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LIST OF CHALLENGED CLAIMS 

Claim 1 

[1Pre] A semiconductor device, comprising: 

[1A] a first MIS transistor, wherein: 
the first MIS transistor includes: 

[1B] a first gate insulating film formed on a first active region in a 
semiconductor substrate, 

[1C] a first gate electrode formed on the first gate insulating film, 

[1D] a first sidewall spacer formed on a side surface of the first gate 
electrode, 

[1E] a first source/drain region of a first conductivity type which is formed 
in a trench provided in the first active region on a lateral side of the 
first sidewall spacer, and which includes a silicon compound layer 
causing a first stress in a gate length direction of a channel region in 
the first active region, and 

[1F] a stress insulating film which is formed on the first active region to 
cover the first gate electrode, the first sidewall spacer, and the first 
source/drain region, and which causes a second stress opposite to the 
first stress, 

[1G] an uppermost surface of the silicon compound layer is located higher 
than a surface of the semiconductor substrate located directly under 
the first gate electrode, 

[1H] a first stress-relief film is formed in a space between the silicon 
compound layer and the first sidewall spacer, 

[1I] the first stress-relief film is formed on the side surface of the first gate 
electrode with the first sidewall spacer interposed therebetween, and 

[1J] the first stress-relief film is not in direct contact with the side surface 
of the first gate electrode. 
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Claim 2 

The semiconductor device of claim 1, further comprising: 
a first offset spacer which is formed between the first gate electrode and the 
first sidewall spacer, and whose cross-section has an I shape. 

Claim 3 

The semiconductor device of claim 1, further comprising: 
a first silicide layer formed on the first gate electrode; and 
a second silicide layer formed on the first source/drain region which includes the 
silicon compound layer. 

Claim 4 

The semiconductor device of claim 1, wherein the first stress-relief film is 
formed on a side surface of the silicon compound layer. 

Claim 5 

The semiconductor device of claim 1, wherein the first sidewall spacer includes 
an inner sidewall spacer which is formed on the side surface of the first gate 
electrode, and whose cross-section has an L shape, and an outer sidewall spacer 
formed on the inner sidewall spacer. 

Claim 6 

[6Pre] The semiconductor device of claim 1, wherein 

[6A] the first sidewall spacer includes an inner sidewall spacer whose 
cross-section has an L shape, and 

[6B] the stress insulating film is formed in contact with a surface of the 
inner sidewall spacer which is curved to have an L-shaped cross-
section. 
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Claim 7 

[7Pre] The semiconductor device of claim 1, wherein 

[7A] the first MIS transistor is a p-type MIS transistor, 

[7B] the first stress is a compressive stress, and 

[7C] the second stress is a tensile stress. 

Claim 8 

[8Pre] The semiconductor device of claim 1, wherein 

[8A] the silicon compound layer is a SiGe layer, 

[8B] the stress insulating film is a silicon nitride film, and 

[8C] the first stress-relief film is a silicon oxide film. 

Claim 9 

[9Pre] The semiconductor device of claim 1, wherein 

[9A] the first MIS transistor is an n-type MIS transistor, 

[9B] the first stress is a tensile stress, and 

[9C] the second stress is a compressive stress. 

Claim 10 

[10Pre] The semiconductor device of claim 1, further comprising: 

[10A] an isolation region formed in the semiconductor substrate to surround 
the first active region; 

[10B] a gate interconnect formed on the isolation region; 

[10C] an interconnect sidewall spacer formed on a side surface of the gate 
interconnect; 
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[10D] a second stress-relief film formed on a side surface of a recessed 
portion provided in the isolation region on a lateral side of the 
interconnect sidewall spacer; and 

[10E] the stress insulating film formed on the isolation region to cover the 
gate interconnect, the interconnect sidewall spacer, and the second 
stress-relief film. 

Claim 11 

[11Pre] The semiconductor device of claim 1, further comprising: 

[11A] a second MIS transistor, wherein: 
the second MIS transistor includes: 

[11B] a second gate insulating film formed on a second active region in the 
semiconductor substrate, 

[11C] a second gate electrode formed on the second gate insulating film, 

[11D] a second sidewall spacer formed on a side surface of the second gate 
electrode, 

[11E] a second source/drain region of a second conductivity type which is 
formed in the second active region on a lateral side of the second 
sidewall spacer, and 

[11F] the stress insulating film formed on the second active region to cover 
the second gate electrode, the second sidewall spacer, and the second 
source/drain region. 

Claim 12 

The semiconductor device of claim 11, wherein no first stress-relief film is 
formed on the second active region. 
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Claim 13 

[13Pre] The semiconductor device of claim 1, further comprising: 

[13A] a third MIS transistor, wherein: 
the third MIS transistor includes: 

[13B] a third gate insulating film formed on a third active region in the 
semiconductor substrate, 

[13C] a third gate electrode formed on the third gate insulating film, 

[13D] a third sidewall spacer formed on a side surface of the third gate 
electrode, 

[13E] a third source/drain region of a first conductivity type which is 
formed in the third active region on a lateral side of the third sidewall 
spacer, 

[13F] a protective film formed on the third active region to cover the third 
gate electrode, the third sidewall spacer, and the third source/drain 
region, and 

[13G] the stress insulating film formed on the protective film. 

Claim 14 

The semiconductor device of claim 13, wherein no silicide layer is formed on 
the third gate electrode and the third source/drain region. 

Claim 15 

The semiconductor device of claim 13, wherein the first stress-relief film and 
the protective film are made of a same insulating material. 
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I. RELIEF REQUESTED 

Applying the following grounds, Petitioner requests inter partes review of the 

’425 Patent1 and cancellation of claims 1-15: 

Ground Claim(s) Challenged 35 U.S.C. § Reference(s) 

1A 1, 3-5, 7-9, 11-15 

103 

Wu, Alvarez 

1B 2 Wu, Alvarez, Wolf 

2A 1, 3-9, 11-12 Cheng 

2B 2 Cheng, Wolf 

2C 1, 3-9, 11-12 Cheng, Wang 

2D 2 Cheng, Wang, Wolf 

3 1, 3-4, 7-8, 10 Saito, Fukutome, James 

 
II. STATE OF THE ART  

The ’425 Patent describes stress-relief films for metal-insulator-

semiconductor field-effect transistors (“MISFETs”).2 This technology was already 

well-known. 

A. MISFETs 

MISFETs have source/drain regions for current input/output. (Ex‑1003 ¶49; 

Ex‑1013, 9-10, Figs. 3, 6; Ex‑1014, 45-51.) Additionally, a gate overlies a channel 

 
1 U.S. Patent No. 8,907,425 (Ex‑1001). 

2 “MISFET” and “MOSFET” (“Metal-Oxide-Semiconductor Field-Effect 

Transistor”) are interchangeable. (Ex‑1003 ¶49 n.8.) 
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region between source and drain. (Ex‑1003 ¶49; Ex‑1013, 9-10, Fig. 3; Ex‑1014, 

40-45.) The gate includes a gate dielectric that separates a gate electrode from the 

channel region. (Ex‑1003 ¶49; Ex‑1013, 9-10, Fig. 3; Ex‑1014, 40-45.) Applying 

voltage to the gate electrode controls a conductive channel to connect or disconnect 

the source and drain. (Ex‑1003 ¶49; Ex‑1013, 9-10, 14, Figs. 3, 6.) 

