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DETAILED ACTION
1. The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.

Response to Amendment
2. Applicant’s amendment dated 12/23/2016, in which claims 1, 7 were amended, claims 5, 9 were

withdrawn, claims 12-20 were cancelled, claims 21-28 were added, has been entered.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:
A person shall be entitled to a patent unless —
(a)(1) the claimed invention was patented, described in a printed publication, or in public use,

on sale or otherwise available to the public before the effective filing date of the claimed
invention.

(a2)(2) the claimed invention was described in a patent issued under section 151, or in an

application for patent published or deemed published under section 122(b), in which the

patent or application, as the case may be, names another inventor and was effectively filed

before the effective filing date of the claimed invention.
3. Claim(s) 1-4, 6 are rejected under 35 U.S.C. 102(a)(1)/(a)(2) as being anticipated by Chen et al.
(US Pub. 20130207166).

Regarding claim 1, Chen et al. discloses in Fig. 1, Fig. b, paragraph [0015]-[0017], paragraph
[0033] a field effect transistor, comprising:

a substrate [21] having isolation structures [11] and recesses [23];

at least one gate structure [13], disposed on the substrate [21] and between the recesses [23]
and the isolation structures [11] ;

spacers [17 and 19], disposed on sidewalls of the at least one gate structure [13]; and

strained source and drain regions [22 and 24], disposed in the recesses [23] and located on

opposite sides of the at least one gate structure [13], wherein top edges of the strained source and drain
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regions [22 and 24] extends beyond and below the spacers [17 and 19] and are located beside the
sidewalls of the at least one gate structure [13], and portions of the strained source and drain regions [22
and 24] adjacent to the isolation structures [11] have top surfaces coplanar with and levelled with a top

surface of the substrate [21].

Regarding claim 2, Chen et al. further discloses in Fig. 1 and Fig. 5, paragraph [0015], paragraph
[0031]-0033] the transistor comprising capping layers [37] or [45] located on the strained source and drain

regions [22 and 24].

Regarding claim 3, Chen et al. further discloses in paragraph [0015], paragraph [0026],
paragraph [0031] wherein a material of the strained source and drain regions [22 and 24] comprises
boron-doped silicon germanium and a material of the capping layers [45] comprises a silicon-containing

material doped with boron [boron-doped SiGe].

Regarding claim 4, Chen et al. further discloses in Fig. 1 and Fig. 5 wherein at least one of the
strained source and drain regions [22 and 24] has a bucket-shaped profile, and a top dimension of the at
least one of the strained source and drain regions [22 and 24] is smaller than a width of the at least one of

the strained source and drain regions [22 and 24].

Regarding claim 6, Chen et al. further discloses in paragraph [0019]-0020] wherein the at least

one gate structure [13] is a polysilicon gate structure or a replacement metal gate structure.

4. Claim(s) 1, 4 and 6 are rejected under 35 U.S.C. 102(a)(1)/(a)(2) as being anticipated by
Montanini et al. (US Pub. 20140353741)
Regarding claim 1, Montanini et al. discloses in Fig. 3E, Fig. 3F, a field effect transistor,

comprising:
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a substrate [210] having isolation structures [220] and recesses [350][paragraph [0019],
paragraph [0029], paragraph [0036]; paragraph [0042], paragraph [0045]],

at least one gate structure [110], disposed on the substrate [210] and between the recesses [350]
and the isolation structures [220][paragraph [0019]-[0020], paragraph [0029]];

spacers [335 and 345], disposed on sidewalls of the at least one gate structure [110][paragraph
[0034], lines 17-19]; and

strained source and drain regions [240], disposed in the recesses [350] and located on opposite
sides of the at least one gate structure [110], wherein top edges of the strained source and drain regions
[240] extends beyond and below the spacers [335 and 345] and are located beside the sidewalls of the at
least one gate structure [110], and portions of the strained source and drain regions [240] adjacent to the
isolation structures [220] have top surfaces coplanar with and levelled with a top surface of the substrate

[210][paragraph [0042]-[0050]].

