherein 

step ( d) includes successively removing the first silicon film, the first metal film, 

and the first gate insulating film in the first gate electrode formation portion, to form, on the 

first active region, the first recess from a bottom of which the first active region is exposed, 

step ( e) includes forming a third gate insulating film in the first recess, and forming 

the second metal film on the third gate insulating film, 

the method further comprises the step of 

(f) after step (e), forming a metal silicide film on the second silicon film, 

and 

the second gate electrode includes the first metal film and the second silicon film in 

the second gate electrode formation portion. 

19. The method of claim 15, further comprising the step of: 

(g) after step (a) and before step (b), forming a first inner sidewall having an 

20 L-shaped cross-section on each of side surfaces of the first gate electrode formation portion, 

and a second inner sidewall having an L-shaped cross-section on each of side surfaces of the 

second gate electrode formation portion, 

wherein 

in step (b ), the insulating film is formed above and in contact with the first and 

25 second inner sidewalls. 
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5 

20. The method of claim 15, further comprising the steps of: 

{h) after step {a) and before step {b), forming trenches in the second active region 

laterally outside the second gate electrode formation portion; and 

{i) forming, in the trenches, a silicon mixed crystal layer which causes stress in a 

gate length direction of a channel region in the second active region. 

60 P051653 



ABSTRACT 

A semiconductor device includes a first MIS transistor and a second MIS transistor. 

The first MIS transistor includes a first gate electrode includes a second metal film formed on 

5 a first gate insulating film, and an insulating film formed, extending over side surfaces of the 

first gate electrode and upper surfaces of regions located in the first active region laterally 

outside the first gate electrode. The second MIS transistor includes a second gate electrode 

including a first metal film formed on a second gate insulating film and a conductive film 

formed on the first metal film, and the insulating film formed, extending over side surfaces of 

10 the second gate electrode and upper surfaces of regions located in the second active region 

laterally outside the second gate electrode. The first and second metal films are made of 

different metal materials. 
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PATENT COOPERATION TREATY PCT/JP2009/000574 

From the INTERNATIONAL BUREAU 

PCT 
NOTIFICATION OF RECEIPT OF 

RECORD copyr-- ---- -- .. 
I. 
I;, ... 

(PCT Rule 24.2(ar i .. 

I f\,t\[LA 
Date of mailing (day/month/year) 

13 March 2009 (13.03.2009) 

Applicant's or agent's file reference 
_ P051653P0 

To: 

MAEDA, Hiroshi 
• -·- ·-·--··, :-~::~.-:.-;-<?saka-Marubeni Bldg., 5-7, Hommachi 2-chome, 

;; -r5 thuo-ku, Osaka-shi, Osaka 
C ~ ! 410053 

. ~ 'J. ,APON 

IMPORTANT NOTIFICATION 

International application No. 
PCT/JP2009/000574 

The applicant is hereby notified that the International Bureau has received the record copy of the international application as detailed 
below. 

Name(s) of the applicant(s) and State(s) for which they are applicants: 

PANASONIC CORPORATION (for all designated States except US) 
SATO, Yoshihiro et al (for US) 

International filing date: 

Priority date( s) clai.'11.cd: 

Date of receipt of the record copy by the International Bureau: 

List of designated Offices: 

13 February 2009 (13.02.2009) 

13 March 2008 (13.03.2008) 

26 February 2009 (26.02.2009) 

AP: BW, GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW 
EA: AM, AZ, BY, KG, KZ, MD, RU, TJ, TM 
EP: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, :MK, MT, NL, 