 
Ex‑1013, Fig. 3 

 
Ex‑1014, Fig. 1-11 

 
Generally, source/drain regions are doped with p-type or n-type impurities, 

and channel regions are oppositely doped. (Ex‑1003 ¶50; Ex‑1013, 9‑10; Ex‑1014, 

45‑51.) The terms PMOS and NMOS refer to MISFETs with p-type or n-type 

source/drain regions, respectively. (Ex‑1003 ¶50; Ex‑1014, 16-17, 19-20, Figs. 1‑11, 

2-2.) Typical devices are CMOS (“Complementary MOS”), which include both 

PMOS and NMOS. (Ex‑1003 ¶50; Ex‑1014, 16, Fig. 1-11.) 

B. Strained-Silicon Technology 

PMOS was once much slower than NMOS. Strained-silicon technology 

changed that. Because germanium atoms are larger than silicon atoms, growing 
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silicon-germanium (“SiGe”) source/drain regions compressively strains the silicon 

channel region along the current flow direction (left-to-right below). In PMOS, 

compressive strain improves carrier (hole) mobility and boosts operating speed. 

(Ex‑1015, 1-7; Ex‑1016, 2; Ex‑1003 ¶51.) By 2005, this technology increased “hole 

mobility by as much as 50%.” (James, 2; Ex‑1003 ¶51.) 

 

To ensure adequate strain transfer, it was common to grow SiGe source/drain 

regions extending above the substrate. (Ex‑1001, 1:31-43 (referencing Ex‑1017); 

Ex‑1017, 4, Figs. 1-4; Cheng, ¶¶[0065]-[0070], Figs. 4e‑4j; Wang ¶¶[0030]-[0032], 

FIG. 9; Ex‑1018, FIGS. 4-7; Ex‑1019, Abstract, ¶[0025], ¶[0043], FIGS. 5, 13; 

Ex‑1003 ¶52.) Raised SiGe regions further improve PMOS performance by reducing 

contact resistance. (James, 2; Ex‑1003 ¶53.) 

These principles were also commonly applied to NMOS, except improving 

NMOS carrier (electron) mobility requires tensile strain, not compressive. (Ex‑1003 

¶54.) Creating tensile strain with source/drain regions requires growing a material 
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like silicon carbide (SiC) with an atom (e.g., carbon) smaller than silicon. (Ex‑1020 

¶[0005], ¶[0048], ¶[0072]; Wu ¶[0037]; James, 2; Ex‑1018 ¶[0045]; Ex‑1021 

¶¶[0021]-[0022]; Ex‑1003 ¶54.) 

In addition to source/drain epitaxy, it was also common to induce strain by 

applying stressed films. (Ex‑1003 ¶55; James, 2, 4; Ex‑1022, 1-2, 13; Alvarez 

¶[0022], ¶[0025], ¶[0033]; Ex‑1023 ¶[0003]; Ex‑1024 ¶[0090].) For example, 

depositing a silicon nitride contact etch-stop layer (“CESL”) can, under certain 

conditions, “apply[] stress to [a] channel region” to improve mobility. (Ex‑1023 

¶[0003]; see Ex‑1025 ¶[0003]; Ex‑1022, 1-2; Ex‑1003 ¶55.) Depending how such a 

layer is prepared, it may provide tensile stress, compressive stress, or no stress. 

(Ex‑1024 ¶[0017], ¶¶[0099]-[0100], ¶¶[0131]-[0132], Tbls. IV-V, VII, Fig. 15; 

Ex‑1003 ¶55.) 

The ’425 Patent admits strained-silicon technology was known. (Ex‑1001, 

1:23-2:62, FIGS. 8A-10C.) At least four generations of high-volume commercial 

devices already used it by 2009. (Ex‑1015, 1-7 (90nm devices); Ex‑1026, 4-5 (65nm 

devices); Ex‑1027, 1-4 (45nm devices); Ex‑1028, 1 (32nm devices); Ex‑1003 ¶48, 

¶56.) 

C. Stress-Relief Layers 

A tensile CESL near a PMOS channel generally applies tensile stress to the 

channel. (Ex‑1022, 1-2, 13; Ex‑1029 ¶[0005], ¶[0013]; Ex‑1023 ¶[0037]; Ex‑1003 
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¶57.) This can oppose compressive stress from SiGe layers, lessening PMOS 

performance improvements. (Ex‑1022, 1-2, 13; Ex‑1019 ¶[0002], ¶[0026]; Ex‑1029 

¶[0005]; Ex‑1003 ¶57.) To reduce such unwanted stress, it was widely known to 

place a stress-relief film underneath the CESL. (Ex‑1030, 9:27-29, FIGS. 2, 9, 

13‑15; Ex‑1029 ¶[0042], Figs. 1-2, 14-15; Ex‑1031 ¶[0029], ¶¶[0046]-[0067], 

FIGS. 2‑5; Ex‑1032 ¶¶[0022]-[0031], Figs. 1B‑1F; Ex‑1033 ¶[0037], Fig. 2; 

Ex‑1034 ¶[0108]; Alvarez, Abstract, ¶[0043], ¶[0049], ¶[0066], ¶[0068], ¶[0077], 

FIGS. 9-11; Ex‑1003 ¶¶57-59.) 

 
Alvarez, FIG. 9 (stress buffer layer 226)3 

 
Alvarez, FIG. 10 (stress buffer layers 326 and 350) 

 
3 All colored annotations herein have been added. 
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With raised SiGe source/drain regions, the stress-relief layer fills the space 

between the SiGe and gate, as shown below. (Ex‑1030, 9:11-15, 9:30-35, FIGS. 7‑9; 

see Ex‑1035 ¶¶[0052]-[0053], FIGS. 1U-1W; Ex‑1003 ¶59.) 

 
Ex‑1030, FIG. 9 

The intermediate stress-relief layer “buffers the large stress” from the CESL.  

(Ex‑1030, 9:27-29; Ex‑1003 ¶60.) That is, it applies a “neutral stress or opposite 

stress relative to the [CESL],” which “reduces the tensile stress in the channel 

region.” (Ex‑1031 ¶[0049], ¶[0064]; see Alvarez ¶[0049]; Ex‑1029 ¶[0042]; 

Ex‑1032 ¶[0030]; Ex‑1003 ¶60.) 

III. ’425 PATENT 

A. Overview 

The ’425 Patent acknowledges techniques for “applying a stress to [a 

MISFET] channel region … to improve the performance” were known. (Ex‑1001, 

1:23-27.) It further admits “compressive stress” (PMOS) or “tensile stress” 
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(NMOS), when “applied to the channel region,” increases carrier mobility and 

device performance. (Id., 1:27-43, 3:1-4.) Conversely, it admits “drive capability … 

is reduced” by the opposite stress. (Id., 3:1-4.) The ’425 Patent discloses a stress-

relief film to mitigate performance reduction in PMOS devices that include a tensile 

CESL. (Id., 3:13-17.) 

 

10a: active region  

13a: gate insulating film 

14a: gate electrode 

16a: offset spacer 

19A: sidewall 

22: trench 

23: silicon compound layer 

24: space 

27a: p-type source/drain region 

28a: first stress-relief film 

29a: first silicide layer 

30a: second silicide layer 

31: stress insulating film 
 

           Ex‑1001, FIG. 6B (excerpted) 

FIG. 6B above illustrates an exemplary PMOS device with known features, 

including a “first stress-relief film 28a … formed in [a] space 24 located between 

the silicon compound layer 23 [e.g., SiGe] and the first sidewall 19A.” (Id., 13:6-8; 

see id., 14:15-42, FIG. 6B.) According to the ’425 Patent, this makes it “possible to 
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reduce the tensile stress applied from the stress insulating film 31 to the channel 

region” and “prevent a reduction in drive capability.” (Id., 16:6-11.) 

B. Claim Construction 

Claims are construed only to the extent necessary to resolve a controversy. 

(Nidec Motor Corp. v. Zhongshan Broad Ocean Motor Co., 868 F.3d 1013, 1017 

(Fed. Cir. 2017).) No terms require construction to resolve this controversy.4 

C. Level of Ordinary Skill 

A person ordinarily skilled in the art (“POSITA”) would have had at least a 

master’s degree in electrical engineering, physics, materials science, or a related 

field and at least three years of work experience in integrated circuit device design 

and manufacturing, including strained-channel MISFETs and fabrication thereof. 

Additional education could substitute for professional experience, and significant 

experience or training could substitute for formal education. (Ex‑1003 ¶46.) 

IV. PRIOR ART 

A. Wu  

Wu is prior art under pre-AIA §102(a), (e). Since Wu is in the same field 

(MISFETs) and reasonably pertinent to a problem the ’425 Patent addresses (strain 

 
4  Certain features may be indefinite and/or require construction to resolve 

controversies elsewhere but not in this Petition. 
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engineering and device manufacturing), Wu is analogous. (Ex‑1001, 1:15-7:54; Wu 

¶¶[0001]-[0011]; Ex‑1003 ¶75.) 

Wu discloses “strained CMOS” structures with PMOS and NMOS regions 31 

and 33. (Wu ¶[0009], ¶[0017], ¶[0038], FIG. 14.) In PMOS regions 31, SiGe 

layer 58 projects above the top of substrate 30 and compresses the channel. (Wu 

¶[0021], ¶[0041], FIG. 14.) A strained “contact etch stop layer (CESL) 66” covers 

the devices. (Wu ¶[0025], ¶[0044], FIG. 14.) Optionally, silicide may be formed 

before CESL 66. (Wu ¶[0024], ¶[0043].) 

 
Wu, FIG. 14 
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B. Alvarez 

Alvarez is prior art under pre-AIA §102(a), (b), (e). Since Alvarez is in the 

same field (MISFETs) and reasonably pertinent to a problem the ’425 Patent 

addresses (strain engineering and device manufacturing), Alvarez is analogous. 

(Ex‑1001, 1:15-7:54; Alvarez ¶¶[0001]-[0009]; Ex‑1003 ¶79.) 

Alvarez discloses a “semiconductor device” with “a plurality of active areas,” 

including silicide region 230, non-silicide region 232, and stress-control region 242, 

each with a PMOS transistor 224x and NMOS transistor 222x. (Alvarez, Abstract, 

¶¶[0037]-[0038], FIGS. 9-11.) In regions 232 and 242, Alvarez discloses a “stress-

controlling material 226” to mitigate stress caused by “stress-increasing 

material 216” and prevent silicidation. (Alvarez ¶[0035], ¶[0045], ¶[0049], ¶[0054], 

¶[0078], FIGS. 9-11.) 

 
Alvarez, FIG. 9 
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C. Cheng 

Cheng is prior art under pre-AIA §102(a), (b), (e). Since Cheng is in the same 

field as the ’425 Patent (MISFETs) and reasonably pertinent to a problem the 

’425 Patent addresses (strain engineering and device manufacturing), Cheng is 

analogous. (Ex‑1001, 1:15-7:54; Cheng ¶¶[0002]-[0003]; Ex‑1003 ¶82.) 

Cheng’s PMOS device 401a includes SiGe source/drain regions 420a that 

“extend above the substrate” and compressively stress the channel. (Cheng ¶[0022], 

¶[0065], Fig. 4j.) Etch stop layer 430a/430b may be a “tensile film” or “compressive 

film” made of “silicon nitride (SixNy).” (Cheng ¶[0070], Fig. 4j.) 

 
Cheng, Fig. 4j 
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D. Wang 

Wang is prior art under pre-AIA §102(a), (b), (e). Since Wang is in the same 

field (MISFETs) and reasonably pertinent to a problem the ’425 Patent addresses 

(strain engineering and device manufacturing), Wang is analogous. (Ex‑1001, 

1:15-7:54; Wang ¶¶[0002]-[0008]; Ex‑1003 ¶85.) 

Wang explains: “to strengthen the compressive stress applied by the silicon 

[SiGe] alloy regions 124 [in pMOS devices], the silicon alloy regions 124 preferably 

outgrow the top surface of the substrate 40, forming raised portions 1242” about 

10‑70 nm high. (Wang ¶[0031], FIG. 9.) 

  
Wang, FIG. 9 
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E. Saito 

Saito is prior art under pre-AIA §102(a), (b), (e). Since Saito is in the same 

field (MISFETs) and reasonably pertinent to a problem the ’425 Patent addresses 

(recesses in the isolation region next to a gate-level interconnect), Saito is analogous. 

(Ex‑1001, 1:15-7:54, 10:61-11:9, 13:8-15; Saito, Abstract, ¶¶[0074]-[0079]; 

Ex‑1003 ¶88.) 

Saito discloses an SRAM circuit with PMOS and NMOS transistors. (Saito 

¶¶[0056]-[0059], FIG. 1.) To prevent junction leakage, Saito teaches to fill 

recesses 50 in isolation regions 20A1 with oxide layer 10A and nitride layer 10B. 

(Saito ¶[0027], ¶¶[0074]-[0076], ¶¶[0112]-[0113], FIGS. 3, 12, 21.) 

 
Saito, FIG. 21 (excerpted) 
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F. Fukutome 

Fukutome is prior art under pre-AIA §102(a), (b), (e). Since Fukutome is in 

the same field (MISFETs) and reasonably pertinent to a problem the ’425 Patent 

addresses (strain engineering and device manufacturing), Fukutome is analogous. 

(Ex‑1001, 1:15-7:54; Fukutome ¶¶[0002]-[0012]; Ex‑1003 ¶91.) 

Fukutome discloses faceted SiGe “source/drain material layers 18a and 18b” 

grown to “positions higher than the surface of the silicon substrate” to suppress 

junction leakage and improve reliability. (Fukutome ¶[0100]; see id. ¶[0092]-[0096], 

FIGS. 5D-5G.) Silicon nitride layer 20 covers the substrate. (Fukutome ¶[0106], 

FIG. 5G.) 

 
Fukutome, FIG. 5G 
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G. James 

James is prior art under pre-AIA §102(a), (b). (Ex‑1036; Ex‑1003 ¶93.) Since 

James is in the same field (MISFETs) and reasonably pertinent to a problem the ’425 

Patent addresses (strain engineering and device manufacturing), James is analogous. 

(Ex‑1001, 1:15-7:54; generally James; Ex‑1003 ¶94.) 

James describes commercial transistor structures, including in Intel’s Prescott 

chips. (James, 1-5, Figs. 1-3, 5-12.) In Prescott, “[l]ocalized tensile stress is applied 

to the channels of NMOS devices by a highly stressed nitride” that “increases 

electron mobility.” (James, 2, Figs. 5-6.) Prescott’s “PMOS transistors (Figure 6) 

use epitaxial SiGe source/drains to create compressive stress,” which “improves hole 

mobility.” (Id.) 

 
James, Fig. 6 
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H. Wolf 

Wolf is prior art under pre-AIA §102(a), (b). (Ex‑1037; Ex‑1038.) Since Wolf 

is in the same field (MISFETs) and reasonably pertinent to a problem the ’425 Patent 

addresses (device fabrication), Wolf is analogous. (Ex‑1001, 1:15-7:54; generally 

Wolf; Ex‑1003 ¶97.) 