NO, PL, PT, RO, SE, SI, SK, TR 
~~~~~Q~~~~~~~~~mro C ;ational: AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, 

DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, 
KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, :MX, MY, MZ, NA, NG, 
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, 
TZ,UA, UG, US, UZ, VC, VN,ZA,ZM,ZW 

ATTENTION: The applicant should carefully check the data appearing in this notification. In case of any discrepancy between these data 
and the indications in the international application, the applicant should immediately inform the International Bureau. In addition, the 
applicant's attention is drawn to the information contained in the Annex, relating to: 

- time limits for entry into the national phase - see updated important information (as of April 2002) 
- requirements regarding priority documents ( if applicable) 

A copy of this notification is being sent to the receiving Office and to the International Searching Authority. 

The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No. +41 22 338 70 10 
Form PCT/IB/301 (October 2005) 

Authorized officer 

Hennequin Francoise 
e-mail pt08.pct@wipo.int 
Telephone No. +41 22 338 74 08 

l/DZM2G2OF0 



ANNEX TO FORM PCT/IB/301 I International application No. 
PCT/JP2009/00057 4 

INFORMATION ON ENTERING THE NATIONAL PHASE 

The applicant is reminded that the "national phase" must be entered before each of the designated Offices indicated on the cover sheet 
of this notification by paying national fees and furnishing translations, as prescribed by Articles 22 and 39 and the applicable national 
laws. In addition, the applicant may also have to comply with other special requirements applicable in certain Offices. It is the 
applicant's responsibility to ensure that the necessary steps to enter the national phase are taken in a timely fashion. Most Offices do not 
issue reminders to applicants in connection with the entry into the national phase. 

The applicable time limit for entering the national phase will, subject to what is said in the following paragraph, be 30 MONTHS 
from the priority date, not only in respect of any elected Office if a demand for international preliminary examination is filed before the 
expiration of 19 months from the priority date (see Article 39(1)), but also in respect of any designated Office, in the absence of filing of 
such demand, where Article 22(1) as modified with effect from 1 April 2002 applies in respect of that designated Office. For farther 
details, see PCT Gazette No. 44/2001 of 1 November 2001, pages 19926, 19932 and 19934, as well as the PCT Ne.11sletter, October and 
November 2001 and February 2002 issues. 

In practice, time limits other than the JO-month time limit will continue to apply, for various periods of time, in respect of certain 
designated or elected Offices. For regular updates on the applicable time limits (20, 21, 30 or 31 months, or other time limit), Office 
by Office, refer to the PCT Gazette ("Section N" part published on a weekly basis), to the PCT Newsletter (on a monthly basis) and to 
the relevant National Chapters in Volume II of the PCT Applicant's Guide (the paper version of which is updated usually twice a year 
and the Internet version of which is updated usually on a weekly basis). Finally, a cumulative table of all applicable time limits for 

.. • entering the national phase is available from WIPO's Internet site, via links from various pages of the site, including those of the Gazette, 
1; 'ewsletter and Guide, at http://www.wipo.int/pct/en/index.html. 

Information about the requirements for filing a demand for international preliminary examination is set out in the PCT Applicant's 
Guide, Volume J/A, Chapter IX. Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by 
Chapter II has the right to file a demand for international preliminary examination ( at present, all PCT Contracting States are bound by 
Chapter II). 

REQUIREMENTS REGARDING PRIORITY DOCUMENTS 

For applicants who have not yet complied with the requirements regarding priority documents, the following is recalled. 

Where the priority of an earlier national, regional or international application is claimed, the applicant must submit a copy of the said 
earlier application, certified by the authority with which it was filed ("the priority document") to the receiving Office (which will transmit 
it to the International Bureau) or directly to the International Bureau, before the expiration of 16 months from the priority date, provided 
that any such priority document may still be submitted to the International Bureau before the date of international publication of the 
international application, in which case that document will be considered to have been received by the International Bureau on the last 
day of the 16-month time limit (Rule 17 .1 (a)). 

Where the priority document is issued by the receiving Office, the applicant may, instead of submitting the priority document, request the 
receiving Office to prepare and transmit the priority document to the International Bureau. Such request must be made before the 

(_ qJiration of the 16-month time limit and may be subjected by the receiving Office to the payment of a fee (Rule 17. l(b)). 

If the priority document concerned is not submitted to the International Bureau and if the request to tl1e receiving Office to prepare and 
transmit the priority document has not been made (and the corresponding fee, if any, paid) within tl1e applicable time limit indicated 
under the preceding paragraphs, any designated State may disregard the priority claim, provided that no designated Office may disregard 
the priority claim concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority 
docunient within a time limit which is reasonable under the circumstances (Rule 17.l(c)). 

Where several priorities are claimed, the priority date to be considered for the purposes of computing the 16-month time limit (and all 
other PCT time limits) is the filing date of the earliest application whose priority is claimed (Article 2(xi)(b)). 

Fonn PCT/IB/301 (Annex) (October 2005) 2/DZM2G2OF0 



PATENT COOPERATION TREATY PCT/JP2009/000574 

PCT 
NOTIFICATION CONCERNING 

SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 

From the INTERNATIONAL BUREAU 

To: 

Date of mailing (day/month/yea,~ MA.EDA PATENT OFFIC 
06 April 2009 (06.04.2009) 

Applicant's or agent's file reference 
M O/s"-0 r=: ~.?'fi CT/ IMPORTANT NOTIFICATION P051653P0 

International application No. International filing date (day/month/year) 

,,..--~ PCT /JP2009/00057 4 13 February 2009 (13.02.2009) 

• _,cemational publication date (day/month/year) Priority date (day/month/year) 
Not yet published 13 March 2008 (13.03.2008) 

Applicant 

(_ 

PANASONIC CORPORATION et al 

1. By means of this Form, which replaces any previously issued notification concerning submission or transmittal of pnonty 
documents, the applicant is hereby notified of the date of receipt by the International Bureau of the priority document(s) relating to 
all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters "NR", in the right-hand column or by an 
asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted to the International Bureau 
in compliance with Rule 17.l(a) or (b). 

2. (If applicable) The letters "NR" appearing in the right-hand column denote a priority document which, on the date of mailing of 
.tlili....Em:m.. had not yet been received by the International Bureau under Rule 17 .1 (a) or (b). Where, under Rule 17 .1 (a), the 
priority document must be submitted by the applicant to the receiving Office or the futemational Bureau, but the applicant fails to 
submit the priority document within the applicable tin1e limit under that Rule, the attention of the applicant is directed to Rule 
17.l(c) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an 
opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 

3. (If applicable)An asterisk("') appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.l(a) or (b) (the priority document was received 
after the time limit prescribed in Rule 17.l(a) or the request to prepare and transmit the priority document was submitted to the 
receiving Office after the applicable time limit under Rule 17.l(b)). Even though the priority document was not furnished in 
compliance with Rule 17.l(a) or (b), the futernational Bureau will nevertheless transmit a copy of the document to the designated 
Offices, for their consideration. fu case such a copy is not accepted by the designated Office as the priority document, Rule 17.l(c) 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, upon entry 
into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances. 

Priority date Priority application No. Count:iy or regional Office 
or PCT receiving Office 

Date of receipt 

13 March 2008 (13.03.2008) 

The futernational Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

2008-064435 

of priority document 

JP 26 March 2009 (26.03.2009) 

Authorized officer 

Masashi Honda 
e-mail PT08.PCT@WIPO.INT 

Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 74 08 

Form PCT/IB/304 (October 2005) l/D0HRNQ4B0 
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(57)Abstract: 
PROBLEM TO BE SOLVED: To fabricate a MISFET ~" 
having a low threshold voltage by employing materials 
having optimal work functions in the metal gate 
electrode of a p-type MISFET and an n-type MISFET. 
SOLUTION: The gate electrode of an N type MIS 
transistor has a first metal film 616 touching a gate 
insulation film 615 and having a work function &phiv;f in 
the range of Vth+3.9s&phiv;f~Vth+4.1, where Vth is a 
threshold voltage. The gate electrode of a P type MIS 
transistor has a second metal film 617 touching the gate 
insulation film 615 and having a work function &phiv;f in 
the range of 5.1 +Vth~&phiv;f~5.3+Vth, where Vth is the 
threshold voltage. 
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A SEMICONDUCTOR DEVICE INCLUDING SEMICONDUCTOR REGIONS HAVING 

DIFFERENTLY STRAINED CHANNEL REGIONS AND A METHOD OF MANUFACTURING 

THESAME 

BACKGROUND OF THE INVENTION 

1, TECHNICAL FIELD 

Generally, the present invention relates to the formation of integrated circuits, and, more particularly, to 

the formation of semiconductor regions of increased charge carrier mobility, such as a channel region of a field 

effect transistor, by creating strain in the semiconductor region. 

2. BACKGROUND ART 

The fabrication of integrated cin::uits requires the fonnation of a large number of circuit elements on a 

given chip area according to a specified circuit layout. For this purpose, substantially crystalline semiconductor 

regions with or without additional dopant materials are defined at specified substrate locations to act as "active" 

regions, that is, to act, at least temporarily, as conductive areas. Generally, a plurality of process technologies are 

cum:ntly practiced, wherein for complex circuitry, such as microprocessors, storage chips and the like, MOS 

technology is currently the most promising approach, due to the superior characteristics in view of operating 

speed and/or power consumption and/or cost efficiency. Owing the fabrication of complex integrated circuits 

using MOS technology, millions of transistors, i.e., N-channel transistors and/or P--channel transistors, are fonned 

on a substrate including a crystalline semiconductor layer. A MOS transistor, irrespective of whether an 

N-cbannel transistor or a P-channel transistor is considered, comprises so-called PN junctions that are formed by 

an interface of highly doped drain and soun::e regions with a slightly doped or non-doped channel regio~ disposed 

between the drain region and the source region. The conductivity of the channel region, i.e., the drive current 

capability of the conductive channel, is controlled by a gate electrode formed adjacent to the channel region and 

separated therefrom by a thin insulating layer. The conductivity of the channel region upon fonnation of a 

conductive channel due to the application of an appropriate control voltage to the gate electrode, depends on the 

dopant concentration, the mobility of the charge carriers, and, for a given extension of the channel region in the 

transistor width direction, on the distance between the source and drain regions, which is also referred to as 

channel length. Hence, in combination with the capability of rapidly creating a conductive channel below the 

insulating layer upon application of the control voltage to the gate electrode, the conductivity of the channel 

region substantially affects the performance of the MOS transistors. Thus, as the speed of creating the channel, 

i.e., the conductivity of the gate electrode, and the channel resistivity substantially detennine the transistor 

characteristics, the reduction of the channel length, and associated therewith the reduction of channel resistivity 

and increase of gate resistivity, renders the channel length a dominant design criterion for accomplishing an 

increase in the operating speed of the integrated circuits. 

The continuing shrinkage of the transistor dimensions, however, entails a plurality of issues associated 

therewith that have to be addressed so as to not unduly offset the advantages obtained by steadily decreasing the 

channel length of MOS transistors. One major problem in this respect is the development of enhanced 

photolithography and etch strategies to reliably and reproducibly create circuit elements of critical dimensions, 

such as the gate electrode of the transistors, for a new device generation. Moreover, highly sophisticated dopant 

profiles, in the vertical direction as well as in the lateral direction, are required in the drain and source regions to 

provide low sheet and contact resistivity in combination with a desired channel controllability, In addition, the 

vertical location of the PN junctions with respect to the gate insulation layer also represents a critical design 
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cmenon in view ot· leakage current control, as reducing the channel length also requires reducing the depth of the 

drain and source regions with respect to the interface furmed by the gate insulation layer and the channel region, 

thereby requiring sophisticated implantation techniques. According to other approaches, epitaxially grown 

regions are fonned with a specified offset to the gate electrode, which are referred to as raised drain and source 

regions, to provide increased conductivity of the raised drain and source regions, while at the same time 

maintaining a shallow PN junction with respect to the gate insulation layer. 

In other conventional solutions, the problem of increased resistivity of polysilicon gate electrodes in 

extremely scaled devices is addressed by replacing the currently used doped polysilicon by a metal as the gate 

electrode material, while nevertheless maintaining a self-aligned process sequence for the formation of the drain 

and source regions and the gate electrode. Th.is may be accomplished by fonning a dummy gate which may, in 

combination with removable sidewall spacers, act as an implantation mask during the fonnation of the drain and 

10urce regions. After embedding the dummy gate in an interlayer dielectric, the dummy gate may be replaced by 

a highly conductive gate material, such as a metal. With this approach of an "in-laid" gate electrode, the 

transistor performance may significantly be improved. The problem of restricted channel conductivity, however, 

is-not addressed by this approach. 

Furthermore, since the continuous size reduction of the critical dimensions. i.e., the gate length of the 

transistors, necessitates the adaptation and possibly the new development of highly complex process techniques 

concerning the abow-identified process steps, it has been proposed to also enhance device perl'ormance of the 

transistor elements by increasing the charge carrier mobility in the channel region for a given channel length, 

thereby offering the potential for achieving a performance improvement that is comparable with the advance to a 

future technology node of down-sized devices while avoiding many of the above process adaptations associated 

with device scaling. In principle, at least two mechanisms maY, be used, in combination or separately, to increase 

the mobility of the charge carriers in the channel region. Fir11t, the dopant concentration within the channel region 

may be reduced, thereby reducing scattering events for the charge carriers and thus increasing the conductivity. 

However, reducing the dopant concentration in the channel region significantly affects the threshold voltage of 

the transistor device, thereby presently making a reduction of the dopant concentration a less attractive approach 

unless other mechanisms are developed to adjust a desired threshold voltage. Second, the lattice structure in the 

channel region may be modified, for instance by creating tensile or compressive stress to produce a 

corresponding stntin in the channel region, which results in a modified mobility for electrons and holes, 

respectively. For example, creating tensile strain in the channel region increases the mobility of electrons, 

wherein, depending on the magnitude and direction of the tensile strain, an increase in mobility ofup to 120% or 

more may be obtained, which, in tum, may directly translate into a corresponding increase in the conductivity. 

On the other hand, compressive strain in the channel region may increase the mobility of holes, thereby providing 

the potential for enhancing the performance of P-type transistors. The introduction of stress or strain engineering 

into integrated circuit fabrication is an extremely promising approach for further device generations, since, for 

example, strained silicon may be considered as a "new" type of semiconductor, which may enable the fabrication 

of fa&t powerful semiconductor devices without requiring expensive semiconductor materials and manufacturing 

techniques. 

Consequently, it has been proposed to introduce, for instance, a silicon/germanium layer or a 

silicon/carbon layer in or below the channel region to creat.e tensile or compressive stress that may result in a 

corresponding strain. Although the transistor performance may be considerably enhanced by the introduction of 
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stress-creating layers in or below the Channel region, significant efforts have to be made to implement the 

formation of corresponding stress layen into the conventional and well-approved MOS technique. For instance, 

additional epitaxial growth techniques have to be developed and implemented into the process flow to form the 

gcnnanium- or clll'bon-contllining stress layers at appropriate locations in or below the channel region. Hence, 

process complexity is significantly increased, thereby also increasing production costs and the potential for a 

reduction in production yield. 

In view of the above-described situation., there exists a need for an alternative technique that enables the 

creation of different desired stress conditions in different semiconductor regions, while providing the potential for 

the formation of improved transistor architectures including the introduction of highly conductive gate electrodes. 

DISCLOSURE OF INVENTION 

The following presents a simplified summary of the invention in order to provide a basic understanding 

of some aspects of the invention. This summary is not an exhaustive overview of the Invention. It is not intended 

to identify key or critical elements of the invention or to delineate the scope of the invention. Its sole purpose is 

to present some concepts in a simplified form as a prelude to the more detailed description that is discussed later. 

Generally, the present invention is directed to a technique that enables the combination of the process 

strategies having the potential for forming enhanced transistor architectures, such as transistor elements including 

so-called "in-laid" gate electrodes, with enhanced stress or strain engineering to provide at least two different 

magnitudes or types of strain in two different semiconductor regions. Consequently, different regions within a 

die area or across the entire substrat.e bearing a plurality of individual die areas may receive differently strained 

semiconductor regions to individually adapt the charge carrier mobility and thus the conductivity thereof to 

specified process and device requirements. In particular, different types of transistors, such as N-type or 

N-channcl transistorS and P-type or P-channel transistors, may receive a different type or a different magnitude ~f 

strain within the respective channel regions while at the same time the gat.e conductivity may be enhanced, if 

desired, due to the possibility of forming in-laid gate electrode structures on the basis of highly conductive 

materials, such as metals. 

According to one illustrative embodiment of the present invention., a method comprises forming a first 

place holder structure above a first semiconductor region formed in a semiconductor layer that is located on a 

substrate. A second place holder structure is formed above a second semiconductor region which is formed in the 

semiconductor layer, and a dielectric layer having a specified intrinsic stress is deposited above the 

semiconductor layer to enclose the fust and second place holder structures. Additionally, a portion of the 

dielectric layer enclosing the second place holder structure is modified to change the intrinsic stress within the 

portion. Finally, the first and second place holder structures are replaced by a conductive material. 

According to another illustrative embodiment of the present i~vention, a method comprises fonning a 

first place holder structure above a first channel region of a fm1t transistor and forming a second place holder 

structure above a second channel region of a second transistor. Moreover, first drain and source re2ions are 

Conned adjacent to the first channel region and second drain and source regions are Conned adjacent to the second ,, 
channel region. Furthermore, above the first drain and source regions, 11 first dielectric layer having a first 

intrinsic stress is formed, and, above the second drain and soUR:e regions, a second dielectric layer having a 

second intrinsic stress that differs from the first intrinsic stress is formed. Finally, the first place holder structure 

is replaced with a first gate electrode structure and the second place holder structure is replaced with a second 

gate electrode structure. 
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According to yet another illustrattve embodiment or the present invention, a semiconductor device 

comprises a first transistor element having a first gate electrode with a first height and a second transistor element 

having a second gate electrode with a second height. The device further comprises a first dielectric layer having a 

first intrinsic stress and laterally enclosing the tint gate electrode, wherein the first intrinsic stress acts 

substantially homogenously within the fust dielectric layer up to the first height Moreover, the device comprises 

a secomt dielectric layer having a second intrinsic stress and laterally enclosing the second gate electrode, 

wherein the second intrinsic stress differs from the fii:st intrinsic stress and acts substantially homogenol18ly 

within the second dielectric layer up to the second height. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention may be understood by reference to the following description taken in conjunction with the 

accompanying drawings, in which like reference numerals identify like elements, and in which: 

Figures la-lh schematically show cross-sectional views of a semiconductor device during various 

manufacturing stages, wherein different strain is created at dilferent semiconductor regions by means of 

respective stress layers fonned in the vicinity of the semiconductor regions in accordance with a process strategy 

that enables the formation of in-laid gate electrode structures; 

Figure 2 schematically depicts a semiconductor device in cross-sectional view during a manufacturing 

stage in which an intrinsic stress of a stress layer is locally modified in accordance with further illustrati~ 

embodiments; and 

Figures 3a and 3b schematically show a semiconductor device in cross-section in a manufacturing stage 

during which ion species are deposited at certain locations to enhance the stress transfer into respective 

semiconductor regions in accordance with fwther illustrative embodiments oftbe present invention. 

While the invention is susceptible to various modifications and alternative forms. specific embodiments 

thereof have been shown by way of example in the drawings and are herein described in detail. It should be 

understood, however, that the description herein of specific embodiments is not intended to limit the invention to 

the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 

alternatives falling within the spirit and scope or the invention as defined by the appended claims. 

MODE{s) FOR CARRYING OUT THE INVENTION 

Illustrative embodiments of the invention are descn"bed below. In the interest of clarity, not all features 

of an actual implementation are described in this specification. It will of course be appreciated that in the 

development of any such actual embodiment, numerous implementation-specific decisions must be made to 

achieve the developers' specific goals, such as compliance with system-related and business-related constraints, 

which will vary from one implementation to another. Moreover, it will be appreciat.ed that such a development 

effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of 

ordinary skill in the art having the benefit of this disclosure. 

The present invention will now be described with reference to the attached figures. Various structures, 

systems and devices are schematically depicted in the drawings for pwposes of explanation only ~ so as to not 

obscure the present invention with details that are well known to those skilled in the art. Nevertheless, the 

attached drawings are included to describe and explain illustrative examples of the present invention. The wards 

and phrases used herein should be understood and interpreted to have a meaning consistent with the under­

standing of those words and phrases by those skilled in the relevant art No special definition of a term or phrase, 
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•. .,., .... enruuon mar is aurerem D'Om me oromary and customary meaning as understood by those skilled in the 

art, is intended to be implied by consistent usage of the term or phrase herein. To the extent that a tenn or phrase 

is int.ended to have a special meaning, i.e., a meaning other than that understood by skilled artisans, such a special 

definition will be expressly set forth in the specification in a definitional manner that directly and unequivocally 

provides the special definition for the term or phrase. 

The present invention is based on the. concept that strain in a semiconductor region, such as a channel 

region of a transistor element, may highly efficiently be generated by a material layer having a specified intrinsic 

stress that is formed close to the semiconductor region of interest. By providing a process strategy that allows an 

effective local adjustment of strain within a die area or within different substrate areas including a plurality of die 

areas and even at a very small scale, such as at different channel regions of a complementary transistor pair, an 

enhanced strain engineering may be combined with an enhanced transistor architecture, thereby providing high 

gate conductivity in combination with high charge carrier mobility and thus channel conductivity even for highly 

scaled transistor devices. With reference to the accompanying drawings, further illustrative embodiments of the 

present invention will now be described in more detail. 

Figure la schematically shows a cross-sectional view of a semiconductor device 100 that comprises a 

substrate 101, which may represent any appropriate substrate for forming thereon circuit elements of integrated 

circuits such as microprocessors, storage chips and the like. The substrate IOI may represent a bulk 

semiconductor substrate, such as a silicon substrate, or may represent, in particular embodiments, a silicon-on­

insulator (SOI} substrate, wherein a semiconductor layer 102 may represent tile crystalline silicon layer formed 

on an insulating layer (not shown) within tile substrate 101. Since the vast majority of advanced integrated 

circuits fabricated in accordance with MOS techniques are fabricated on the basis of silicon, in the following 

detailed description it may frequently be referred to silicon with respect to the semiconductor layer 102, wherein 

it should be appreciated that any other suitable semiconductor materials, such as gallium arsenide, germanium, 

silicon/germanium, or any oilier IIJ-V or Il-VI semiconductor materials, may also be used with the present 

invention. Similarly, the semiconductor layer 102 may represent an upper portion of a bulk semiconductor 

substrate, although it is shown as a separate layer. 

The semiconductor device 100 comprises a first place holder structure 104a fanned of any appropriate 

material, such as silicon dioxide, amorphous carbon, and the like. The first place holder structure l 04a is fonned 

above a first semiconductor region 107a, which may represent a first channel region, if a transistor is to be 

fonned by means of the first place holder I 04a. First doped regions l 06a, which may be arranged symmetrically 

or asymmetrically with respect to tile first semiconductor region 107a, may be fonned within the layer 102 and 

may be provided, in the embodiment shown, in the form of dnJin and source regions. That is, the vertical and 

lateral dopant profile of the first doped regions I 06a may be designed in accordance with device requirements of 

a specified transistor type. Hence, in particular embodiments, the doped regions 106a represent first drain and 

source regions having included therein a dopant material that imparts a specified type of conductivity to these 

regions. In this embodiment, the regions 106a may be N-doped and the regions 106a in combination with the 

flJ'St semiconductor region 107a may have the characteristics of an N-channel transistor. Moreover, sidewall 

spacers 105a are fanned on sidewalls of the first place holder 104a, wherein the sidewall spacer 105a may differ 

in material composition from the first place holder 104a to exhibit, in particular embodiments, a desired high etch 

selectivity in subsequent etch procedures. For example, the sidewall spacer 105a may be comprised of 

amorphous carbon. silicon nitride, silicon dioxide and the like. 
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Similarly, a second place holder structure 104b may be formed above a second semiconductor region 

107b, which may, in some embodiments, represent the channel region of a second transistor element Moreover, 

doped regions 106b may be funned adjacent to the second semiconductor region 107b to define, ill particular 

embodiments, the drain and source regions and the channel region of a specified transistor type. For example, the 

second semiconductor region 107b enclosed by the doped regions 106b may be located next to the first 

semiconductor region 107a enclosed by the respective doped regions 106a, but separated therefrom by an 

isolation structure 103 which may be provided in the form of a lrench isolation structure as is typically used in 

advanced semiconductor devices. When representing a transistor configuration, the regions I 07b, 106b may be 

of the same type as the regions 107a, 106a or may represent a different type of transistor, such as a P-type or 

P-channel transistor. It should be appreciated, however, that the first and second semiconductor regions 107a, 

107b may represent circuit elements that are located at very different positions within the same die area, but 

which require to receive a different type or magnitude of strain to provide different electrical characteristics. 

Similarly, the regions 107a, 107b may represent different circuit elements or even different die portions located at 

different substrate regions, such as a center region and a peripheral region, wherein the strain engineering for the 

fust and second semiconductor regions 107a, 107b may provide more uniform electrical behavior of 

semiconductor devices fabricated on the central and peripheral regions of the substrate 101. Regarding the 

material composition of the second place holder 104b and a sidewall spacer 105b formed on sidewalls thereof, the 

same criteria apply as a.re referred to with respect to the corresponding components 104a and 105a. 

A typical process flow for funning the semiconductor device 100 as shown in Figure la may comprise 

the following processes. After fonning the substrate 101 including the semiconductor layer 102 or receiving the 

same from substrate manufacturelS, implantation sequences may be performed to establish a specified vertical 

dopant profile within the finit and second semiconductor regions 107a, 107b. Thereafter, the first and second 

place holders 104a, 104b may be formed by well-established deposition. photolithography and etch techniques, 

wherein a length of the f1JSt and second place holders 104a, I 04b, that is, the horizontal dimension ( or gate length 

dimension) of these components in Figure la, may be adapted to design requirements and may be approximately 

100 nm and significantly leu for highly advanced integrated circuits. Thereafter, dopant species may be 

introduced to form the doped regions 106a, 106b therein. Depending 01;1 device requirements, the device 100 may 

correspondingly be masked, for instance by a photorcsist mask, to individually form the regions 106a, 106b with 