Wolf teaches an I-shaped “offset-spacer” to distance source-drain extensions 

from the channel to prevent “excessive leakage (due to larger short-channel effects 

that arise if the channel-length is too small)” and “yield[] optimum device 

characteristics.” (Wolf, 21-22, Fig. 5-25.) 

V. THE CHALLENGED CLAIMS ARE UNPATENTABLE 

A. Grounds 1A-1B: Wu 

1. Ground 1A: The Wu-Alvarez Combination Renders Obvious 
Claims 1, 3-5, 7-9, and 11-15 

a. A POSITA Would Have Found the Wu-Alvarez 
Combination Obvious 

A POSITA would have found it obvious to incorporate Alvarez’s stress-relief 

and stress-inducing layers in Wu’s device. (Ex‑1003 ¶¶101-147.) 

(1) A POSITA would have been motivated to combine 
Wu and Alvarez 

Wu discloses “forming a strained CMOS transistor to improve CMOS 

transistor performance and reliability.” (Wu ¶[0009], FIGS. 1-7, 9-14.) Wu’s PMOS 

regions 31 include conventional features. (Wu ¶[0017], ¶[0023], ¶¶[0038]-[0039], 
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¶¶[0042]-[0043], FIGS. 1-7, 9-14.) To form PMOS source/drain regions, Wu 

teaches adding sacrificial layer 52 outside sidewalls 501A and 502A, then etching a 

recess 56 in which to grow SiGe layers 58 extending above the substrate. (Wu 

¶¶[0018]-[0021], ¶¶[0039]-[0041], FIGS. 2-4, 10-12.) SiGe layer 58 “compress[es] 

the channel” to improve mobility. (Supra §II.B; Wu ¶[0021], ¶[0041], FIGS. 4, 12.) 

As FIG. 14 shows, Wu teaches to remove sacrificial layer 52 and spacer 502A 

before forming spacer 512A, creating a gap between SiGe layer 58 and sidewalls 

501A and 512A. (Wu ¶¶[0022]-[0024], ¶¶[0042]-[0043], FIGS. 5-7, 13-14.) 

 
Wu, FIG. 14 
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Wu then “form[s] a contact etch stop layer (CESL) 66” using a “strained 

silicon material” (SiN) over the gate structures (36A/36B), spacers (501A/501B and 

512A/512B), and sources/drain regions (64A/64B). (Wu ¶[0025], ¶[0044], FIGS. 7, 

14.) CESL 66 can be “a strained thin film upon a surface of the MOS transistor that 

exert[s] tensile stress or compressive stress” to “improv[e] carrier mobility and MOS 

transistor performance.” (Wu ¶[0005], ¶[0025]; supra §II.B; Ex‑1003 ¶¶105-112.) 

Because Wu describes improved “carrier” mobility (not “electron” or “hole” 

mobility), CESL 66 can be either tensile or compressive. (Ex‑1003 ¶¶111-112.) 

As Alvarez shows, a POSITA would have found it obvious to impart tensile 

strain using CESL 66 to improve electron mobility (NMOS), while also including a 

stress-control layer to tune that tensile strain and selectively block silicide formation 

in certain circuit regions (e.g., non-silicide region 232 and stress-control region 242). 

(Ex‑1003 ¶¶102-104, ¶¶113-115.) The asserted combination includes Wu’s 

transistors with Alvarez’s stress-control layer underlying a tensile CESL 66. 

Alvarez explains: “Some NMOS FETs have demonstrated performance 

enhancement” by imparting “tensile stress to the channel region,” but “some PMOS 

FETs may suffer from decreased performance” when a tensile CESL is applied. 

(Alvarez ¶[0025]; Ex‑1003 ¶116.) To mitigate adverse effects on PMOS, Alvarez 

discloses stress-controlling layers 226/326/426 and 350/450 underlying tensile 

CESL 216/316/416. (Alvarez ¶[0028], ¶¶[0032]-[0035], ¶¶[0045]-[0046], ¶[0055], 
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¶¶[0063]-[0068], ¶[0073], ¶[0075], ¶[0078], FIGS. 8-11.) This (a) reduces adverse 

effects from stress-inducing layer 216/316/416 on PMOS, (b) selectively blocks 

silicide formation, and (c) eliminates processing steps to streamline manufacturing. 

(Alvarez ¶[0037], ¶[0049], ¶[0061], ¶¶[0070]-[0075], ¶[0078], ¶[0081], FIGS. 9-11; 

Ex‑1003 ¶117.)  

Such benefits may be interrelated. For example, Alvarez uses stress-control 

layer 226/326/426 to selectively block silicide in regions 232/242 of FIGS. 9‑10, 

thus performing two functions. (Alvarez ¶[0035], ¶[0045], ¶[0078], FIGS. 9‑10.) 

Leaving stress-controlling layers 226/326/426 and/or 350/450 intact when 

depositing a tensile CESL 216/316/416, as in FIGS. 9‑11, reduces the number of 

process steps (and manufacturing costs) while accounting for different performance 

requirements in circuit regions 230, 232, and 242. (Alvarez ¶[0027], ¶¶[0032]-

[0033], ¶[0045], ¶[0074], ¶[0078]; Ex‑1003 ¶118.) 

 
Alvarez, FIG. 95 

 
5 222x are NMOS; 224x are PMOS. (Alvarez ¶[0025], ¶[0028], ¶[0063].) 
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Alvarez, FIG. 10 (3xx corresponds to 2xx in FIG. 9) 

To achieve these benefits, a POSITA would have found it obvious to 

(a) implement Wu’s strained CESL 66 with tensile strain to improve NMOS 

mobility and (b) include Alvarez’s stress-controlling layer in selected regions (e.g., 

regions 232/242) to (i) mitigate the adverse effects of tensile CESL 66 on PMOS 

carrier mobility, (ii) prevent unwanted silicide formation in certain regions, and 

(iii) lower costs. (Alvarez ¶[0037], ¶[0049], ¶[0061], ¶¶[0070]-[0075], ¶[0078], 

¶[0081], FIGS. 9-11; Ex‑1003 ¶119.) 

Alvarez explains: “many different types of transistors 122 and 124 are formed 

across a workpiece 102 surface, with the different types of transistors 122 and 124 

having different operating parameters and requirements.” 6  (Alvarez ¶[0027].)  

 
6 The ’425 Patent similarly discloses “pMIS region[s]” and “nMIS region[s]” and 

explains different transistor variations may be used in different circuits, such as 

“analog,” “peripheral,” or “logic” circuits. (Ex‑1001, 8:46-61.) 
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Alvarez teaches to selectively form silicides only in certain regions “due to the 

performance requirements of transistors in the particular regions.” (Alvarez 

¶[0032].) For example, transistors in silicide regions require “increased conductivity 

of the gates 108, source and drain regions,” whereas others “do not … , and thus the 

masking material layer 126 is used to prevent silicide 128 formation” in those 

regions. (Id.) Wu likewise discloses an optional “silicide process (salicide process).” 

(Wu ¶[0024]; see id. ¶[0043].) As Alvarez demonstrates, a POSITA would have 

recognized the benefit of siliciding Wu’s transistors in certain circuits but not others. 

(Ex‑1003 ¶¶117-121.) 

A POSITA would have recognized “it is important to work to improve nMOS 

transistors” via tensile CESL. (Ex‑1022, 2; Ex‑1003 ¶122.) Alvarez achieves this by 

tuning the stress-control layer to reduce, but not eliminate, tensile stress from the 

CESL. (Alvarez ¶[0049], ¶¶[0053]-[0055], Tbl. 1; Ex‑1003 ¶123.) That is, tensile 

strain can be applied to the NMOS without adversely affecting the PMOS by 

“tun[ing]” stress-inducing layer 216 and stress-controlling layer 226 “to achieve the 

amount of control desired on the stress of the underlying material layer, e.g., such as 

the channel regions of the transistors 222b, 224b, 222c, and 224c,” without incurring 

additional capital costs. (Alvarez ¶¶[0053]-[0055], ¶[0080]; James, 2, 5.) By 

coordinating stress-inducing and stress-controlling layers, a POSITA would have 
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reasonably expected to achieve these benefits. (Alvarez ¶[0037], ¶[0049], ¶[0061], 

¶¶[0070]-[0075], ¶[0078], ¶[0081], FIGS. 9-11; Ex‑1003 ¶¶122-124, ¶¶136-137.) 

Such techniques were well-known. (Ex‑1003 ¶¶125-129.) Those in the art 

knew to place a stress-relief layer underneath a tensile CESL to mitigate adverse 

effects on PMOS. (Supra §§II.B-II.C; Wu ¶[0005]; Alvarez ¶[0043], ¶[0049], 

¶[0054], ¶¶[0065]-[0066], ¶[0068], ¶[0074], ¶¶[0077]-[0078], FIG. 9; Ex‑1030, 

9:10-29; Ex‑1029 ¶¶[0034]-[0035], ¶[0038], Figs. 2, 14, 15; Ex‑1033 ¶[0037]; 

Ex‑1031 ¶[0029], ¶¶[0046]-[0067], FIGS. 2‑5; Ex‑1032 ¶¶[0022]-[0031], 

Figs. 1B‑1F.) Because Wu’s FIG. 14 shows CESL 66 near the PMOS channel, a 

POSITA would have been motivated to add a buffer layer like Alvarez’s strain-

controlling layers 226/326/426 and/or 350/450. (Alvarez ¶[0025], ¶¶[0063]-[0068], 

¶¶[0070]-[0072], FIGS. 9-11; Ex‑1003 ¶¶130-133.) A POSITA would have 

expected this to improve both NMOS and PMOS performance by “tun[ing]” stress 

“to achieve the amount of control desired on the stress of the underlying material 

layer.” (Alvarez ¶[0053]; see id. ¶[0049], ¶¶[0053]-[0055], ¶[0061], ¶¶[0066]-

[0067], ¶¶[0078]-[0081]; Ex‑1030, 8:59-9:43, FIGS. 7-9; Ex‑1029 ¶[0034], ¶[0042], 

Fig. 14; Ex‑1033 ¶[0037]; Ex‑1031 ¶[0067]; Ex‑1032 ¶[0030]; Ex‑1003 ¶131, 

¶¶136-137.) 
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Figure A 

A POSITA thus would have been motivated to add a stress-controlling layer 

to Wu’s MOSFETs, as Figure A shows above.7 (Ex‑1003 ¶133.) A POSITA would 

have deposited the stress-controlling layer (magenta) after forming SiGe regions 58 

(yellow) and gate sidewalls 512 (dark orange) but before depositing tensile CESL 66 

(light blue)—the order Alvarez discloses. (Id.) A POSITA would have known this 

mitigates adverse effects of the tensile CESL on PMOS transistors and prevent 

silicide formation in selected circuit regions (e.g., regions 232/242), while also 

accounting for different performance requirements (e.g., conductivity requirements) 

 
7 To maximize beneficial stresses, Alvarez’s stress-control layer may be removed 

from NMOS devices (e.g., in regions 232/242). (Alvarez ¶¶[0065]-[0068], FIG. 11.) 

This Petition also contemplates such embodiments. (Ex‑1003 ¶133 n.11.) 
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and streamlining manufacturing. (Alvarez ¶[0027], ¶¶[0032]-[0033], ¶[0037], 

¶[0045], ¶¶[0063]-[0068], ¶¶[0070]-[0075], ¶[0078]; Ex‑1003 ¶¶117-119, ¶¶136-

137.) 

A POSITA would have found the proposed combination obvious, as 

Figures A (above) and B (below) show, wherein Figure A applies in certain circuit 

regions (equivalent to Alvarez’s regions 232/242) but not in others (equivalent to 

Alvarez’s region 230/330)8: 

 Transistor 224c in region 242 of Figures A and B maps onto 

claims 1, 4-5, and 7-9. (Infra §V.A.1.b.) 

 Alternatively, transistor 324a in region 330 maps onto claims 1 

and 3. (See Alvarez ¶¶[0063]-[0064], FIG. 10; Figure A' discussed 

infra §V.A.1.b(1), §V.A.1.b.) 

 Transistor 222a in region 230 of Figure B (similar to transistor 222c 

in Figure A but with Wu’s optional silicide and no stress-controling 

film) maps onto claims 11-12. (Infra §V.A.1.i.)  

 Tansistor 224b in region 232 of Figure B (similar to transistor 224c 

in Figure A) maps onto claims 13-15. (Infra §V.A.1.k.) 

(Ex‑1003 ¶¶133-135.) 

 
8 Alvarez’s FIGS. 9 and 10 show the corresponding regions. 
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Figure B 

 
Alvarez, FIG. 9 

 
Although the discussion above generally describes mitigating the adverse 

effects of tensile CESL on PMOS, Wu and Alvarez also disclose and render obvious 

mitigating adverse effects of compressive CESL on NMOS, e.g., when the NMOS 

employs epitaxial SiC source/drain layers. (Alvarez ¶[0065], ¶[0067]; Wu, ¶[0037], 

¶[0057]; infra §V.A.1.h.) A POSITA would have understood the same benefits 

accrue, except the roles of compressive and tensile strain reverse. (Ex‑1003 ¶138.) 
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(2) A POSITA would have reasonably expected to 
succeed in combining Wu and Alvarez 

A POSITA would have reasonably expected to succeed in (a) adding a stress-

controlling layer to Wu’s devices and (b) implementing Wu’s CESL 66 with tensile 

strain, as in one proposed combination. (Ex‑1003 ¶¶139-146.) 

Such a combination requires only conventional steps: (a) forming a stress-

controlling layer (as Alvarez teaches) in the desired device regions, e.g., 

regions 232/242 (Alvarez ¶[0027], ¶[0032], ¶[0035], ¶[0045], ¶¶[0063]-[0068], 

¶[0078], FIGS. 8-11) and (b) forming a stress-inducing CESL 66 to impart tensile 

strain (as Alvarez teaches) by using appropriate deposition conditions 

(Ex‑1024 ¶¶[0099]-[0100], Tbl. V; Ex‑1003 ¶140.) 

Adding a stress-controlling layer where desired would have involved nothing 

more than well-known deposition and patterning techniques. (Alvarez ¶[0044], 

¶¶[0052]-[0053], ¶¶[0063]-[0068]; Ex‑1030, 9:10-35; Ex‑1029 ¶¶[0036]-[0037], 

¶[0042], ¶[0046]; Ex‑1033 ¶[0037]; Ex‑1031 ¶[0029], ¶¶[0046]-[0067], FIGS. 2‑5; 

Ex‑1032 ¶¶[0022]-[0031], Figs. 1B‑1F; Ex‑1003 ¶¶141-144.) A POSITA would 

have understood the result to be a stress-controlling layer formed between Wu’s 

raised SiGe layers and gate sidewalls because, as Alvarez shows, the stress-

controlling layer would blanket the exposed PMOS devices. (Wu ¶[0042], FIG. 14; 

Alvarez ¶¶[0043]-[0049], ¶[0052], ¶¶[0063]-[0068], ¶¶[0070]-[0071], ¶¶[0073]-
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[0075], ¶[0078], FIGS. 6-11; Ex‑1030, 9:10-29, FIG. 8; Ex‑1035 ¶¶[0052]-[0053], 

FIGS. 1U-1W; Ex‑1003 ¶141.) 