a desired type of dopant material. During these implantations, the place holders 104a, 104b act as an 

implantation mask to substantially avoid dopant penetration of the respective semiconductor regions 107a, 107b. 

Thereafter, the sidewall spacers 105a, 105b may be fonned by depositing a corresponding layer of material and 

anisotropically etching the material layer. It should be appreciated that, typically, a liner material may be 

deposited prior to a spacer material so as to not unduly damage the surface of the semiconductor layer 102 when 

exposed to the anisotropic etch atmosphere. For convenience, a corresponding liner is not shown in Figure I a. 

Then, a further implantation proce&B may be performed, possibly on the basis of a further photoresist mask, 

wherein also the first and second place holders 104a, 104b in combination with the respective sidewall spacers 

105a, 105b act as an implantation mask to obtain the desired lateral dopant profile in the doped regioM 106a, 

106b, respectively. Then, corresponding anneal cycles may be performed to activate the dopants in the regions 

106a, 106b and re-crystallize damaged crystal portions. Alternatively, corresponding anneal processes may be 

perfonned after one or more of the above-described implantations. 
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It should be noted that m some examples when a highly sophisticated lateral dopant profile is required, 

additional sidewall spacers {not shown) may be formed, followed by a further implantation step to obtain a more 

complex dopant profile within the regions 106a, 106b. Thereafter, in particular embodiments, the sidewall 

spaceis 105a, 105b may be removed by a selective etch process on the basis of well-established process recipes. 

For instance, the spacers 105a, 105b, when comprised of silicon nitride, may selectively be removed by hot 

phosphoric acid. In other examples, the spacers I 05a. t 0Sb may be removed by a plasma etch process, wherein, 

in some embodiments, the liner (not shown), typically used as an etch stop layer, may be maintained during the 

implantation cycle and may now be used 88 an etch stop layer during the removal of the spacers I 0Sa, lOSb. In 

other embodiments, the spacers 105a, 105b may be maintained during the further processing of the device l 00. 

Figure lb schematically shows the device 100 in an advanced manufacturing stage. Here, the device 

100 comprises a dielectric layer 108 having a specified intrinsic stress, which is formed to enclose the first and 

second place holders 104a, 104b. The term "intrinsic stress" is to be understood as specifying a certain type of 

stress, that is tensile or compressive, or any variation thereof, i.e., orientation dependent tensile or compressive 

stress, as well as the magnitude of the stress. Thus, in one embodiment, the dielectric layer 108 may have an 

intrinsic tensile stress with a magnitude of approximately 0.1-1.0 GPa (Oiga-Pascal). The dielectric layer 108 

may be comprised of any appropriate material, such as silicon nitride. In one illustrative embodiment, the device 

100 further comprises a confonnal etch stop layer 109 having a different material composition compared to the 

dielectric layer 108 and having a significantly smaller thickness compared to the dielectric layer 108. For 

example, the etch stop layer 109 may be comprised of silicon dioxide. 

The etch stop layer 109, if provided, may be formed by well-established plasma enhanced chemical 

vapor deposition (PECVD) techniques on the basis of precursor materials, such as TEOS or silane. The dielectric 

layer 108 may be formed by PECVD techniques on the basis of well-known process recipes, wherein process 

parameters may be adjusted to achieve the desired intrinsic stress. For example, silicon nitride may be deposited 

with high compressive or tensile stress, wherein the type and magnitude of the stress may readily be adjusted by 

controlling process pammetera, such a11 deposition temperature, deposition pressure, tool configuration, bias 

power for adjusting an ion bombardment during the deposition process, plasma power, and the like. For example, 

increased ion bombardment, that is increased bias power, during the deposition of silicon nitride promotes the 

creation of compressive stress given that the remaining parameters are the same. After the deposition of the 

dielectric layer 108, in some particular embodimentB, the resulting topography may be planarized, for instance by 

chemical mechanical polishing (CMP) in accordance with well-established process recipes. Thereby, excess 

material of the dielectric layer 108 may be removed to a specified degree to arrive at a substantially planar 

surface or, in some illustrative embodiments, the material removal may be continued until top surfaces of the first 

and second place holders 104a, 104b are exposed. In other embodiments, however, the further processing may be 

performed without planarizing the layer l08. 

Figure le schematically shows the device 100 in a further advanced manufacturing stage, in which a 

portion of the layer 108, which has surrounded the second place holder 104b, is removed while the first place 

holder 104a is still embedded, at least laterally, by the remaining dielectric layer 108, which is now referred to as 

108a. Furthermore, a resist mask 110 is formed on the device 100 to expose the second place holder 104b and the 

associated portion of the layer 102 including the etch stop layer 109, if provided. 

The resist mask 110 may be formed in accordance with photolithography techniques that may also be 

used in differently doping P-type and N-type transistors and hence corresponding processes are well established. 
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'1nerearler, the dielectnclayer -108 may selectively be etched by an anisotropic process recipe to finally obtain the 

dielectric layer 108a having the specified intrinsic stress. During the anisotropic etch process, the etch stop layer 

109, if provided, may prevent undue material removal and/or damage of exposed portions of the semiconductor 

layer 102. 

Figure ld schematically shows the device 100 with a second dielectric layer 11 l having a second 

specified intrinsic stress, which covers the dielectric layer portion 108a and the second place holder 104b and the 

exposed semiconductor layer 102 or the etch stop layer 109. It should be noted that the exposed portion of the 

etch stop layer 109 may be removed prior to the deposition of the second dielectric layer 111, when the exposed 

portion of the etch stop layer 109 is considered inappropriate owing to any damage caused by the preceding 

anisotropic etch process of the dieleclric layer 108. In this case, a further et.ch stop layer similar to the layer 109 

may be deposited, which may then also cover the dielectric layer portion 108a (shown in dashed lines) and may 

cover the exposed portions oftbe semiconductor layer 102 and the second place holder 104b. For convenience, 

this portion of the etch stop layer is still denoted as 109. Providing the etch stop layer 109 on the semiconductor 

layer 102 may be advantageous in forming contact openings in a later manufacturing stage. In other 

embodiments, however, the etch stop layer 109 may be omitted. 

The second dielectric layer 111, which may be comprised of any appropriate material, such as silicon 

nitride, may be deposited by well-established deposition recipes, wherein process parameters are controlled to 

provide the desired intrinsic stress in accordance with device requirements. Ar, previously noted, silicon nitride 

may readily be deposited on the basis of well-known process recipes with a wide range of compressive and 

tensile stress, for example reaching from 1.0 GPa compressive stress to 1.0 GPa tensile stress. In one particular 

embodiment, the intrinsic stress of the second dielectric layer 111 is designed to impart a compressive stress to 

the second semiconductor region 107b, when this region is to represent the channel region of a P-type transistor. 

Thereafter, excess material of the dielectric layer 111 and possibly of the layer portion 108a, when the dielectric 

layer 108 has not been planarized or has been planarized to a level well above the first place holder l04a, as 

shown in Figures le and ld, may be removed by a CMP process, thereby also planarizing the topography of the 

device 100. 

Figure le schematically shows the device 100 after the above-described process sequence. Hence, the 

device 100 comprises a substantially planar topography with the layer portion 108a laterally enclosing the first 

place holder 104a and with a second layer portion 11 lb laterally enclosing the second place bolder 104b. 

Consequently, a substantially homogeneously acting intrinsic stress of the layer portion 108a, herein shown as a 

tensile stress indicated as I 18a, creates a respective deformation and thus strain in the first semiconductor region 

107a, that is, in the present example a tensile strain, which typically increases the mobility of electrons in this 

region. Similarly, the layer portion 11 lb having the substantially homogeneously acting second intrinsic stress, 

in this example illustrated in the form of a compressive stress l2lb, cotTespondingJy creates a deformation or 

strain within the second semiconductor region l 07b, which is in the present example a compressive strain, 

thereby increasing the mobility of holes. It should be appreciated that other configurations may be contemplated 

for creating different strain in the semiconductor regions 107a, 107b. For example, the intrinsic stress 118a may 

be compressive and the intrinsic stress 121 b may be tensile, or the intrinsic stresses 118a and 12 lb may both be 

tensile or compressive and may differ in their magnitudes. rn other examples, the intrinsic stress 118a or 121b 

may be selected to yield a substantially zero strain in the respective semiconductor region, whereas the other 

semiconductor region receives a desired magnitude of strain. :rJtis configuration may be advantageous in 
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prov1omg ·more -uiiifomi • elcctrfoal characteristics of P-type transistors and N-type transistors, wherein the 

mobility of the P-type transistors is to be increased, while the performance of the N-type transistors should not be 

deteriorated. 

Figure lf schematically shows the device 100 with the place holders 104a, 104b removed. Furthermore, 

respective gate insulation layers 113a, 113b are fonned above the first and second semiconductor regions 107a, 

107b, respectively. 

The removal of the place holdem 104a, I 04b may be accomplished by a selective etch process, which 

may include a plasma etch process and/or a wet chemical etch process. For instance, the place holders 10411, 

104b when comprised of silicon dioxide or amorphous carbon, may readily be selectively etched with respect to 

the layer portions 108a, 11 lb when for instance comprised of silicon nitride, and with respect to the material of 

the first and second semiconductor regions I 07a, 107b on the basis of well-established process recipes. For 

example, the removal process may include a plasma etch process for selectively removing the essential amount of 

the first and second place holders 104a, 104b, while the remaining portion of these place holden may then be 

removed by a highly isotropic or wet chemical etch process so as to not unduly damage the regions 107a, 1Q7b_ 

In other embodiments, additionally or alternatively, damaged surface portions of the regions 107a, 107b may be 

oxidized, for instance by thermal oxidation or wet chemical oxidation, and the oxidized portion may be removed 

by a highly selective wet chemical etch process, for instance, on the basis of fluoric acid (HF) without 

significantly damaging the regions 107a, 107b. 

. After removing the place holders 104a, 104b, the gate insulation layen 113a, 113b may be formed by 

oxidation and/or deposition in accordance with design requirements. For example, the gate insulation layers 

113a, 113b may be formed by thennal or wet chemical oxidation in accordance with well-established recipes to 

obtain a finely tuned layer thickness as required for advanced transistor devices. Thereby, a thickness of the gate 

insulation layer may range from 1.5 to several nanometers. In other embodiments, an extremely thin thermal 

oxide may be formed, followed by the deposition of an appropriate dielectric material to achieve the desired final 

thickness of the gate insulation layers 1 13a, 113 b. A corresponding deposited layer is shown in dashed lines and 

is indicated as 112. It should be appreciated that the gate insulation layers 113a, 113b may also be formed by 

means of the deposited layer 112 only. In some illustrative embodiments, prior to the fonnation of the gate 

insulation layers 113a, 113b, a dielectric layer such as the layer 112 may be deposited in a highly conformal 

fashion and with a precisely defined layer thickness, when the initial length 112a of the opening defined by the 

place holder 104a is considered too great for a desired value of the gate electrode to be Conned. Thereafter, the 

material deposited at the bottom of this opening, i.e., on the region 107a, may be removed by an anisotropic etch 

process, similarly as is used in typical sidewall spacer techniques. In this way, the gate length of transistor 

structures may be fine-tuned to compensate for fluctuations in the photolithography or to extend the resolution of 

the photolithography. Thereafter, the respective gate insulation layers may be formed as is described above. 

Figure lg achematically shows the semiconductor device 100 with a layer of conductive material 123 

formed above the structure of Figure lf. The layer 123 may be comprised of doped polysilicon or, in 

embodiments for highly advanced semiconductor devices, may comprise a metal or a metal compound. For 

example, the layer 123 may comprise tungsten, tungsten silicide, aluminum, nickel, copper, or any compounds 

thereof, and the like. Depending on the type of material used for the layer 123, corresponding deposition 

techniques may be used. For instance, polysilicon, aluminum, tungsten, tungsten silicide, and the like may 

readily be deposited on the basis of well-established chemical vapor deposition (CVD) techniques. In other 
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cases, plating methods such as electroplating or electroless plating may be used for reliably filling the respective 

openings above the first and second semiconductor regions 107a, 107b. Thereafter, any excess material of the 

layer 123 may be removeq by any appropriate technique, such as etching, chemical mechanical poliahing, and 

any combination thereof. 

Figure Ih schematically shows the semiconductor device 100 with the excess material of the layer 123 

removed and with a further interlayer dielectric 126 Conned as the uppermost layer of the resulting structure. 

Thus, the device 100 comprises a gate electrode structure 124a above the first semiconductor region 107a and a 

second gate electrode structure 124b above the second semiconductor region 107b, thereby defming a first 

transistor element 130a and a second transistor element 130b. Moreover, as shown in Figure lb, the layer portion 

108a provides the first intrinsic stress 118a acting substantially homogeneously on the gat.e electrode structure 

124a up to a height 125a, whereas the second layer portion Illb provides the second intrinsic stress 121b that 

~cts substantially homogeneously on the second gate electrode structure 124b up to a height 125b thereof. 

Consequently, depending on the stresses 118a, 121b, respective deformations or strains are achieved in the 

associated semiconductor regions or channel regions 107a, 107b. Hence, the charge carrier mobility in these 

channel regions is individually adjustable by correspondingly controlling the stress 118a, 121b. In particular, the 

transistor configuration as shown in Figure lb is substantially planar and enables a self-aligned formation of the 

doped regions 106a, 106b, i.e., the respective drain and source regions, with respect to the associated gate 

electrode structures 124a, 124b. Moreover, the gate electrode structures 124a, 124b may be formed of a highly 

conductive material, such as a metal, metal compound, highly doped polysilicon, or any combination thereof, and 

the like. In particular embodiments, the gate electrode structures 124a, 124b are substantially comprised of a 

metal. 

Figure 2 schematically shows a semiconductor device 200 in an intennediate manufacturing stage in 

accordance with further illustrative embodiments of the present invention. In Figure 2, identical or similar 

components as are shown in Figures Id and le are denoted by the same reference signs except for a leading "2" 

instead of a "1." Hence, the device 200 comprises the substrate 201 with the semiconductor layer 202 formed 

thereon including the fmt and second semiconductor regions 207a, 207b with the associat~d doped regions 206a, 

206b. The place holders 204a, 204b are laterally embedded into the dielectric layer 208 having a specified 

intrinsic stress. Moreover, the resist mask 210 is Conned above the dielectric layer 208 to expose that portion of 

the device 200 that is associated with the second semiconductor region 207b. Regarding the fonnation of the 

device 200 as shown in Figure 2, it is referred to the description with reference to Figures la, lb and le. 

Moreover, the device 200 is subjected to an ion bombardment 240 to modify the stress characteristics of 

a layer portion 208b of the dielectric layer 208, which is not covered by the resist mask 210. For example, heavy 

inert ions, such as xenon. argon, silicon, and the like, may be implanted into the portion 208b, thereby relaxing, at 

least partially, the specified intrinsic stress. Consequently, the layer portion 208a maintains the specified intrinsic 

stress, thereby creating a specified deformation within the first semiconductor region 207a, while the 

corresponding strain in the second semiconductor region 207b may significantly differ therefrom, depending on 

the degree of relaxation witliin the layer portion 208b. For example, the dielectric layer 208 may have been 

deposited with a high compressive stress, for instance when the regions 206a, 207a are to represent a P-type 

transistor configuration, ta significantly improve the hole mobility in the first semiconductor region 207a. By 

relaxing the initially compressive stress in the layer portion 208b to a specified degree, the amount of reduction of 

electron mobility within the second semiconductor region 207b, when designed as an N-type channel region, may 
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tnen oe adjusted in· accordance with design requirements. As already previously stated, the first and second 

semiconductor regions 207a, 207b may not necessarily need to represent different types of channel regions but 

may also represent identical channel regions, wherein for instance a different degree of operational behavior or a 

desired degree for adjustment of device uniformity may be achieved by the process technique as shown in Figure 

2. 

The further processing of the device 200 may then be continued as is also described with reference to the 

device 100 depicted in Figures le-lb. 

Figure 3a schematically shows a semiconductor device 300 in accordance with further illustrative 

embodiments of the present invention. The device 300 may represent a device similar to that shown in Figure 1 e 

so that similar or identical components are denoted by the same reference numbers except for a leading "3" 

instead of a "1." Thus, a detailed description of these components is omitted here. Moreover, the device 300.is 

subjected to an ion implantation 350 for inserting a light ion species, such as hydrogen, helium or oxygen, into 

the semiconductor layer 302 or the substrate 301. The ion implantation 350 is perfonned with a high dose and an 

appropriate energy to achieve a high impurity concentration at a desired depth within the layer 302 and/or the 

substrate 30 l. For example, initially implanted peak concentration may be selected to achieve a concentration in 

the range of approximately 1021

- 1023 atoms/cm3

. Typical implantation parameters for helium or hydrogen may be 

approximately 3-15 keV, depending on the desired penetration depth with a dose of approximately 5 x 1015 to 

2 x 1016 ions per cm2• Thereafter, a heat treatment may be perfonned, for instance at temperatures of 

approximately 350-l,000°C and typically at approximately 700-950°C for a time period of several minutes to 

create "bubbles" or "voids" 351 within the layer 302 and/or the substrate 301. Since the ion implantation 350 is 

performed through the layer portions 308a, 311 b with the place holders 304a, 304b still being present, a 

substantially unifonn depth for the bubbles 351 is achieved. Since a light inert species is introduced, the stop 

mechanism during the implantation is mainly based on an interaction with crystal electrons so that damage in the 

layers 308a, 311 b and thus stress relaxation is negligible. Due to the bubbles 351, a certain degree of mechanical 

decoupling of the regions 306a, 307a, 306b, 307b from the remaining layer 302 and/or the substrate 30 I is 

achieved, thereby significantly enhancing the transfer of stress ftom the layer portions 308a, 311b into the 

respective regions 307a, 307b. Thus, the strain engineering of the regions 307a, 307b may significantly be 

enhanced and thus the charge carrier mobility and the channel conductivity may be improved more efficiently. 

It should be appreciated that in other embodiments the ion implantation 350 may be: perfonned at an 

earlier manufacturing stage, for instance prior to the formation of the layer portions 308a, 311 b and possibly prior 

to the formation of the place holders 304a, 304b, thereby avoiding any relaxation effects, even though they may 

be very smalt as explained above. The bubbles 351 may then be created during any anneal cycles for activating 

the dopants in the region 306a, 306b. 

Figure 3b schematically shows the semiconductor device 300, in which the place holders 304a, 304b are 

removed prior to the ion implantation 350. In this case, the implantation energy may be selected to position the 

light ion species within the semiconductor layer 302 substantially without affecting the regions 306a, 306b. 

Hence, the semiconductor regions 307a, 307b may highly efficiently be decoupled from the remaining 

semiconductor layer 302 by means of the bubbles 35 l. Thus, the stress transferred to the regions 307a, 307b is 

also significantly increased. Moreover, the bubbles 351 themselves may act as a source of stress, thereby also 

creating a corresponding strain within the respective regions 307a, 307b. In this way, two effective strain­

inducing mechanisms may be combined. 
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As a result, Thepiesent invention provides a semiconductor device and a technique for fonning the same 

wherein different semiconductor regions may receive a different strain, while the fonnation process allows the 

formati~n of planar transistor architectures including highly conductive gate electrodes. For this purpose, a 

dielectric layer laterally enclosing the gat.e electrode structures of various transistor elements is locally modified 

such that at least two different strain components are obtained in the respective channel regions. Thll8, 

complementary transistor pairs may be formed, each transistor having a differently strained channel region. The 

modification of the strain-inducing stress layer may be accomplished by removing a specified portion of the layer 

and replacing it with a layer portion of a different intrinsic stress and/or by relaxing the intrinsic stress to a 

desired degree. Furthermore, due to the combination of the enhanced stress or strain engineering technique with 

a process for in-laid gate electrode structures, extremely highly conductive gate electrode structures may be 

attained, thereby providing enhanced gate and channel conductivity even for extremely scaled devices having a 

gate length of 100 run and significantly less. Additionally, the local stress modification may advantageously be 

combined with mechanisms for effectively decoupling the channel regions from the surrounding material, thereby 

remarkably enhancing the efficiency of stress tnmsfer into the respective channel regions. 

The particular embodiments disclosed above are illustrative only, as the invention may be modified and 

practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the 

teachings herein. For example, the process steps set forth above may be performed in a different order. 

Furthermore, no limitations are intended to the details of construction or design herein shown, other than as 

described in the claims below. It is therefore evident that the particular embodiments disclosed above may be 

altered or modified and all such variations are considered within the scope and spirit of the invention. 

Accordingly, the protection sought herein is as set forth in the claims below. 
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CLAIMS 

WHAT IS CLAIMED: 

1. A method, comprising: 

forming a first place holder structure 104a above a first semiconductor region 107a fonned in a 

semiconductorlayer 102 located on a substrate 10 I; 

forming a second place holder structure 104b above a second semiconductor region 107b formed in said 

semico,iductor layer 102; 

depositing a dielectric layer 108 having a specified intrinsic stress above said semiconductor layer 102 to 

enclose said first and second place holder structures 104a, 104b; 

modifying a portion of said dielectric layer 108 enclosing said second place holder structure 104b to 

change said intrinsic stress of said portion; and 

replacing said first and second place holder structures 104a, 104b with a conductive material. 

2. The method of claim l, further comprising fonning doped regions 106a, 106b in said 

semiconductor layer 102 adjacent to said tint and second semiconductor regions 107a, 107b. 

3. The method of claim 2, wherein forming said doped regions l 06a, 106b comprises introducing 

at least one dopant species by an ion implantation process while using said tint and second place holder 

structures as an implantation mask. 

4. The method of claim 3, wherein forming said doped regions 106a, 106b comprises forming at 

least one sidewall spacer element on sidewalls of each of said first and second place holder structures and using 

said at least one sidewall spacer as an implantation mask at lellllt during one step of said ion implantation 

process. 

5. The method of claim 5, further comprising removing said at least one sidewall spacer prior to 

depositing said dielectric layer 108. 

6. The method of claim I, wherein modifying said portion surrounding said second place holder 

structure I 04b comprises removing said portion. 

7. The method of claim 7, further comprising depositing a second dielectric layer 126 above said 

semiconductor layer 102, said second dielectric layer 126 having a second intrinsic stress that differs from the 

intrinsic stress ofsaid dielectric layer 1Q8. 

8. The method of claim 8, further comprising removing material of said second dielectric layer 

126 to expose a top surface of said second place holder structure I 04b. 

9. The method of claim 7, further comprising planarizing a surface of said second dielectric layer 

126 prior to removing said portion surrounding said second place holder structure 104b. 
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10. The method of claim l, wherein modifying said portion surrounding said second place holder 

structure 104b comprises selectively relaxing said intrinsic stress in said portion. 

11. The method of claim 10, wherein said intrinsic stress is selectively relaxed by ion bombardment 

of said portion. 

12. The method of claim 1, further comprising implanting an inert species into an area adjacent to 

at least one of said first semiconductor region l 07a and said second semiconductor region I 07b and heat treating 

said substrate t.o fonn voids caused by said inert species. 
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0 b J:Jc, ij'- ~ ~~JJtIDrotJJt 1 0 3 b, m- 2 O)~~Jlt 1 0 5 b, &<11/ I} ::r /'Jlt 1 0 6 
b -/J11l~IDrot ~ ti tc m- 2 0) /'\ -7 - .:::::.. ✓ Y'1½~ 1 0 7 B ~ IDJvt9 o o 

[0 0 1 0] 
-t O)f~, CKl:7F l, 1J:. P -/J\ 1/ I} ::r /' JJt 1 0 6 a , 1 0 6 b J:Jc IDJvt ~ ti tc J/ - ~ /'\ -7 - /' 

IDik: ~ =if9 o v-:,} 7-. ~ ~ ~ 7-. :7 tc L, -C, P' 7 --{ :r. '>' + /' Y'$ tc J: 'J , m- 1 0) /'\ -7 - .:::::.. /' Y' 
1½~ 1 o 7 A ~ /'\ !7 - .:::::.. ✓ y- L, -C, J/ - ~ ~~JltIDrotlJt 1 o 3 a tJ~ t; tJ:. om- 1 0) -3/' - Ht-a~ 
Jlt, lirJtcm-1 O)~~Jlt 1 0 4 a, m- 2 O)~~Jlt 1 0 5 a, &<11/ I} ::r /'Jlt 1 0 6 a tJ~ t; 
tJ:.o m- 1 O)J/- ~mt:i~IDJvt9 o ~~tc, m- 2 0)/'\,!7-.:::::.. ✓ Y'1½~ 1 0 7 B ~/'{,!7-.:::::.. ✓ Y' 
l,-C, ij'- ~~~JltIDrotlJtl 0 3 btJ~t;tJ:.om-20)!/- ~~~Jlt, lirJtcm-20)~~Jltl 
o 5 b &<11/ IJ ::r ✓JJt 1 o 6 b tJ~ t; tJ:. om- 2 O)J/- ~ mffi~IDPX9 00 

[ 0 0 1 1 ] 
2: 2: '1:\ m- 1 O)ftE:~O)~i,Jf,f~1m'._O)ffiYmJJ$,c.i3lt o Ft1,~J~~UC-::> It \-C~BJ::}9 00 m- 1 0) 

vi:*O)~i,Jf,f~1m'._O)fflYm:1J$'"'ftt, CK! 1 3 tC:7F9 J: 7 tc, m- 1 0)/'\,!7-.:::::.. /' Y'1½~ 1 0 7 A 
~ m- 2 0)/'\ -7 -.:::::.. /' Y'1½~ 1 0 7 B ~ tt, 1:LPtct'/iirot-/J1~tJ:. o tc t ftiJ.b i; 9 (i$~tc t'i, m­
l 0)/'\'7 -.:::::.. ✓ Y'1½~ 1 0 7 A O)f'/iirot,i 4 fil'/iinx'"'f ~ o O)tcJtL,, m- 2 0)/'\,!7 -.:::::.. /' Y'1½~ 1 
0 7 B O)f'/iinxti3 nU'/iirot'"'f~o) , 1LPtcfo]~O)I.f~Hc;i3P-C, 9/J:_,b~, 1:LPtcfo]~O) 
:r. '» + ✓ Y-~dtt-O)T, /'\'7-.:::::.. ✓ y-~ tio tcfl>, m-1 O)J/- ~mffi&<Jm- 2 O)ij-- ~mt:i 
O)~jj~fl&~ < IDJvt9 o 2: ~ -/J1'"'f ~ tJ:. 1t \ ~ 1t \ -5 rt1,~-/J1~ 00 1,IJ;t ,-t, :r. '>' + ✓ 7"*14~ 
, m-2 0)-3/-- ~mffitJ1fl&~ < IDrot~ tio:r. ,>' + ✓ Y'*14tc L, td~i:i-, m- 1 0)/'\,!7-.:::::.. ✓ 
Y'1½~ 1 0 7 A tc.i3lt om- 1 O)~~Jlt 1 0 4 a &<1-3/'- ~ ~~JltIDrotJJt 1 0 3 a -/J1:r. '>' + /' 
y· ~ ti --r tc J~t¥9 o tc fl>, m- 1 0) .if - ~ mffi ~ fl&~ < IDJvt9 o 2: ~ -/J1'"'f ~ tJ:. Po ~ :1J, 
1,IJ ;t t'i, :r. '>' + ✓ Y'*14 ~' m- 1 0) J/ - ~ m1:i-/J1fw&~ < ID rot~ ti 0 :r. "/ + ✓ Y'*14 ,c L, 
tc~i:i-, p 2:f'lM I S IDrotffl:t:iO)~i,Jf,f£ffi 1 0 0 & rJ*-i'-:5ttlffl:l:i 1 0 1 g::q;: :r. '>' + ✓ y· 
l'fUtitJt~9 o O)'"'f, m- 2 O)J/- ~ mt:i~fl&~ < IDPX9 o 2: ~ tJt'"'f ~ tJ:. Po 

[0 0 1 2] 
!-JTtc, m-2 O)Vf*O)~i,Jf,f~1m'._O)ffiYmJJ$&rJ-z-O)rt1,~J~~UC-::>P-Clffi:tc~Bij9 Go m-

20)Vf*O)~i,Jf*~1m'._O)fflYm:1J$tC-::>P-C, CK! 1 4 (a) ,-.; (e) ~$Yijl,/J:_-/Jtt;~Bij900 
CK! 1 4 (a) ,-.; (e) ti, m- 2 O)Vf*O)~i,Jf,f~1m'._O)fflYm:1J$~ If¥J[&tC:7F9 .if- ~ $jjj"[ti]O) 
~1½~If¥1m00CK!'"'f ~ o o tJ:. ;i3, rRl g=qc ;i3 P -C, klU tC7F9 r n M I SJ ~ ,t n 2:f'lM I S ~ 
7 /'-:,} 7-. -7 tJtIDmt~ tio n 2:f'lM I S IDrottiUi~:7F L,, £{Jl!HC:7F9 r p M I SJ ~ fi p 2:f'lM 
I s ~ '7 ✓ 1/ A -7 tJtIDnx;~ tio p 2:f'lM I s IDrotffl:t:i~:7F L, -c Po o 

[0013] 
¼ --r, ~iJ1*£ffi 2 o o 0) J:.1½~tc*-=f-:5ttlffl:l:i 2 o 1 ~~:JREFl tcIDJvt9 o o 2: titc J: 'J 

, n!f'lM I SID)Vtffl:t:itcti, *-=f-:5}'4iffi:l:i2 0 1 tc!ffl¼titcm-1 0)1i5'f4.ffl:t:i2 0 0 a tJtID 
rot~ ti, P 2:f'lM I S IDrotffl:t:itcfi, *-i'-:5ttlffl:l:i 2 0 1 ,c1tt1¼ titcm- 2 0)1i5'f4.ffl:t:i 2 0 0 
b tJtIDnx;~ tioo -z-O)f~, ~iJ1*£ffi 2 0 0 tc.i3lt on 2:f'lM I S IDrotffl:t:itc p 2:f'1 r';J ;r.Jvffi 
:1:i2 o 2 a ~IDJvt90~:1J, ~iJ1*£:t/x2 o o tc.i3lt o p!f'lM I SIDrotffl:t:itc n!f'lr';J ;r.Jv 
ffl:t:i 2 o 2 b ~IDJvt9 o o 

[0014] 
~tc, ~i,Jf,f£ffi2 0 0 J:.tc, n!f'lM I S ~ 7 /'1/7-.-7 jf}O)ij'- ~~~Jlt:ttfl. (J,JT, 



1 n M I S ffl~~:ftf-t J ~ f$9) tJ~ 6 tJ:. Gm- 1 OJ l/- I-- ~~M;ID,©t}Jl, n M I S ffl~wUt 
f-ttJ~i:>tJ:.Gm-1 O)~~M;, &dm-10)'?_:7-71Jl~lmuufirot9Go -i"OJtft, rm14 (a) tC:JF 
9 J: '? tc, 7 7t 1-- lJ '/ :7'' 7 7 -1 $Jc J: l'J , m- 1 OJ"<' _:7- 7 M;J:Jc n !fYM I S IDrotm:ti ~ 1J( '? 
v 1/ ;z_ 1-- "<' _:7- 7 2 0 6 ~ IDPX9 Go 

[0015] 
~tc, v 1/ _:7- 1-- '? ,:7- 7 2 0 6 ~ "<' _:7- 7 tc L -c_ m- 1 OJ'? _:7- 7 }Jl~ :c. '>' + ✓ :7'' L -C, m- 1 

OJ"<',:7-71Jl2 0 5 a ~IDrotCt.:tft, V1/A f--"<',:7-7 2 0 6 ~~-:t29Go -i"OJtft, m- 1 OJ"<' 
;z_ 7 M; 2 0 5 a~"<' ;z_ 7 tc L -C, m-1 OJ~~M; 2 0 4, &dm- 1 OJlf- 1-- ~~JJlIDrotiJl 2 
0 3 ~ J®[~ :c. '1/ + ✓ :7''9 G 0 

[0 0 1 6] 
~tc, rm 1 4 (b) tC:JF9 J: '? tc, ¥J.f.ft£ffi 2 0 0 J:JC, p !fYM I S {-- 7 ✓ 1/ _:7- '.57 ffl OJ 

l/ - I-- ~~JJt:+t~ (tl T, 1 P M I s ffl ~~:ftf-t J ~ f$9) tJ~ 6 tJ:. Gm- 2 OJ l/- I-- ~~M; 
IDrotiJl2 0 7, pM I sm~~:ttf-ltJ~i:>tJ:.Gm-2 O)~~}Jl2 0 8, &dm-2 0)'?_:7-71Jl2 
0 9 ~ J®r~IDPX9 GO -i" 0Jf3t, 7 7t I-- I} '} :7'' 7 7 ,{ '$ ,c J: l'J ' m- 2 0) '? A 7 M; 2 0 9 J:JC 
p!fYMISIDrotffl~~1lt?v1/_:7-f--"<',:7-7210~IDrot9Go 

[0 0 1 7] 
~tC, rm l 4 ( c) tC:JF9 J: '? tc, v 1/ _:7- f-- '? _:7- 7 2 l O ~ '? _:7- 7 tc L, -C, m- 2 OJ'? _:7- 7 

M; 2 0 9 ~ :c. '>' + ✓ :7'' L, -C, m- 2 OJ"<' ;z_ 7 M; 2 0 9 b ~ ID rot L tdft, v 1/ ;z_ 1-- "<' ;z_ 7 2 1 
0 ~~-:t29Go -i"OJfft, m-2 OJ"<',:7-71Jl2 0 9 b ~"<',:7-7tC l,-C, m-2 OJ~~M;2 0 8, 
& dm- 2 0) if - 1-- ~~JJtIDrotJJt 2 o 1 ~ im~ :c. o/ + ✓ :7''9 G 0 

[0018] 
~tc, rm 1 4 (d) tC:JF9 J: '? tc, m- 1. m- 2 OJ'? _:7- 7 }Jl 2 0 5 a. 2 0 9 b ~~-:t2 L, fc 

fjt, m- 1 O)~~}Jl 2 0 4 Bzdm- 2 O)~~}Jl 2 0 8 J:JC, 1/ I} :::1 ✓JJt 2 1 1 ~IDPX9 Go 
[0019] 

2: OJ J: '? tc L, -C, rm 1 4 (d) tC:JF9 J: '? tc, m-1 OJ)t1f4.m:ti 2 0 0 a J:JC, m-1 OJlf­
f-- ~~JJlIDrotJJl 2 o 3, m- 1 OJ~~M; 2 o 4, &d1/ lJ ::r ✓JJt 2 1 1 tJ1~~~IDrot~ :ht.:m-
1 OJf" ?7 -.::::. ✓ :7''-i'½~~IDrot9 G ~ ~tc, m- 2 0>m·t1m:ti 2 o o b J:.tc, m- 2 OJ-3/' - I--~~ 

JJlIDrotJJl 2 o 7, m- 2 OJ~~M; 2 o 8, &d1/ lJ ::r ✓JJt 2 1 1 tJ1-~~IDrot~ :htcm- 2 OJ/'\ 
?7 -.::::. ✓ :7''-i'½~~IDrot9 Go 

[0020] 
~tC, rm l 4 (e) tC:JF9 J: '? tc, 7 7t f-- lJ '/ :7''7 7 -1 $tC J: l'J, 1/ I} ::r ✓JJt 2 l l J:.tc 

-3/' - I--/'\ ?7 - ✓IDlk~if9 G v 1/ ;z_ I-- Crm:JF'"lt9) ~IDrot L, tdtt, v 1/ ;z_ I-- ~ "<' ;z_ 7 tc L 