Depositing a tensile (or compressive) nitride CESL was also well-known, 

conventional, and easily implemented. (Supra §II.B; Ex‑1024 ¶¶[0099]-[0100], 

Tbls. IV-V; Alvarez ¶[0047]; Wu ¶[0005]; James, 2, 5, Fig. 6; Ex‑1029 ¶¶[0016]-

[0017], ¶¶[0029]-[0030], ¶[0038], ¶[0042], ¶[0051], Figs. 1, 2, 14, 15; Ex‑1022, 1‑2; 

Ex‑1023 ¶[0003]; Ex‑1025 ¶[0003]; Ex‑1003 ¶143.) 

 
Figure A 

Placing a stress-controlling layer underneath a tensile strain layer was also 

known. (Supra §§II.B-II.C; Ex‑1003 ¶144.) Consistent with Alvarez’s teachings, a 

POSITA would have found it obvious to deposit a stress-controlling layer after 

forming Wu’s sidewall spacer 512A and before depositing a tensile stress-inducing 

CESL 66, as Figure A shows. (Alvarez ¶¶[0043]-[0049], ¶¶[0063]-[0068], 
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FIGS. 5‑11; Wu ¶¶[0043]-[0044], FIGS. 13-14; Ex‑1003 ¶¶144-145.) Doing so 

would have been expected to achieve the ordinary and expected result of buffering 

CESL strain, among other benefits. (Supra §§II.B-II.C, §V.A.1.a(1); Ex‑1003 ¶146.) 

A POSITA would have found this combination obvious because it 

(a) combines known prior-art elements (Wu’s MOSFET structures and Wu’s and 

Alvarez’s teachings to use a strained CESL and stress-controlling layer) according 

to known methods (oxide deposition followed by strained nitride deposition) to yield 

predictable results (strained CESL and a buffer oxide that mitigates stress and 

inhibits silicide formation); (b) using known techniques (depositing a stress-

controlling layer, as Alvarez instructs, that forms in the space between raised 

epitaxial regions and gate sidewalls, then depositing strained CESL) to improve 

similar devices (Wu’s MOSFETs) in the same way (by improving carrier mobility, 

reducing manufacturing steps, lowering costs, and/or selectively blocking silicide); 

(c) applying these known techniques to improve Wu’s known device and yield 

predictable results (improved carrier mobility, streamlined manufacturing, reduced 

costs, and/or selectively blocked silicide); and (d) applying a known teaching, 

motivation, or suggestion in the prior art (described above) (supra §§II.B-II.C, 

§V.A.1.a(1)) to arrive at the claimed invention. (KSR Int’l Co. v. Teleflex Inc., 

550 U.S. 398, 416-21 (2007); Ex‑1003 ¶147.) 
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b. Independent Claim 1 

(1) [1Pre]: “A semiconductor device” 

Wu discloses “a strained CMOS transistor.” (Wu ¶[0009]; see id. ¶[0017], 

¶¶[0023]-[0024], ¶[0038], ¶¶[0042]-[0043], FIGS. 1-7, 9-14.) Figure A shows one 

embodiment of the proposed combination. (Supra §V.A.1.a; Ex‑1003 ¶149.) 

 

 

 
Figure A 

 

 

 

 



IPR2025-00683 Petition 
U.S. Patent No. 8,907,425 

 

30 

Figure A' shows an alternative embodiment with silicided source/drain and 

gate electrodes. (Infra §V.A.1.c (claim 3); Ex‑1003 ¶150.) 

 
Figure A' 

(2) [1A]: “a first MIS transistor, … includ[ing]:” 

Wu discloses a first MIS transistor, e.g., in PMOS regions 31. (Wu ¶[0017], 

¶[0023], ¶¶[0027]-[0036], ¶[0038], ¶¶[0042]-[0043], ¶¶[0046]-[0055], FIGS. 1-7, 

9-14; Ex‑1003 ¶¶151-152.) 

(3) [1B]: “a first gate insulating film formed on a first 
active region in a semiconductor substrate” 

Wu discloses a “gate dielectric insulating layer 40” on a first active region, 

e.g., PMOS regions 31, in “semiconductor substrate 30.” (Wu ¶[0017], ¶¶[0038]-

[0039], FIGS. 7, 14; Ex‑1003 ¶153.) 
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Figure A 

(4) [1C]: “a first gate electrode formed on the first gate 
insulating film” 

Wu discloses a first gate electrode (gate 42) formed on the first gate insulating 

film (gate dielectric 40) (see Figure A). (Wu ¶[0017], FIGS. 7, 14; Ex‑1003 

¶¶154‑155.) 

(5) [1D]: “a first sidewall spacer formed on a side surface 
of the first gate electrode” 

Wu discloses a first sidewall spacer comprising oxide layer 501A9 “formed 

on the sidewalls” of PMOS gate structure 36A, including gate 42 (see Figure A). 

(Wu ¶[0024]; see id. ¶[0017], FIGS. 7, 14; Ex‑1003 ¶¶156-157.) 

 
9 Infra note 10. 
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(6) [1E]: “a first source/drain region of a first 
conductivity type which is formed in a trench 
provided in the first active region on a lateral side of 
the first sidewall spacer, and which includes a silicon 
compound layer causing a first stress in a gate length 
direction of a channel region in the first active 
region” 

Wu discloses a first source/drain region comprising p-type “epitaxial layer 58 

of silicon germanium” in the first active area (PMOS region 31) (see Figure A). (Wu 

¶[0021]; see id. ¶[0019], ¶[0041], FIGS. 7, 14; Ex‑1003 ¶¶158-160.) SiGe (silicon 

compound) layer 58 grows in a trench (recess 56), located beside gate structure 36A 

next to first sidewall spacer 501A10 in PMOS region 31, and “compress[es] the 

channel” (causing first, compressive stress in a gate length direction of a channel 

region). (Wu ¶¶[0020]-[0021], ¶[0031], ¶¶[0040]-[0041], ¶[0050], FIGS. 3-7, 

11‑14; Ex‑1003 ¶159.) 

 
10 Wu’s SiGe layer 58 is “formed” before spacer 512A exists. If the “first sidewall 

spacer” need not exist when the first source/drain region is “formed,” the “first 

sidewall spacer” may further include Wu’s spacer 512A. (Wu ¶¶[0024]-[0025], 

¶¶[0043]-[0044]; Ex‑1003 ¶159 n.13.) 
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(7) [1F]: “a stress insulating film which is formed on the 
first active region to cover the first gate electrode, the 
first sidewall spacer, and the first source/drain region, 
and which causes a second stress opposite to the first 
stress” 

Wu discloses a strained “contact etch stop layer (CESL) 66 on the surface of 

the gate structures 36A, 36B, the second spacers 512A, 512B, and the 

sources/drains 64A, 64B” (see Figure A). (Wu ¶[0025], ¶[0044], FIGS. 7, 14.) Both 

Wu and Alvarez teach a silicon nitride CESL. (Wu ¶[0025]; Alvarez ¶[0047].) As 

Alvarez demonstrates, a POSITA would have found it obvious for Wu’s silicon 

nitride CESL to cause tensile stress (opposite the SiGe compressive stress). (Alvarez 

¶¶[0048]-[0049], ¶[0054], ¶¶[0065]-[0066], ¶[0069], Tbl. 1, FIGS. 9-11; supra 

§V.A.1.a; Ex‑1003 ¶¶161-163.) 