-C, :c. '>' + ✓ :7''$ tc J: l'J , m- 1 OJ/'\ ?7 - .::::. ✓ :7''-i'½~ ~ /'\ ?7 - .::::. ✓ :7'' L -C, m- 1 OJ ij' - I--~~ 
}Jl2 0 3 a, Mdtcm-1OJ~~M;20 4 a&dm-1 OJ1/IJ ::r ✓M;2 1 1 atJ~i:>tJ:.Gm-1 OJ 
-3/'- I-- ~f:i 2 1 2 A ~IDPX9 G ~ ~tc, m- 2 OJ/'\ ?7 -.::::. ✓ :7''-i'½~~ /'\ ?7 -.::::. ✓ :7'' t,, -c, m- 2 
OJI/- I--~~M;2 o 7 b, Mdtcm-20>~~M;2 o 8 b&dm-20J1/IJ ::r ✓M;2 1 1 btJ~ 
6tJ:.Gm-20JJ/-I--mffi212B~IDrot9Go 

[0021] 
2: 2: '"<:, m- 2 0JvE*OJ¥J.f.ft~im'.OJ,mmJJ$tC ;i3 ~t G Ft1,.!m,~tC-::> P-C, rm l 5 ~$9ij_ L, 

tJ:.tJ1 6 ~Bf.19 Go rm 1 5 r-i, m- 2 OJtiE*OJ¥J.f.ft~im'.OJ,mm:1J$tc;i3~t G Ft1,.!m,~tc-::> lt ~ -C 
:JF93.JZ-tffirm'"<:~Go 1J:.:i3, rm 1 5 tC:JF9XIVe-X!Ve*lU:t, rm 1 4 (e) tC:JF9i:tfrtffirm0>Wf[ffi 
;t$.tc:;tH~9 Go 

[0022] 
p !fYM I S IDrotm:ti~1lt '? v 1/ ;z_ 1-- "<' ,:7-7 2 1 0 tJ\ ij'- {--ljlj:1J[o]tc9:h-CID,ox~ :h-C 

, rm 1 4 (b) tC:JF9 J: '? tc, v 1/ _:7- {-- '? ,:7-7 2 1 0 OJij'- {-- ljlj:1J[o] OJ$lnu-i'½~tJ1, n !fYM I S 
IDrotm:titmtc,t'[im'.9 G ~, rm 1 4 (d) tC7F9 J: 7 tc, *-=fnlt4lm:ti 2 0 1 J:.tc, m-1 O)'? 
;z_7}Jl2 0 5 aOJYi"-i'½~2 0 5 c, m-20>,3/'- I--~~M;ID,©t}Jl2 0 70JJi"-i'½~2 0 7 c, &d 
m- 2 OJ~~M; 2 0 8 OJJiii~ 2 0 8 c tJ~ 61J:. G Jiii~ r tJ1~tfj L, -CID,ox~ :hG o 

[0023] 
.:: OJ Jiii~ r tJ1IDrot ~ :h tc ll\~'"1: /'\ ?7 - .::::. ✓ :7'' ~ fr 7 ~ , rm 1 5 tc 7F9 J: 7 tc, *-=fnlfll 



ffl:t:i2 0 1 J:JC, //- r'ffi:JJ[ti),c1$~G J: 7 ,c, /\::$7-.:::=.:1/::'.~f'~tif,:Jj~~r P (/J:i:,, /\ 
::$7-.::::.::,,,:~f'~tif-=?ij~~r pi"i, rm14 (e) tc~TJ:7tc, /\?7-.::::.:1/:~f'~titc:~~~2 0 5 
C p ~- /\::$7-.::::.::,,,~'~tifc:9j~~2 0 7 C p ~- /\'.57-.::::.:1/~'~tif-=~~~2 0 8 C p ~fJ\ 
G /J: G) tJ~~#T Go :fJo;t -c, /\ '.51 -.::::.. ::,,, ~- ~ tit-=?ij~~ r P 0),1/'- r-"1MJJftiJ0)1J'llJrnL.l:Jc, 
1/ 9 ::r ✓ Im 2 1 1 7J\ b 7J: G 1Jl!J!t~~Jll 2 1 1 C tJ~IDrot ~ ti G 0 

(0024] 
/\::$7-.::::. :1/ ~-~ tif-=?ij~~ r p ()OifflU!t~~Jll 2 1 1 c) tc J: t,J, m-1, m- 2 O)J/- r­

m:+:i 2 1 2 A, 2 1 2 B tJ\ m- 1 , m- 2 0) I/ - r- mffi 2 1 2 A, 2 1 2 B ~ // - r- ffi:)J [ti] 
tCYd'? -C~P) 'El? ft!!.O)m-1, m- 2 O)J/- r-m:+:i crm~it9) ~~E(qtcflH;xT G f-=&?, m­
l, m-20)//-r-mt:i212A, 212B,-t,1/'-r-mt:i~L,-CO)~i'J~~*f-=~7J:1t\o :::._O) 
J: 7 ,.:, m-2 O)iJE*0)4iJw~iifO)fiYmJJ$-c:r-t, m-1, m-2 O)J/- t--mffi2 1 2 A, 2 
1 2 B ~IDJvtT G:::.. ~ tJ~-c: ~ /J:1t \ ~ 1t \ 7 rt1,~tJ~db Go 

(0025] 
/J:i:>, :::,.O)f't1,~0)~'1iJ~ l,,-C, p!fYM I SID,vtffl:t:i~"-if7 V1/A r-7A:7 2 1 0tJtn!fY 

MI SID)Vtffl:t:itu,c--rti-cIDrot~tiG~'Ei'~J:!f:ffUtc~if'-C~BJ=:IL,f-=tJ\ ,f]xtc V1/A r-7 
A 7 2 1 0 tJt n 2:fYM I S ID,vtffl:t:itU tc 9 ti -C IDJvt ~ ti G :::.. ~ tJt!J: < ~ 't, n 2:fYM I S IDJvt 
m:1:i ~ ".ii -5 v 1/ A r- 7 A 7 2 0 6 tJt p 2:fYM I S IDJvtffl:t:i1Jl!Hc 9 ti -C IDJJX ~ ti G :::.. ~ ,c J: t,J 
, J:.ic~[o];tJO)f't1,~tJt1::.~Go TIJ:;bt>, rm14 (a) tc~TIJ.¥Jci:,P-C, V1/A f--7,7_ 
7 2 0 6 tJ~, p!fYM I SID,vtffl:t:itUtc--rti-cIDrot~tif-=~'Ei', rm 1 6 ,c~--t J: -5 tc, *T 
:5t!i'lffl:t:i 2 0 1 J:.,c?jj~~ r tJt~ttl L, -CIDJJX~ ti Go 

(0026] 
:::._ :::._ 1:, 1:.icO)rt1,~f"i, *T:5tli'lffl:t:i 2 0 1 O)J/- r-"1MJJ[ti]O)$M~=tltif' G :::._ ~ 1:§JilfT 

G :::.. ~ tJttiJ i'i~'"f db Go T iJ: ;b t>, *r:5t!i'lffl:t:i 2 o 1 rc-=f lx? 'Ei'l:> it 7-1/ ::,,, C~1Jffl:t:i) 
~~it-c, *r:5t!i'lffl:t:i2 o 1 O)J/- r-"1MJJftiJ0)$1i~=tltif'G:::.. ~ 1:, rm 1 4 (a) rc~--tI 
f.¥tci:>P-C, V1/ ,7_ r- 7 ,7_ 7 2 o 6 O)ID)VtO)~,c, v 1/ ,7_ r- 7 ,7_ 7 2 o 6 tJtij'- r- "1MJJftiJ 
,c--rti-cIDrot~ tiG:::.. ~ tJtdb '?-Ci>, v 1/ ,7_ r- 7 ,7_ 7 2 o 6 0),1/'- r-"1MJJftiJO)tlrffi~~~, p 
2:fYM I S IDJvtffl:t:itU tc 1.tl.iil ~ it9tc, n 2:fYM I S ID,vtffl:t:itU tc 1.tl.iil ~ it G :::.. ~ tJt-c: ~Go 
-z-ti~~tc, rm 1 4 (b) tC~Tif.¥tci:>P-C, V1/A f--7,7_7 2 1 00)ID)VtO)~tc, V1/ 
,7_ r- 7 ,7_ 7 2 1 0 tJtif- r- "1MJJ[ti],c9ti-CIDJJX~ tiG:::.. ~ fJtdb '?-Ci>, v 1/ A r- 7 ,7_ 7 2 
1 0 O)ij'- r-"1MJJftiJO)tlrffi~~~- n!fYM I SID,vtffl:t:itU,c1.tl.iil~it9tc, p!fYM I SID,vtffl 

:1:~fflUt.:1.tl.iil~itG:::.. ~tJt-c:~Go CfJ\t,,iJ:tJtG, :::._O)~'Ei'- tRrc~--trt1,~tJtdbGo --t/J:t:> 
t>, v 1/ ,7_ r- 7 ,7_ 7 2 o 6 O)ID}Vt, ,&~ V1/ ,7_ r- 7 ,7_ 7 2 1 o O)ID)VtO)~tc, *r:5tli'lffl 
:1:i2 o 1 ,c'Ei';bit7-1/:1/tJt1:.,~~ ~tiGfc:lli?, *r:5t!i'lffl:t:i2 o 1 O)J/- r-"1MJJftiJO)$!i 
~ffi,Jvft--t G:::.. ~ tJt-c: ~ 7J: It\~ It\ 7 rt1,~tJtdb G 0 

(0027] 
~ G ,.:, m- 2 O)iJE*0)4i,Jff~iifO)fiYmJJ$1:,i, rm 1 4 (d) ,c~--t J: 7 ,.:, m-1 0)/\ 

::$7 -.::::. ::,,, ~-~~~ m- 2 0)/\ ::$7 -.::::. ::,,, ~-~~ ~ fi, 1i1t \tc;fffl.rottJt~!J: G tc i>ftil;b G --r (~:'f:*BHc,i 
, m-1, m-20)/\::$7-.::::.::,,,~-~~f"i, 1i.P,c[o]~O)y9::r::,,,Jm211 ~ifTG'bO)O), ]i.lt\ 
,c~/J: Gm- 1 , m- 2 0) -1/' - r- ~~JllIDJvtJil 2 o 3, 2 o 7 ,& ~m- 1 , m- 2 O)~~Jm 2 o 4 
, 2 o 8 ~ifTG), gP~;ttitf, 1i.Ptc:r..'>'+::,,,~l~·~tJt~!J:Gtc'tftiJ;bG--r, 1i.P 
,c foJ~ 0) :r.. ,y +::,,, ~-*140) T, /\ ::$7 - .::::. ::,,, ~- ~ ti G tc: lx?, m- 1 , m- 2 0) I/ - r- mt:iO) lx.JJ 
~fl&~< IDJvtT G :::.. ~ tJt-c: ~ iJ: 1t \ ~ 1t \ -5 rt1,~ 't db Go 

(0028] 
:::.. 0) J: -5 ,.:, m- 2 O)iJE*0)4iJw~iifO)fiYmJJ$1:r-t, m-1. m- 2 O)J/- t--mt:i~IDrot 

T G:::.. ~ t"itiJl'i~/J: 't 0)0), m- 1, m- 2 O)ij'- r-m:f:iO)lJ-.JJ~fw&~ < IDJvtT G:::.. ~ ,-t-c: ~ 
9, ~ G ,.:, *T:5tli'lffl:t:i 2 0 1 O)J/- r-"1MJJ[ti]O)rjlffl~ffi,J---1t--r G:::.. ~ tJt-c: ~ /J:P ~ P -5 
rt1,~tJtdbGo 

(0029] 
1,,11:.0) J: -5 ,.:, m-1 O)iJE*0)4iJw~iifO)fiYmJJ$1:r-t, m- 1. m- 2 O)ij'- t--mffiO)J:x. 

JJ~fw&~ < IDrot--r G:::.. ~ tJt-c:~tJ:p ~ It\') rtl,~tJtdbGo ~)], m-2 O)iJE*0)4iJw~u1 



O)~mh* ~ ri, m- 1 . m- 2 0) lf- r- '~:t.iO) xJ.JJ ~ fll!t~ < Mwt--r 0 s:: ~ nt~ ~ -/;J:_ v, tt ~t 
~ -/;J:_ < , ~ i; tc, *f°:5t'4fifflti0) If- f--. $M7J[ti] 0)$j ~ ffi1Jv1tT 6 S:: ~ iJt~ ~ -/J:_ v, ~ v, 7 Ft1, 
~iJt~6o 

(0030) 
imicic~,7;., *~BJ=jO) § ~tt, ]iPtc~-/;J:_ 64~;f;tf-liJ, t; -/;J:_ 6 If- r-mffi~ifT 6 n 2!Y 

• p !fYM I S r- 7 ✓ 1/ 7- !l ~ fJm ;t t-: 4J.f.1t~uUc :i3 PL, fl&~ < Mwt ~ ti tc: n IDJ. p 2!Y 
MI s r- 7 ✓1/A ?' O)lf- f--.mt:i~*IlT 0 ~~ic, lf- r-$MJJ[ti]O)$jiJtffi1Jvft~ ;hf_:* 
f-n'4ifflti~*f!T 6 s:: ~ ~~ 00 
(~l~~M~T 0 tc:lff>O)*~J 

(0031) 
iwicO) §~~~$ti°" 6 tc: lffJ tc, 2js:~BJ=.1 tc1*64J.f.'ft~iiltt, m- 1 O)M I S r- 7 ✓ 1/ 7- ?' 

~ m-2 O)M I S r- 7 ✓ 1/ 7- 7 ~ ~fJm;ttc:4J.f.'ft~jjlfC:8PL, m- 1 O)M I S r- 7 ✓ 1/ 7- ?' 
ri, ¥J.f.1t£ffitc:Bit 6 m- 1 0))15•!4.ffltiJ:.,cMwt~ titc:m- 1 O)lf- Ht-a~Jm ~, m- 1 O)lf 
- r-~~M;J:.tcMwt~ titc:m- 2 0)4~JmiJ,t;-/;J:_6m- 1 O)Jf- f--.mffi~, m- 1 O)Jf- f--.mffi 
O),WJOOJ:.iJ, i; m-1 O)m•11:.m:1:iic:Bit 6 m- 1 O)Jf- f--. mt:iO)fflUJJtC{1[ulT 6fflti0) J:.OOJ:.tc 
Ii'~-:>LM$t~;htc:~~M;~~flm;t, m-20)MI S r-7 ✓ 1/A?'tt, ~{t£;fJjtc.:rnt0m-
2 O)m•f4.ffltiJ:.icM$t~ :htc:m- 2 O)lf- f-,.~~M;~, m- 2 O)Jf- f-,.~~M;J:.tcMwt~ tim-
10)4~M;~m-10)4~M;J:.tcMmt~:htc:J.f.mM;~iJ,t;-/;J:_6m-20)-1/'- f--.mt:i~, m-20) 
ij'- r- mt:iO)fflUOOJ:.iJ, i; m- 2 0))15•!4.ffltiic:B ~t 6 m- 2 O)ij'- r- mffiO)iWJJJfC nLiilT 6fflti 
0) J:. 00 J:. ic ~-:> L Mwt ~ ti tc: ~~M; ~ ~ fJm ;t, m- 1 0) 4~M; ~ m- 2 0)4~Jm ~ tt, 1L v , ic 
~-/;J:_ 04~1tf-liJ, i; -/;J:_ t-J, m- 1 O)Jf- f--. mt:i&~m- 2 O)Jf- f--. mffiO)~ 1:.001:.,cri, ~~ 
M;iJtM,ox; ~ ti LP -/;J:_ P s:: ~ ~f~W!{ ~ T 6 o 

(0032) 
21s:~BJ=.I tc 1*6 4J.f.1t~iil tc J: 6 ~, fl&~ < Mwt ~ ti tc: m- 1 . m- 2 0) If - f--. mffi ~ *fl 

T 6 s:: ~ iJt~ ~ 00 1Jo;t L, -3/'- r- $MJJ[o]O)$jiJtffi1Jvft~ :hf-:*f-:5t'4ifflti~*f!T 6 s:: 
~ iJt~ ~ 6 0) ~, ¥J.f.1t~ iii O)~~HI1t ~ CRl 6 s:: ~ iJt~ ~ 6 o 

(0033) 
2js:~BJ:]ic1*64J.f.1t~iilfC:8PL, m-1 0)4~M;ii, m-2 0)4~M;tcl:t,r;::LM;W:iJt.p 

s:: ~ iJt_lff ¼ l, p 0 

(0034) 
2js:~BJ:]ic1*64J.f.1t~iilfC:8PL, m- 1 0)4~M; ~ m- 2 0)4~M; ~ ii, ]iPfc{t:~00~ 

iJt~t;J:_-:> L p 0 S:: ~ iJt_lff ¼ L, P O 
(0035) 

2js:~BJ:]ic1*64J.f.'ft~jjlfc;i3PL, ~~}mO)M;W:ii, m-1 O)Jf- r-ml:iO)M;W:tcl:t,r;::L 
.PS::~ iJt_lff¼ l, Po 

(0036) 
2js:~BJ:]ic1*64J.f.'ft~jjlfC:8PL, J.f.~ii, m- 2 0)4~JmiJ, i;-/;J:_ 6 S:: ~ iJt_lff¼ l, Po 
(0037) 

2js:~BJ:]ic1*64J.f.'ft~jjlfc:i3PL, J.f.~li, $-' 9 :::r ✓M;iJ, i;-/J:_ t:], 1/ 9 :::r ✓M;J:JcM 
wt~ ti tc: 4~ $-' 9 --Ir -1 P' M; ~ ~ t; tc fJm ;t LP 6 s:: ~ iJt_lff ¼ L, Po 

(0038) 
21s:~BJ:]ic 1*6 4J.f.1t~iil ic :i3 PL, m- 1 0) -3/' - f--. ~~M; ri, m- 2 0) -3/' - Ht-@J~M; ~ loJ t 

~~;f;tf-liJ, i;-/;J:_6 S:: ~ iJt_lff¼ l, Po 
(0039) 

2js:~BJ:]ic1*64J.f.1t~iilfC:8PL, m- 1 O)ij'- r-~~M;ri, m-2 O)ij'- Ht-@J~M;~~-/J:_ 
0 ~~;f;ff-liJ, i;-/;J:_ 0 S:: ~ iJt_Jff ¼ l, V 'o 

(0040) 
2js:~BJ:]ic1*64J.f.1t~iilfC:8P L, m- 1 O)ij'- r- mt:iO)fflUOOJ:.tcMwt~ tit-:lmOOMtk:iJt 

L~tk:O)m-1 O)p;_i,WJ--lr-1 Fry;1--Jv~, m-20)/f- r-mffiO)fflUOOJ:.tcMwt~:htc:!mOOMl:R: 
iJt L~tk:O)m- 2 0) NfflU--lr -1 Fry ;1- - Jv ~ ~ ~ t; tcflm;t, ~~M;ri, m- 1 0) NfflU--lr -1 Fry ;1-



- Jl,}:k. dffi" 2 0) pg ffl.U-it 4 F 17 7t - JvO) J:J;::ffl L, -C IDJvt ~ ti -C P 0 2: ~ t,rtfrr ¼ L, Po 
[0041] 

2js;:¥£BJH;:: 1lk0¥tf.w~rnU;:: .:l3 P -C, ~~mH'i, ffi" 1 O)Yr5'~ffltit;::.:}3it 0 + -Y ,:Z-JvffltiO) 
if - r- ffi::n [ti] t;:: m- 1 0) tis:tJ ~ 1-:. r: ~ it 0 tis:tJ ~~JJ11: ~ 0 -:: ~ ,Q:i:w ¼ L " \ 0 

[0042] 
-=: 0) J: -5 t;:: T 0 ~, fifS:fJ~~JJtt;:: J: l'J, ffi" 1 0)7r5•~ffltit;::.:B it 0 +-Y -t-JvffltiO)if- f-­

ffi:JJ foH;:: ffi" 1 0) MS:fJ ~ ITT 710 L, -C, ffi" 1 0) M I S f-- 7 ::.,,, V: A ::57 0) IOCl1J i'i~:fJ ~ [oJ J:. ~ it 0 2: ~ 
iQ:i;'"c: ~ 0o 

[0043] 
2's;::¥'6BJH;:: 1lk0 ¥tf.W~im'.J;:: .:l3 P -C, ffi" 1 0) M I S f-- 7 ::.,,, V: A ::57 f'i, n !fYM I S f-- 7 ::.,,, V: 

A ::7 1: ~ l'J , ~~JJti'i, 1/ IJ ::r ::.,,,~1tim,Q~ b a l'J , ffi" 1 0) tis:fJ i'i, 11 I ":J ~ l'J tis1J1: ~ 0 -=: 
~ iQ:i;Yr¼ L, Po 

[0044] 
2js;:¥£BJH;::1lk0¥tf.w~rnU;::.:}3p -C, ffi" 2 0))5'~ffltit;:.:Bit 0 ffi" 2 0),3/- f-- m:t:iO)~ffl.U:n 

Tt;::IDJvt~ tit.::',/- A P' {/ 4 ::.,,,fflti~ ~ b t;::{im}t_, ',/- A P' {/ 4 ::.,,,fflti,'i, ffi" 2 O)Yr5'~ffi 
tit;::~it b tit.= f-- v ::.,,,+ pg t;::IDJvt~ ti, ffi" 2 0)7r5'~fflti,;::.:Bit 0 + -Y :r-JvffltiO)if- f-- ffi: 
:n[o],;::ffi" 2 O)filS:fJ~1.:. t: ~ it Q 1/ I} ::r ::.,,,i£l~Ji ~13"D' 2: ~ 7,l:i:frr¼ L, It \0 

[0045] 
-=: 0) J: -5 t;::T 0 ~, 1/ IJ ::r ::.,,,i£l~Jit;:: J: l'J, ffi" 2 O)iE'~fflti,;::.:Bit 0+-y .:z-Jvfflti0)-1/' 

- f-- ffi:7J [oJ t;:: ffi" 2 0) MS:fJ ~ ITT 710 L, -C, ffi" 2 0) M I S f-- 7 ::.,,, V: A ::57 0) lOCl1Ji'i~:fJ ~ [oJ J:. ~ it 0 
2: ~ ;Q:i;l: ~ 0o 

[0046] 
2's;::¥'6Bf.l t;:: 1lk0 ¥tf.W~im'. ,;:: .:}3 lt \ -C, ffi" 2 0) M I S f-- 7 ::.,,, V: A ::57 ,'i, p !fYM I S f-- 7 ::.,,, V: 

A ::571:~ l'J, 1/ I} ::r ::.,,,i£l~Ji,'i, S i Ge Jj;Q~ i; a l'J, ffi" 2 O)filS:fJ,'i, EE~tis1J1:~0 2: 
~ iQ:i;Yr¼ L, Po 

[0047] 
2's;::¥'6BJH;::1lk0¥tf.W~tm'.t;::.:BP-C, ffi" 1 0),1/'- f--~~JJt&tfffi" 2 O)ij'- Ht-@3f~JJt,'i, 1t 

~im$;Q:i: 1 o 1,,:1-1:. 0)4~fflt1t~,Q~ b a 0 ~~m$JJt~13"t--:: ~ ,Q:i:w ¼ L 1t \0 
[0048] 

mi~cO) § En ~~--r 0 t-= ls!) t;:, 2's;:¥£Bf.l ,;::1lk0¥tf.ft~im'.O)~m:n$,'i, ¥tJw£ffit;::.:B 
it 0 ffi" 1 0)7r5•~ffltiJ:J;::IDJvt~ ;hf.::ffi" 1 O)M I S f-- 7 ✓ 1/ A ::57 ~, ¥tf.1*£t)xt;::.:}3it 0 ffi" 
2 O)Yr5'~fflti-1:.,;::IDJvt~ tit.::m- 2 O)M 1 s r- :1 ✓ 1/A ::57 ~ ~1:r--r 0¥tf.w~im'.O)~m:n$ 
1:~":J -C, ffi" 1 O)Yr5'~ffltiJ:J;::ffi" 1 O)ij'- f--*@.,~}It, ffi" 1 0)4~JJt&tfffi" 1 0)1/ I} ::r :,,,}It 
~=i:fT 0 ffi" 1 0)--3/- f-- mt:iIDJvt-i'i~~IDJvtT 0 ~ ~t;::, ffi" 2 O)YrS'~ffltiJ:.,;:: ffi" 2 0)--3/- f--~ 
~}It, ffi" 10)4~JJt&tfffi"20)1/ IJ ::r ::.,,,}Jt~=i:fT 0ffi" 2 0)-3/'- f--m:t:iIDJvt-i'i~~IDJvtT 0I 
f¥ (a)~- If¥ (a) O)~t;::, ¥tf.w£tJxJ:.,;::ffi"10)--3/-f--mffiIDJvt-i'i~&tfffi"20)-3/'-
f--mffiIDJvt-i'i~~~'J~~}Jt~ID!vtT0If¥ (b) ~- ffi" 1 0),3/-f--~:iIDJvt-i'i~&dffi"20) 
ij' - f-- m:t:iIDJvt-i'i~O) J:. ,;:: IDJvt ~ ti -C P 0 ~~}It~~* L, -C, ffi" 1 0) if- f-- mt:iIDJvt-i'i~t;:: .:l3 
~t 0 ffi" 1 0)1/ IJ ::r ::.,,,JJt&tfffi" 2 0)--3/- f--m:t:iIDJvt-i'i~t;::.:B~t 0 ffi" 2 0) 1/ IJ ::r ::.,,,}JtO)~ J:.00~ 
'.fftl:lT 0If¥ cc) ~, If¥ cc) O)~t;::, m- 1 0)--3/- t--mffiIDrot-i'i~';::.:Bit 0 m- 1 0)1/ TJ 
::r ::.,,, JJt& tf ffi" 1 0) 4~JJ1 ~ ffi✓-X~* L -C, ffi" 1 0) m'~ffitiJ:. t;::~~JJt,;:: Im¼ tit.:: ffi" 1 0) [!!J 
-i'i~~IDJvtT0If¥ (d) ~- ffi"l O)[!!J-g~pgt;::ffi"20)4~JJt~IDJvtT0If¥ (e) ~~{im;t_ 
, ffi" 1 O)M I S f-- 7::.,,, V: A ::57 O)ffi" 1 0),3/- f--mffi,'i, ffi" 2 0)4~}Jt;Q~ Ga l'J, ffi" 2 O)M I 
s r- :1 ✓ -v: A ::9 O)ffi" 2 0)--3/- r- mffi~'i, m- 2 0)--3/- r- mffiIDrot-i'i~';:: .:Bit 0 m- 1 0)4~JJt ~ 
13"D-2: ~ ~t~~~ T 00 

[0049] 
2's;:¥£BJH;:: 1lk 0 ¥tJw~ iii 0) ~m:n$ ,;:: J: 0 ~ , 1i p ,;:: [o] ~ 0) If¥,;:: .:B p -c, m- 1 , m- 2 

0),3/- f--mffiIDJvt-i'i~~IDJvt L, td~- ffi" 1 0),3/- f-- mffiIDJvt-i'i~t;::.:}3 it 0 ffi" 1 0) 1/ I} ::r :,,,}It& 
tfffi" 1 0)4~JJt~ffi✓-X~* L -c ID/Vt~ tit.::ffi" 1 O)[!!J-g~pg t;::, ffi" 2 0)4~JJt~ID!vt L -c, ffi" 
2 0)4~}Jt;Q~ b a 0 ffi" 1 0)--3/- f--mffi~IDJvtT 00 ~:n, ffi" 2 0)-1/'- f--mffiIDJvt-i'i~t;::.:B ~t 



0m10½~lil~*~m201/-~mffi~MMT00 ~®k~, m101/-~mffiMMiB 
tc:t:,tt 6 m 1 0$,' lJ ::r :1/Jil&~m 1 0½~Jil~, m 2 0½~]iltciil~T 6 ,c ~t.::-:::> -C ri, 
*rnitlffl:titc--g-;bit'?-1/ :1/iJt,Q,~ ~ ~ ti6 't 00, m 1 . m 2 01/- ~ mffiMMiB0 
~tc fi, *Tfl-lflffl:titc-3';bit"7-1/ :1/fi,Q,~ ~ ~ ti/J:Po vE-:::> -C, *Tfl-JtltUitc--g-;b 
it'?-1/ :1/iJt&,,~~ ~ ti6If¥~~1'JUrntT 0.:: ~ iJt-c t: Gt.::~, --g-;bit'?-1/ :1/®-3/-- ~ 

ljJMJ'JftiJ®ljJM~m < L- -c, *rfl-Jtltwr:ti01/- ~ ljJMJ'JftiJ01jlg~~1J,1t.T G.:: ~ iJt-c t: 6 0-c 
' ¥-J.Jf:f~iil ®fi'.&*ffi1t.~ [Kl G 2: ~ iJt-C r: 0 0 

[0050] 
1Jo;t -C, l:LPtc[tl]~0If¥tc:BP-C, l:LPtc[tl]~0;ttM0m 1, m2 01/- ~mffiMM 

iB ( g P~;ttit!, 1:LPtc [tl]~0.:r.. '1/ + :1/ ~-4~,11:.0m 1 , m 2 01/- ~ mffiMMiB) ~M 
MT 6t.::~, m 1, m 2 ®-3/-- ~mtiMmtiB~:@~tcJi -:::ifw&~< MIVtT 6.:: ~ iJt-r:t: G 
o .:: ti tc J: t; , fw&~ < MM~ ti km 1 01/ - ~ mffiMMiBtc :t3 tt Gm 1 0½~Jil& ~m 
1 ®$,' 1J ::r ✓lil~- m 2 0½~lil~ iii~ L--c, m 2 0½~Jil;6~ i; 1J:0m 1 01f- ~mt:i~ 
MMT G.:: ~ iJt-r:t: Go ~J'J, fw&~ < MM~ tit.::m 2 01/- ~m1:iMmtiBtc:t3~t 6 m 1 
0½~lil~*~m2 01/-~m1:i~MMT02: ~iJt-Ct:Gt.::~, fw&~< MM~tit.::m 1 
. m20-3/·- ~mffi~~ItTG.:: ~iJt-r:t:Go 

[0051] 
2's;:¥€.BJ=]tc1lk0¥-J.Jf:f~ii10tJmmJ'J$tc:BP-C, If¥ ( d) fi, m 1 0o/i5·11:.ffl:tiJ:Jcm 1 

®-3/-- ~ ~~JiliJtJi;fliHclJ:t T 6 m 1 0l!!1iB~MMT 6 ~ ~tc, m 2 ®-3/-- ~ m1:iMMiB 
tc :t3 lt Gm 2 01/ I} ::r :1/ Jil ~ ~* L, -C, m- 2 0o/i5'11:.ffl:ti_Uc~~}iltc lffi ~ ti, m- 1 ®½J~ 
JiliJtJi;tffitclJ:±lT 6 m- 2 0l!!1iB~MMT Gif¥~*ij-, If¥ ( e) ti, m 1 0[!!Ji511g tc:t:, 
lt0m 1 01/- ~~~JilJ:Jcm2 ®½~Jil~MMTG ~~tc, m2 0[!!Ji511g,c:t:,lt0m 1 
0½~JilJ:.tcm-20½~Jil~MMT0If¥~*ij-, m-201/- ~ml:ifi, m20-3/·- ~m 
ffiMMiBtc:t:,tt Gm 1 0½~Jil~, m 1 0½~JilJ:.tcMM~ tit.::m-2 0½~Jil~ iJ~t>IJ:G 
2: ~ iJtfrt ~ L, Po 

[0052] 
2:0J:·"HCT0~, m-101/- ~m1:iMMiBtc:t3lt0m-1 ®½~}il®~*®~tcfi, * 

rfl-Jtlffl:titc-3';bit"7-1/ :1/iJt,Q,~ ~ ~ ti6 't 00, m- 1. m- 2 01/- ~ m1:iMmtiB0M 
M®~'c ti, *rfl-Jtltwr:titc--g-;bit'?-1/ :1/fi&.,~ ~ ~ ti/J: Pt.::~- *Tfl-'4ttwr:titc--g-;b 
it'?-1/ :1/iJt&,,~ ~ ~ ti6 If¥~~ 1 § tc:J11) ;t 6 2: ~ iJt-C t: Go 

[0053] 
2's;:¥E.Bmc1lkG¥-iJf:f~iil®fJmm7'J$tc:t3P-C, If¥ ( d) fi, m- 1 0m·11:.m:1:i1:.,cm 1 

01/- ~~~JiliJtJi;tffitclJ:±lT0m-10l!!1iB~MMT0If¥~*ij-, If¥ (e) ri, m1 
0[!!Ji511g tc:t:,tt Gm 1 01/- ~ ~~JilJ:.tcm- 2 0½~Jil~MMT Gif¥~*ij-, If¥ ( e 
) 01~,c, m- 2 ®$,' lJ ::r :1/JilJ:.tc½~$,' IJ-JJ--1 Flil~MMT Gif¥ Cf) ~ ~ t; tcf,m;t, 
m- 2 0-3/-- ~ mffifi, m- 2 01/- ~ m1:iMMiBtc:t3tt 6 m- 1 0½~Jil&~m 2 ®$,' lJ ::r :1/ 
JiliJ~ t; iJ: G .:: ~ iJtfrt ~ L, Po 

[0054] 
.:: 0 J:? tc T 6 ~, m- 1 01/- ~ m1:iMMiBtc:t3tt 6 m- 1 0 $,' lJ ::r :1/Jil&~m- 1 0½~ 

Jil®~*®~'cri, *rfl-Jtlffl:titc--g-;bit'?-1/ :1/iJt,Q,~ ~ ~ tiG 't 00, m- 1. m 2 0 
-3/' - ~ m1:iMMiB0MM®~tc ri, *rfl-Jtlffl:titc-3';bit"7-1/ :1/ fi,Q,~ ~ ~ ti/J: v ~ k ~ 
, *rfl-Jtlffl:titc-3';bit"7-1/ :1/iJt,Q,~ ~ ~ ti6If¥~~ 1 §tc:J11);t 6.:: ~ iJt-C t: Go 

[0055] 
2's;:¥E.emc1lkG¥-iJf:f~iil0tJmmJ'J$tc:t3P-C, If¥ ( d) fi, m- 1 01/- ~ml:iMMiB 

tc:t3lt0m-10$,'I} ::I:1/}il, m10½~Jil&~m-10-3/'- ~~~Jil~Jl&lX~*L,--C, m1 
0m•l1:.ffl:ti1:.,cm 1 ®iE'l1:.ffl:tiiJtJi;tffitclJ:±lT Gm 1 0l!!1iB~MMT Gif¥ ~*ij-, If¥ 
(e) ri, m-10l!!1iBrgtcm3 01/- Hfe~Jil~MMT0 ~~tc, m3 01/- ~~~Jill:. 

tcm- 2 0½~Jil~MMT 6If¥~*ij-, If¥ ( e) 01~tc, m 2 ®$,' lJ ::r :1/JilJ:.tc½~$,' 
IJ-JJ--1 r'Jil~M!vtT6If¥ (f) ~~ i;tcf,m;t, m201/- ~m;t:iti, m201/- ~ml:i 
MMiBtc:t3lt Gm- 1 ®½~Jil&~m- 2 0$,' lJ ::r :1/}iliJ~ t> IJ:6 2: ~ ;6tfrt~ L, Po 



(0056) 
2: ® J: -5 t;: T G ~, m- 1 ® If- 1--- mt:iIDJvt-i'i~t;: :s ~t Gm- 1 ® 1/ 9 ::::r :1/ ~- m- 1 ®½~~ 

& dm- 1 <TJJf- 1--- ~~~®~*®~t;: ti, *-=f:5tli'4ftir:tit;:it;bit'?- -y :1/fJ'\&_,~ ~ ~ tiG 
-t ® ®, m- 1 . m- 2 ® if - 1--- mt:iIDnx:-i'i~®IDnx: ® ~ i;: ti, *-=f nWttiui,;: it .:bit'? - 1/ ✓ 
ti&.,~~ ~ ti~Pt.= llb, *-=fn•m:1:ii;:it.:bit'?- -y :1/n'\&.,~ ~ ~ t1Gif¥~~ 1 19.Jt;::ff!J 
}t_ G 2: ~ fJ'\"""f ~ G 0 

(0057) 
2js:¥£.BJH;:1lkG¥-iJW~im'.<TJfJmmJJ$t;::sp-r_ If¥ (a) <TJf$tc\ If¥ ( b) <TJffi!t;:, 

m- 1 <TJ Jf- r- mffiIDJvt-i'i~<TJllJOO J:J;: ll!rOOIDi!;:iJ'\ L ~tA;:<TJm- 1 <TJ ~ffl'J-!t-1 f-t 9 ~ - Jv ~ IDJvt 
T G ~ ~t;:, m- 2 <TJJf- 1--- mt:iIDJvt-i'i~®llJOO _U;:WftffiIDtk:iJ'\ L~tA;:®m- 2 <TJ ~lIJ-!t-1 P' r;1 
~-Jv~IDn'x:TGif¥ (g) ~~ Gt;:fmi;t, If¥ (b) t;::sp-r_ ~~~~- m-1 <TJ~fflJJ 
-!t -1 F r;1 ~ - Jv & dm- 2 <TJ ~ llJ-!t -1 P' r;1 ~ - Jv <TJ J:J;: * t,, ---c IDn'x:T G 2: ~ fJ'\ijf ¼ t,, Po 

(0058) 
2js:¥£.Bf.lt;:1lkG¥-iJW~im'.<TJfJmmJJitt;::sp-r_ If¥ (a) <TJf$tc\ If¥ ( b) <TJffi!t;:, 

m- 2 ®m'f1:ffi:tit;::s~t Gm- 2 <TJJf- I---mt:iIDJvt-i'i~<TJ>1!---llJJJTt;: r- v :1/-r ~IDJvtT Gif¥ C 
h) ~- r- v :1/-r~t;:, m-2 <TJiE'f1:ffi:tit;::s~t G-r--v *Jvffi:ti<TJJf- r-*JJftiJt;:fit:1J~~ 
t ~ itG 1/ 9 ::::Z :1/i£E:~fi~IDJvtT Gif:1£ ( i) ~ ~ ~ b t;:fmJ}t_ ---CPG 2: ~ iJtijf¼ L, V'o 

(¥£.Bf.I <TJ~:/J:~J 
(0059) 

2's:¥£.Bf.l t;: 1ikG ¥-tJw~iil& d -t- ®fJmmJJit t;: J: G ~ , Ji v \ t;: 1o1~ ® If¥ i;: :s v \ ---c, m- 1 
, m- 2 <TJJf- r-mffiIDJvt-i'i~~IDJvt L, t.::~, m- 1 <TJJf- I---mt:iIDJvt-i'i~t;::s~t Gm- 1 ®1/ 9 ::::r 
:1/~&dm-1 <TJ½~~~j~t'Z~* t,, ---CIDJvt~ tit.::m-1 ®l!!J-i'i~~ t;:, m- 2 ®½~~~IDJvtL, 
---c' m- 2 <TJ½~~7J\ b ~Gm- 1 <T) Jf - 1--- mt:i ~ IDn'x:T GO ~ JJ, m- 2 <T) Jf - 1--- mt:iIDJvt-i'i~ 
t;::s~t Gm- 1 <TJ½~~~~ts-m- 2 <TJJf- I---mt:i~IDn'x:T Go -t-<TJt.:: llb, m- 1 <TJJf- I---mt:i 
IDJvt-i'i~t;::s~t Gm- 1 ®1/ 9 ::::r :1/~&dm- 1 ®½~~~, m- 2 <TJ½~~t;:im'.~T Gt;: ~f.::-::J 

---c ti, *-=fn•m:1:it;:it.:bit'?- -y :1/n'\&.,~ ~ ~ tiG -t ®®, m- 1 . m- 2 ®If- 1---mt:iID 
Jvt-i'i~<TJ~t;: ti, *-=fjt.ffl:tit;:it;bit'?- -y :1/ ti£,~~ ~ ti~ Po 1!1:-::J ---C, *-=fjt.ffl:ti 
t;:it;bit'?- -Y :1/iJt&,,~ ~ ~ tiGif:lE~~~U~T G 2: ~ fJ'\"""f ~Gt.:: llb, it.bit'?- -Y :1/ <TJ 
Jf-1----JJftiJ®•~~<t,,---c, *-=f:5tMffi~®Jf-r-•JJftiJ®•~-~0tTG2:~~~~ 
G ® ~, ¥-tJw~iil ®~~1t ~ rRl G 2: ~ n'\~ ~ Go 

(0060) 
71□ }t_ ---c' ]i p ';: lo]~ <T) If¥ t;: :8 p ---c' ]i p t;: lo]~ <T) t'lnx <T) m- 1 . m- 2 <T) Jf - 1--- mffiIDJvt 

-i'i~~IDn'x:T G t.::llb, m-1, m- 2 <TJJf- I---mt:iIDJvt-i'i~~~~,;:~ "Jfw&~ < IDn'x:T G 2: ~ fJ'\ 
~ ~ GO 2: tit;: J: bJ ' fw&~ < IDrot ~ ti km- 1 <T) Jf - 1--- mt:iIDJvt-i'i~t;: :8 ~t Gm- 1 <TJ½~~ 
&dm- 1 ®1/ 9 ::::r :1/~~, m- 2 <TJ½~~ ~ iii~ t,, ---c, m- 2 <TJ½~~iJ\ G ~Gm- 1 <TJJf- r­
mt:i~IDn'x:T G 2: ~ fJ'\~ ~ Go ~JJ, fw&~ < IDJvt~ tit.::m- 2 <TJ-3/'- r-mffiIDJvt-i'i~t;::s~t 
Gm- 1 <TJ ½~~~~ts-m- 2 <TJ Jf - r- mt:i ~ IDn'x:T G 2: ~ fJ'\"""f ~ G t.:: llb, fw&~ < IDJvt ~ ti 
t.::m- 1 , m- 2 ®Jf- r-mffi ~*f!T G 2: ~ fJ'\~ ~Go 

(¥€.Bf.I ~*nt[T Gk llb <TJ~~<TJID@J 
(0061) 

J,j Tt;:, 2js:¥£.Bf.l ®~*nt[ID@t;: ":) V \---c' [R]tffi ~$9.ij L, ~fJ'\ b IDlBf.lT G 0 

(0062) 
cm-1 ®*tft!!ID@) 

2's:¥£.Bf.l ®m 1 ®*tft!!ID@t;: 1ikG ¥-tJw~iil& d-t- ®fJmmJJitt;: "J v \---c rRl® ~$Yij L, ~ n'\ 
G IDlBf.l T Go 

(0063) 
t:iTt;:, 2js:¥£.Bf.l<TJm 1 ®*t{t[ID@t;:1lkG¥-iJw~im'.<TJfJmmJJit{;:"JP---C, rRl 1 (a) r---./ (d 

) , [R] 2 (a) r---./ (d) , [R] 3 (a) r---./ (d) , [R] 4 (a) r---./ (c) &drRl 5 (a) r---./ (c) ~$9ij L, ~fJ'\ 
bIDlBf.lTGo rRl 1 (a) r---./[R] 5 (c) ti, 2js:¥£.Bf.l<TJm 1 ®*ni[ID@t;:1lkG¥-iJw~im'.<TJfJmmJJ 
$~ If¥)~t;:~--r Jf- r- *JJ[tiJ<TJ~-i'i~If¥1l!r00rRl"""f ~GO ~:8, [R]$ t;::sP---C' kllJt;:~ 



9 r n M I S J ~ f i n 2I!!M I S I-- 7 :1/ 1/ _:::z_ !>' ntIDnx; ~ ti 6 n 2I!!M I S IDnx;ffl'.ti ~ :JF L,, ti 
ffllJ ,;:: :JF9 r p M I s J ~ rt p 2I!!M I s I-- 5 :::,,, 1/ _:::z_ !>' ntIDnx; ~ ti 6 p 2I!!M I s IDnx:fflti ~ :JF 
L, -c It\ 0 0 

(0064) 
¼ 9\ rm 1 (a) ,;:::JF9 J: 7 ,;::, -f§tl ;U-;!tJ.~~,7;.*-=f?}Jfl (Sh a 11 ow Trench I so 1 at i o 

n: ST I) $,;::J: ~, ,wtJ;U-;!p2!!!1/IJ ::r:::,,,n"6~64J.J#:£tfxl OO)J:J½~,;::, I-- v:1/-:r 
pgr;::~~JmnttJ.~~¼tit-:*-=f:5tJflfflti 1 1~~:ffHtH;::IDnx;960 .::tit;: J: ~, n2I!!M I 
s IDnx:fflti,;:: ti, *-=f:51-Jflfflti 1 1 ,;::lffl¼ tik4J.Jw£tfx 1 on" 6 ~ 6 m- 1 O)ir5·[1:fflti 1 
O a ntIDnx; ~ ti, P 2I!!M I S IDnx;ffl'.ti ,;:: rt, *-=f:51'11 fflti 1 1 ,;:: lffl ¼ ti k 4J.Jw£ffi 1 O 
n" 6 ~ 6 m- 2 O)m'l1:fflti 1 o b ntIDnx; ~ ti6 0 -t- O)f~, JJ 'I y- 5 7 ---r it& vcr ;t :::,,,i.i.Ait 
,;::J:~, 4J.Jw£ffil o,;:::13tt6n2I!!MI SID,vtfflti,;::, {Jtl;tr-;!B (*1:7*) ~O)p2I!!~ 
Mi.w ~ a.A 9 6 ~ 7J, 4J.Jw£ffi 1 O ,;:: :13 lt 6 P 2I!!M I S IDnx:fflti,;::, 1Jtl ;t ,-;r P ( lJ :1/) 
~O) n 2IY~*tw~a.A t,, td~, 4J.Jw£ffi 1 o ,;::~t t,, -c 1Jtl;t t-;! 8 5 o °C, 3 o f:Hffl O)~M.!1 
II~ tftE9 2: ~ ,;:: J: ~ , 4J.Jw£ffi 1 0 ,;:: :13 lt 6 n 2I!!M I S IDnx;ffl'.ti,;::, p 2I!! 1:7 .:r. Jvffl'.ti 1 
2 a ~ID$;9 6~7J, 4J.Jw£ffi 1 O ,;:::J3tt 6 P 2I!!M I S IDnx:fflti,;::, n 2I!! 1:7 .:r.Jvffl'.ti 1 
2 b ~ ID$:9 6 o 

(0065) 
'tx. r;::, rm 1 ( h) r;:: :JF9 J: '? ,;:: , 1Ytl ;t t-;!~fR 7 o/ ~~II,;:: J: ~ , 4J.Jw£ffi 1 o O)*lffi ~ 

Wi::wt,,t-::1~, ,wtJ;tf-;!I SSG (In-Situ Steam Generation) ~1t$t;::J:~, m-10)115 
'11:fflti 1 O a &ZFm- 2 0)7t5'[1:ffiti 1 O b J:J;::, 1,tl;tt-;!JmW:nt O. 8 ,...__, 1 n mf-1£&0)1/ lJ ::r 
:1/~1tlmn" 6 ~6 Ttffl Crm:JFii-9) ~ID$:9 00 ,t-0)1~, ,wtJ;tr-;!1f~½Jjl~i-B:ltfl (M 
etal Organic Chemical Vapor Deposition: MOC VD) $,;::J: ~, TtfflJ:J;::, ,wtJ 
;tf-;!JmJ¥nt 2 n mO)r'a'Jiim.$lmn" 6 ~ 6 if- I-- ~~JmIDnx:Jm 1 3 ~:ftfl9 00 2: 2: ·t\ if 
- 1-- ~~JmIDnx:Jm 1 3 ~ t,, -c ti, tti~·~.$nt 1 o J,,jJ:.O)½fjl~1twn" 6 ~ 0 r'a'Jiim.$Jm~ 
-a<D-.:: ~ nt~ ¼ t,, P 0 

(0066) 
,t-O)f~, 1,tl;tt-;!CVD (Chemical Vapor Deposition)$, ALD (Atomic Layer 

Deposition) $, )Ztt_:::z_rc;, !>' it~t;: J: ~, -f§tl;t t-;!~1t+ !>' :1/ (T i N) n" 6 ~ 6 m- 1 
O)½JjlJm 1 4 ~:ftfl9 6 o 2: 2: ~, m- 1 O)½JjlJm 1 4 ~ L, -C ti, p 2I!!M I S 1-- 7 :1/ 1/ _::;z_ !>' 
ffl r;::~i@1t~ tik½Jjlt;tf-l )Zti½fjl1t:Ei'Wt;t~ (J,,jT, r PM I s ffl½Jjlt;tf-l J ~ ~9) 
;Q'>/:)~~' 4. 6 eVJ,,jJ:.~5. 1 5 eVJ,,jTO){t~~~~1f902'.:~nt~¼L,Po ,t-L, 
-C, m- 1 O)½JjlJm 1 4 O)gW,wtJ ~ L, -C r:t, T i N }mO)ft!!J;::, ,wtJ;tf-;!, + !>' :1/ (T i) , }v 

-r:=..1:71"' (Ru) , EI½ ( P t) 1i L, < fi!>' :1/ ::1/'_:::z_ -r :1/ (W) ~O)½fjl, )Zri T i , Ru 
, Pt &tFWO) 7 t,j;-~ < ~ 'b 1 f_mJ,,jJ:.O)½Jjl~it<D-~1tW, **~1tW1iL, < fi:Ei*~ 
1tw~nt~lf6ti00 ,t-O)f~, ,wtJ;tf-;!CVD$,;::J: ~' m-1 O)½Jjl}ml 4J:.t;::, {Jtl;tr-;!Jm 
W:nt 1 0 0 n mO)~ lJ 1/ IJ ::r :;:,,,Jmn" 6 ~ 01/ lJ ::r :;:,,,Jm 1 5 ~:ltfl L, td~, ,wtJ;tf-;!C VD$ 
r;:: J: ~ , 1/ IJ ::r :::,,, Jm 1 s J:. r;::, -f§IJ ;t f-;!JmW:nt 3 o n m 0) 1/ IJ ::r :::,,, ~1tlmn" 6 ~ 0 *ilJm 1 
6 ~:ltff9 0 0 

(0067) 
'tx.,;::, rm 1 (c) t;:::JF9 J: 7 ,;::, 7 ;;t I-- lJ '/ ::7''7 7 ---r $,;: J: ~, *iffl 1 6 J:.,;::, if- I-­

/'\ !>' - :1/ID~~1f9 6 v 1/ _::;z_ 1-- (rm:JFii-9) ~ID$;9 6 o -t O)f~, v 1/ _::;z_ 1-- ~ ~ _::;z_ :~1';:: L, 
-c, F5-1 .:r.. o/ +:::,,, ::1/'$t;:: J: ~, *ilJm 1 6, 1/ IJ ::r :;:,,,Jm 1 5, m- 1 O)½JjlJm 1 4 Jk.ZF,3/' 
- I-- ~~JmIDnx:Jm 1 3 ~ ~~fA/" !>7 - :::.. :::,,, ::1/'9 6 o .:: ti,;:: J: ~ , m- 1 O)ir5·!1:fflti 1 o a J:.,;:: 
, m-10)if-I--~~}ml3a, m-10)½Jjl}m14a, m-10)1/IJ::r:;:,,,}ml5a&ZFm-10) 
*ilJm 1 6 a ~)~'tx.ID$:9 6 ~~r;::, m-2 O)iE'l1:fflti 1 o b J:.r;::, m-2 O)if- I-- ~~Jm 1 
3 b, m- 1 O)½Jjl}m 1 4 b, m- 2 0)1/ IJ ::r :::,,,}m 1 5 b &ZFm- 2 O)*iffl 1 6 b ~~~'tx.IDnx; 
900 

(0068) 
2: 0) J: 7 ,;:: L, -C, m- 1 0)7t5'P=f:fflti 1 0 a J:.r;::m- 1 O)if- I-- ~~Jm 1 3 a, m- 1 O)½JjlJm 

1 4 a & ZFm- 1 0) 1/ IJ ::r :::,,, Jm 1 5 a ~1f9 6 m- 1 0) if- I-- m&IDnx:1'½~ 1 4 A ~ID$:9 6 ~ 



~tc, m- 2 O)ri5'f1:ffi:ti 1 0 b J:.tcm- 2 0),3/'- r- ~~Jfi 1 3 b, m- 1 O)~~Jfi 1 4 b &rrm-
2 0) 1/ 9 ::r ✓ Jii 1 5 b ~ifT Gm- 2 O)J/- r- mffiMJvt1'i~ 1 4 B ~MrotT Go 

(0069] 
{Xtc, CK! 1 (d) tCJFT J: 7 tc, tUJtt!C V D$tc J: t:J, 4J.Jff£.ifJx 1 0 J:.O):@[ffitc, ,f§IJ 

Jt t!JI1)¥iJt 1 0 n m 0) 1/ 9 ::r ✓"fflt1tJmiJ~ 6 /J:. G 7}- 7 t 'Y r- 7-. /'(--lj- ffl~~lfi ~tiff l, k:. i~ 
, 7}- 7 t '>' r- 7-. /'( --lj- ffl ~~lfi tc xt L, --C ~JJ'l1: :r. '>' + ✓ Y' ~ 1r 7 o 2: :h tc J: t:J , m- 1 0) if 
- r-mt:iMJvt1'i~ 1 4 AO)ffllJOOJ:.tcm- 1 0)7}-7t '>' r-7-./'(--lj- 1 7 a ~MrotT G ~~tc, m-
2 O)J/- r-mffiMJvt1'i~ 14BO),JlljiffiJ:.tcm-20)7}-7t 'Y r-7-./'(--lj- 1 7 b ~MrotT Go 

(0070] 
-z O)f~, 4J.Jfl;:£.iflj 1 0 J:.tc n 2!YM I S Mrotffl:ti~lffi D l, p 2!YM I S Mrotil'.:ti~11t 7 v 

Y:7-. r- (CKIJF'°lt9) ~MJvtL,td~, m-1 O)ri5'f1:ffi:ti1 o ate, m-1 O)J/- r-mt:iM/Vt1'i~l 
4 A~'? 7-. :~-7'c L, --C, 1§1J;t t-JA s ( l:::~O ~O) n 2!Y~M!.flJ~i.i.A T G 2: ~ tc J: t:J, m- 1 0) 
$'11:ffl:ti 1 0 a tc;B~t Gm- 1 O)ij'- r-mt:iM/Vt1'i~ 1 4 A 0)1J'{IJJJT,cffl'El~~ iJtJ:tnlfli~P 
n2!!1'.l-7-. f-t v-1 ✓fflti (LDDffl:tiJZri:r.7 7'.7 ✓ 1/ s ✓ffl:ti) 1 8 a~ §cJi'EtlfJtc 
MIVtT Go ~JJ, 4J.Jff£.iflj 1 0 J:Jc n2!YM I SM/Vtil'.:ti~1lf PP 2!YM I S Mrotffl:ti~lffi 
□T G v-Y 7-. r- (CKIJF'°lt9) ~Mmt L, td~, m- 2 O)ri5'f1:ffl:ti 1 0 b ,c, m- 2 0)-3/'- r-mffi 
M/Vt1'i~ 1 4 B ~'? 7-. 7 tc l,--C, 1§1J;zt-JB F z~O) p 2!Y~M!.flJ~i.i.A T G 2: ~ tc J: t:J, m- 2 
O)ri5•f1:ffl:ti 1 Ob tc;Btt Gm- 2 O)J/- r-mt:iM/Vt1'i~ 1 4 B 0)1J'!IJJJTtcffl'El~~ iJtJ:tf~lfJi~ 
pp 2!Y '/-A F v-1 ✓fflti ( L D Dffl:tiJZri:r. 7 7-.-r ✓ 1/ 3 ✓it:ti) 1 8 b ~ § C~'EllfJ 
tcMrotTGo 

(0071] 
{Xtc, CK! 2 (a) tCJFT J: 7 tc, fUJtt-JC V D$,c J: t:J, 4J.Jff£.ifJx 1 o J:.O):@[ffitc, 1§1J 

Jtt-JJI1)¥iJt 1 0 n m0)$,-' 9 ::r ✓"fflt1tJmiJ~i:>IJ:.Gm- l O)~~lfi, &V'JfiW:iJt3 0 n m0)$,-' 9 
::r ✓~1mn~ i:> /J:. Gm- 2 O)~~lfi~ffiIXttfl 1..., td~- m- 1 O)~~Jit&rrm- 2 O)~~Jiticxt 
L, --C ~JJ'f1::r. '>' + ✓ Y'~1r 7., 2: :htc J: t:J, m- 1 O)J/- r-mffiMJvt1'i~ 1 4 A 0)1J'{IJOOJ:.tc, 
m- 1 0) 7}- 7 t 'Y r- 7-. /'( - -lj- 1 7 a ~ 1r L, --C, 1M" OOMtk: nt L -'=Ftk: 0) m- 1 0) ~~lfi iJ~ 6 /J:. G m-
l 0) pg ffllj-lj- -1 F 17 ;t - Jv 1 9 a ~ m- 1 0) pg ffllj-lj- -1 F 17 ;t - Jv 1 9 a J:. tc Mmt ~ :ht.: m- 2 0) 

~~JitiJ~ 6 /J:. Gm- 1 O)~,Jllj-lj- -1 P' 17 ;t - Jv 2 o a ~ --cttmt ~:ht:::. m- 1 0)-lj-,1 P' 17 ;t - Jv 2 
0A~MrotTG~~tc, m-20)-1/'- r-mt:iM/Vt1'i~l 4 B0)1J'{lj1:ffiJ:.tc, m-20)7}-7t'Y r-7-. 
/'(--lj- 1 7 b ~fr L, --C, IM"OOMtk:iJt L-'=Fik:O)m- 1 O)~~JitiJ~ 6 /J:. Gm- 2 0) pg ffllj-lj- -1 F 17 ;t 
- Jv 1 9 b ~ m- 2 0) pgffllj-lj---,-1 F 17 ;t-Jv 1 9 b J:.tcMrot~ :ht:::.m- 2 O)~~JitiJ~ 6 /J:. Gm- 2 
O)~ffllJ-lj--1 F17;t-Jv2 ob ~--cttrot~ttt.:m-20)-lj-,1 F9;t-Jv2 0B~MrotTG., 

(0072] 
{Xtc, CK! 2 (b) fCJFT J: 7 tc, f§ljx.f-JC V D$tc J: t:J, 4J.Jff£.ifJx 1 0 J:.O):@rnJfC, f§IJ 

Jt t-JlfiW:iJt 1 o n m 0) 1/ 9 ::r ✓"fflt1tJmn~ 6 /J:. G *OOft:ilJit 2 1 ~tlflT G., 
(0073] 

{Xtc, CK! 2 (c) fCJFT J: 7 tc, *OOft:illfi2 1 J:.tc, n2!YM I SM)Vtffl:ti~1lf P p2!YM 
I S Mrotffl:ti~lffi D T G v Y 7-. r- '? 7-. 7 2 2 ~Mrot L, t.: i~, m- 2 0)~1J'{IJ-lj-,1 P' 17 ;t-Jv 2 
0 b ( 1/ 9 ::r ✓~1Llm) ~ ~:JRJ:tO) ~ G ~JJ'l1: F 7 -1 :r. '>' + ✓ '.7''$ ~ ffl v ~ --C, p 2!YM I S 
Mrotffl:titcMrot~ :h --C 1t \G*OO~illfi 2 1 ~ ~* L, --C, n 2!YM I s Mrotffl:titc*OOft:ilJit 
2 1 a ~Jiff~ --lt G., 2: ;htc J: t:J, m- 2 O)ri5'f1:ffi:ti 1 0 b ,c;B ~t Gm- 2 0)-lj-,1 P' 17 ;t-Jv 
2 0 B 0)~1J'!IJJJT O)ffl:ti, TIJ:.:b 'b, 'I- 7-. P' v -1 ✓Mrotffl:tiO)*Iffi~IJtl:l ~ --lt Go 

(0074] 
{Xtc, CK! 2 (d) tCJFT J: 7 tc, v 1/ 7-. r- '? 7-. 7 2 2 ~ ~* L, t.:t~, *OOft:ilJit 2 1 a ( 

1/ 9 ::r ✓"fflt1Llm) , m- 2 O)ft:illfi 1 6 b ($,-' 9 ::r ✓"fflt1Llm) , m- 2 0)7}-7t 'Y r- 7-./'(--lj­
l 7 b ( 1/ 9 ::r ✓ "fflt1Llm) , m- 2 0) pg ffllj-lj- -1 P' 17 ;t - Jv 1 9 b ( 1/ 9 ::r ✓ "fflt1Llm) & rrm-
2 O)~ffllj-lj- -1 F 17 ;t - Jv 2 0 b ( 1/ 9 ::r ✓~1Llm) ~ ~:JRJ:tO) ~ G F 7 -1 :r. 'Y + ✓ '.7''$ ~ 
ffl 1t \ G, )Zti 2: :h 6 0) Jii ~ ~:JRJ:tO) ~ G P' 7 -1 :r. '>' + ✓ '.7''$& tr 17 .::r. '>' r- :r. 'Y + ✓ '.7''$ ~ 
-~/Xtfl <fJ.'Et :b --lt--C ffl 1t \ --C, * 00 tc IJ tl:l ~ :h --C 1t \ G m- 2 0) ir5·f1:. ffi:ti 1 0 b ~ :r. '>' + ✓ Y'T G 
o 2: :h tc J: t:J , m- 2 O)ri5'f1:il'.:ti 1 0 b tc ;B ~t Gm- 2 0)-lj- -1 F 17 ;t - Jv 2 0 B 0)~1J'!IJJJT 0) 



m:1:i (TIJ:b ~ 'I - A P' v -1 ✓Mrotm:1:i) tc, f§tl ;z ti~~ iJt 6 O n mO) I-- v ✓+ 2 3 ~M 
rotT Go -:: 0) ~ ~, m 1 O)fis•li.m:1:i 1 o a O)*ffiHi*OOff=i.lJm 2 1 a '1:•b.ti -c PG k: <'56 
, m1 O)fis•li.m:t:i1 0 ati:r.,;,+ ✓ :7'-~:h/J:Po ~tc, m10):-,,!) :::r ✓Jml 5 aO)J:.ffi]fi 
m 1 O)'f¥:i.1Jm 1 6 a Bz~*001¥:i.11m 2 1 a '1:/!WliX.b:h -C PG~J'J, m 2 0):,,, 9 :::r ✓im 1 
5 b 0) J:.OOf:tm 2 O)ff:i.lJm 1 6 b '1:•b.ti -C PG tc <'sb, m 1 . m 2 0):-,, 9 :::r ✓Jm 1 5 a. 
1 5 b fi:r. '>' + ✓ :7'' ~ :h/J: Po 

(0075) 
{X,c, rm3 (a) ,c:JFT J: 7 tc, -f§tlxf-J7,yjtt!l[1I.l1BcJ: ':J, I--v ✓+2311g0):r.,;,+ ✓ :7'' 

~~Bz~§?'titt1tlm~~AA* L, fcf3t, f§tl;zf-JC V D$tc J: ':J, f§tl;zf-J:-,,7 ✓ -JJA ( S i H 
4) Bz~J/Jv"'< ✓ -JJA (GeH4) ~- f§tl;zf-J-~-ht{5 ✓ :1JA (B2H6) ~O)p!filF-/'\/f-­
:}JA~~tcf§tl;zf-J6 5 0,-.....,7 o 0°CO)w!Bt'l:*~--tG-:: ~tcJ: ':J, t-- v ✓+2 3173~:JE:t!l! 
T G J: 7 t c p !fY s i G e Ji iJ ~ t?:> /J: G :,,, 9 :::r ✓ iH:.mi Ji 2 4 ~ :r. l::: ?7 :f- :,,, --\? Jv PX* ~ it G O -:: 

0) ~ ~, m 1 O)fis•li.m:1:i 1 0 a O)*ffil'i*001¥:i.11m 2 1 a '1:•b.ti -CPG tc<'sb, m 1 O)iJS 

,14.m:1:i 1 0 a J:.tc S i G e Ji fi:r. l::: ?7 :f-1/--\? Jv/JX* ~ :h/J: v \o ~ tc, m 1 0) 1/ 9 :::r ✓ Jm 1 
5 a 0) J:.OOt:tm 1 O)ff:i.tim 1 6 a &~*OOff=i.lJm 2 1 a '1:/!WliX.b:h -C PG~J'J, m 2 0) 
:,,, 9 :::r ✓Jm 1 5 b O)J:.ffi]f:tm 2 O)ff:i.lJm 1 6 b '1:•b.ti-CPG tc<'sb, m 1, m 2 0):-,, 9 :::r 
✓Jml 5 a, 1 5 bJ:.tcS i GeJifi:r.l:::;,t:f-:,,,--yJvnx;*~:h/J:Po 

(0076) 
-t- O)f3t, ~i,J~£iflx 1 o & ~m 1 0):7!--Jtl-JJ- -1 F r1J ::;t - Jv 2 o a (:,,, 9 :::r ✓~1tlm) ~ ~ 

:JRl:tO) ~ G P' 5 -1 :r. '>' + ✓ :7''$ ~ ffl PG, )Oi-:: .tit?:> 0) Jm ~ ~:JRl:tO) ~ G F 5 -1 :r. '>' + ✓ 
:7''$&~ r1;J :;x. ,y l-- :r. '>' + ✓ :7''$ ~jl,ij£X~Jic7;.i:i"bit-C ffl v \ -C, n !!IM I S Mrotm:t:itcMrot ~ 
:h -C v \ G *001¥:i.tim 2 1 a ~ AA* L, -C, m 1 O)fis•li.m:1:i 1 0 a ,c :l3 lt Gm 1 0)-lj- -1 F r1J ::;t 
- Jv 2 o A 0):7!--JU:nT O)m:t:i, TIJ:b ~, Y- A P' v-1 ✓Mrotm:t:iO)*ffiJ~~te ~ it Go 

(0077) 
_:: 0) J: 7 ,-:rm 2 (b) ,-.__,rm 3 (a) tC:JFTif¥~~1,ij{X~G _:: ~ tc J: ':), m 2 O)fis•li.m:1:i 1 0 

btc:l3ltGm20)-JJ--{ P'r1J:;;t-Jv2 0 B0):7!--1JllJ:nTtcMrot~:htc I-- v ✓+2 3 rgtc, mz 
O)fis•li.m:t:i 1 0 b tc;l3 lt G -f---y -:Z-Jvffl:t:iO)J/- l--*:1JftiHCf[~filS1J~~ e ~ it G:,,, 9 :::r ✓ 
iH:.mi!i 2 4 ~MJJXT Go 

(0078) 
{Xtc, rm 3 (b) tC:JFT J: 7 tc, 9 '/ :7''7 7 -1 $&~-1 ~ ✓i.i.Ait:.tc J: ':J, m 1 O)fis•li.m 

:ti 1 0 a tc, m 1 O)Jf- t--mt:iMIJX1i~ 1 4 A, m 1 0)~7t '>' l-- A~--JJ- 1 7 a &~m 1 
0)-JJ- -1 P' r1J ::;t - Jv 2 0 A~"'< A 7 ,c L, -C, 1§!J ;z f! A s ( l::: ~0 ~O) n !!l~~!lfrl] ~ i.i.A T G 
-:: ~ tc J: ':J, m 1 O)TJS'li.ffl:t:i 1 0 a tc:l3 lt Gm 1 0)-JJ--{ F r1J ::;t-Jv 2 0 A 0):7!--1JllJ:nTtc, 
i~Pn!fY'I-A F v-1 ✓ffl:t:i 1 8 a J: ':) 'b~Pffl'Ei'"~~ ~i:fL,, ffli:i-~~iJtl:t~lfJ~Pn 
!!I 'I- A P' v-1 ✓m:1:i 2 5 a~§ c~i:i-lfJtcMrotT Go ~:n, m 2 O)fis•li.ffl:t:i 1 o b tc, 
m20)ij'- l--mffiMJvt1i~l 4 B, m20)~7t,y l--A~--JJ-1 7 b&~m20)-JJ--{ Fr1J::;t 
- Jv 2 0 B ~"'< A 7 ,c L, -C, f§Uxtf B (~o ✓) ~O) p !!l~~!lfrll~aA T G-:: ~ tc J: ':), 
m 2 O)fis•li.ffl:t:i 1 0 b ,c :l3 lt Gm 2 0)-JJ--{ F r1J ::;t - Jv 2 0 B 0):7!--1JllJ:1JTtc, -aP p !!I 'I -
A F v-1 ✓m:1:i 1 8 b J: ':) 'b ~Pffli:i-~~ ~i:f L,, ffli:i-~~ nttt,~lfJ~t,. p !!I'}- A P' v 
-1 ✓m:1:i 2 5 b ~ § c~i:i-lfJ tcM,vt--t Go ,t-O)f3t, ~:!l:!ll!:IItc J: ':J, ~P n !fY '/ - A F v -1 
✓m:1:i2 5 a&~~P p!fil'I-A F v-1 ✓m:1:i2 5 b tc~~:hG~*t!lfrlJ~m•li.1t~itGo 

(0079) 
-:: 0) J: 7 tc, ~v \ p !!I 'I- A P' v-1 ✓tiui 2 5 b fi, m 2 O)TJS'li.ffl:t:i 1 0 b tc~lt i; .ti 

tc I-- v ✓+ 2 3 pg tcMrot~ :hfc:,,, 9 :::r ✓iH:.mi!i 2 4 ~~D' J: 7 tcMrot~ :hGo 
(0080) 

{Xtc, ~v\ n!!l'I-A F v-1 ✓m:1:i2 5 a&~~v\ p!fil'I-A P' v-1 ✓m:1:i2 5 b O)* 

OOtcMrot~:h-CPG §?'titt1tlm Crm:JFit9) ~AA*Ctc1Jt, 1§1Jxt!A/"'>' ?7$,cJ: !J, ~ 
i,J~£iflj 1 0 J:.O):@ffi],c, 1§!J;zf-JJmW[;ot 1 0 n mO).:::::. '>' if Jvn~ t> iJ: G~~Jm Crm:JFit9) 
~:ltHtT Go ,t-O)f3t, f§IJ;z f-J~*~lffl5?liq:r, 3 2 0 °C 0) T, 1 @.I§ 0) RT A (Rapid Th 
ermal Annealing) !ll!:IItcJ:!), ~Pn!fil'I-A Fv-1 ✓ffl:t:iz 5 aBz~~Pp!fil'I-A 



P'v1/'m:1:i2 5 bOJS i ~~~JmOJN i ~~J3Ut~it-C, ~Pnff!l'J-,::7,. P'v1/'m:t:i 
2 5 a,& ~~Pp ffY Y - ,::7,. F v 1 ✓m:1:i 2 5 b OJ J:.iBtc, .::::. '>' -7 Jv 1/ 9 -1}- 4 F iJ\ 6 ~Gm­
l. m- 2 OJ~~1/ 9-1}-1 FJm 2 6 a. 2 6 b ~Mnx:T Go 

(0081) 
-t-OJ1~, u1ititt~ ~itt1L=1<**~ OJiHdt~iJ\ 6 ~ G :c. '>' + ✓ ~f'~q:itc~i,Jfis:£:tlx 1 o ~& 

1JlT G ('.: ~ tc J:. I'.), *-=fnffltm:t:i 1 1, m-1. m- 2 OJ%7t '>' f-- ,::7,.""--1}- 1 7 a. 1 7 b 
&~m- 1. m- 2 OJ-l}-1 P'tJ ;t-Jv 2 o A, 2 o B~OJJ:.,c~t=r=T G*BOit~OJ~~Jm~AA* 
L, td~, 1 @.I§ OJ RT A!Jl\:II"'f OJUil& J:. I'.) Bi% v \Ula& ( 1§tl}U-J 5 5 O °C) OJ T, 2 @.I§ OJ 
RT A!Jl\:IItc J:. I'.), m- 1. m 2 OJ~~ 1/ 9 -l}-4 P'Jm 2 6 a. 2 6 b OJ1/ 9 -l}-4 P'mnx:tt~ 
3Z:5E1t ~ it Go 

(0082) 
~,c, rm3 (c) tC:JFTJ:.:,,c, 'f§tl;tf-J, m-1. m20Ji:lqffltl-l}-1 P'TJ;r-Jvl 9 a. 1 9 

b ( 1/ 9 :::r ✓itt1m) ~ ~=!RttOJ ~ G F 71 :c. '>' + ✓ 7''$ ~ ffl P -C, m- 1 OJ.7!--fflIJ-l}-1 P' tJ 
;t-Jv 2 0 a ( 1/ 9 :::r ✓~1m) &~m- 2 OJ.7!--fflIJ-l}-1 P' ry ;t - Jv 2 0 b ( 1/ 9 :::r ✓~1m 
) ~AA*TGo 

(0083) 
~,c, rm 3 (d) ,c:JFT J:. 7 ,c, 1§tl;tf-J77 ;(~CV D$tc J:. I'.), ~fis:£ffi 1 0 l:.OJ:@ 

00 tc, 1§0 ;t t-IJmW: 5 o n m OJ 1/ 9 :::r ✓ ~1mn\ 6 ~ G ~~Jm 2 7 ~ :LtttiT Go 
(0084) 

('.:OJJ:.:, ,c, ~~,m2 7 t-t, *OOtcm-1 OJ*ilJm 1 6 an1Mnx;~:htcm 1 OJI/- t--mffi 
MnxiB 1 4 A, &~*oo,cm 2 OJ*ilJm 1 6 b iJ1Mnx;~ :htcm- 2 OJ-3/'- f--m;t:iMnxiB 1 4 
B ~ 1lt-:, J:. 7 tcjf:;nx; ~ :hG o ,t- L, -C, if.-@J~Jm 2 7 rt, m 1 OJ.71--ffltl-l}-1 P' tJ ;t-Jv 2 0 a iJ1 
AA*~ :htcl!rOOMtk:iJ1L-'¥tk:OJm- 1 OJl:/q,Jltl-l}-1 P' tJ ;t-Jv 1 9 a, &~m 2 OJ.71--'(Jltl-l}-1 P' 
ry ;t - Jv 2 o b iJ1AA* ~ :htcl!r00Mtk:iJ1 L-'=Ftk:OJm 2 OJ i:lqffltl-l}-1 P' tJ ;t-Jv l 9 b OJ J:.tc 
ti t,, -c Mnx ~ :h G o 

(0085) 
-i"OJf~, 1§tl;tf-JCVD$tcJ:. I;, ~~Jm2 7 J:.tc, 1/9 :::t/'Jtt1mn\b~Gm-1 OJfjfffi 

~~Jm2 8 ~:LtffL,td~, 1§tl;tf-JCMP (Chemical Mechanical Polishing) $tcJ:. I'.) 
, m- 1 OJfiFJ:l~~Jm 2 8 OJ*tffiOJff:!HL~{f P~iJ1 6, m- 1 OJ*ilJm 1 6 a &~m- 2 OJ* 
itJm 1 6 b OJ J:.tc Mnx ~ :h -c PG ~~Jm 2 7 OJ J:.tffiiJi~tfj T G ¼ "'f, m- 1 OJ Ti 00~~,m 2 
8 ~li:Jf~AA*T Go 

(0086) 
~tc, rm4 (a) tC:JFTJ:.:,tc, m-1. m-20J1/9:::t/'Jm (~91/9:::t/'Jm) 1 5 a, 1 

5 b ~ ~=!RttOJ ~ G F 71 :c. '>' + ✓ 7''$)0-t ry ::x. '>' f-- :c. '>' + ✓ 7''$ ~ ffl v \ -C, m- 1 OJ 1/­
f-- mffiMnxiB 1 4 A, & ~m- 2 OJ I/ - f-- mffiMnxiB 1 4 B OJ J:. ,c Mnx ~ ;h -C PG m- 1 . m-
2 OJ*ilJm C 1/ 9 :::r ✓itt1m) 1 6 a, 1 6 b &~~~Jm C 1/ 9 :::r ✓~1m) 2 7 ~AA* 
L, -C, m- 1 OJI/- t--m1,iMnxiB 1 4 A tCB~t Gm- 1 OJ 1/ 9 :::r ✓,m 1 5 a, &~m- 2 OJI/­
I-- mffiMnxiB 1 4 B ,c B ~t Gm- 2 OJ 1/ 9 :::r ✓ ,m 1 5 b OJ J:.00 ~~tfj T GO ('.:OJ~ ~' m- l 
OJI/- t--mffiMnxiB 1 4 A&~m 2 OJij'- t--mffiMnxiB 1 4 B OJfflIJJJ,cjf:;nx;~ ;h -CPG m­
l. m- 2 OJ::;t7t '>' f-- ,::7,.""--1}- 1 7 a, 1 7 b, m 1, m- 2 OJl:/qfflIJ-l}-1 P' tJ ;t-Jv l 9 a 
, 1 9 b, ~~Jm2 7, &~m-1OJfift,,~~Jm28,-t, -t-OJl:.00i%~iJ1, m-1, m-20J1/ 
9 :::r ✓,m 1 5 a, 1 5 b OJ J:.tffii'a:i ~ ~ lo] t: )Zt"i[o]f¥&tc ~ G ¼ "'f [o]B~~Hc AA*~ :hG 0 

(0087) 
('.: OJ J:.:, tc, ~~Jm 2 7 rt, m-1. m- 2 OJ-3/'- t--m1,iMnxiB 1 4 A, 1 4 B OJffltlOOJ:.iJ\ 

6 m- 1. m- 2 OJ$1li.m:1:i 1 o a, 1 o b ,cB ~t Gm- 1 , m- 2 OJ-3/'- t--m1,iMnxiB 1 4 A, 
1 4 B OJfflJJJJtC{i[rnf.T Gm:t:iOJ J:.OOJ:.tc~-::> -CMnx;~ ;t1G~}J, m- 1, m 2 OJI/- t--mf,i 

MnxiB1 4 A. 1 4 BOJJ:.OOJ:.,c,-tjf:;nx;~;h~Po 
(0088) 

~tc, rm 4 (b) tC:JFT J:. 7 tc, m- 1 , m- 2 OJ~~Jm (T i N Jm) 1 4 a, 1 4 b, m- 1 
, m- 2 OJ ::;t 7 t '>' f-- ,::7,."" --1}- 1 7 a. 1 7 b, m- 1 , m- 2 OJ F9 '(Jltl-1}- 1 F tJ ;t - Jv l 9 a , 



1 9 b, ~~JJi 2 7, & ~m- 1 0) Ji fffl~~JJi 2 8 ~ ~:JRJ:tO) ~ 0 F 7 -1 ,::c. '>' + ✓ !1'$)0-i 
r1J :r. ''/ ~ ,::c._ ''/ + ✓ !''$~ ffl v "-C, m- 1 O)if- ~ m;+.i,Bfflt-g~ 1 4 A tc:r:,lt 0 m- 1 0)1/ I} :::r ✓ 
JJi 1 5 a, &~m- 2 O)if- ~ m;+.i,Bfflt-g~ 1 4 B tc:t:,tt 0 m- 2 0) 1/ IJ :::r ✓JJt 1 5 b ~ AA*--t 
0o 

[0089] 
{Xtc, rm 4 (c) tC:7F9 J:: 7 tc, ¥-iJ.~£:fR 1 0 J:JC, n 2:f'lM I S IDrotfflti~im D L, p 2:f'1 

MISlf:;$;ffl~~~'JV1/A~~A729~,B$;Ct.:~, m-IO)if-~~~JJil3a, m­
l 0)7t7t ,'/ ~ A~--Tt 1 7 a, m- 1 0) pg{J'{U-Tt-1 P' r1J ;t - Jv 1 9 a, ~~JJl 2 7, &~m­
l 0) Ji fffl~~JJl 2 8 ~ ~:JRJ:tO) ~ 0 r1J :r. ''/ ~ ,::c. '>' + ✓ !1'$ ~ ffl P -C, m- 1 0) if- ~ m1.iID 

fflt-g~1 4 Atci>lt0m-1 O)½~JJil 4 a ~AA*--t00 
[0090] 

2:0)J:: 7 tcrm4 (b) ,___, (c) tC:JF9.If¥~jl&{X~02'.: ~ tcJ:: ~' m-1 O)if- ~mffiIDfflt-g~ 
1 4 A tc:r:,lt 0 m- 1 0) 1/ IJ :::r ✓JJt 1 5 a &~m- 1 O)½~JJi 1 4 a ~/ll&iXAA* C -C, m- 1 0) 
iE'~fflti 1 O a_Uc, m-1 0)7t7t,'/ ~A~--Tt 1 7 a&~m-1 O)pgfflJJ-Tt-1 Fr1J;t-Jv 1 
9 a ~/®[{Xft L, -C~~JJi 2 7 tc~¼ ;h, m- 1 O)if- ~ ~~JJi 1 3 a iJt~[ffitcgte--t 0 m- 1 
O)[!!J-g~Ca~IDAA90o -t-:h~~tc, rm4 (b) fC:7F9.If¥~~02'.:~tcJ::~, m-20),1/'­
~ mffiIDfflt-g~ 1 4 B tc i> lt 0 m- 2 0) 1/ IJ :::r ✓ JJi 1 5 b ~ AA* L, -C, m- 2 0)$'~ffiti 1 0 b 
J::Jc, m- 2 O):;.?J-7-t ''/ ~ A~--Tt 1 7 b &~m- 2 O)pg1J'!U-Tt-1 F r1J ;t-Jv 1 9 b ~,l&l!Zft c 
-C~~JJi 2 7 tc~¼;h, m- 1 O)½~JJi 1 4 b iJt~[ffitcgte--t 0 m- 2 O)(!!J-g~c b ~IDrot--t 0 

[0091] 
{Xtc, rm 5 (a) tC:7F9 J:: 7 tc, v 1/ A ~~A 7 2 9 ~ AA* C t.:t;l, ¥-iJ.~£:fR 1 0 _Uc 

, 1,tl;tt-;!C VD$, AL D$, )ZfJ:A/'\ ''/ !1$~tc J:: ~, m- 1 O)(!!J-g~c a &~m- 2 O)[!!J-g~ 
Cb pg~t.i&936D-J:: 7 tc, 1,tl;tt-;f~1t!l ✓ '.5-7 Jv (Ta N) n~t?>~0m-2 O)½~JJ13 0 ~ti 
ff 9 0 o 2: 2: c\ m- 2 0) ½~JJi 3 0 ~ C -C r:t, n 2:f'lM I S ~ 7 ✓ 1/ A !I ffl tc iUl!f 1t ~ ;f1, t.: 
½~f;ff'-'.l-)Zri½~1t,g-!f7l!1tf-t (tJT, rnMI Sffl½~ltf-tJ ~;f#9) n~t?>~~' 4. o 
5 e V 1,jJ:.--Z:4. 6 e V tJTO)f±¥~1&:~if9 0 2: ~ iJt~¼ L, Po -t-C -C, m-2 O)½~JJi 
3 0 O)g~f,tl ~ C -C ti, 1,tl;tr-;!T a N O)~fc, !I ✓ !I Jv (Ta) ::f5'C < fi/, 7 :=. r1J J;,, (H 
f) ~O)½~, )Zr:tT a &~Hf 0) 7 't::!,-~ < ~ ~ 1 fl~11D-~1t!f7l!, m:*~1t!f7ll::f5'C < 
r ifl*~1t!f7lJ~iJt~ lj" t> ;f1, 0 o 

[0092] 
{Xtc, rms (b) tC:JF9J::7tC, ,WU;tr-;!CMP$, )Zfj:,::C.,',/7""/'\,'/7$tcJ::~, ~~JJ12 

7 0) J:.tffiiJtgte--t 0 ¼ --z:, m- 2 O)½~JJl 3 o ~ AA*--t 0 0 2: titc J:: ~, m- 1 O)(!!J-g~c a pg 
tc:r:,lt 0 m- 1 O)if- ~ ~~JJi 1 3 a J:.tcm- 2 O)½~JJl 3 O a ~IDrot--t 0 ~ ~tc, m- 2 O)[!!J 
-g~c b pgtc:r:,lt0m-1 O)½~JJi 1 4 b J:.tcm-2 O)½~JJ13 Ob ~IDfflt--t00 

[0093] 
2: 0) J:: 7 tc L, -C, m- 1 0)$'P=l:fflti 1 O a J:.tc, m- 1 O)if- ~ ~~JJi 1 3 a ~ft C -C, m-

2 O)½~JJl 3 0 a n~ t> ~ 0 m- 1 0) if- ~ mffi 3 0 A ~lf:;fflt9 0 ~ H, m- 2 0)$'~fflti 1 0 
bJ:.tc, m-zO)if- ~~~JJil 3 b~ftl,-C, m-1 O)½~JJil 4 b&~m-20)½~JJ13 0 
b n~ t?> ~ 0 m- 2 O)ij-- ~ m;+.i 3 o B ~IDrot--t 0 0 

[0094] 
{Xtc, rm 5 (c) tC:7F9 J:: 7 tc, ,WU;tr-;fc V D$tc J:: ~, m-1 O)JjfJ:l~~JJl 2 8 J:.tc, m­

l. m- 2 O)if- ~ m;+.i 3 0 A, 3 0 B ~~ 7 J:: 7 tc, m- 2 O)Jjfffl~~JJi 3 1 ~tiff L, td-3t 
, 1,tl;tt-;fCMP$tcJ:: ~, m-20)Jjfffl~~JJ13 10)*1ffi0)¥i:E!1t~1T7o 

[0095] 
,t-0)~, :tmm'O)M I S ~ 7 ✓ 1/ A !I ~if9 0¥-tf.~~jilO)!JmmH$~ [o):f~Hc, m-2 O)Jj 

fffl~~JJl 3 1 J:.tc, v 1/ A ~ Crm:JFif-9) ~ID$; C td-3t, v 1/ A ~~~A 7 tc C -C, P' 7 
-1 x '>' + ✓ !f'$tc J:: ~ , ~~JJl 2 7, m- 1 0) Ji fffl~~JJl 2 8 & ~m- 2 0) Ji FJ:l~~JJl 3 1 $ 
tc, m- 1 • m- 2 O)½~ 1/ IJ -Tt-1 P'JJl 2 6 a. 2 6 b 0) J:.OOtc!IJ~--t 0 m- 1 • m- 2 0) :::r ✓ !I 
7 ~ *-Jv 3 2 a. 3 2 b ~IDrot--t 00 2: 0) ~ ~, ~~JJi 2 7 iJtgte L, t.: ~ 2: ;s --z:~&.::r. 



,::, + ✓ '.7''~ 11:.&:>0 2 A 'r ,::, 70.::C. ,::, + ✓ '.7''$~ ffiP0 2: ~ tc J: t:J, m-1, m 2 0~~1/ lJ 
-lj---{ FJlt 2 6 a, 2 6 b 0:;t- /'\- .:r. ,::, + ✓ '.7''.J;. ~~ t?:> --t 2: ~ nt'"<: ~ 0 o 

(0096] 
-t-01~, A/'{,::,::57$)UiCVD$tcJ:t:J, m-1, m-20::::r ✓ ::57:7 l--*-Jv3 2 a, 3 2 

b 0~1'i~&ZFl!J!f1'i~tc, + ::57 ✓ ~ ~1t+ ::57 ✓ ~ ntJ®ftR:LiUil~ .ti----c '/J:. 0/" lJ 7 ~ ::57 ;r,,JJt~ID 
PX9 Go -t-01:l, CV D$tc J: t:J, m 2 v1:>Jilfflff.tg,~Jlt 3 1 J:JC, m 1, m 2 0 ::::r ✓ ::57 :7 f-­
*-Jv 3 2 a, 3 2 b pg~:1:.i&:>~D-J: 7 tc, ::57 ✓ '.7',A-r ✓JJt~:LiUfL,tc1£t, CMP$tcJ: 
t:J, m 1, m 2 0 ::::r ✓ ::57 :7 l-- *-Jv 3 2 a, 3 2 b !>11---tCID,Gx~ ;h----C P0 ::57 ✓ '.7''.A -r ✓JJt~ 
~~900 2:v1:>J:7tcl,----C, m-1, m-20::::r ✓ ::57:7 l--*-Jv3 2 a, 3 2 bpgtc, /'\lJY 
~::57~Jlt~*L,----c::57 ✓ ~A-r ✓JJtn~a:>~¼.ti----ctJ:.0m-1. m-20::::r ✓ ::57:71':15~33 
a, 3 3 b~ID!vt--t00 -t-01£t, m-20fjlfflff.tg,~]Jt3 11:Jc, m-1. m-20::::z ✓ ::57:7 l--:1 
5 '.7'' 3 3 a. 3 3 b ~ ~~ tctf~--t 0 ~~J!'ic*i (CKl~it9) ~IDPX--t 0 o 

(0097] 
tLJ:.0J: 7 tcL,----C, **:OOIID@tc1*04~ft~tm'., --t'/J:.:b'b, m-20~~1Jt3 o an"'t::> 

'/J:.0m-10if-l--mffi30A~~90n2I'J.MISl--5 ✓ 1/A::57NTr~, m-10~~]Jtl 
4 b&ZFm-20~~JJt (~~) 3 0 bn"-1::>'/J:.0m-20,3/'-I--mffi3 OB~1f90p2I'J.M 
I S l-- 7 ✓ 1/ A ::57 PT r ~ ~fJm;ttc4~ft~tm'.~~m9 0 2: ~ nt'"<: ~ 00 

(0098] 
tJTtc, *~BJ:10m 1 0*:00IID@tc1*04~ft~tm'.0tlPXtC"'.JP----C, CK! 6 (a) &ZF (b) 

~$YijL,'/J:.ntt?:>lmBJ:l900 [Kl6 (a) &ZF(b) ii, *~BJ:10m-10*M[ID@tc1*04~ft~ 
tm'.0t$},GxtC"'.JP----C~9[Kl'"<:db t:J, J:!ft~tcii, CK! 6 (a) fi-¥00CKl""<:db t:J, CK! 6 (b) ,tCKI 6 
(a) tc~--tVIb-VIb*jHc:l3~t6,3/'- f--rjl!iiJJ[ti]v':>WftmCKl""<:db00 '/J:.:B, [Kl6 (a) tc~--tVI-Vl 
*lUi, [Kl5 (c) tj::t02r:CK1,c:B~t0IDrOO*ltc:;f-§~90~JJ, [Kl6 (a) ,c~--tVr-Vr*lUi, CK! 
5 (c) q:t0tiCKltc:l3~t0IDrOO*i'ci§~900 ¼tc, [Klq:ttC:BP----C, 2r:-0tu,c~9 fnMI s 
J ~ ,t n 2I'J.M I s I-- 5 ✓ 1/ A ::57 ntID,qx ~ .:h0 n 2I'J.M I s IDPXil::ti~~ L,, ti-1JlUtc~9 r p 
MI SJ ~iip2I'J.MI S l--7 ✓ 1/A::57ntID,qx~;h6p2I'J.MI SID,qxffl:ri~~l,----CP00 

(0099] 
CK! 6 (a) tc~--t J: 7 tc, n 2I'J.M I S ID,qxffi:t:itc ,t, *-=f:5tit4lffl:t:itclfil¼ ;htcm 1 v':>YJ5'f4. 

ffl:ri 1 0 antID,qx~;h, p2I'J.M I SID,qxffi:t:iic,i, *-=f:5tit4lffi:t:i,clfil¼.titcm-2 v':>YJ5'f4.ffi 
:1:i1 0 bntID,qx~;h----CP00 m-1 v')YJ5'f1:ffi:t:i1 0 aJ:Jc,i, m-1 v')ij'- f--ff.tg,~Jlt~*L,----C 
, m-1 v':>if- l--mffi3 OAntIDJvt~;h----CP0~~tc, m-20m'f1:ffi:t:i1 0 bJ:JCfi, m-2 
0 if - t-- ff.tg,~JJt ~ * L, ----c, m 2 0 if - t-- mffi 3 o B ntID,qx ~ .ti ----c " \ 0 0 m 1 • m 2 0 ij' -
I--mffi3 OA, 3 OBv1:>fflUOOJ:Jc,i, m-1, m-20:;t7t,::, l--A~--lj-1 7 a, 1 7 b& 
ZFm 1 , m 2 0 pg lJJ-lj- --1 F 17 ::;t - Jv 1 9 a , 1 9 b ~ J®[t,;.: ft L, ----C, ff.tg,~Jlt 2 7 ntID,qx ~ .ti 
----c P00 '/J:.;8, CK! 6 (a) tC:BP----C ,t, m 1 v1:>Jilfflff.tg,~Jlt (CK! 5 (c) : 2 8 $Yij) ' &ZFm 
2 v1:>filfflff.tg,~Jlt (CK! 5 (c) : 3 1 $Yij) v':>[Kl~~'gf~ L, ----C P0 nt, m 1 v1:>filffl*@.,~JJt,i, 
ff.tg,~Jlt 2 7 J:JCID,Gx~ ;h----C P00 ¼ tc, m 2 v1:>Jilfflff.tg,~JJt,i, m 1. m 2 v')ij'- t--m:,t:i 3 
0 A, 3 0 B ~"N 7 J: 7 tc, m 1 v1:>Ji"'1,~~JJtJ:JCID,Gx~ ;h----C P00 

(0 1 0 0] 
CK! 6 (b) tc~--t J: 7 tc, 4~ft£ffi 1 0 0 J:.1'i~tc ,t, n 2I'J.M I S ID,qxffl:ri ~ p 2I'J.M I S 

IDAAffi:t:i ~ ~ ~rnil--t 0 J: 7 tc, I-- v ✓+ pg tcff.tg,~]Jtnt:l:J.&:>~¼ .:htc*-=f:5tit4lffi:t:i 1 1 ntID 
AA~ .ti ----C P 0 o 4~ft£tJx 1 O tc :l3 ~t 0 n 2I'J.M I s IDAAffi:t:iic fi, p 2I'J. 17 ,;c. Jvffi:ri 1 2 a 
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ffi" 1 0)4~~ 1 4 a ~Jl~/XAA* l.,,-C, ffi" 1 O)IB'~ffl:ti 1 0 a J:.t;::, ffi" 1 O):;,;t7t 'Y r-7-."" 
--l}- 1 7 a & ~ffi" 1 0) pg -mU-l}- -1 P' ry ;.t - Jv l 9 a ~ j~tx:: 1r L, -C ~~~ 2 7 t;:: lttl ~ ti, ffi" 1 



O)lf- f--~~JJil 3 aiJtJi~:tw,c~tl:l--t0m-1 OJ[!!J1'½~C a ~IDPX90o 
[0121] 

~,c, rm 7 (c) tC:7F9 J:: 7 ,c, v 1/ .7. I--'"'< .7. ::7 2 9 ~ AA* L-f-::{l, ¥~ft£ffi 1 0 J:JC 
, 1,tl;U:!C VD$, AL D$, Xfi.7.f" '>' !1 $~ic J:: t:J, g 1 OJ[!!J1'½~C a pg ~:l:11!&9~D' J:: 
:, tc, 1,U}U:!T a N iJ~ 6 /J: 0 g 2 OJ½wiJJl 3 o ~:LiUl--t 00 

[0122] 
~tc, rm 8 (a) tCJF9 J: 7 tc, 1,U JU:! CM P $, x_ii.::c. '>' T /'\ '>' ::7 $ic J:: t:J, ~~JJi 2 

7 0) J:.ffij iJt~tf:l 9 0 ~ 1'.:\ g 2 OJ½wiJJi 3 0 ~ AA* 9 0 o 2: ;h tc J:: t:J , g 1 0) 1!!11'½~C a pg 
tc :i3 ~t 0 g 1 OJ/f- I-- ~~JJl 1 3 a J:.tc g 2 OJ½wilJl 3 0 a ~ IDrot--t 0 o 

[0 1 2 3] 
2: 0) J: :, tc L, -C, g 1 OJm114.iUi 1 0 a J:.tc, g 1 OJ/f- I-- ~~JJl 1 3 a ~fr L, -C, g 

2 OJ½wilJi 3 0 a iJ~ G 7J: 0 g 1 OJ/f- I--mt.i 3 0 A ~IDrot--t 0 ~7'J, g 2 OJm'l4.iUi 1 0 
b J:.tc, g 2 OJ/f- I-- ~~JJi 1 3 b ~fr L, -C, g 1 OJ½wilJi 1 4 b ,&t,g 2 OJ 1/ 9 ::z :;,,,JJt 
1 5 b iJ~ 6 7J: 0 g 2 OJ lf- I-- mt.i 3 0 B ~IDrot--t 0 o 

[0124] 
~,c, rm8 (b) tCJF9J::,tc, m-20J$,'!}::z:;,,,JJ11 5 bOJ*OOicIDrot~.ti-CP.:513~~ 

1tJJl Crm:JFit9) ~AA*Ltdt, -f§Uxf-;!.7.,1"'>'!1$tcJ::t:J, ¥~ft£t&l 0l:.OJ:@ffi]ic, 
1§1Jxf:!JJiW:iJt1 o nm0J,;::.,>'ifJviJ~61J:0½wilJl Crm:JFit9) ~:LiUl--t00 -t"OJi~, 1'Ux 
f-;!~*~lffl'.5?\$, 3 2 0 °C OJ T, 1 @.I§ OJ RT AJl!:ll!Bc J:: t:J, g 2 OJ$,' 9 ::z :;,,,JJi 1 5 b OJ 
s i ~ ½wiJJl OJ N i ~ ~ Jxfil) ~ it -c, m- 2 OJ 1/ 9 ::z :;,,, JJt 1 5 b OJ J:.1'½~tc, ,:::. '>' if Jv 1/ 9 -JJ­
~ f-t iJ~ 6 /J: 0 ½wi 1/ 9 -JJ-~ F JJi 3 4 ~ ID~--t 0 o 

[0 1 2 5] 
-t"OJi~, ul~~~~1L=1<**~ OJiHdt~iJ~ 6 /J:0.::c. '>' +:;,,, ~l~g=iic¥~1t£tlx 1 o ~& 

1Jl--t 0 2: ~ tc J:: t:J, g 1 OJfirffl~~JJl 2 8, ~~JJl 2 7, g 1. g 2 OJ pgflJ-JJ-~ Fry :,1-- -

Jv 1 9 a. 1 9 b, ,& z,g 1 • g 2 OJ :;t 7 t '>' I-- .7. -"'--JJ- 1 7 a. 1 7 b ~O) J:.ic?ijf¥9 
0*fxfil)OJ½wi1Jl~AA*Lt.::1~, 1@.I§OJR T A!mI.11:0Jii'll&J:: t:J 'trmPUla& C1'Uxr:!s 
5 o °C) OJ T, 2 @.I§ OJ RT A!mI.l!Bc J:: t:J, ½wi $,' 9 -JJ-~ FJJi 3 4 OJ 1/ 9 -JJ-~ P';ffl.rottt~ 
3eJE1t ~ it 0 0 

[0 1 2 6] 
~,c, rm 8 (c) tC7F9 J:: 7 tc, 1'Uxf:!C V D$ic J:: t:J, m-1 OJfiFJ:l~~JJl 2 8 J:.tc, g 

1. g 2 O)Jf- I--mt.i 3 0 A, 3 0 B ~1Jt 7 J:: 7 tc, g 2 O)fjrffl~~Mt 3 1 ~:liUl Ltd~ 
, 1'Uxi:!CMP$tcJ:: t:J, g20Jfirfflft.e~JJi3 1 OJ*000J¥tE!1t~1T?o -t"OJi~, imm'OJ 
MI S f-- 7 ✓ 1/ .7. !1~t,90¥~ft~ii10JffiYmJJ$ ~ lo.lt~Hc, *a,~JJt 2 7, g 1 OJ!irfflft.e 
~JJ12 8, ,&t,g20Jfirffl~~JJ13 1 $0Jm-1. m-20)::z:;,,,!,7::7 I--*-Jv3 2 a, 3 2 b 
pg icIDrot~ .ti, g 1. g 2 OJ½wi 1/ 9 -JJ-~ FJJl 2 6 a. 2 6 b ~ ffl~--t 0 g 1 . g 2 OJ ::z 
:;,,, !1 ::7 I-- 75' ::'.~f' 3 3 a. 3 3 b ~IDrot--t 00 -t-OJ~, g 2 OJ!irffl~~JJi 3 1 J:.ic, g 1. 
g 2 OJ ::z :;,,, !I ::7 I-- :15' :7'' 3 3 a, 3 3 b ~ ~lfJ tc ffl~--t 0 ½wiffie,~f Crm:JFit9) ~ IDrot 
900 

[0 1 2 7J 
J,,jJ:.OJJ:::, tcL-C, ***ID~ic1*0¥~ft~iil, --t/J:.b'b, m-20J½wiJJ13 0 aiJ~t?:> 

/J:0glOJ/f-f--mffi30A~tf90n~MIS{--7:;,,,1/.7.!,TNTr~, g10J½wi1Jll 
4 b &trm- 2 0)$,' 9 ::z :;,,,JJt (~mJJt) 1 5 b iJ~ 6 7J: 0 g 2 O)Jf- I--mt.i 3 0 B ~tf9 0 p 

~M I S I-- 7 :;,,, 1/ .7. 7 P T r ~ ~ fJm x k: ¥~ft~ iii~ fflYm--t 0 2: ~ iJt1: ~ 0 o 
[0 1 2 8] 

2: 2: 1:, ***ID~~ g 1 O)**ID~~ OJfflUm7'J$J:.OJ:;tH~~fi, J,,JTtC7F9,~l: ~ 0 

[0 1 2 9] 
g 1 OJ*M!IID~l:f"i, rm4 (b) ic:JF--t J:::, tc, g 2 OJ/f- I--mffiIDrot1'½~ 1 4 B ici>~t 0 

g 2 OJ 1/ 9 ::z :;,,, JJi 1 5 b ~ AA* L -C IDrot ~.tit:: g 2 OJ 1!!11'½~C b pg ic, g 2 OJ½wilJi 3 0 b 
~IDrot L -C, g 2 OJ lf- I-- mt.iIDrot1'½~ 1 4 B tc :i3 ~t 0 g 1 OJ½wilJi 1 4 b, ,& t,g 2 OJ½ 



~}Jt 3 0 b 7J" /:) 7J: Q m 2 0),3/- I-- mffi 3 0 B ~IDnx;'"t Q 0 

[0130] 
2: ;ht ext L, *;1€:00!ID@'"""f t'i, m 1 O)*tft!iID@tc :t3 lt o rKI 4 (b) tc~'"t J: -5 tcm 2 0),3/ 

- I-- mt:iIDnx; -§-~ 1 4 B tc :8 l t o m 2 0) 1/ lJ :::r ✓ JJt 1 5 b ~ ~*it 9 { c, m 2 0) ij' - 1-- mffi 
ID$:-§-~ 1 4 B tc :t3 ~tom 1 O)c&~}Jt 1 4 b ,& ~m 2 0) 1/ lJ :::r ✓ }Jt 1 5 b iJ'- 6 IJ: om 2 0) ,3/ 
- I--mt:i 3 0 B ~IDnx;'"t 00 -t- L -C, m 2 0),3/- I--mt:i 3 0 B O)ID$:{1Hc, rKI 8 (b) tc~ 
9 J: -5 ,c, m 2 0),3/- I-- mt:i 3 0 B tc;t3 ~tom 2 0)-y lJ :::r ✓JJt 1 5 b J:Jcc&~ 1/ lJ '-lj-,1 P' 
lJt 3 4 ~IDnx;'"t 00 

[0131] 
J,j T,c, *~BJ:! O)m 2 O)*tft!iID@tc1lko¥-J.Jtf~iif O)tlnx:,c"'.:) 1t •-C, rK19 ~$Yij L IJ:iJ1 

6 lmBJ:19 Go rKI 9 t'i, *~BJ:IO)m 2 O)*tft!iID@,c 1lko¥-J.Jtf~iif O)l$}mt,c "'.:) 1t •-C~9 ij'-
1-- $1:1JftiJO)WfffiJLKl'"""f ~ Q O /J:;8, rKI 9 tc;t3P -c' m 1 O)*tft!iID@,c:t3~t otlnx:~* ~ lo]~ 
O)llnx:~*'c,-t, m 1 O)*tft!iID@,c:t3~t orKI 6 (b) ,c~'"tff~~ loJ~O)ff~~ML -CPo 
o ~ t.=, rKI q:i ,c :t3 P -C, 1i: l!Hc ~9 r n M I S J ~ t'i n !fYM I S I-- 7 ✓ V _:::z_ :7 iJ1IDnx; ~ :h 
on!fYMI SIDrott!Ui~~L, £JU,c~9 rpMI SJ ~t'ip!fYMI S r-7 ✓ 1/A:7iJ1ID 
nx;~ :hop !fYM I SIDnx;ffl:ti~~ L -CPoo 

[0132] 
rKI 9 tc~9 J: 7 ,c, m 1 0)$'~ffl:ti 1 0 a J:Jc t'i, m 1 0),3/- 1-- ~~}Jt 1 3 a ~fr L -C 

, m 2 O)c&~}Jt 3 0 a 7J'- /:) 7J: om 1 0),3/- I--mffi 3 0 A iJ1IDnx;~ ;h -CPo ~:1J, m 2 O)iE 
-~ffl:ti 1 0 b J:JC t'i, m 2 0),3/- 1-- ~~}Jt 1 3 b ~fr L -C, m 1 O)c&~}Jt 1 4 b ~ m 1 0) 
c&~}Jt 1 4 b J:JC ID$:~ ;ht.= m 2 0)-y lJ :::r ✓ JJt (J.J~) 1 5 b ~ 7J'- /:) iJ: om 2 0) ,3/ - 1-­
mt:i 3 o B iJ1IDnx; ~ ti -C Po o m 2 0) 1/ lJ :::r ✓ 1Jt 1 5 b _Uc t'i, 4~ 1/ lJ ..Jj- -1 F 1Jt 3 4 iJ1 

ID$:~ :h-Cv •00 
[0133] 

2: 2: '"""f, **tft!iID@~m 1 O)*tft!iID@~ O)flmJ:.O)tHlii~U'i, t--lTtc~'"t,~'"""f~o" 
[0134] 

***ID@'"""f t-t, m 2 0) if- 1-- mt:i 3 o B i-t, m 1 O)c&~JJt 1 4 b ~ m 2 0) 1/ IJ :::r ✓ JJt 
1 5 b ~ iJ'- 6 IJ: o o -t- L -C, m 2 0)-y lJ :::r ✓ 1Jt 1 5 b J:.,c t'i, 4~ -y lJ ..Jj-,,f P'}Jt 3 4 iJ1ID 
nx;~;h-CPo" 2:ti,cttL, m 1 O)*tft!iID@'"""ft'i, m2 O)ij'- I--mt:i3 0 Bi'i, m 1 O)c& 
~}Jt 1 4 b ~ m 2 O)c&~}Jt 3 0 b ~ iJ'- 6 IJ:o" 

[0135] 
2: 0) J: :de, m 2 O)ij'- I--mt:i 3 OB ,c:t3~t om 1 O)c&~}Jt 1 4 b _UcIDnx;~ :ht.=J;Jm 

1Jtn1, ***ID@'"""ft-tm 2 0)-y IJ :::r ✓JJt 1 s b '"""f ~o O){cxtL, m 1 O)*tft!iID@'"""ft-tm 2 
O)c&~}Jt 3 0 b '"""f ~ o o 

[O 1 3 6] 
**tft!iID@,c J: o ~, ]iPtc[o]~O)_If~HC:8P-C, m 1, m 2 O)ij'- I--mt:iIDnx;-§-~ 1 4 

A, 1 4 B (LKI 1 (c) $YI;'{) ~IDrotLtdit m 1 0),3/- I--mffiIDnx;-§-~1 4 AtC:8lt0m 1 
0)-y lJ :::r ✓JJt 1 5 a &~m 1 O)c&~}Jt 1 4 a~~~~~* L -CID$:~ :htcm 1 O)[!!J-§-~C a ( 
rK17 (b) $Yij) pg ,c, m 2 O)c&~}Jt 3 O a ~ID$: L -C, m 2 O)c&~}Jt 3 O a iJ'-6 IJ: om 1 
0) ij' - I-- mt:i 3 O A ( rKI 8 (a) $ YI;'{) ~ IDnx:'"t o o ~ :1J, m 2 0) if - I-- mffiIDrot-§-~ 1 4 B 
tc:t3lt om 1 O)c&~}Jt 1 4 b Bz~m 2 0)-y lJ :::r ✓JJt 1 5 b iJ'-6 IJ:o m 2 0),3/- I--mffi 3 0 
B ~IDnx;'"t o" ,t-O)fclsb, m 1 0),3/- I--mt:iIDnx;-§-~ 1 4 A{c:t3~t om 1 0)-y lJ :::r ✓JJt 1 5 
a&~m 1 O)c&~}Jt 1 4 a O)~*O)~,ct-t, rKI 7 (b) ,c~'"t J: 7 ,c, n!fYM I SIDnx;ffl:ti 
&~ p !fYM I SID$:ffl:ti0)~:1J~lffl D Ltt!DJ~~ 7 v V _:::z_ 1-- "'7 _::z_ 7 2 9 ~IDnx;'"t o t.=lsb, 
*r:5t'4iffl:ti 1 1 ,cit:bit"'7-V ✓n1&.,~~ ~:ho 1:JO)O), m 1. m2 0)-3/- I--mffiIDnx: 
-§-~ 1 4 A, 1 4 B O)ID$:O)~,ci-t, *r:5t'4tffl:ti 1 1 ,cit;bit"'7-V ✓ i-t&.,~~ ~ ;h/J:P 
o VI:'? -C, it;bit"'7-V ✓ &.,~If¥~~ 1 [~Hc:trll Jt o 2: ~ iJ1'"""f ~ o k lsb, *r:5t'4tffl:ti 1 
10),3/- I--$1ii:1JftiJO)$j (LKl9: Wn p$Yij) ~~1Jvft'"t02: ~iJ1 '"""f~oO)'"""f, ¥-J.Jtf~iil 
O)t~JHI1t ~ rKI o 2: ~ iJ1'"""f ~ o o 

[O 1 3 7] 



:1Jo;t --c CK! 1 (c) tc~--t J: 7 tc, 1:LPtc[o]~O)I.flHc:l3P ... C 1L1t'-tc[o]~O)$,' 9 ::z :;,,,JW; 
1 5, [o]~O)m-1 0)4J~JW; 1 4, &~foJ~O)if- H%@.,~JilIDJvtJil 1 3 iJ1ffi~f{:7 -.::::.. :;,,, :7'' 
~ ti,--c_ m- 1 • m- 2 O)if- t--mt.iIDJvt"i'i~ 1 4 A. 1 4 B iJ1IDJvt~ tl,0 tc tb, m- 1. m- 2 0) 
Jf- t--mt.iIDJvt"i'i~l 4 A. 1 4 B ~:@!!Hc_§:·::::>fw&~< IDJvtTo-=: ~iJ1'"""f~oo -=:tttcJ: 
".:> , fw&~ < ID/vt ~ ti, tc m- 1 0) if- 1-- mt.iIDJvt"i'i~ 1 4 A tc :l3 lt 0 m- 1 0)4~JW; 1 4 a & ~ 
m- 1 0) 1/ 9 ::z :;,,,JW; 1 5 a ~, m- 2 0)4~JW; 3 o a ~ tit~ t.,, --c, m- 2 0)4~JW; 3 o an~ t?> tJ: 
0 m- 1 O)Jf- t--mffi 3 0 A ~IDJvtT 6~:n, fw&~ < IDJvt~ tl,tc:m- 2 O)ij'- t--mt.iIDJvt"i'i~ 
1 4 B tC:Blt 0 m- 1 0)4~JW; 1 4 b &~m- 2 0) 1/ 9 ::z :;,,,)W; 1 5 b n~ t> tJ: 0 m- 2 O)ij'- t--m 
ffi 3 o B ~ IDJvtT 0 -=: ~ iJ1'"""f ~ 0 k tb, fl&~ < IDJvt ~ ti, tc: m- 1 • m- 2 0) if - I-- mffi 3 o 
A. 3 0 B ~*IiT 0 2: ~ iJ1'"""f ~ 00 

[0138] 
~ t> tc, m-1 O)*n'i!iID~~ foJ::tJtc, ~It" p !ti! Y- 7-- P' v ,1 >if:ti 2 5 b '/J1$,' 9 ::z :;,,,iEE;~ 

Ji 2 4 ~~D'2: ~ tc J: ".:>, m-2 0)$'fi.ffl:ti 1 0 b tC:Blt o+-v .:Z-Jvi[:tiO)if- f--ftJJftiHC 
B]jij µ()7] ~ El) 7JDT 0 2: ~ iJ1'"""f ~ 0 0) '1:, p !t!!M I S f-- 7 :;,,, 1/ 7-- :7 0) l!Il:1Jtil§:1J ~ [ti] J:. ~ it 0 
2: ~ '/J1 '"""f ~ 0 0 

[O 1 3 9] 
cm- 2 O)*n'i!iID~0)3€ID1YID 

J.,,_1Ttc, 2js:~BF.f O)m- 2 O)*n'i!iID~0)3€ID1YIJ tc1*0¥J.J¢~til&~ ,t-O)~JQJJ$tc--::::> 1t "--c 
CKIOO~$~ij L, tJ:tJ1 t> lmBF.fT 00 tJ::l3, m- 2 O)*n'i!iID~0)3€ID1Y'Hc1*0¥J.J¢~til&~-t-O) 
~m:n$tc--::::> 1t "--c, ml:utt O)m- 2 O)*n'i!iID~tc 1*6 ¥J.Jw~til& ~ -t- O)~m:n$ ~ i'H~T 0 
,~ ~ tj::t,C;,tc lmBF.f L,, ~imT 0 ,~tc--::::> 1t "--c t'iil!i'.§:'gfllllt L, --c lmBF.f T 0 0 

[0140] 
J.,,_1Ttc, *~BF.f O)m- 2 O)**ID~0)3(ID1,IHc1*0¥J.Jw~tilO)~JQJJ$tc--::::>P--C, CK! 1 

0 (a) ,___, (c) &~CKl 1 1 (a) ,___, (c) ~$~ijL,tJ:iJ1 t?>lmBF.!Too CK! 1 0 (a) ,__,CK! 1 1 (c) t'i 
, 2js:~BF.f O)m- 2 O)*n'i!iID~0)3€ID19tl tc 1*6 ¥J.J¢~iil O)~m:n$ ~ IflUJtc~--t if- I-- ft 
JJ[tiJO)~"i'i~If.¥!mtffiCKl'"""f~00 lJ::8, CK! 1 0 (a) ,__,CK! 1 1 (c) tC:BP--C, ffil~O)m-20)* 
n'i!iID~tC:Blt otlrot~* ~ [o]~O)tfrot~*'ct'i, m- 2 O)**ID~tC:Blt 0 CK! 7 (a) ,__,CK! 8 
(c) tC~Tff~~[o]~O)ff~~ffl.,,--CPoo ¼k, [Klq::ttC:BP--C, 1r:ffltltC~T fnMI s 
J ~ t'i n !t!!M I S r- 7 ✓ 1/ 7-- :7 tJ1IDJvt~ tl,0 n !t!!M I S IDJvtffl:ti~~ L,, t:tfflUtc~--t r p 
MI SJ ~t'ip!f!!MI S f--7:;,,,1/7'.:7'/J1IDJvt~tl,0p!f!!MI SID)Vtffl:ti~~l.,,--CP00 

[0141] 
¼ 9, m- 1 O)*n'i!iID~tC:Blt 0 CK! 1 (a) ,__,CK! 4 (a) tC~Tif.¥~/l~~1TP, m- 2 O)** 

ID~~foJ::tJtc, CKl7 (a) tc~--ttlrot~f~oo 1JH_,_ 2js:3€ID19tltc:l3lto-3/'- Ht-a~JilIDJvtJil 
1 3 ~ L, --Cf 'i, p !t!!M I S f-- 7 :;,,, 1/ 7-- :7 ffl tc ~il!i1t ~ ti, tc }W;)¥ ~ if L,, p !t!!M I S f-- 7 :;,,, 
1/ 7-- :7 ffi tc~il!i1t~ tttc~~tt;.tq.n~ t> tJ: 0 2: ~ '/J1~¼ L, 1t '-o 

[0142] 
~tc, [Kl 1 0 (a) tC~T J: 7 tc, ¥J.Jw£ffi 1 0 J:JC, n !t!!M I S IDJvtffl:ti~lffl D L, p 

!t!!MISIDJvtffl~~~'JV1/7--l--~7--~29~IDJvtL,k~, m-10)4~1W;14a, m-10) 
;1- 7 t '>' I-- 7-- -"'--lf 1 7 a, m- 1 0) r:I fflU-lf ,1 P' 17 :n- - Jv 1 9 a , ~~JW; 2 7 , & ~m- 1 0) 
fi fffl~~JW; 2 8 ~ ~:J'Rlt;O) ~ 0 P' 7,-f .:r.. ''/ +:;,,, :7''$)0'i r; :r. ''/ I-- .:r.. ''/ +:;,,, :7''$ ~ ffl 1t "--c, 
m- 1 0) -3/' - I-- mt.iIDJvt"i'i~ 1 4 A tc :B lt 0 m- 1 0) 1/ 9 ::z :;,,, JW; 1 5 a ~ ~*T 0 o ,t-O){ffi:, m-
l 0) if- I-- ~~JW; 1 3 a , m- 1 0) ;d""" 7 t ''/ I-- 7---"' --lf 1 7 a , m- 1 0) r:I fflU-lf ,1 P' 17 :n- - Jv 
19a, ~~JW;27, &~m-10)/ifffl~~)W;28~~tR1:t0)~0rJ:r.o/f--.:r..o/+ ✓~$~ 
m It '---C' m- 1 O)if- t--mffiIDJvt"i'i~ 1 4 A tC:B lt 0 m- 1 0)4~JW; 1 4 a ~~*T 0 0 2: 0) J: 
7 tc, m- 2 O)**ID~tc:l3lt 0 rRl 7 (b) tc~--tif.¥ ~ [o)iffO)If.¥~1r 7 o 

[0143] 
-t- O)fffi:, ¥J.Jw£tJx ~ ~tRttO) ~ 0 17 ;r. o/ 1-- .:r.. ''/ + ✓ 7''$ ~ m" "--c, m- 1 0) ij' - 1-- mffi 

IDJvt"i'i~ 1 4 AtC:Bltom-1 O)if- 1--~~JW; 1 3 a ~~*Too 
[0144] 

2: 0) J: 7 tc L, --C, m- 1 0) if- 1-- mffiIDJvt"i'i~ 1 4 A tc :B lt 0 m- 1 0) 1/ 9 ::z :;,,, JW; 1 5 a, m-



1 0)4~Jm 1 4 a, Bz~m- 1 O)lf- f--. if.-@J~}m 1 3 a ~/@[£'A:~* L, --c m- 1 O)m'f4-fflti 1 0 
a J:JC, m- 1 O);;t 7 t '1/ r- A «--JJ- 1 7 a Bz ~m- 1 0) pg,mJJ-JJ----f r- i) :;t-Jv 1 9 a ~ /®[£'A:fr 
L- --c~~Jm 2 7 teltll~ :h, m- 1 O)m•f4-fflti 1 o a iJt~OOte■:±lT 6 m- 1 O)[!!J-i'iBC a ~IDJvt 
T00 

[0145] 
£'A:tc, rm 1 0 (b) tc~T J::. 7 re, v1/ A 1' '? ,,A ::7 2 9 ~~* L, td~, f,IJxt-JH PM (H 

ydrochloric Acid/Hydrogen Peroxide/Water Mixture) ;W!:IIteJ::.~, ¥-J.J1:f£:;i-Jjl 
00)*ffijte,7~jJJv~1Llm crm~1t9) ~IDJvtL-t-=~- f,IJxt-JMOCVD$reJ::.~, ¥-J.J 
1'£:ffx 1 0 J:Jc, m-1 O)[!!J-i'iBC a pg~~ 7 J::. 7 te, 1§!JxtfJm,J¥iJt 2 n mO)imiim$JmiJ~ 6 
-/J:. 0 If- 1' ~~JmIDJvtJm 3 5 ~:tfUtT 0 o 2: 2: --c, If- 1' ~~JmID~ 3 5 ~ L- --c ti, lt 
iim$iJt 1 0 j,,,jJ:.0)4~~1t~iJ~ 6-/J:. 0 im~m$Jm~13'"D' 2: ~ iJt~~ L, Po ~ 6 te, !f-

f-- ~~JmIDJvtJm 3 5 ~ L, --C ti, n !fYM I S 1' 7:,,,, 1/ A !I ffl te~~1t ~ :ht.::JmW:~if L,, n 
!fYM I S 1' 7 /"1/ A !l ffl te~Jl!i1t~ ;hf,::~~;;i-;t;f!-,liJ~ 6-/J:. 6 2: ~ iJt~ ~ L, It ~o 

[0146] 
-fO)f~- ¥-J.J1'£tfx 1 0 J:.tc, f,IJxt-JC VD$, AL D$, )Oi,,A/\ '1/ !1$~te J::. ~, 

lf- 1' ~~JmIDJvtJm 3 5 ~fr L, --cm-1 O)[!!J-i'iBC a pg ~j:lf!.6'l)~<fr J::. 7 {e, f,IJx,-JT a NiJ~ 6 
-/J:. 0 m- 2 0)4~Jm 3 o ~:tiUtT 0 o 

[0147] 
{Xte, rm1 0 (c) te~TJ::.-:j{e, 1,!JxtfCMP$, Xfi:C.')'7""/'\,y::7$teJ::.~, ~~Jm 

2 70)J:.ffijiJt■:±lT6~--C, m-20)4~Jm3 o&~lf- r-~~JmID~3 5~~*T6o 
-:: :htc J::. ~, m- 1 O)[!!J-i'iBC a pg rem- 3 O)Jf- 1' ~~Jm 3 5 a ~IDJvtT 6 ~ ~re, m- 3 O)Jf 
-1'~~}m3 5 aJ:.tem-20)4~}m3 0 a~IDJvtT6o 2:2:--C, m-30)//--1'~~}m3 5 
a ,i, m- 1 0) [!!J-i'iBC a pg te ~ ~t 6 m- 1 O)i15•[4,fflti 1 0 a J:.iJ~ 6 m- 2 0)4~1m 3 0 a O)Jljffij 
J:.tes-::J--CIDJvt~:h00 -fO)f-::6'6, CR11 o (c) te~--trm,i, If- r-~7JftiJO)lfJrtmrm--c;lb6 
t.::6'brm~~ ;h-/J:.PiJt, m-3 O)J;f- f-,.~~}m3 5 a ti, If'- 1' rjlfl7Jfti]{eyJ-::J --CliPte~ ~ t:r 
7 m- 2 0)4~Jm 3 0 a ~ m- 1 0)4~Jm 1 4 b Bz~m- 2 0)$-' 9 ::r :,,,,Jm 1 5 b ~ O)ftijtefrtET 
6 J::. 7 teJf:;Jvt~:hGo 

[0148] 
{Xte, rm 1 1 (a) te~T J::. 7 re, m- 2 0)4~Jm 3 0 a ~ ~:JRltO) db G :c. '1/ +:,,,, !!'$, X 

ti1'1JxtfwfR7,y~;W!:IIreJ::.~, m-30)J/--f--.~~lm3 5 aO)J:.-i'iB~~*L---C, m-30)1/' 
-1'~~}m35aO)J:.~im~~- m-20)4~}m30aO)J:.tmim~J::.~~~<L---C, ~R~ 
MJvtT Go 2: 2: --C, ~Rti, m- 2 0)4~Jm 3 0 a O)fflj~teyJ-::J --C, m- 2 0)4~Jm 3 0 a 0) 
1J'l!JOO~■:±lTGJ::. 7 teMJvt~:hGo -fO)f-::6'6, rm 1 1 (a) ,e~--trmti, lf-1'~7JftiJO)lfJr 
oorm--c;lb 6 t.:: 6'6rm~~ :h-/J:.PiJ\ ~Rti, If- f-- rjlfl1Jftilteid-::J --CliPte~ ~ t:r 7 m- 2 0)4 
~Jm 3 O a ~ m- 2 0) $-' 9 ::r :,,,,Jm 1 5 b ~ O)fi,, teIDJvt~ ;h, ~R pg tc, m- 2 0)4~Jm 3 O a 
O)Jf-1'.JJftiJO)fflffij~, m-20)$-'!}::r:,,,,}ml5bO)Jf-1'.7JftiJO)fflffij~iJt■:±l~:hG 

[O 1 4 9] 
2:0)J::.7term1 0 (b) ,___,rm11 (a) te~Tif,¥~j[ij£'A:~G2:~tcJ::.~, m-1 O)[!!J-i'iBCa 

pgtem-3 O)Jf- f--.~~}m3 5 a ~IDJvtT.:5 ~~tc, m-3 O)J/-- f--.~~}m3 5 aJ:.te, ~R 
pgteJIJOOiJt■:±lT Gm-2 0)4~Jm 3 o a ~IDJvtT Go 

[O 1 5 O] 
2: 0) J::. 7 te L, --C, m- 1 O)m'f4-fflti 1 0 a J:.te, m- 3 O)Jf- f-,. ~~g 3 5 a ~fr L, --C, m-

2 0)4~Jm 3 o a n~ 6 -/J:. Gm- 1 0) If- 1' m& 3 o A ~IDJvtT G ~ 7J, m- 2 O)m'f4-ffiti 1 o 
b J:.te, m-2 O)Jf- f--.~~Jm 1 3 b ~fr L, --C, m- 1 0)4~Jm 1 4 b Bz~m- 2 0)$-' 9 ::r :,,,,Jm 
1 5 biJ~61J:.Gm-20)/f-1'mt,i3 O B~IDJvtTGo 

[0151] 
{Xte, rm 1 1 (b) te~T J::. 7 te, m- 2 0)$,' !) ::r :,,,,g 1 5 b O)*ffijteIDJvt~ ;h --CPG §~ 

~1tlm ( rm~1t--r) ~ ~* L, t.:: 1~, {§IJ x t-JA /'\ '>' !I $ te J::. ~ , ¥-J.J1'£tfx 1 o J:. O):@tm te 
, 1'1Jx,-JJm,J¥iJt 1 on mO).::=. '>' -7 JviJ~ 61J:.G4~Jm Crm~1t--r) ~:tfUtT Go -f O)f~, {§IJ 



;tt!~*~!m~$, 3 2 0°C0T, l§§0RTA!}.11I.UcJ:&J, m-201/!J:::r ✓JJtl 5 b 
0 s i ~ 4~JJ10 N i ~ ~&fit~ it---c m- 2 01/ 9 :::r ✓ JJt 1 s b 0 J:J½~tc, .::::.. '>'-?" Jv 1/ 9 
-lj- ,-f F n"' t; IJ:. G 4~ 1/ 9 -lj- ,-f FJJt 3 4 ~ IDn'x:T Go -:: 0 ~ ~, 2js:~ID1§1J tc :t3 ~t G 4~ 1/ 9 
-lj-,-f FJJt 3 4 f'i, -z- 0f:;is:fflffi;iJ-Rtc J: &J, m- 2 04~1Jt 3 O a ~ m-201/ 9 :::r ✓ lJt 1 5 b ~ 
0 rtmc IDJvt ~ tL tdffi R pg tc 't IDJvt ~ tL Go T IJ:. ht>, ~ R pg tc g tl:l T Gm- 2 0 4~1Jt 3 o 
a 0//- t-rjI/iiJJ[oJ01J'{IJtffi&Z,m- 2 01/ 9 :::r ✓JJt 1 5 b 0//- t-rjI/iiJJ[oJ01J'{ljtffi0J:Jctf l...,---C 
IDJvt~tLG ctm0rm 1 2 : 3 4$Y,ij) o -t-0tc.l1>, 4~1/ 9-lf-,-f FJJ13 4 tcJ: &J, m-2 
04~1Jt 3 O a ~ m- 2 01/ 9 :::r ✓JJt 1 5 b ~ ~~If} tct*Mc:T G 2: ~ iJ~--Z: ~Go 

(0152] 
-t-0t;i, liritfflt~ ~fflt1tv1<*::;1<~ 0iEE;~*iJ"' 6 IJ:. G :r. '>' + ✓ Y'*q:i {c¥-~f:;is:£ffi 1 O ~& 

~T G-:: ~ tc J: &J, m- 1 0fiM~~JJt 2 8, ~~JJt 2 7, m- 1. m- 2 0 pg,fWIJ-lj-,-f f-t ry :;1- -

Jv l 9 a. 1 9 b, 1szz,m- 1. m- 2 0;t"7t '>' I-- _.AA;.--lj- 1 7 a. 1 7 b ~0 J:Jcj~#T 
G*Jxfit04~}Jt~~*LJc.1;i, 1 §§0R T A!}.11Il--Z:0w!&J: &J 't~v"'wi& (1§1J;ttf 5 
5 0 °C) 0 T, 2 § El 0 RT A!}.11I!{c J: &J, 4~ 1/ 9 -lj-,-f P'}Jt 3 4 01/ 9 -lf-,-f P'Min'x:1:t~ 
3CJE1t ~ it G 0 

(0 1 5 3] 
~{c, rm 1 1 (c) tc~T J: 7 tc, ftJ;trtc V D$tc J: &J, m- 1 0fim:l~~}Jt 2 8 J:Jc, 

m- 1. m- 2 0//- I-- ·~;;t.i 3 O A, 3 OB~~ 7 J: 7 tc, m- 2 0fiFJ.l~~}Jt 3 1 ~iiUt L, tc. 
f3<:, {§IJ;ttfCMP$tcJ: &J, m-20ra1t,~~}Jt3 10*000+t!!1t~fT7o -t-0f;i, :im'ffl 
0 M I S f-- 7 ✓ 1/ A~ ~ifT G ¥-~f:;is:~iil 0®lmJJ$ ~ foJl~Hc, ~~}Jt 2 7, m- 1 0 fi 00 
~~}Jt 2 8, BzZ,m- 2 0ram:i~~}Jt 3 1 q:i0m- 1, m- 2 0 :::r ✓ ~ :7 r- *-Jv 3 2 a, 3 2 
bpgtcIDn'x;~tL, m-1. m-204~1/!J-lf-,-f P'JJ12 6 a, 2 6 b~t*~TGm-1. m-20 
:::r ✓ ~:7 r-77:7''3 3 a, 3 3 b~IDn'x:TGo -t-0f;i, m-20fim:l~~}Jt3 11:Jc, m-1 
. m- 2 0 :::r ✓ ~ :7 I-- 77 Y' 3 3 a. 3 3 b ~ ~lf}tct*~T G4~i!§cti Crm~it9) ~ID 
n'x:T Go 2: 0 J: 7 tc, m- 2 0*11t[ID@tc:t3~t G rm 8 (c) {C~T.If.¥ ~ [o);ff0.If.¥~fr 7 o 

( 0 1 5 4] 
J,,JJ:.0J: 7 tcl...,---C, **11tEID@tc1*G¥-~f:;is:~til, TIJ:.t:>t>, m-204~}Jt3 o aiJ"-6 

1J:.Gm-10//-t-mffi30A~ifTGn~MISr-7 ✓1/..A~NTr~, m-104~}Jtl 
4 b BzZ,m- 2 01/ 9 :::r ✓JJt (~mJJt) 1 5 b 7J"' t> 7J:.G m- 2 0//- t-mffi 3 0 B ~ifT Gp 
~M I S r- 7 ✓ 1/ A~ P T r ~ ~ iJm ;t tc ¥-~f:;is:~[il ~®lmT G 2: ~ iJ~--Z: ~ Go 

( 0 1 5 5] 
-:: 2:--r:, 2js:~ID1§1J ~m-2 0*11t[ID@~ 0®ImJJ$J:.0:;i-B1iJ~'?J'i, t:'lTtc~TJ~'Z:~Go 
(0 1 5 6] 

m- 2 0*11t[ID@--Z: t'i, m- 1 0 //- I-- mt.iIDJvtir~ 1 4 A tc :t3 ~t Gm- 1 01/ 9 :::r ✓ lJt 1 5 a 
& z,m- 1 04~1Jt 1 4 a ~ ~* L, ---C IDJvt ~ tL tc. m- 1 0 l!!Jir~C a Crm 7 (b) $Y,ij) pg tc :t3 ~t 
Gm- 1 01f- I-- ~~}Jt 1 3 a J:.{c, m- 2 04~1Jt 3 o a ~IDn'x:T Go 

( 0 1 5 7] 
2: tL tc Ji L,, 2js:~ID1§1J--r: f'i, m- 1 0 // - I-- mffiIDn'x:ir~ 1 4 A tc :t3 ~t Gm- 1 01/ 9 :::r ✓ lJt 

1 5 a 1szz,m-1 04~1Jt 1 4 a tc1m;t ---cm-1 01f- I-- ~~JJt 1 3 a~~* L, ---CIDn'x:~ :htc. 
m-1 0[!!Jfi~C a Crm 1 o (a) $Y,ij) pgtcm-3 0//- r-~~}Jt3 5 a ~IDn'x:TG ~~tc, m-
30//- t-~~}Jt3 5 aJ:.tcm-204~}Jt3 o a~IDn'x:TGo 

(0 1 5 8] 
-z- L, ---C, 2js:~ID1§1J--r: t'i, m- 1 0//- I-- mffiIDn'x:ir~ 1 4 A tc :t3 ~t Gm- 1 01f- I-- ~~}Jt 1 

3 a ~, m- 3 0 I/ - I-- ~~}Jt 3 5 a ~ iilt!J! L, tc. 2: ~ tc # P, I/- f-- rjIMJJ[o) tc Yd-:J ---Cli P tc 
~ &) ~7 m- 1 0//- t-mffi3 0 A ~m-2 0//- t-mffi3 0 B ~ 0Fffltc, m- 3 0,3/'- r-~~ 
lJt 3 5 a iJ~-f'rtET Go -t-0tc.l1>, 2js:~ID1§1J--Z:t'i, 4~1/ 9-lf-,-f P'}Jt 3 4 Crm 1 1 (b) $Y,ij 
) 0IDn'x;0~tc, m-1 0//- t-mffi3 0 A ~m-2 0//- t-mffi3 0 B ~ 0~1f'Jt*~~rm 
G2:~~EllfJtc, rm11 (a) tc~TJ:1tc, m-30//-t-~~}Jt3 5 a0J:.ir~~~*L,~ 
R ~IDn'x: L, ---C, ~ R pg tc, m- 2 04~}Jt 3 0 a 0//- f-- rjI/iiJJ[oJ01J'{lJtffi&Z,m- 2 01/ 9 :::r ✓ 
}Jt 1 5 b 0//- f-- rjIMJJ[o)01!'{1Jtffi~gtf:l ~ it Go 2: ;htc J: D, rm 1 1 (b) tc~--trmt'i, ij'-



I-- *JJftiJ O)IDfffiJCKI~ ~ 0 ts: llbCKI~~ ;h/J: piJt, 4~ 1/ lJ -Jr-1 F~ 3 4 ~, f~~O)[KI 1 2 ,;:: 
~9 J: -5 t;::, fl1J. R pg t;::ff tl:l 9 0 m- 2 O)c&J~~ 3 o a 0) If- I-- rjliJJftiJ O)fflJJOO& o-m- 2 0) 1/ lJ 
::::r ✓ ~ 1 5 b 0)/f- I-- rjliJJftiJ O),fffUOO 0) J:J;::ffl 1..,, -c IDJvt9 0 2: ~ iJt~ ~ 0 0) ~, m- 2 O)c&~ 
~ 3 0 a~ m 2 0)1/ lJ ::::r ✓~ 1 5 b ~ ~~lfH;::ffl~~ it-C, m 1 O)lf- t--m:t:i 3 0 A~ 
m 2 0)/f- t--m;t.i3 0 B ~ O)~li'Jffl~~CKl0 2: ~ iJt~~ 00 

(0159] 
t.:~rf,;::, *~BJ:IO)m 2 O)*titEID@O)~ID1§1H;::1J0¥~ff~iifO)t1Jvt,;::--=>P-c, CK! 1 2 ~ 

$Yij L, tJ: iJt t; lmBJ:19 0 o CK! 1 2 tt, *~BJ:I O)m 2 O)*lllEID@0)3(IDfU t;:: 1l0 ¥~fts:~iil 0) 
tlJvtt;::--=> P-C~9 If- t-- "'mJJftiJO)IDrooCK1~~ 0 0 tJ::t3, CK1 1 2 t;::j3i, \-c, m 2 O)*titEID@ 
,;:::t3lt 0tlP>t~* ~ loJ~O)t•P>t~*';::tt, m 2 O)*titEID@t;:::t3lt 0 CK19 ,;::~9ff~ ~ loJ~ 
0) ff~~ tt L, -C P 0 o ~ k, CK! g::i ,;:: :t3 P -C, 1i: ffl'H;:: ~9 1 n M I S J ~ tt n 2:f!JM I S I-- 7 
✓ V.::;z.7iJtID)Vt~;h0n2:fYMI SIDP>tm:ti~~L,, 1:ilU,;::~9 1pMI SJ ~f'ip2:f!JMI 
S I-- 7 ✓ V .::;z. 7 iJtM)ft~ ;h0 p 2:f!JM I S IDJvtm:ti~~ L, -C v \00 

(0160] 
[Kil 2t;::~9J:7,;::, m-1 O)irS1!1:m:ti1 0 aJ:J;::f-;t, m-30)/f-f--ff.tg,~~3 5 a~ftl,, 

-C, m 2 O)c&~~ 3 0 a tJ~ i; 7J: 0 m 1 O)lf- t--mt.i 3 0 AiJtID)Vt~ ti -C v \0~}], m 2 0) 
iE'11:m:1:i 1 o b J:.,;::,-t, m 2 O)Jf- t--~~~ 1 3 b ~* 1..,,-c, m 1 O)c&~~ 1 4 b ~ m 1 
O)c&~~ 1 4 h J:.t;::IDJvt~ tit-=m 2 0)1/ IJ ::::r ✓~ c~m~) 1 5 h ~ n~ i; tJ:0m 2 O)Jf­
t-- mffi 3 0 B iJtID)Vt ~ ti -c p 0 0 m 2 0) 1/ l) :::I ✓ ~ 1 5 b J:J;:: f 'i, 4~ 1/ l) -Ir -1 F ~ 3 4 
iJtID)ft ~ ti -c V \ Q 0 

(0161] 
2: 2: ~- *3(ID{§IJ ~m 2 O)*lllEID@~ O)l'ffimJ:.O):if-B1iJ~~U'i, t:rfl;::~9,~~~00 
(0162] 

*3(ID1§!J ~ f'i, m 3 0) If - I-- ff.tg,~~ 3 5 a f'i, m 2 0) If - I-- ff.tg,~~ 1 3 b ~ ~/J: 0 ff.tg,~ 
1tf1 n~ t; tJ: 0 o -t- L, -C, m 3 0) -1/' - Ht.-@.~~ 3 5 a f 'i, CK! 1 2 t;:: ~9 J: -5 t;::, m 1 0) m-'11: 
m:1:i 1 o a J:.n~ t; m 2 O)c&~~ 3 o a 0)-1/-- I-- rjliJJftiJO)fflJJOOJ:.t;:: s-::> -CIDP>t~ ti, m 1 0) 
ij' - t-- mffi 3 o A 0) Tii~m:1:i ~ m 2 0) if- t-- mffi 3 o B 0) Tii~tiui ~ 0) rm,;:: 1r-a 1..,, -c v \ 0 
(7J::8, m-30)/f-f--ff.tg,~~3 5 af'i, [Kil 1 (c) t;::~9J:7t;::, m-20)4~~3 0 aO) 

-1/' - I-- rjl; JJ ftiJ O),fffUOO J:. tat~ tJ: < If - I-- ffi:JJftiJ O),fffUOO J:.,;:: B IDP>t ~ ti -c P 0 ) o ~ t-:, 4 
~1/ lJ -Jr-1 F~ 3 4 f'i, f/li.R pg ,;::fftl:l 9 0 m 2 O)c&~~ 3 o a 0)-1/'- I-- rjliJJftiJO),fffUOO&V' 
m 2 0) 1/ lJ ::::r ✓ ~ 1 5 b 0) -1/' - I-- rjliJJftiJ O),fffUOO 0) J:.t;::ffl L, -c IDP>t ~ ti -c P 0 o -t- L, -c, 4 
~1/ IJ-1r-1 F~ 3 4 ,;:: J: 1J, m 1 O)Jf- t--m1.i 3 o A~ m 2 O)ij-- t--mt.i 3 o B ~ ntm~ 
Ii') t;::ffl~ l,, -C P0 o 

(0163] 
2: tit;: Ji L,, m 2 O)*lllEID@~ f 'i, m 1 0) ij' - f--~~~ 1 3 a f 'i, m 2 0) If - f-- ff.tg,~~ 

1 3 b ~ lo] ~ff.tg,~1tf1iJ~ t; tJ: 0 o -t- L, -C, m 1 0),1/'- f--ff.tg,~~ 1 3 a f'i, m 1 0),1/'- t--m 
:-t.i 3 0 A~ m 2 O)ij'- t--mt.i 3 0 B ~ O)ffflt;::fr-ff L, -C P/J: Po 

(0164] 
2: 0) J: 7 t;::, n 2:f!JM I S MP>tmtiO)lf- I--*a,~~ ~ p 2:f!JM I S MP>tmtiO)ij'- f--ff.tg,~~ 

~ iJ\ *3(ID1§!J~f'i1lv \t;::~tJ: 0ff.tg,~,;ftfltJ~ t; tJ: 0 0) t;::}t L,, m 2 O)*titEID@~l'ilLv \t;:: 
loJ ~ ff.tg,~1tf1n~ t; tJ: 0 o 

(0 1 6 5] 
*3(ID1§!H;:: J: 0 ~, m- 2 O)*titEID@~ loJi'JO):'i:/J*~~0 2: ~ iJt~ ~ Go 
(0 1 6 6] 

1J□ x. -C, m 3 O)Jf- f--ff.tg,~~ 3 5 a f'i, n2:f!JM I S I-- 7 ✓ 1/ .::;z. 7 J=fH;::~il!f1t~ tit-=~)¥ 
~1:)L,, n 2:f!JM I S I-- 7 ✓ V .::;z. 7 J=fH;::~il!f1t~ ;ht-:ff.tg,~,;ft~ (J,JT, 1 n MI S fflff.tg,~,;ft 
~ J ~ ~9) n~ i; 7J: G ~ t!J;::, m 2 0) If - I-- ff.tg,~~ 1 3 b f 'i, p 2:f!JM I S I-- 7 ✓ V .::;z. 7 ffl 
,;::~il!f1t~tik~W:~1fL,, p2:f!JM Is I-- 7 ✓ 1/.A?" m,;::~il!f1t~tit-:~~,;ftf1 (t:1.T, 
1pMI Sfflff.tg,~,;ftf1J ~~9) tJ~t:>IJ:Gt-:llb, r-7 ✓ 1/.A?"~§fO)§El313tiJt:fljL,, FJf~ 

0) I-- 7 ✓ 1/ .::;z. 71~'11:~*Il9 G 2: ~ iJt~ ~ Go 



(0 1 6 7J 
a:f3, m 1. m 2 0)~1ft!iID~1:r:t, m 1 O)½~lli 1 4 ~ L- --c p M 1 s ffl½~ttfl.n\ 6 a 

.:5 p MI S ffl½~M;~ fflt, \.:5 ~ ~,cm 2 O)½~M; 3 0 ~ L, --C n MI S ffl½~ttt1n\ 6 a .:5 
nM I Sffl½~}Ji~Jf}P--C, m1 O)Jf- r-mt:iID$:1½~1 4 A,c:f3lt.:5ml O)½~M; (pM 
ISffl½~Jli) 14a&~ml0)1/9~ ✓}Ji15a~, m20)½~M;(nMISffl½~M; 
) 3 o a~ iii~ L- --C, m 2 O)½~M; 3 o a iJ\ 6 a.:5m 1 O)Jf- r-mt.i3 o A ~IDnx:T G~ 
15, m 2 O)Jf- r-mt:iIDnx:1½~ 1 4 B ,c:f3 lt Gm 1 O)½~M; ( p MI S ffl½~M;) 1 4 b ~ 
13"D-m 2 O)Jf- r-mt:i 3 0 B ~IDlvtT G~'El~ J:!f:ff§IJ rc~lf--CID'2.Bfl L, tc.iJ\ *~em:t S:: ti 
,c ~lUE ~ ti G B 0) 1: r:t a V \ O 

(0 1 6 8) 
-z-O)B(J,t,c, m 1 O)½~Jli 1 4 ~ L, --C nM I S ffl½~Jli~ #}P.:5 ~~,cm 2 O)½~}Ji3 

0 ~ L, --C p MI S ffl½~Jli~ ffl P--C BJ: Po 1.§. L,, S:: O)~i:i-, m 2 O)Jf- r-mffiIDnx:1½~,c 
:f3ltGmlO)½~Jli (nMI Sffl½~Jli) Bz~m20)1/9~ ✓M;~, m20)½~M; (pM 
1 sm½~JJt) ~ iii~ L---c, m 2 O)½~JJtn\ 6 a Gm 2 O)Jf- r-mt.i~IDnx:--r .:5~15, m 
1 O)Jf- r-mffiIDnx:1½~,c;f3ltGm 1 O)½~M; (nM I Sffl½~M;) ~13"D-m 1 O)Jf- r-m 
ffi~IDnx:T Go 

(0169) 
~ tc., m 2 0)~1/t[ID~O)~IDf§IJ ,c :f3 t- \ --C t>, m 1 0) ½~}Ji 1 4 ~ L, --C n M I S ffl ½~}Ji 

~ ffl PG ~ ~rem 2 O)½~M; 3 0 ~ L, --C p M I S ffl½~Jli ~ ffl P--C B J: It \o 1.§. L,, S:: O)~ 
i:i-, Jf - r- *e,~M;IDnx;}Ji 1 3 ~ L, --C n M I S ffl ff.e~ttt1 n\ 6 a G n M I S ffl ff.e,~M; ~ ffl It\ 
.:5 ~ ~re, Jf- r- ~~lliIDnx:lli 3 5 ~ L- --C PM I s fflff.e~1tt1n\ 6 a .:5 PM I s ffl~~M; 
~ #}PGo 

(0170) 
a:f3, m 1, m 2 0)~1/t[ID~&~-z-O)~ID1§!J1:r:t, lR13 (c) rc~T J: ·:He, m 1. m 2 

0):5+,JlU-if--1 F r:o/ ;t - Jv 2 0 a, 2 0 b O)~*i~t lR13 (d) ,c~T J: :de, ff.e,~M; 2 7 ~ L, 
--C, f§IJ;ttf:17 ;;A.''? CV D$,c J: "J, 1/ 9 ~ ✓~1UliiJ\ 6 a G ~t!t~~Jli~IDnx:T G~i:i­
~ J:!f:ff§U ,c~l-f--CID'2.Bfl L, tc. nt, *~Bf! r:t S:: ti,c ~!Ui: ~ tiG B 0)1:f:taPo {§IJ;t r-t, m 1 . 
m 2 0):5+fflJJ-if--1' F r:o/ ;t-Jv 2 0 a. 2 0 b O)~*i~, ff.e,~M; 2 7 ~ L, --C, m 1 0)$•11:ffl:ti 
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Claims 1-4 and 7 are rejected under 35 U.S.C. 102(e) as being anticipated by 

United States Patent Application Publication 2007/0215950 to Aoyama (cited in the 

Information Disclosure Statement filed on December 2, 2009). 

As to independent claim 1, Aoyama discloses a semiconductor device (see the 

entire patent, including the Fig. 1 disclosure) comprising: a first MIS transistor; and a 

second MIS transistor, wherein the first MIS transistor includes a first gate insulating film 

102 formed on a first active region 121 in a semiconductor substrate 101, a first gate 

electrode 104 includes a second metal film 104A formed on the gate insulating film, and 

an insulating film 145 (Fig. 2J) formed, extending over side surfaces of the first gate 

electrode and upper surfaces of regions located in the first active region laterally outside 

the first gate electrode, the second MIS transistor includes a second gate insulating film 

102 formed on a second active region 111 in the semiconductor substrate, a second 

gate electrode 103 including a first metal film 103A formed on the second gate 

insulating film and a conductive film 103B formed on the first metal film, and the 

insulating film 145 (Fig. 2J) formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally 

outside the second gate electrode, the first and second metal films 103A and 104A are 

made of different metal materials (see page 4, paragraph [0049], and page 5, paragraph 

[0059]), and the insulating film 145 is not formed on any of upper surfaces of the first 

and second gate electrodes. 

Claim 1 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama. 
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As to dependent claim 2, Aoyama's first metal film 103A has a thickness smaller 

than that of the second metal film 104A. 

Claim 2 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama. 

As to dependent claim 3, Aoyama's first and second metal films are made of 

different materials and thus have different work functions. 

Claim 3 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama. 

As to dependent claim 4, Aoyama's insulating film 145 (Fig. 2J) has a thickness 

smaller than that of the first gate electrode 104. 

Claim 4 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama. 