(8) [1G]: “an uppermost surface of the silicon compound 
layer is located higher than a surface of the 
semiconductor substrate located directly under the 
first gate electrode” 

SiGe layer 58 “project[s] from the top surface of the semiconductor 

substrate 30.” (Wu ¶[0021], ¶[0041], FIGS. 7, 14.) Wu’s FIGS. 4-7 and 12-14 show 

the top surface of SiGe layer 58 extending above substrate 30 (see Figure A). (Wu 

¶[0021], ¶[0041], FIGS. 4-7, 12-14; Ex‑1003 ¶¶164-165.) 
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Wu, FIG. 14 

 

 
Figure A 
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(9) [1H]: “a first stress-relief film is formed in a space 
between the silicon compound layer and the first 
sidewall spacer” 

The combination includes a first stress-relief film (magenta) (analogous to 

Alvarez’s stress-controlling layer(s)) formed in a space between SiGe layer 58 and 

first sidewall spacer 501A11 created by removing sacrificial layer 52 (see Figure A). 

(Wu, FIGS. 6, 13, 14; supra §V.A.1.a; Ex‑1003 ¶166.) According to Alvarez, stress-

control layer 226/326/426 may be silicon oxide. (Alvarez ¶[0043], ¶¶[0063]‑[0065], 

FIGS. 9-11.) 

 
Figure A 

 
11 Supra note 10. 
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(10) [1I]: “the first stress-relief film is formed on the side 
surface of the first gate electrode with the first 
sidewall spacer interposed therebetween” 

The combination includes the first stress-relief film (stress-controlling layer 

226/326/426 (magenta)) formed on the side surface of the first gate electrode (PMOS 

gate electrode 42, green) with first sidewall spacer 501A 12  (orange) interposed 

therebetween. (Supra §V.A.1.a.) The first stress-relief film forms on the sides of gate 

electrode 42, including in the space between the first sidewall spacer 501A13 and 

SiGe layer 58, with the sidewall spacer between the stress-relief film and gate 

electrode (see Figure A). (Ex‑1003 ¶¶167-168.) 

(11) [1J]: “the first stress-relief film is not in direct contact 
with the side surface of the first gate electrode” 

The first stress-relief film (magenta) does not directly contact a side surface 

of gate electrode 42 (green) because the sidewall spacer (orange) separates them. 

(see Figure A). (Supra §V.A.1.a, §§V.A.1.b(9)-V.A.1.b(10); Ex‑1003 ¶¶169‑170.) 

 
12 Supra note 10. 

13 Id. 
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c. Claim 3: “The semiconductor device of claim 1, further 
comprising: a first silicide layer formed on the first gate 
electrode; and a second silicide layer formed on the first 
source/drain region which includes the silicon compound 
layer” 

The alternative mapping in Figure A' (showing a silicide region like Alvarez’s 

region 330) includes a stress-control film 350/450 (first stress-relief film) 

“compris[ing] similar materials, dimensions, and deposition methods and 

parameters as described for … stress-controlling material 226.” (Alvarez ¶[0064].) 

It overlays Wu’s optional “silicide layer[s]” (burgundy) formed both on the “gate 

structures” (first silicide layer) and “surfaces of the [SiGe] source/drain” regions 

(second silicide layer). (Wu ¶[0024], ¶[0043]; see Alvarez ¶[0064], FIG. 10.) Again, 

stress-control film 350/450 would have been obvious for tuning stress in region 330, 

and the silicide reduces contact resistance. (Supra §V.A.1.a; Ex‑1003 ¶¶172-179.)  

 
Figure A' 
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Alvarez, FIG. 10 (excerpted) 

This embodiment of the combination satisfies claim 1 for the same reasons 

described above (supra §V.A.1.a-b), since including the optional silicide does not 

materially affect that analysis. (Alvarez ¶¶[0063]-[0064]; Ex‑1003 ¶¶172-174.) 

d. Claim 4: “The semiconductor device of claim 1, wherein 
the first stress-relief film is formed on a side surface of the 
silicon compound layer” 

The proposed combination includes a stress-controlling film 226/326/426 

(first stress-relief film) formed on a side surface of SiGe layer 58 in a space created 

by removing sacrificial layer 52 (see Figure A). (Supra §V.A.1.a, §V.A.1.b(9); 

Ex‑1003 ¶¶180-182.) 
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Figure A 

e. Claim 5: “The semiconductor device of claim 1, wherein 
the first sidewall spacer includes an inner sidewall spacer 
which is formed on the side surface of the first gate 
electrode, and whose cross-section has an L shape, and an 
outer sidewall spacer formed on the inner sidewall spacer” 

The first sidewall spacer comprises an “L”-shaped inner sidewall spacer 

(layer 501A) formed on the side of gate electrode 42 and an outer sidewall spacer 

(spacer 512A) formed on layer 501A (see Figure A). 14  (Wu ¶¶[0017]-[0018], 

¶[0024], FIGS. 1-7, 9-14; supra §V.A.1.b(5); Ex‑1003 ¶¶183-188.) 

 
14 Supra note 10. 
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f. Claim 7:  

(1) [7Pre]: “The semiconductor device of claim 1” 

(Supra §V.A.1.b; Ex‑1003 ¶189.) 

(2) [7A]: “the first MIS transistor is a p-type MIS 
transistor” 

(Supra §V.A.1.b(2); Ex‑1003 ¶190.) 

(3) [7B]: “the first stress is a compressive stress” 

(Supra §V.A.1.b(6); Ex‑1003 ¶191.) 

(4) [7C]: “the second stress is a tensile stress” 

(Supra §V.A.1.a, §V.A.1.b(7); Ex‑1003 ¶192.) 

g. Claim 8:  

(1) [8Pre]: “The semiconductor device of claim 1” 

(Supra §V.A.1.b; Ex‑1003 ¶194.) 

(2) [8A]: “the silicon compound layer is a SiGe layer” 

(Supra §V.A.1.b(6); Ex‑1003 ¶195.) 

(3) [8B]: “the stress insulating film is a silicon nitride 
film” 

(Supra §V.A.1.a, §V.A.1.b(7); Ex‑1003 ¶196.) 

(4) [8C]: “the first stress-relief film is a silicon oxide 
film” 

(Supra §V.A.1.b(9); Ex‑1003 ¶197.) 
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h. Claim 9: “[9Pre] The semiconductor device of claim 1, 
[9A] wherein the first MIS transistor is an n-type MIS 
transistor,  
[9B]the first stress is a tensile stress, and  
[9C] the second stress is a compressive stress” 

Wu describes reversing the epitaxial source/drain regions for NMOS and 

PMOS devices. (Wu ¶[0037], ¶[0057]; Ex‑1003 ¶¶199-201.) This alternative 

embodiment has “an NMOS transistor as the first active area [31], and a PMOS as 

the second active area [33].” (Wu ¶[0037], ¶[0057].) The NMOS includes raised SiC 

source/drain regions 58 (not SiGe) to impart tensile strain along the NMOS channel. 

(Id.; supra §II.B; Ex‑1021 ¶¶[0021]-[0022]; Ex‑1018 ¶[0045]; Ex‑1020 ¶[0046].) A 

POSITA would have expected to succeed in implementing this known technique. 