As to dependent claim 7, Aoyama's first and second gate insulating films 102 are 

made of the same insulating material (see page 4, paragraph [0052], last sentence). 

Claim 7 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama. 

Claims 1-3, 7 and 14 are rejected under 35 U.S.C. 102(e) as being anticipated by 

United States Patent Application Publication 2007/0173025 to Akamatsu (cited in the 

Information Disclosure Statement filed on December 2, 2009). 

As to independent claim 1, Akamatsu discloses a semiconductor device (see the 

entire patent, including the Fig. 7 disclosure) comprising: a first MIS transistor; and a 

second MIS transistor, wherein the first MIS transistor includes a first gate insulating film 

11 a formed on a first active region in a semiconductor substrate 10, a first gate 

electrode includes a second metal film 36 formed on the gate insulating film, and an 

insulating film 22 formed, extending over side surfaces of the first gate electrode and 
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upper surfaces of regions located in the first active region laterally outside the first gate 

electrode, the second MIS transistor includes a second gate insulating film 11 b formed 

on a second active region in the semiconductor substrate, a second gate electrode 

including a first metal film 37 formed on the second gate insulating film and a conductive 

film 35b formed on the first metal film, and the insulating film 22 formed, extending over 

side surfaces of the second gate electrode and upper surfaces of regions located in the 

second active region laterally outside the second gate electrode, the first and second 

metal films 36 and 37 are made of different metal materials (see paragraph [0104] 

bridging pages 8-9), and the insulating film 22 is not formed on any of upper surfaces of 

the first and second gate electrodes. 

Claim 1 is thus rejected under 35 U.S.C. 102(e) as being anticipated by 

Akamatsu. 

As to dependent claim 2, Akamatsu's first metal film 37 has a thickness smaller 

than that of the second metal film 36. 

Claim 2 is thus rejected under 35 U.S.C. 102(e) as being anticipated by 

Akamatsu. 

As to dependent claim 3, Akamatsu's first and second metal films are made of 

different materials and thus have different work functions. 

Claim 3 is thus rejected under 35 U.S.C. 102(e) as being anticipated by 

Akamatsu. 

As to dependent claim 7, Akamatsu's first and second gate insulating films 11 a 

and 11 bare made of the same insulating material (see the Figs. 5A-5C disclosure). 
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Claim 7 is thus rejected under 35 U.S.C. 102(e) as being anticipated by 

Akamatsu. 

As to dependent claim 14, Akamatsu's first and second gate insulating films 11 a 

and 11 b include a high-k film made of a metal oxide having a relative dielectric constant 

of 10 or more (see the sentence bridging pages 4 and 5). 

Claim 14 is thus rejected under 35 U.S.C. 102(e) as being anticipated by 

Akamatsu. 

Claims 1-3, 5, 7 and 9 are rejected under 35 U.S.C. 102(b) as being anticipated 

by Japanese Kokai 2002-118175 to Yasushi (cited in the Information Disclosure 

Statement filed on December 2, 2009). 

As to independent claim 1, Yasushi discloses a semiconductor device (see the 

entire reference, including the English language cover page and the Fig. 11 (k) 

disclosure) comprising: a first MIS transistor (the P MISFET); and a second MIS 

transistor (the N MISFET), wherein the first MIS transistor includes a first gate insulating 

film formed on a first active region in a semiconductor substrate, a first gate electrode 

includes a second metal film 617 formed on the gate insulating film, and an insulating 

film 614 formed, extending over side surfaces of the first gate electrode and upper 

surfaces of regions located in the first active region laterally outside the first gate 

electrode, the second MIS transistor includes a second gate insulating film formed on a 

second active region in the semiconductor substrate, a second gate electrode including 

a first metal film 616 formed on the second gate insulating film and a conductive film 
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617 formed on the first metal film, and the insulating film 614 formed, extending over 

side surfaces of the second gate electrode and upper surfaces of regions located in the 

second active region laterally outside the second gate electrode, the first and second 

metal films 616 and 617 are made of different metal materials (see the English 

language cover page), and the insulating film 614 is not formed on any of upper 

surfaces of the first and second gate electrodes. 

Claim 1 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi. 

As to dependent claim 2, Yasushi's first metal film 616 has a thickness smaller 

than that of the second metal film 617. 

Claim 2 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi. 

As to dependent claim 3, Yasushi's first and second metal films 616 and 617 

have different work functions (see the English language cover page). 

Claim 3 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi. 

As to dependent claim 5, Yasushi's conductive film (over first metal film 616) is 

made of the second metal film 617. 

Claim 5 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi. 

As to dependent claim 7, Yasushi's first and second gate insulating films are 

made of the same insulating material (see Fig. 1 0(h)). 

Claim 7 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi. 

As to dependent claim 9, Yasushi's Fig. 11 (k) device further comprises a first 

inner sidewall having an L-shaped cross-section formed on each of side surfaces of the 

first gate electrode, and a second inner sidewall having an L-shaped cross-section 
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formed on each of side surfaces of the second gate electrode, wherein the insulating 

film 614 is formed above and in contact with the first and second inner sidewalls. 

Claim 9 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi. 

Claims 6, 8 and 10-13 are objected to as being dependent upon a rejected base 

claim, but would be allowable over the prior art of record if rewritten in independent form 

including all of the limitations of the base claim and any intervening claims. 

Claims 15-20 are allowable over the prior art of record. 

United States Patent 6,420,279 is cited for disclosing that hafnium oxide (HfO2) 

has a high dielectric constant of 20 to 25 (see column 1, lines 39-42). 

Registered practitioners can telephone the examiner at (571) 272-1843. Any 

voicemail message left for the examiner must include the name and registration number 

of the registered practitioner calling, and the Application/Control (Serial) Number. 

Technology Center 2800's general telephone number is (571) 272-2800. 

/MARK PRENTY/ 
Primary Examiner, Art Unit 2822 
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AMENDMENT TO THE CLAIMS 

The following claim listing replaces all prior listings and versions of the claims: 

LISTING OF CLAIMS 

1. (Currently amended) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein~ 

the first MIS transistor includes 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, 

a first gate electrode includes a second metal film formed on the first gate 

insulating film, and 

an insulating film formed, extending over side surfaces of the first gate 

electrode and upper surfaces of regions located in the first active region laterally outside the first 

gate electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film, [[ and]] 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, and 

source/drain regions formed in the second active region laterally outside the 
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second gate electrode, 

the first and second metal films are made of different metal materials, [[ and]] 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes.,_ 

the source/drain regions include a silicon mixed crystal layer which is formed in trenches 

provided in the second active region, and causes first stress in a gate length direction of a channel 

region in the second active region. 

2. (Original) The semiconductor device of claim 1, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

3. (Original) The semiconductor device of claim 1, wherein 

the first and second metal films have different work functions. 

4. (Original) The semiconductor device of claim 1, wherein 

the insulating film has a thickness smaller than that of the first gate electrode. 

5. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of the second metal film. 

6. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 
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film. 

7. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of the same insulating material. 

8. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of different insulating materials. 

9. (Original) The semiconductor device of claim 1, further comprising: 

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein 

the insulating film is formed above and in contact with the first and second inner 

sidewalls. 

10. (Currently amended) The semiconductor device of claim 1, wherein 

the insulating film is a stress insulating film which causes [[first]] second stress in a gate 

length direction of a channel region in the first active region. 

11. (Currently amended) The semiconductor device of claim 10, wherein 

the first MIS transistor is an n-type MIS transistor, 
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the insulating film is made of a silicon nitride film, and 

the [[first]] second stress is tensile stress. 

12. (Cancelled) 

13. (Currently amended) The semiconductor device of claim [[12]] l, wherein 

the second MIS transistor is a p-type MIS transistor, 

the silicon mixed crystal layer is made of a Si Ge layer, and 

the second first stress is compressive stress. 

14. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

15. (Original) A method for manufacturing a semiconductor device including a first 

MIS transistor formed on a first active region in a semiconductor substrate and a second MIS 

transistor formed on a second active region in the semiconductor substrate, the method 

comprising the steps of: 

(a) forming a first gate electrode formation portion having a first gate insulating film, a 

first metal film and a first silicon film on the first active region, and a second gate electrode 

formation portion having a second gate insulating film, a first metal film and a second silicon 

film on the second active region; 

(b) after step (a), forming an insulating film on the semiconductor substrate, the 
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insulating film covering the first and second gate electrode formation portions; 

( c) removing the insulating film formed on the first and second gate electrode formation 

portions to expose an upper surface of each of the first silicon film in the first gate electrode 

formation portion and the second silicon film in the second gate electrode formation portion; 

( d) after step ( c ), successively removing the first silicon film and the first metal film in 

the first gate electrode formation portion to form a first recess surrounded by the insulating film 

on the first active region; and 

( e) forming a second metal film in the first recess, 

wherein 

a first gate electrode of the first MIS transistor includes the second metal film, and 

a second gate electrode of the second MIS transistor includes the first metal film in the 

second gate electrode formation portion. 

16. (Original) The method of claim 15, wherein 

step ( d) includes forming, on the first active region, the first recess from a bottom of 

which the first gate insulating film is exposed, and removing the second silicon film in the 

second gate electrode formation portion to form, on the second active region, a second recess 

surrounded by the insulating film, the first metal film being exposed from a bottom of the second 

recess, 

step ( e) includes forming the second metal film on the first gate insulating film in the first 

recess, and forming the second metal film on the first metal film in the second recess, and 

the second gate electrode includes the first metal film in the second gate electrode 

iormation portion and the second metal film formed on the first metal film. 

6 
DM_ US 28738398-1.085393.0059 



Application No.: 12/629,508 

17. (Original) The method of claim 15, wherein 

step (d) includes forming, on the first active region, the first recess from a bottom of 

which the first gate insulating film is exposed, 

step ( e) includes forming the second metal film on the first gate insulating film in the first 

recess, 

the method further comprises the step of 

(f) after step ( e), forming a metal silicide film on the second silicon film, and 

the second gate electrode includes the first metal film and the second silicon film in the 

second gate electrode formation portion. 

18. (Original) The method of claim 15, wherein 

step ( d) includes successively removing the first silicon film, the first metal film, and the 

first gate insulating film in the first gate electrode formation portion, to form, on the first active 

region, the first recess from a bottom of which the first active region is exposed, 

step ( e) includes forming a third gate insulating film in the first recess, and forming the 

second metal film on the third gate insulating film, 

the method further comprises the step of 

(f) after step (e), forming a metal silicide film on the second silicon film, and 

the second gate electrode includes the first metal film and the second silicon film in the 

second gate electrode formation portion. 

19. (Original) The method of claim 15, further comprising the step of: 
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(g) after step (a) and before step (b), forming a first inner sidewall having an L-shaped 

cross-~~ction on each of side surfaces of the first gate electrode formation portion, and a second 

inner sidewall having an L-shaped cross-section on each of side surfaces of the second gate 

electrode formation portion, 

wherein 

in step (b ), the insulating film is formed above and in contact with the first and second 

inner sidewalls. 

20. (Original) The method of claim 15, further comprising the steps of: 

(h) after step (a) and before step (b), forming trenches in the second active region 

laterally outside the second gate electrode formation portion; and 

(i) forming, in the trenches, a silicon mixed crystal layer which causes stress in a gate 

length direction of a channel region in the second active region. 

21. (New) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes 

a first gate insulating film formed on a first active region in a semiconductor 

substrate, 

a first gate electrode including a second metal film formed on the first gate 

insulating film, and 
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an insulating film formed, extending over side surfaces of the first gate electrode 

and upper surfaces of regions located in the first active region laterally outside the first gate 

electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second gate 

insulating film and a conductive film formed on the first metal film, and 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, 

the first and second metal films are made of different metal materials, 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes, 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

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

the first metal film has a thickness smaller than that of the second metal film. 

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

the first and second metal films have different work functions. 
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24. (New) The semiconductor device of claim 21, wherein 

the insulating film has a thickness smaller than that of the first gate electrode. 

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

the first and second gate insulating films are made of the same insulating material. 

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

the first and second gate insulating films are made of different insulating materials. 

27. (New) The semiconductor device of claim 21, further comprising: 

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein the insulating film is formed above and in contact with the first and second inner 

sidewalls. 

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

the insulating film is made of a silicon nitride film. 

29. (New) The semiconductor device of claim 21, further comprising: 
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source/drain regions formed in the second active region laterally outside the second gate 

electrode, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

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

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

31. (New) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes 

a first gate insulating film formed on a first active region in a semiconductor 

substrate, 

a first gate electrode including a second metal film formed on the first gate 

insulating film, and 

an insulating film formed, extending over side surfaces of the first gate electrode 

and upper surfaces of regions located in the first active region laterally outside the first gate 

electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 
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a second gate electrode including a first metal film formed on the second gate 

insulating film and a conductive film formed on the first metal film, and 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, 

the first and second metal films are made of different metal materials, 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 

the first and second gate insulating films are made of different insulating materials. 

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

the first metal film has a thickness smaller than that of the second metal film. 

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

the first and second metal films have different work functions. 

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

the insulating film has a thickness smaller than that of the first gate electrode. 

35. (New) The semiconductor device of claim 31, further comprising: 

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 
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a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein the insulating film is formed above and in contact with the first and second inner 

sidewalls. 

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

the insulating film is made of a silicon nitride film. 

3 7. (New) The semiconductor device of claim 31, further comprising: 

source/drain regions formed in the second active region laterally outside the second gate 

electrode, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

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

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

39. (New) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes 

DM_ US 28738398-1085393.0059 
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a first gate insulating film formed on a first active region in a semiconductor 

substrate, 

a first gate electrode including a second metal film formed on the first gate 

insulating film, and 

an insulating film formed, extending over side surfaces of the first gate electrode 

and upper surfaces of regions located in the first active region laterally outside the first gate 

electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second gate 

insulating film and a conductive film formed on the first metal film, and 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, 

the first and second metal films are made of different metal materials, 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 

the insulating film is a stress insulating film which causes first stress in a gate length 

direction of a channel region in the first active region. 

40. (New) The semiconductor device of claim 39, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

14 
DM_ US 28738398-1085393.0059 



Application No.: 12/629,508 

film. 

41. (New) The semiconductor device of claim 39, wherein 

the first and second metal films have different work functions. 

42. (New) The semiconductor device of claim 39, wherein 

the insulating film has a thickness smaller than that of the first gate electrode. 

43. (New) The semiconductor device of claim 39, wherein 

the conductive film is made of the second metal film. 

44. (New) The semiconductor device of claim 39, wherein: 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

45. (New) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of the same insulating material. 

46. (New) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of different insulating materials. 

47. (New) The semiconductor device of claim 39, further comprising: 
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a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein the insulating film is formed above and in contact with the first and second inner 

sidewalls. 

48. (New) The semiconductor device of claim 39, wherein 

the insulating film is made of a silicon nitride film. 

49. (New) The semiconductor device of claim 39, further comprising: 

source/drain regions formed in the second active region laterally outside the second gate 

electrode, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

50. (New) The semiconductor device of claim 39, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 
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REMARKS 

Introduction 

Claims 1-20 were pending, of which claims 1 and 15 are independent. 

Applicants note with appreciation the indication of allowance of claims 15-20 and the 

indication of allowable subject matter in claims 6, 8 and 10-13 if rewritten in independent form 

including all of the limitations of the base claim and any intervening claims. 

Claim 1 has been amended to incorporate the allowable subject matter of claim 12. 

Claims 1, 10, 11 and 13 have been amended to correct informalities in the claim language and to 

more clearly define the claimed subject matter. Claim 12 has been cancelled. 

Claims 21-50 have been added. New independent claims 21, 31 and 39 correspond to 

allowable claims 6, 8 and 10, respectively. Care has been taken to avoid introducing new matter. 

Patentability under 35 U.S.C. § 102 

Claims 1-4, and 7 were rejected under 35 U.S.C. § 102(e) as being anticipated by 

Aoyama (US 2007/0215950). Claims 1-3, 7 and 14 stand rejected under 35 U.S.C. § 102(e) as 

being anticipated by Akamatsu (US 2007/0173025). Claims 1-3, 5, 7 and 9 were rejected under 

35 U .S.C. § 102(b) as being anticipated by Yasushi (JP 2002-118175). These rejections are 

traversed for at least the following reasons. 

Applicants submit that since claim 1 has been amended to incorporate the allowable 

subject matter of original claim 12, claim 1 and all claims dependent thereon are patentable over 

the cited references. Thus, it is requested that the Examiner withdraw the rejections of the claims 

under 35 U.S.C. § 102. 

17 
DM_ US 28738398-1.085393.0059 



Applic'.ltion No.: 12/629,508 

New Claims 

Since new independent claims 21, 31 and 39 have incorporated the allowable subject 

mater of allowable claims 6, 8 and 10, respectively, claims 21, 31 and 39 and all claims 

dependent thereon are patentable over the cited references. 

CONCLUSION 

Having fully responded to all matters raised in the Office Action, Applicants submit that 

all claims are in condition for allowance, an indication for which is respectfully solicited. If 

there are any outstanding issues that might be resolved by an interview or an Examiner's 

amendment, the Examiner is requested to call Applicants' attorney at the telephone number 

shown below. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 

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

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

such deposit account. 

600 13th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 TS:MaM 
Facsimile: 202.756.8087 
Date: May 23, 2011 

OM_ US 28738398-1085393.0059 

Respectfully submitted, 

Takashi Saito 
Limited Recognition No. L0123 

Please recognize our Customer No. 53080 
as our correspondence address. 
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Claims 9, 27, 35 and 47 are rejected under 35 U.S.C. 112, second paragraph, as 

being indefinite for failing to particularly point out and distinctly claim the subject matter 

which applicant regards as the invention. Specifically, device claims 9, 27, 35 and 47 

are incorrect in reciting, "wherein the insulating film is formed above and in contact with 

the first and second inner sidewalls," because such is not the case in those devices. 

See the Figs. 3D-4A disclosure and note that the insulating film 27 is removed from 

above the first and second inner sidewalls 19a and 19b. 

Claims 1-3, 6, 7, 14, 15, 17, 19-23, 25 and 30 are rejected under 35 

U.S.C. 102(e) as being anticipated by newly cited United States Patent 7,812,414 to 

Hou et al. (Hou). 

As to independent claim 1, Hou discloses a semiconductor device (see the entire 

patent, including the Fig. 11 disclosure) comprising: a first (right-side) MIS transistor; 

and a second (left-side) MIS transistor, wherein: the first MIS transistor includes a first 

gate insulating film 224 formed on a first active region 200 in a semiconductor substrate 

20, a first gate electrode includes a second metal film 248 formed on the first gate 

insulating film, and an insulating film 42 formed, extending over side surfaces of the first 

gate electrode and upper surfaces of regions located in the first active region laterally 

outside the first gate electrode, the second MIS transistor includes a second gate 

insulating film 124 on a second active region 100 in the semiconductor substrate, a 

second gate electrode including a first metal film 126 formed on the second gate 

insulating film and a conductive film 128 formed on the first metal film, the insulating film 
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42 formed, extending over side surfaces of the second gate electrode and upper 

surfaces of regions located in the second active region laterally outside the second gate 

electrode, and source/drain regions 138 formed in the second active region laterally 

outside the second gate electrode, the first and second metal films 126 and 248 are 

made of different metal materials, the insulating film 42 is not formed on any of upper 

surfaces of the first and second gate electrodes, the source/drain regions 138 include a 

silicon mixed crystal layer which is formed in trenches provided in the second active 

region, and causes first stress in a gate length direction of a channel region in the 

second active region 100 (see column 5, lines 24-31 ). 

Claim 1 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 2, Hou's first metal film 126 has a thickness smaller than 

that of the second metal film 248. 

Claim 2 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 3, Hou's first and second metal films 126 and 248 have 

different work functions. 

Claim 3 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 6, Hou's conductive film 128 is made of a silicon film (see 

column 5, lines 6-7), and the semiconductor device further comprises a metal silicide 

film 152 formed on the silicon film. 

Claim 6 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 7, Hou's first and second gate insulating films 224 and 

124 are made of the same insulating material (see the Figs. 1-2 disclosure). 
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Claim 7 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 14, Hou's first and second gate insulating films 224 and 

124 include a high-k film made of a metal oxide having a relative dielectric constant of 

10 or more (see column 4, lines 27-33). 

Claim 14 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to independent claim 15, Hou discloses a method for manufacturing a 

semiconductor device (see the entire patent, including the Figs. 1-11 disclosure) 

including a first MIS transistor formed on a first active region 200 in a semiconductor 

substrate 20 and a second MIS transistor formed on a second active region 100 in the 

semiconductor substrate, the method comprising the steps of: (a) forming a first gate 

electrode formation portion 234 (Fig. 2) having a first gate insulating film 224, a first 

metal film 226 and a first silicon film 228 on the first active region, and a second gate 

electrode formation portion 134 having a second gate insulating film 124, a first metal 

film 126 and a second silicon film 128 on the second active region; (b) after step (a), 

forming an insulating film 42 (Fig. 5) on the semiconductor substrate, the insulating film 

covering the first and second gate electrode formation portions; (c) removing the 

insulating film 42 formed on the first and second gate electrode formation portions to 

expose an upper surface of each of the first silicon film 228 in the first gate electrode 

formation portion and the second silicon film 128 in the second gate electrode formation 

portion (Fig. 6); (d) after step (c), successively removing the first silicon film 228 and the 

first metal film 226 in the first gate electrode formation portion to form a first recess 

surrounded by the insulating film 42 on the first active region 200 (Fig. 7); and (e) 
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forming a second metal film 248 (Fig. 9) in the first recess, wherein a first gate electrode 

of the first MIS transistor includes the second metal film 248, and a second gate 

electrode of the second MIS transistor includes the first metal film 126 in the second 

gate electrode formation portion. 

Claim 15 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 17, Hou's step (d) includes forming, on the first active 

region 200, the first recess from a bottom of which the first gate insulating film 224 is 

exposed (Fig. 7), step (e) includes forming the second metal film 248 (Fig. 9) on the first 

gate insulating film 224 in the first recess, the method further comprises the step of (f) 

after step (e), forming a metal silicide film 152 (Fig. 11) on the second silicon film 128, 

and the second gate electrode includes the first metal film 126 and the second silicon 

film 128 in the second gate electrode formation portion. 

Claim 17 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 19, Hou's method further comprises the step of (g) after 

step (a) and before step (b), forming a first inner sidewall 240 having an L-shaped 

cross-section on each of side surfaces of the first gate electrode formation portion, and 

a second inner sidewall 140 having an L-shaped cross-section on each of side surfaces 

of the second gate electrode formation portion, wherein in step (b), the insulating film 42 

is formed above and in contact with the first and second inner sidewalls (Fig. 5). 

Claim 19 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 20, Hou's method further comprises the steps of: (h) after 

step (a) and before step (b), forming trenches in the second active region 100 laterally 
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outside the second gate electrode formation; and (i) forming, in the trenches, a silicon 

mixed crystal layer which causes stress in a gate length direction of a channel region in 

the second active region (see column 5, lines 24-31 ). 

Claim 20 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to independent claim 21, Hou discloses a semiconductor device (see the 

entire patent, including the Fig. 11 disclosure) comprising: a first (right-side) MIS 

transistor; and a second (left-side) MIS transistor, wherein: the first MIS transistor 

includes a first gate insulating film 224 formed on a first active region 200 in a 

semiconductor substrate 20, a first gate electrode includes a second metal film 248 

formed on the first gate insulating film, and an insulating film 42 formed, extending over 

side surfaces of the first gate electrode and upper surfaces of regions located in the first 

active region laterally outside the first gate electrode, the second MIS transistor includes 

a second gate insulating film 124 on a second active region 100 in the semiconductor 

substrate, a second gate electrode including a first metal film 126 formed on the second 

gate insulating film and a conductive film 128 formed on the first metal film, the 

insulating film 42 formed, extending over side surfaces of the second gate electrode and 

upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, the first and second metal films 126 and 248 are made of 

different metal materials, the insulating film 42 is not formed on any of upper surfaces of 

the first and second gate electrodes, the conductive film 128 is made of a silicon film 

(see column 5, lines 6-7), and the semiconductor device further comprises a metal 

silicide film 152 formed on the silicon film. 
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Claim 21 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 22, Hou's first metal film 126 has a thickness smaller than 

that of the second metal film 248. 

Claim 22 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 23, Hou's first and second metal films 126 and 248 have 

different work functions. 

Claim 23 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 25, Hou's first and second gate insulating films 224 and 

124 are made of the same insulating material (see the Figs. 1-2 disclosure). 

Claim 25 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

As to dependent claim 30, Hou's first and second gate insulating films 224 and 