(Wu ¶[0037], ¶[0057]; Ex‑1018 ¶[0045]; Ex‑1020 ¶[0046]; supra §II.B; Ex‑1003 

¶202.) 

A POSITA would have found it obvious to implement Wu’s CESL 66 with 

compressive strain, not tensile, because such SiC would boost NMOS device 

performance, whereas the PMOS devices (now lacking SiGe) would require 

compressive CESL to benefit. (Wu ¶[0005], ¶[0025]; Alvarez ¶[0025], ¶[0033], 

¶[0049], ¶[0065], ¶[0067], ¶[0070]; Ex‑1022, 1-2; Ex‑1023 ¶¶[0037]-[0038]; 

Ex‑1003 ¶203.) 

Wu’s CESL 66 may include “a strained silicon material, i.e. silicon nitride.” 

(Wu ¶[0005], ¶[0025], ¶[0044], FIGS. 7, 14.) Alvarez likewise explains a silicon 
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nitride “stress-increasing material [216/316/416]” may “comprise[] compressive 

stress” to improve PMOS performance, which can be offset in NMOS regions “due 

to the presence of the stress-controlling material 426 or 450 between the NMOS FET 

and the [compressive] stress-increasing material 416.” (Alvarez ¶[0067]; see id. 

¶[0047], ¶[0049], ¶[0070]; Ex‑1022, 1-2; Ex‑1023 ¶¶[0037]-[0038]; Ex‑1003 

¶¶204‑205.) 

A POSITA would have reasonably expected to succeed in forming a 

compressive silicon nitride CESL using known deposition conditions. (Ex‑1024 

¶[0090], ¶¶[0099]-[0100], ¶[0131], Tbls. IV-V, VII; Ex‑1003 ¶¶206-207.) 

A POSITA thus would have found it obvious to reverse the roles of NMOS 

and PMOS and compressive and tensile strain. Such a combination would satisfy 

claim 1 for the reasons in Section V.A.1.b, but with these reversals: 

 First MIS transistor 31 is NMOS rather than PMOS (Wu ¶[0037], 

¶[0057]); 

 Raised silicon compound layer 58 is SiC, not SiGe, and exerts 

tensile stress (id.; supra §II.B); and 

 CESL 66 causes compressive stress, not tensile (Wu ¶[0005], 

¶[0025]; Alvarez ¶[0025], ¶[0033], ¶[0049], ¶[0065], ¶[0067]; 

Ex‑1024 ¶[0090], ¶¶[0099]-[0100], Tbls. IV-V). 

(Ex‑1003 ¶208.) 
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i. Claim 11: 

(1) [11Pre]: “The semiconductor device of claim 1” 

(Supra §V.A.1.b; Ex‑1003 ¶210.) 

(2) [11A]: “a second MIS transistor” 

Wu discloses “NMOS transistor region 33.” (Wu ¶[0017], ¶[0038], FIGS. 1‑7, 

9-14; Ex‑1003 ¶¶211-212.) As Figures C and D show, in an exemplary combination 

second MIS transistor 33 includes a stress-controlling layer 226/326/426 (as in 

Alvarez’s region 242), and CESL 66 is tensile. (Supra §V.A.1.b(7).) 

  
Figure C 

Alternatively, an NMOS like 222a in silicide region 230 is a second MIS 

transistor. (Alvarez ¶[0042], ¶[0044], ¶¶[0046]-[0047], FIGS. 8-9.) There, Wu’s 

transistor 33 would have a tensile CESL 66 but no stress-relief layer. (Wu ¶[0024], 
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¶[0043] (silicide optional).) Figure D shows the equivalent of Alvarez’s region 230 

(with silicided NMOS 222a) and region 242 (with stress-controlled NMOS 222c) in 

the asserted combination. (Ex‑1003 ¶213.) 

 
Figure D 

 
Alvarez, FIG. 9 

(3) [11B]: “a second gate insulating film formed on a 
second active region in the semiconductor substrate” 

For both combination embodiments regarding claim 11 (supra §V.A.1.i(2)), 

Wu discloses a second gate insulating film (gate dielectric layer 40) formed on 

NMOS transistor region 33 of substrate 30 (see Figures C, D). (Wu ¶[0017], 

¶¶[0038]‑[0039]; Ex‑1003 ¶214.) 
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(4) [11C]: “a second gate electrode formed on the second 
gate insulating film” 

For both combination embodiments regarding claim 11 (supra §V.A.1.i(2)), 

Wu discloses a second gate electrode (gate 42) formed on gate dielectric 40 (see 

Figures C, D). (Wu ¶[0017]; Ex‑1003 ¶¶215-216; supra §V.A.1.a.) 

(5) [11D]: “a second sidewall spacer formed on a side 
surface of the second gate electrode” 

For both combination embodiments regarding claim 11 (supra §V.A.1.i(2)), 

Wu discloses a second sidewall spacer comprising spacers 501B and/or 512B 

formed on a side surface of the gate electrode (gate 42) (see Figures C, D). (Wu 

¶[0017], ¶[0024], FIGS. 7, 14; Ex‑1003 ¶¶217-218.) 

(6) [11E]: “a second source/drain region of a second 
conductivity type which is formed in the second active 
region on a lateral side of the second sidewall spacer” 

For both combination embodiments regarding claim 11 (supra §V.A.1.i(2)), 

Wu discloses n-type source/drain regions comprising “source/drain” 64B and 

“n-type lightly doped drain (NLDD) 60 [sic:61]” and “NLDD2 68,” each formed “in 

the P well 34 beside the gate structure 36B.” (Wu ¶¶[0023]‑[0024], ¶[0038], 

¶¶[0042]-[0044], FIGS. 7, 14.) They are formed in the NMOS active region lateral 

to the second sidewall spacer (sidewalls 501B and/or 512B) (see Figures C, D). 

(Ex‑1003 ¶219.) 
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(7) [11F]: “the stress insulating film formed on the 
second active region to cover the second gate 
electrode, the second sidewall spacer, and the second 
source/drain region” 

For both combination embodiments regarding claim 11 (supra §V.A.1.i(2)), 

the stress insulating film (Wu’s CESL 66) blankets both PMOS and NMOS devices 

(see Figures C, D). (Ex‑1003 ¶¶220-221; see Wu ¶[0025], ¶[0044], FIG. 14; Alvarez 

¶¶[0043]-[0050], ¶[0063]-[0068], FIGS. 8-11.) 

j. Claim 12: “The semiconductor device of claim 11, wherein 
no first stress-relief film is formed on the second active 
region” 

For claim 12, silicided NMOS transistor 222a in region 230 (supra 

§V.A.1.i(2)) does not include the first stress-relief film (stress-controlling film 

226/326/426) (see Figure D). (Alvarez ¶[0037], ¶¶[0042]-[0047], FIGS. 8-9; see id. 

¶¶[0065]-[0068], FIG. 11; Ex‑1003 ¶¶222-224.) 

k. Claim 13:  

(1) [13Pre]: “The semiconductor device of claim 1” 

(Supra §V.A.1.b.) Wu discloses “[a] plurality of first active area[s],” e.g., a 

plurality of PMOS regions 31. (Wu ¶[0017], ¶[0038].) A POSITA would have 

understood Wu’s devices are repeated many times, as Alvarez underscores by 

showing exemplary transistors in each of regions 230 (silicide region), 232 

(non‑silicide region), and 242 (stress-control region). (Alvarez ¶[0037], ¶[0042], 

FIGS. 9-10; Ex‑1003 ¶227.) Figures E and F illustrate the combination as it relates 