124 include a high-k film made of a metal oxide having a relative dielectric constant of 

10 or more (see column 4, lines 27-33). 

Claim 30 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou. 

Claims 4, 5, 8, 10, 11, 13, 16, 18, 24, 26, 28 and 29 are objected to as being 

dependent upon a rejected base claim, but would be allowable over the prior art of 

record if rewritten in independent form including all of the limitations of the base claim 

and any intervening claims. 

Claims 31-34, 36-46 and 48-50 are allowable over the prior art of record. 
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Registered practitioners can telephone the examiner at (571) 272-1843. Any 

voicemail message left for the examiner must include the name and registration number 

of the registered practitioner calling, and the Application/Control (Serial) Number. 

Technology Center 2800's general telephone number is (571) 272-2800. 

/MARK PRENTY/ 
Primary Examiner, Art Unit 2822 
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AMENDMENT TO THE CLAIMS 

The following claim listing replaces all prior listings and versions of the claims: 

LISTING OF CLAIMS 

1. (Currently amended) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein~ 

the first MIS transistor includes 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, 

a first gate electrode includes a second metal film formed on the first gate 

insulating film, and 

an insulating film formed, extending over side surfaces of the first gate 

electrode and upper surfaces of regions located in the first active region laterally outside the first 

gate electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film, 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, and 

source/drain regions formed in the second active region laterally outside the 

2 
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second gate electrode, 

the first and second metal films are made of different metal materials, 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes, 

the source/drain regions include a silicon mixed crystal layer which is formed in trenches 

provided in the second active region, and causes first stress in a gate length direction of a channel 

region in the second active region, and 

the insulating film has a thickness smaller than that of the first gate electrode. 

2. (Original) The semiconductor device of claim 1, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

3. (Original) The semiconductor device of claim 1, wherein 

the first and second metal films have different work functions. 

4. ( Cancelled) 

5. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of the second metal film. 

6. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

3 
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film. 

7. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of the same insulating material. 

8. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of different insulating materials. 

9. (Currently Amended) The semiconductor device of claim 1, further comprising: 

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein 

the insulating film is formed above and in contact with surfaces of the first and second 

inner sidewalls which are bent in an L-shape. 

10. (Previously Presented) The semiconductor device of claim 1, wherein 

the insulating film is a stress insulating film which causes second stress in a gate length 

direction of a channel region in the first active region. 

11. (Previously Presented) The semiconductor device of claim 10, wherein 

the first MIS transistor is an n-type MIS transistor, 

4 
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the insulating film is made of a silicon nitride film, and 

the second stress is tensile stress. 

12. (Cancelled) 

13. (Previously Presented) The semiconductor device of claim 1, wherein 

the second MIS transistor is a p-type MIS transistor, 

the silicon mixed crystal layer is made of a Si Ge layer, and 

the first stress is compressive stress. 

14. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

15. (Currently Amended) A method for manufacturing a semiconductor device 

including a first MIS transistor formed on a first active region in a semiconductor substrate and a 

second MIS transistor formed on a second active region in the semiconductor substrate, the 

method comprising the steps of: 

(a) forming a first gate electrode formation portion having a first gate insulating film, a 

first metal film and a first silicon film on the first active region, and a second gate electrode 

formation portion having a second gate insulating film, a first metal film and a second silicon 

film on the second active region; 

(b) after step ( a), forming an insulating film on the semiconductor substrate, the 

5 
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insulating film covering the first and second gate electrode formation portions; 

( c) removing the insulating film formed on the first and second gate electrode formation 

portions to expose an upper surface of each of the first silicon film in the first gate electrode 

formation portion and the second silicon film in the second gate electrode formation portion; 

( d) after step ( c ), successively removing the first silicon film and the first metal film in 

the first gate electrode formation portion to form a first recess surrounded by the insulating film 

on the first active region; and 

( e) forming a second metal film in the first recess, 

wherein~ 

a first gate electrode of the first MIS transistor includes the second metal film, [[and]] 

a second gate electrode of the second MIS transistor includes the first metal film in the 

second gate electrode formation portion, and 

the insulating film has a thickness smaller than that of the first gate electrode. 

16. (Original) The method of claim 15, wherein 

step ( d) includes forming, on the first active region, the first recess from a bottom of 

which the first gate insulating film is exposed, and removing the second silicon film in the 

second gate electrode formation portion to form, on the second active region, a second recess 

surrounded by the insulating film, the first metal film being exposed from a bottom of the second 

recess, 

step (e) includes forming the second metal film on the first gate insulating film in the first 

recess, and forming the second metal film on the first metal film in the second recess, and 

the second gate electrode includes the first metal film in the second gate electrode 

6 
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formation portion and the second metal film formed on the first metal film. 

17. (Original) The method of claim 15, wherein 

step (d) includes forming, on the first active region, the first recess from a bottom of 

which the first gate insulating film is exposed, 

step ( e) includes forming the second metal film on the first gate insulating film in the first 

recess, 

the method further comprises the step of 

(f) after step ( e ), forming a metal silicide film on the second silicon film, and 

the second gate electrode includes the first metal film and the second silicon film in the 

second gate electrode formation portion. 

18. (Original) The method of claim 15, wherein 

step ( d) includes successively removing the first silicon film, the first metal film, and the 

first gate insulating film in the first gate electrode formation portion, to form, on the first active 

region, the first recess from a bottom of which the first active region is exposed, 

step ( e) includes forming a third gate insulating film in the first recess, and forming the 

second metal film on the third gate insulating film, 

the method further comprises the step of 

(f) after step (e), forming a metal silicide film on the second silicon film, and 

the second gate electrode includes the first metal film and the second silicon film in the 

second gate electrode formation portion. 

7 
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19. (Currently Amended) The method of claim 15, further comprising the step of: 

(g) after step (a) and before step (b), forming a first inner sidewall having an L-shaped 

cross-section on each of side surfaces of the first gate electrode formation portion, and a second 

inner sidewall having an L-shaped cross-section on each of side surfaces of the second gate 

electrode formation portion, 

wherein 

in step (b ), the insulating film is formed above and in contact with surfaces of the first 

and second inner sidewalls. 

20. (Original) The method of claim 15, further comprising the steps of: 

(h) after step (a) and before step (b), forming trenches in the second active region 

laterally outside the second gate electrode formation portion; and 

(i) forming, in the trenches, a silicon mixed crystal layer which causes stress in a gate 

length direction of a channel region in the second active region. 

21. (Currently Amended) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes 

a first gate insulating film formed on a first active region in a semiconductor 

substrate, 

a first gate electrode including a second metal film formed on the first gate 

insulating film, and 

8 
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an insulating film formed, extending over side surfaces of the first gate electrode 

and upper surfaces of regions located in the first active region laterally outside the first gate 

electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second gate 

insulating film and a conductive film formed on the first metal film, and 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces ofregions located in the second active region laterally outside the 

second gate electrode, 

the first and second metal films are made of different metal materials, 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes, 

the conductive film is made of a silicon film, [[ and]] 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film, and 

the insulating film has a thickness smaller than that of the first gate electrode. 

22. (Previously Presented) The semiconductor device of claim 21, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

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

9 
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the first and second metal films have different work functions. 

24. (Cancelled) 

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

the first and second gate insulating films are made of the same insulating material. 

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

the first and second gate insulating films are made of different insulating materials. 

27. (Currently Amended) The semiconductor device of claim 21, further comprising: 

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein the insulating film is formed above and in contact with surfaces of the first and 

second inner sidewalls which are bent in an L-shape. 

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

the insulating film is made of a silicon nitride film. 

29. (Previously Presented) The semiconductor device of claim 21, further 

compnsmg: 
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source/drain regions formed in the second active region laterally outside the second gate 

electrode, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

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

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

31. (Previously Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes 

a first gate insulating film formed on a first active region in a semiconductor 

substrate, 

a first gate electrode including a second metal film formed on the first gate 

insulating film, and 

an insulating film formed, extending over side surfaces of the first gate electrode 

and upper surfaces of regions located in the first active region laterally outside the first gate 

electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

11 
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a second gate electrode including a first metal film formed on the second gate 

insulating film and a conductive film formed on the first metal film, and 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, 

the first and second metal films are made of different metal materials, 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 

the first and second gate insulating films are made of different insulating materials. 

32. (Previously Presented) The semiconductor device of claim 31, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

33. (Previously Presented) The semiconductor device of claim 31, wherein 

the first and second metal films have different work functions. 

34. (Previously Presented) The semiconductor device of claim 31, wherein 

the insulating film has a thickness smaller than that of the first gate electrode. 

35. (Currently Amended) The semiconductor device of claim 31, further comprising: 

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 

12 
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a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein the insulating film is formed above and in contact with surfaces of the first and 

second inner sidewalls which are bent in an L-shape. 

36. (Previously Presented) The semiconductor device of claim 31, wherein 

the insulating film is made of a silicon nitride film. 

37. (Previously Presented) The semiconductor device of claim 31, further 

compnsmg: 

source/drain regions formed in the second active region laterally outside the second gate 

electrode, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

38. (Previously Presented) The semiconductor device of claim 31, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

39. (Previously Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes 

OM_ US 29665289-1085393.0059 
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a first gate insulating film formed on a first active region in a semiconductor 

substrate, 

a first gate electrode including a second metal film formed on the first gate 

insulating film, and 

an insulating film formed, extending over side surfaces of the first gate electrode 

and upper surfaces of regions located in the first active region laterally outside the first gate 

electrode, 

the second MIS transistor includes 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second gate 

insulating film and a conductive film formed on the first metal film, and 

the insulating film formed, extending over side surfaces of the second gate 

electrode and upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, 

the first and second metal films are made of different metal materials, 

the insulating film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 

the insulating film is a stress insulating film which causes first stress in a gate length 

direction of a channel region in the first active region. 

40. (Previously Presented) The semiconductor device of claim 39, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

14 
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41. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second metal films have different work functions. 

42. (Previously Presented) The semiconductor device of claim 39, wherein 

the insulating film has a thickness smaller than that of the first gate electrode. 

43. (Previously Presented) The semiconductor device of claim 39, wherein 

the conductive film is made of the second metal film. 

44. (Previously Presented) The semiconductor device of claim 39, wherein: 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

45. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of the same insulating material. 

46. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of different insulating materials. 

47. (Currently Amended) The semiconductor device of claim 39, further comprising: 

15 
DM _ US 29665289-1.085393 0059 



Application No.: 12/629,508 

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of 

the first gate electrode, and 

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces 

of the second gate electrode, 

wherein the insulating film is formed above and in contact with surfaces of the first and 

second inner sidewalls which are bent in an L-shape. 

48. (Previously Presented) The semiconductor device of claim 39, wherein 

the insulating film is made of a silicon nitride film. 

49. (Previously Presented) The semiconductor device of claim 39, further 

compnsmg: 

source/drain regions formed in the second active region laterally outside the second gate 

electrode, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

50. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of IO or more. 

16 
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REMARKS 

Introduction 

Claims 1-3,5-11, 13-23and25-50arepending,ofwhichclaims 1, 15,21,31 and39are 

independent. 

Applicants note with appreciation the indication of allowance of claims 31-34, 36-46 and 

48-50 and the indication of allowable subject matter in claims 4, 5, 8, 10, 11, 13, 16, 18, 24, 26, 

28 and 29 if rewritten in independent form including all of the limitations of the base claim and 

any intervening claims. 

Claims 1 and 15 have been amended to incorporate the allowable subject matter of 

original claim 4. Claim 21 has been amended to incorporate the allowable subject matter of 

original claim 24. Claims 9, 19, 27, 35 and 47 have been amended to correct informalities in the 

claim language and to more clearly define the claimed subject matter. Claims 4 and 24 have 

been cancelled. No new matter has been added. 

Patentability under 35 U.S.C. § 112 

Claims 9, 27, 35 and 47 were rejected under 35 U.S.C. § 112, second paragraph, as 

allegedly being indefinite. Applicants submit that claims 9, 27, 35 and 47, as amended, meet the 

requirement under 35 U.S.C. § 112, second paragraph. As shown in, for example, FIG. 4A of 

the present disclosure, insulating film 27 is formed in contact with surfaces of the first and 

second inner sidewalls 19a and 19b which are bent in an L-shape. Thus, it is requested that the 

Examiner withdraw the rejection of claims 9, 27, 35 and 47 under 35 U.S.C. § 112, second 

paragraph. 

17 
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Patentability under 35 U.S.C. § 102 

Claims 1-3, 6, 7, 14, 15, 17, 19-23 and 30 were rejected under 35 U.S.C. § 102(e) as 

being anticipated by Hou et al. (US 7,812,414). 

These rejections are traversed for at least the following reasons. 

Applicants submit that since claims 1, 15 and 21 have been amended to incorporate the 

allowable subject matter of original claims 4 and 24, respectively, claims 1, 15 and 21 and all 

claims dependent thereon are patentable over the cited reference. Thus, it is requested that the 

Examiner withdraw the rejections of the claims under 35 U.S.C. § 102. 

18 
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CONCLUSION 

Having fully responded to all matters raised in the Office Action, Applicants submit that 

all claims are in condition for allowance, an indication for which is respectfully solicited. If 

there are any outstanding issues that might be resolved by an interview or an Examiner's 

amendment, the Examiner is requested to call Applicants' attorney at the telephone number 

shown below. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 

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

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

such deposit account. 

600 13th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 TS:MaM 
Facsimile: 202.756.8087 
Date: August 19, 2011 

DM_ US 29665289-J .085393.0059 

Respectfully submitted, 

Takashi Saito 
Limited Recognition No. L0123 

Please recognize our Customer No. 53080 
as our correspondence address. 

19 



Electronic Acknowledgement Receipt 

EFSID: 10777870 

Application Number: 12629508 

International Application Number: 

Confirmation Number: 7931 

Title of Invention: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME 

First Named Inventor/Applicant Name: Yoshihiro SATO 

McDERMOTT WILL & EMERY LLP 

-

600 13th Street, N.W. 

Correspondence Address: -

Washington DC 20005-3096 

us 2027568000 

-

Filer: Michael E. Fogarty/3328/Matilda Mason 

Filer Authorized By: Michael E. Fogarty 

Attorney Docket Number: 085393-0059 

Receipt Date: 19-AUG-2011 

Filing Date: 02-DEC-2009 

Time Stamp: 17:29:14 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 



Document 
Document Description File Name 

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

183506 

1 085393-0059Amendment2.pdf yes 19 
a9ac57df48b4cfd0c9cd6a 116218289a5249 

8afe 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Claims 2 17 

Applicant Arguments/Remarks Made in an Amendment 18 19 

Warnings: 

Information: 

Total Files Size (in bytes) 183506 

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. 



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 12/629,508 12/02/2009 □ 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 

08/19/2011 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

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

Total (37 CFR ~ 1.16(i)) • 47 Minus ** 20 = 27 X $ = OR X $52= 1404 
0 Independent z * 5 Minus ***3 = 2 X $ = OR X $220= 440 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 1844 
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". /LINDA WISE/ 
*** 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. 



UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/629,508 12/02/2009 

7590 09/26/2011 

McDERMOTT WILL & EMERY LLP 
600 13th Street, N.W. 
Washington, DC 20005-3096 

FIRST NAMED INVENTOR 

Yoshihiro SATO 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

085393-0059 7931 

EXAMINER 

PRENTY, MARK V 

ART UNIT PAPER NUMBER 

2822 

MAIL DATE DELIVERY MODE 

09/26/2011 PAPER 

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

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

PTOL-90A (Rev. 04/07) 



Office Action Summary 

Application No. 

12/629,508 

Examiner 

MARK PRENTY 

Applicant(s) 

SATO ET AL. 

Art Unit 

2822 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 19 August 2011. 

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

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

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

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-3.5-11. 13-23 and 25-50 is/are pending in the application. 

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

6)1Zl Claim(s) 1-3.5-11. 13-23.25-30 and 39-50 is/are allowed. 

7)1Zl Claim(s) 31-33 and 38 is/are rejected. 

8)1Zl Claim(s) 34-37 is/are objected to. 

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

Application Papers 

1 0)D The specification is objected to by the Examiner. 

11 )□ The drawing(s) filed on __ is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

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

Priority under 35 U.S.C. § 119 

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

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

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

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

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

5) D Notice of Informal Patent Application 3) D Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20110921 



Application/Control Number: 12/629,508 

Art Unit: 2822 

Page 2 

This Office Action is in response to the amendment filed on August 19, 2011. 

Claims 31-33 and 38 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over United States Patent 7,812,414 to Hou et al. (Hou, already of record) together with 

newly cited United States Patent Application Publication 2007/0284670 to Yamamoto et 

al. (Yamamoto). 

As to independent claim 31, Hou discloses a semiconductor device (see the 

entire patent, including the Fig. 11 disclosure) comprising: a first (right-side) MIS 

transistor; and a second (left-side) MIS transistor, wherein: the first MIS transistor 

includes a first gate insulating film 224 formed on a first active region 200 in a 

semiconductor substrate 20, a first gate electrode including a second metal film 248 

formed on the first gate insulating film, and an insulating film 42 formed, extending over 

side surfaces of the first gate electrode and upper surfaces of regions located in the first 

active region laterally outside the first gate electrode, the second MIS transistor includes 

a second gate insulating film 124 on a second active region 100 in the semiconductor 

substrate, a second gate electrode including a first metal film 126 formed on the second 

gate insulating film and a conductive film 128 formed on the first metal film, the 

insulating film 42 formed, extending over side surfaces of the second gate electrode and 

upper surfaces of regions located in the second active region laterally outside the 

second gate electrode, the first and second metal films 126 and 248 are made of 

different metal materials, the insulating film 42 is not formed on any of upper surfaces of 

the first and second gate electrodes, and the first and second gate insulating films 224 

and 124 are made of the same insulating material. 
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The difference between claim 31 and Hou is claim 31 's first and second gate 

insulating films are made of different insulating materials (Hou's first and second gate 

insulating films are made of the same insulating material). 

Yamamoto teaches that the gate insulating films of complementary MIS 

transistors can be formed of the same insulating material or of different insulating 

materials (see the entire reference, including paragraph [0042] bridging pages 3-4). 

It would have been obvious to one skilled in the art to form Hou's first and second 

gate insulating films 224 and 124 (corresponding to Hou's complementary first and 

second MIS transistors, respectively) of different insulating materials because 

Yamamoto teaches that the gate insulating films of complementary MIS transistors can 

be formed of the same insulating material or of different insulating materials. 

Claim 31 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 

Hou together with Yamamoto. 

As to dependent claim 32, Hou's first metal film 126 has a thickness smaller than 

that of the second metal film 248. 

Claim 32 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 

Hou together with Yamamoto. 

As to dependent claim 33, Hou's first and second metal films 126 and 248 have 

different work functions. 

Claim 33 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 

Hou together with Yamamoto. 
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As to dependent claim 38, the Hou/Yamamoto device's first and second gate 

insulating films 224 and 124 include a high-k film made of a metal oxide having a 

relative dielectric constant of 10 or more (see Hou at column 4, lines 27-33, and 

Yamamoto at paragraph [0042]). 

Claim 38 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 

Hou together with Yamamoto. 

Claims 34-37 are objected to as being dependent upon a rejected base claim, 

but would be allowable over the prior art of record if rewritten in independent form 

including all of the limitations of the base claim and any intervening claims. 

Claims 1-3, 5-11, 13-23, 25-30 and 39-50 are allowable over the prior art of 

record. 

Registered practitioners can telephone the examiner at (571) 272-1843. Any 

voicemail message left for the examiner must include the name and registration number 

of the registered practitioner calling, and the Application/Control (Serial) Number. 

Technology Center 2800's general telephone number is (571) 272-2800. 

/MARK PRENTY/ 
Primary Examiner, Art Unit 2822 
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AMENDMENT TO THE SPECIFICATION 

Please amend the title as follows: 

SEMICONDUCTOR DEVICE A.ND METHOD FOR MA,NUFACTURING THE SAME 
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AMENDMENT TO THE CLAIMS 

The following claim listing replaces all prior listings and versions of the claims: 

LISTING OF CLAIMS 

1. (Currently Amended) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, and including a first high-k film made of oxide 

containing hafnium and silicon; 

a first gate electrode includes a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; [[,]] and 

an insulating a silicon nitride film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first gate 

electrode sidewall spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, and including a second high-k film made of oxide 

containing hafnium and silicon; 

a second gate electrode including a first metal film formed on the second 

3 
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gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; [[,]] 

the silicon nitride insulating film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second gate electrode sidewall spacers; [[,]] and 

source/drain regions formed in the second active region laterally outside 

the second gate electrode sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride insulating film is not formed on any of upper surfaces of the first and 

second gate electrodes, 

the source/drain regions include a silicon mixed crystal layer which is formed in trenches 

provided in the second active region, and causes first stress in a gate length direction of a channel 

region in the second active region, and 

the silicon nitride insulating film has a thickness smaller than that of the first gate 

electrode. 

2. (Original) The semiconductor device of claim 1, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

3. (Original) The semiconductor device of claim 1, wherein 

the first and second metal films have different work functions. 
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4. (Cancelled) 

5. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of the second metal film. 

6. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

7. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of the same insulating material. 

8. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of different insulating materials. 

9. (Currently Amended) The semiconductor device of claim 1, further comprising 

wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section formed on each of side surfaces of the first gate electrode, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section formed on each of side surfaces of the second gate electrode, 

v1herein 
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the silicon nitride insulating film is formed in contact with surfaces of the first and 

second inner sidewalls which are bent in an L-shape. 

10. (Currently Amended) The semiconductor device of claim 1, wherein 

the silicon nitride insulating film is a stress insulating film which causes second stress in 

a gate length direction of a channel region in the first active region. 

11. (Currently Amended) The semiconductor device of claim 10, wherein~ 

the first MIS transistor is an n-type MIS transistor, 

the insulating film is made of a silicon nitride film, and 

the second stress is tensile stress. 

12. (Cancelled) 

13. (Previously Presented) The semiconductor device of claim 1, wherein 

the second MIS transistor is a p-type MIS transistor, 

the silicon mixed crystal layer is made of a Si Ge layer, and 

the first stress is compressive stress. 

14-20. (Cancelled) 

21. (Currently Amended) A semiconductor device comprising: 

a first MIS transistor; and 
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a second MIS transistor, wherein: 

the first MIS transistor includes~ 

a first gate insulating film formed on a first active region in a 

semiconductor substrate; [[,]] 

a first gate electrode including a second metal film formed on the first gate 

insulating film; [[,]] 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride an insulating film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first gate 

electrode sidewall spacers, 

the second MIS transistor includes~ 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film;[[,]] 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride insulating film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second gate electrode sidewall spacers, 
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the first and second metal films are made of different metal materials, 

the silicon nitride insulating film is not formed on any of upper surfaces of the first and 

second gate electrodes, 

the conductive film is made of a silicon film, 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film, and 

the silicon nitride insulating film has a thickness smaller than that of the first gate 

electrode. 

22. (Previously Presented) The semiconductor device of claim 21, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

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

the first and second metal films have different work functions. 

24. (Cancelled) 

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

the first and second gate insulating films are made of the same insulating material. 

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

the first and second gate insulating films are made of different insulating materials. 
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27. (Currently Amended) The semiconductor device of claim 21, further comprising 

wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section formed on each of side surfaces of the first gate electrode, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section formed on each of side surfaces of the second gate electrode, and 

wherein the silicon nitride insulating film is formed in contact with surfaces of the first 

and second inner sidewalls which are bent in an L-shape. 

28. (Cancelled) 

29. (Currently Amended) The semiconductor device of claim 21, further comprising: 

source/drain regions formed in the second active region laterally outside the second gate 

electrode sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

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

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

31. (Currently Amended) A semiconductor device comprising: 

a first MIS transistor; and 
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a second MIS transistor, wherein: 

the first MIS transistor includes~ 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, and including a first high-k film made of oxide 

containing hafnium and silicon; 

a first gate electrode including a second metal film formed on the first gate 

insulating film; [[,]] 

first sidewall spacers formed on side surfaces of the first gate electrode. 

the first sidewall spacers being insulative; and 

a silicon nitride an insulating film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first gate 

electrode sidewall spacers, 

the second MIS transistor includes~ 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, and including a second high-k film made of oxide 

containing hafnium and silicon; 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film; [[,]] 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride insulating film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 
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upper surfaces of regions located in the second active region laterally outside the 

second gate electrode sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride insulating film is not formed on any of upper surfaces of the first and 

second gate electrodes, and 

the first metal film is made of titanium nitride. 

the first and second gate insulating films are made of different insulating materials. 

32. (Previously Presented) The semiconductor device of claim 31, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

33. (Previously Presented) The semiconductor device of claim 31, wherein 

the first and second metal films have different work functions. 

34. (Currently Amended) The semiconductor device of claim 31, wherein 

the silicon nitride insulating film has a thickness smaller than that of the first gate 

electrode. 

35. (Currently Amended) The semiconductor device of claim 31, further comprising 

wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section formed on each of side surfaces of the first gate electrode, and 
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each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section formed on each of side surfaces of the second gate electrode, and 

wherein the silicon nitride insulating film is formed in contact with surfaces of the first 

and second inner sidewalls which are bent in an L-shape. 

36. (Cancelled) 

37. (Currently Amended) The semiconductor device of claim 31, further comprising: 

source/drain regions formed in the second active region laterally outside the second gate 

electrode sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

38. (Cancelled) 

39. (Currently Amended) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes~ 

a first gate insulating film formed on a first active region in a 

semiconductor substrate; [[,]] 

a first gate electrode including a second metal film formed on the first gate 

insulating film; [[,]] 
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first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride an insulating film formed, extending over side the surfaces of the 

first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first gate 

electrode sidewall spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate; [[,]] 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film;[[,]] 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride insulating film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second gate electrode sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride insulating film is not formed on any of upper surfaces of the first and 

second gate electrodes, and 

the silicon nitride insulating film is a stress insulating film \Vhich causes first stress in a 

gate length direction of a channel region in the first active region. 
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40. (Previously Presented) The semiconductor device of claim 39, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

41. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second metal films have different work functions. 

42. (Currently Amended) The semiconductor device of claim 39, wherein 

the silicon nitride insulating film has a thickness smaller than that of the first gate 

electrode. 

43. (Previously Presented) The semiconductor device of claim 39, wherein 

the conductive film is made of the second metal film. 

44. (Previously Presented) The semiconductor device of claim 39, wherein: 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

45. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of the same insulating material. 

46. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of different insulating materials. 
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47. (Currently Amended) The semiconductor device of claim 39, further comprising 

wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section formed on each of side surfaces of the first gate electrode, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section formed on each of side surfaces of the second gate electrode, 

wherein the silicon nitride insulating film is formed in contact with surfaces of the first 

and second inner sidewalls which are bent in an L-shape. 

48. (Cancelled) 

49. (Currently Amended) The semiconductor device of claim 39, further comprising: 

source/drain regions formed in the second active region laterally outside the second gate 

electrode sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

50. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 
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51. (New) The semiconductor device of claim 1, wherein the first high- film further 

contains titanium. 

52. (New) The semiconductor device of claim 31, wherein the first high- film further 

contains titanium. 
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REMARKS 

Introduction 

Claims 1-3, 5-11, 13, 21-23, 25-27, 29-35, 37, 39-47 and 49-52 are pending, of which 

claims 1, 21, 31 and 3 9 are independent. 

Applicants note with appreciation the indication of allowance of claims 1-3, 5-11, 13-23, 

25-30 and 39-50 and the indication of allowable subject matter of claims 34-37 if rewritten in 

independent form including all of the limitations of the base claim and any intervening claims. 

Claims 1, 9-11, 21, 27, 29, 31, 34, 37, 39, 42, 47 and 49 have been amended to correct 

informalities in the claim language and to more clearly define the present subject matter. The 

subject matter of allowable claim 36 has been incorporated into claim 31. Claims 14-20, 28, 36, 

38 and 48 have been cancelled without prejudice. New claims 51 and 52 have been added. 

Support for the amendments and the new claims is found, for example, in the original claims and 

paragraphs [0085], [0121], [0122] and [0197] of the specification as published. The title of the 

disclosure has also been amended. No new matter has been added. 

Patentability under 35 U.S.C. § 103 

Claims 31-33 and 38 were rejected under 35 U.S.C. § 103(a) as being unpatentable over 

Hou et al. (US 7,812,414). This rejection is traversed for at least the following reasons. 

Applicants respectfully submit that since claim 31 has been amended to incorporate the 

allowable subject matter of original claim 36, claim 31 and all claims dependent thereon are 

patentable over the cited reference. Thus, it is requested that the Examiner withdraw the 

rejectiun of the claims under 35 U.S.C. § 103. 
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New claims 

Since new claims 51 and 52 depend upon claims 1 and 31, respectively, claims 51 and 52 

are patentable over the cited reference. 

CONCLUSION 

Having fully responded to all matters raised in the Office Action, Applicants submit that 

all claims are in condition for allowance, an indication for which is respectfully solicited. If 

there are any outstanding issues that might be resolved by an interview or an Examiner's 

amendment, the Examiner is requested to call Applicants' attorney at the telephone number 

shown below. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 

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

includir:g 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 TS:MaM 
Facsimile: 202.756.8087 
Date: December 6, 2011 

DM US 30974833-1085393 0059 

Respectfully submitted, 

~---~ EMERY LLP 
,/ 

Takashi Saito 
Limited Recognition No. L0123 

Please recognize our Customer No. 53080 
as our correspondence address. 
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This Office Action is in response to the amendment filed on December 6, 2011. 

Independent claim 39 is objected to because "side the surfaces" (line 11) should 

be "the side surfaces." Correction is required. Claims 40-47, 49 and 50 depend on 

claim 39 are are thus similarly objected to. 

Claims 51 and 52 are objected to because "the first high- film" should be "the first 

high-k film." 

Claim 8 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 

for failing to particularly point out and distinctly claim the subject matter which applicant 

regards as the invention. Dependent claim 8, which depends on independent claim 1, is 

incorrect in reciting "the first and second gate insulating films are made of different 

insulating materials" because independent claim 1 recites that the first and second gate 

insulating films comprise a high-k film made of oxide containing hafnium and silicon. 

Claim 8 should be cancelled. 

Claims 51 and 52 are rejected under 35 U.S.C. 112, first paragraph, as failing to 

comply with the written description requirement. The claims contain subject matter 

which was not described in the specification in such a way as to reasonably convey to 

one skilled in the relevant art that the inventors, at the time the application was filed, 

had possession of the claimed invention. Specifically, the specification (including page 

52, lines 18-23) does not describe claims 51 and 52 (which depend on claims 1 and 31, 

respectively), wherein the first gate insulating film comprises a high-k film made of oxide 

containing hafnium, silicon and titanium. Claims 51 and 52 should be cancelled. 
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Claims 1-3, 5-7, 9-11, 13, 21-23, 25-27, 29-35 and 37 are allowable over the 

prior art of record. 

Claims 39-47, 49 and 50 would be allowable over the prior art of record if 

independent claim 39 is corrected (see above). 

Applicant's amendment necessitated the new grounds of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

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

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

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

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

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

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

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

than SIX MONTHS from the date of this final action. 

Registered practitioners can telephone the examiner at (571) 272-1843. Any 

voicemail message left for the examiner must include the name and registration number 

of the registered practitioner calling, and the Application/Control (Serial) Number. 

Technology Center 2800's general telephone number is (571) 272-2800. 

/MARK PRENTY/ 
Primary Examiner, Art Unit 2822 
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respectfully request reconsideration of the above-identified application in view of the following 

amendments and remarks. 
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AMENDMENT TO THE CLAIMS 

The following claim listing replaces all prior listings and versions of the claims: 

LISTING OF CLAIMS 

1. (Previcusly Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, and including a first high-k film made of oxide 

containing hafnium and silicon; 

a first gate electrode includes a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first sidewall 

spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, and including a second high-k film made of oxide 

containing hafnium and silicon; 

a second gate electrode including a first metal film formed on the second 
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gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers; and 

source/drain regions formed in the second active region laterally outside 

the second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, 

the source/drain regions include a silicon mixed crystal layer which is formed in trenches 

provided in the second active region, and causes first stress in a gate length direction of a channel 

region in the second active region, and 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

2. (Original) The semiconductor device of claim 1, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

3. (Original) The semiconductor device of claim 1, wherein 

the first and second metal films have different work functions. 
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4. (Canceled) 

5. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of the second metal film. 

6. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

7. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of the same insulating material. 

8. (Canceled) 

9. (Previously Presented) The semiconductor device of claim 1, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, the silicon nitride film is formed in contact with surfaces of the first and 

second inner sidewalls which are bent in an L-shape. 

10. (Previously Presented) The semiconductor device of claim 1, wherein 
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the silicon nitride film causes second stress in a gate length direction of a channel region 

in the first active region. 

11. (Previously Presented) The semiconductor device of claim 10, wherein: 

the first MIS transistor is an n-type MIS transistor, and 

the second stress is tensile stress. 

12. (Canceled) 

13. (Previously Presented) The semiconductor device of claim 1, wherein 

the second MIS transistor is a p-type MIS transistor, 

the silicon mixed crystal layer is made of a Si Ge layer, and 

the first stress is compressive stress. 

14-20. (Canceled) 

21. (Previously Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate; 
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a first gate electrode including a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first 

sidewall spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, 

the conductive film is made of a silicon film, 
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the semiconductor device further comprises a metal silicide film formed on the silicon 

film, and 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

22. (Previously Presented) The semiconductor device of claim 21, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

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

the first and second metal films have different work functions. 

24. (Cancelled) 

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

the first and second gate insulating films are made of the same insulating material. 

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

the first and second gate insulating films are made of different insulating materials. 

27. (Previously Presented) The semiconductor device of claim 21, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, and 
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the silicon nitride film is formed in contact with surfaces of the first and second inner 

sidewalls which are bent in an L-shape. 

28. (Canceled) 

29. (Previously Presented) The semiconductor device of claim 21, further 

compnsmg: 

source/drain regions formed in the second active region laterally outside the second 

sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

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

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

31. (Previously Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, and including a first high-k film made of oxide 

containing hafnium and silicon; 
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a first gate electrode including a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first 

sidewall spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, and including a second high-k film made of oxide 

containing hafnium and silicon; 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 
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the first metal film is made of titanium nitride. 

32. (Previously Presented) The semiconductor device of claim 31, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

33. (Previously Presented) The semiconductor device of claim 31, wherein 

the first and second metal films have different work functions. 

34. (Previously Presented) The semiconductor device of claim 31, wherein 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

35. (Previously Presented) The semiconductor device of claim 31, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, and 

the silicon nitride film is formed in contact with surfaces of the first and second inner 

sidewalls which are bent in an L-shape. 

36. (Canceled) 
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3 7. (Previously Presented) The semiconductor device of claim 31, further 

compnsmg: 

source/drain regions formed in the second active region laterally outside the second 

sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

38. (Canceled) 

39. (Currently Amended) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate; 

a first gate electrode including a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

DM_US 32323494-1085393.0059 

a silicon nitride film formed, extending over side the surfaces the side 

surfaces of the first gate electrode on which the first sidewall spacers are 

formed and upper surfaces of regions located in the first active region 

laterally outside the first sidewall spacers, 
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the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate; 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 

the silicon nitride film causes first stress in a gate length direction of a channel region in 

the first active region. 

40. (Previously Presented) The semiconductor device of claim 39, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

41. (Previously Presented) The semiconductor device of claim 3 9, wherein 

the first and second metal films have different work functions. 
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42. (Previously Presented) The semiconductor device of claim 39, wherein 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

43. (Previously Presented) The semiconductor device of claim 39, wherein 

the conductive film is made of the second metal film. 

44. (Previously Presented) The semiconductor device of claim 39, wherein: 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

45. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of the same insulating material. 

46. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of different insulating materials. 

47. (Previously Presented) The semiconductor device of claim 39, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, 
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the silicon nitride film is formed in contact with surfaces of the first and second inner 

sidewalls which are bent in an L-shape. 

48. (Canceled) 

49. (Previously Presented) The semiconductor device of claim 39, further 

compnsmg: 

source/drain regions formed in the second active region laterally outside the second 

sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

50. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

51. (Canceled) 

52. (Canceled) 

14 
OM_ US 32323494-1.085393.0059 



12/629,508 

REMARKS 

Introduction 

Claims 1-3, 5-11, 13, 21-23, 25-27, 29-35, 37, 39-47 and 49-52 were pending, of which 

claims 1, 21, 31 and 39 are independent. 

Applicants note with appreciation the indication of allowance of claims 1-3, 5-7, 9-11, 13, 

21-23, 25-27, 29-35 and 37, and the indication of allowable subject matter of claims 39-47 and 

49-52. 

Claim 39 has been amended to correct informalities in the claim language. Claims 8, 51 

and 52 have been cancelled without prejudice. No new matter has been added. 

Rejections under 35 U.S.C. § 112 

Claim 8 was rejected under 35 U.S.C. § 112, second paragraph, as being indefinite. 

Although Applicants disagree with the Examiner's assertion, solely in order to expedite the 

prosecution of this application, claim 8 has been cancelled, thereby rendering this rejection moot. 

Claims 51 and 52 were rejected under 35 U.S.C. § 112, first paragraph, as failing to 

comply with the writk:n description requirement. Although Applicants disagree with the 

Examiner's assertion, solely in order to expedite the prosecution of this application, claims 51 

and 52 have been cancelled, thereby rendering this rejection moot. 
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CONCLUSION 

Having fully responded to all matters raised in the Office Action, Applicants submit that 

all claims are in condition for allowance, an indication for which is respectfully solicited. If 

there are any outstanding issues that might be resolved by an interview or an Examiner's 

amendment, the Examiner is requested to call Applicants' attorney at the telephone number 

shown below. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 

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

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

such deposit account. 

600 13th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 TS:kap 
Facsimile: 202.756.8087 
Date: March 13, 2012 

DM_US 32323494-1085393.0059 

Respectfully submitted, 

McDERMOTT WILL & EMERY LLP 

Takashi Saito 
Limited Recognition No. L0123 

Please recognize our Customer No. 53080 
as our correspondence address. 
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Applicant: Yoshihiro SATO, et al. 

Application No.: 12/629,508 

Filed: December 02, 2009 

Group Art Unit: 2822 

Customer No.: 53080 

Confirmation No.: 7931 

Examiner: PRENTY, Mark V. 

Title: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE 
SAME 

AMENDMENT UNDER 37 C.F.R. § 1.312 

Mail Stop Issue Fee 
Hon. Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

PATENT 

We are in receipt of the Notice of Allowance dated March 20, 2012, issued in connection 

with the above-identified application. The following Amendment and Remarks are submitted in 

response to the Notice of Allowance. 

Amendments to the Claims, begins on page 2; 

Remarks, begins on page 15. 
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AMENDMENT TO THE CLAIMS 

The following claim listing replaces all prior listings and versions of the claims: 

LISTING OF CLAIMS 

1. (Currently Amended) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, and including a first high-k film made of oxide 

containing hafnium and silicon; 

a first gate electrode includes including a second metal film formed on the 

first gate insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first sidewall 

spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, and including a second high-k film made of oxide 

containing hafnium and silicon; 

a second gate electrode including a first metal film formed on the second 

2 
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gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers; and 

source/drain regions formed in the second active region laterally outside 

the second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, 

the source/drain regions include a silicon mixed crystal layer which is formed in trenches 

provided in the second active region, and causes first stress in a gate length direction of a channel 

region in the second active region, and 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

2. (Original) The semiconductor device of claim 1, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

3. (Original) The semiconductor device of claim 1, wherein 

the first and second metal films have different work functions. 

3 
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4. (Canceled) 

5. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of the second metal film. 

6. (Original) The semiconductor device of claim 1, wherein 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

7. (Original) The semiconductor device of claim 1, wherein 

the first and second gate insulating films are made of the same insulating material. 

8. (Canceled) 

9. (Currently Amended) The semiconductor device of claim 1, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, and the silicon nitride film is formed in contact with surfaces of the first 

and second inner sidewalls which are bent in an L-shape. 

10. (Previously Presented) The semiconductor device of claim 1, wherein 

4 
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the silicon nitride film causes second stress in a gate length direction of a channel region 

in the first active region. 

11. (Previously Presented) The semiconductor device of claim 10, wherein: 

the first MIS transistor is an n-type MIS transistor, and 

the second stress is tensile stress. 

12. (Canceled) 

13. (Previously Presented) The semiconductor device of claim 1, wherein 

the second MIS transistor is a p-type MIS transistor, 

the silicon mixed crystal layer is made of a Si Ge layer, and 

the first stress is compressive stress. 

14-20. (Canceled) 

21. (Previously Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate; 

5 
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a first gate electrode including a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces ofregions located in the first active region laterally outside the first 

sidewall spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, 

the conductive film is made of a silicon film, 

6 
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the semiconductor device further comprises a metal silicide film formed on the silicon 

film, and 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

22. (Previously Presented) The semiconductor device of claim 21, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

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

the first and second metal films have different work functions. 

24. (Cancelled) 

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

the first and second gate insulating films are made of the same insulating material. 

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

the first and second gate insulating films are made of different insulating materials. 

27. (Previously Presented) The semiconductor device of claim 21, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, and 
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the silicon nitride film is formed in contact with surfaces of the first and second inner 

sidewalls which are bent in an L-shape. 

28. (Canceled) 

29. (Previously Presented) The semiconductor device of claim 21, further 

comprising: 

source/drain regions formed in the second active region laterally outside the second 

sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

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

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

31. (Previously Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate, and including a first high-k film made of oxide 

containing hafnium and silicon; 

8 
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a first gate electrode including a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

a silicon nitride film formed, extending over the side surfaces 

of the first gate electrode on which the first sidewall spacers are formed and upper 

surfaces of regions located in the first active region laterally outside the first 

sidewall spacers, 

the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate, and including a second high-k film made of oxide 

containing hafnium and silicon; 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 

9 
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the first metal film is made of titanium nitride. 

32. (Previously Presented) The semiconductor device of claim 31, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

33. (Previously Presented) The semiconductor device of claim 31, wherein 

the first and second metal films have different work functions. 

34. (Previously Presented) The semiconductor device of claim 31, wherein 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

35. (Previously Presented) The semiconductor device of claim 31, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, and 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, and 

the silicon nitride film is formed in contact with surfaces of the first and second inner 

sidewalls which are bent in an L-shape. 

36. (Canceled) 
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3 7. (Previously Presented) The semiconductor device of claim 31, further 

comprising: 

source/drain regions formed in the second active region laterally outside the second 

sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

38. (Canceled) 

39. (Previously Presented) A semiconductor device comprising: 

a first MIS transistor; and 

a second MIS transistor, wherein: 

the first MIS transistor includes: 

a first gate insulating film formed on a first active region in a 

semiconductor substrate; 

a first gate electrode including a second metal film formed on the first gate 

insulating film; 

first sidewall spacers formed on side surfaces of the first gate electrode, 

the first sidewall spacers being insulative; and 

OM_ US 33804026-1.085393. 0059 

a silicon nitride film formed, extending over the side 

surfaces of the first gate electrode on which the first sidewall spacers are 

formed and upper surfaces of regions located in the first active region 

laterally outside the first sidewall spacers, 

11 
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the second MIS transistor includes: 

a second gate insulating film formed on a second active region in the 

semiconductor substrate; 

a second gate electrode including a first metal film formed on the second 

gate insulating film and a conductive film formed on the first metal film; 

second sidewall spacers formed on side surfaces of the second gate 

electrode, the second sidewall spacers being insulative; and 

the silicon nitride film formed, extending over the side surfaces 

of the second gate electrode on which the second sidewall spacers are formed and 

upper surfaces of regions located in the second active region laterally outside the 

second sidewall spacers, 

the first and second metal films are made of different metal materials, 

the silicon nitride film is not formed on any of upper surfaces of the first and second gate 

electrodes, and 

the silicon nitride film causes first stress in a gate length direction of a channel region in 

the first active region. 

40. (Previously Presented) The semiconductor device of claim 39, wherein 

the first metal film has a thickness smaller than that of the second metal film. 

41. (Previously Presented) The semiconductor device of claim 3 9, wherein 

the first and second metal films have different work functions. 

12 
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42. (Previously Presented) The semiconductor device of claim 39, wherein 

the silicon nitride film has a thickness smaller than that of the first gate electrode. 

43. (Previously Presented) The semiconductor device of claim 39, wherein 

the conductive film is made of the second metal film. 

44. (Previously Presented) The semiconductor device of claim 39, wherein: 

the conductive film is made of a silicon film, and 

the semiconductor device further comprises a metal silicide film formed on the silicon 

film. 

45. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of the same insulating material. 

46. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films are made of different insulating materials. 

47. (Currently Amended) The semiconductor device of claim 39, wherein: 

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped 

cross-section, [[ and]] 

each of the second sidewall spacers is made of a second inner sidewall having an L­

shaped cross-section, and 
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the silicon nitride film is formed in contact with surfaces of the first and second inner 

sidewalls which are bent in an L-shape. 

48. (Canceled) 

49. (Previously Presented) The semiconductor device of claim 39, further 

compnsmg: 

source/drain regions formed in the second active region laterally outside the second 

sidewall spacers, 

wherein the source/drain regions include a SiGe layer which is formed in trenches 

provided in the second active region. 

50. (Previously Presented) The semiconductor device of claim 39, wherein 

the first and second gate insulating films include a high-k film made of a metal oxide 

having a relative dielectric constant of 10 or more. 

51. (Canceled) 

52. (Canceled) 

14 
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REMARKS 

Claims 1, 9 and 47 have been amended to correct minor informalities in the claim 

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

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 

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

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

such deposit account. 

600 13th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 TS:ss 
Facsimile: 202.756.8087 
Date: April 25, 2012 

DM_US 33804026-1.085393.0059 

Respectfully submitted, 

McDERMOTT WILL & EMERY LLP 

Takashi Saito 
Registration No. 69,536 

Please recognize our Customer No. 53080 
as our correspondence address. 
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