Regarding claim 4, Montanini et al. further discloses in Fig. 3F wherein at least one of the
strained source and drain regions [240] has a bucket-shaped profile, and a top dimension of the at least
one of the strained source and drain regions [240] is smaller than a width of the at least one of the

strained source and drain regions [240].

Regarding claim 6, Montanini et al. further discloses in paragraph [0029] wherein the at least one

gate structure [110] is a polysilicon gate structure or a replacement metal gate structure.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections
set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.
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5. Claims 2-3 are rejected under 35 U.S.C. 103 as being unpatentable over Montanini et al. (US
Pub. 20140353741) in view of Chen et al. (US Pub. 20130207166)

Regarding claims 2 and 3, Montanini et al. fails to disclose the transistor further comprising
capping layers located on the strained source and drain regions; wherein a material of the strained source
and drain regions comprises boron-doped silicon germanium and a material of the capping layers
comprises a silicon-containing material doped with boron.

Chen et al. discloses in Fig. 5

capping layers [45] located on the strained source and drain regions [22 and 24][paragraph
[0031]];

wherein a material of the strained source and drain regions [22 and 24] comprises boron-doped
silicon germanium and a material of the capping layers [45] comprises a silicon-containing material doped
with boron [boron-doped SiGe][paragraph [0015], paragraph [0026], paragraph [0031]].

It would have been obvious to one of ordinary skill in the art at the time of the effective filling date
of the invention to incorporate the teachings of Chen et al. into the method of Montanini et al. to include
capping layers located on the strained source and drain regions. The ordinary artisan would have been
motivated to modify Montanini et al. in the above manner for the purpose of providing a solution to both
the junction leakage and the adverse SCE effects; lowering the sheet resistance of the SiGe/the strained
source and drain regions to provide excellent contact characteristics for a contact to be formed to the

source and drain regions [paragraph [0031] and paragraph [0033] of Chen et al.].

6. Claims 7-8, 10-11, 21-28 are rejected under 35 U.S.C. 103 as being unpatentable over Harley et
al. (US Pat. 9412843) in view of Chen et al. (US Pub. 20130207166)
Regarding claim 7, Harley et al. discloses in Fig. 6- Fig. 7 a field effect transistor, comprising:
a substrate [100] having isolation structures [200] column 3, lines 34-44, column 5, lines 30-48];
gate structures [120 and 130], disposed on the substrate [100] and between the isolation

structures [200][column 3, lines 55-67 and column 4, lines 1-38];
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spacers [140 and 160] disposed on sidewalls of the gate structures [120][column 4, lines 39-46
and column 5, lines 8-21];

strained source and drain regions [170], disposed within recesses [165] of the substrate [100] and
located on opposite sides of the gate structures [120], wherein the spacers [140 and 160] cover top edges
of the strained source and drain regions [170] beneath the spacers [140 and 160], portions of the strained
source and drain regions [170] adjacent to the isolation structures [200] have top surfaces coplanar with
and levelled with a top surface of the substrate [100][column 6, lines 8-29].

Harley et al. fails to disclose

capping layers located on the strained source and drain regions.

Chen et al. discloses in Fig. 5 and paragraph [0031]

capping layers [45] located on the strained source and drain regions [22 and 24].

It would have been obvious to one of ordinary skill in the art at the time of the effective filling date
of the invention to incorporate the teachings of Chen et al. into the method of Harley et al. to include
capping layers located on the strained source and drain regions. The ordinary artisan would have been
motivated to modify Harley et al. in the above manner for the purpose of lowering the sheet resistance of
the SiGe/the strained source and drain regions to provide excellent contact characteristics for a contact to

be formed to the source and drain regions [paragraph [0031] of Chen et al.].

Regarding claim 8, Harley et al. and Chen et al. discloses wherein at least one of the strained
source and drain regions has a bucket-shaped profile, and a top dimension of the at least one of the
strained source and drain regions is smaller than a width of the at least one of the strained source and
drain regions measuring from a widest portion thereof [Fig. 7, column 5, lines 30-49 of Harley et al., Fig.
1, Fig. 5 of Chen et al.].

Harley et al. discloses in Fig. 7 wherein the width of the at least one of the strained source and
drain regions [170] measuring from the widest portion thereof is substantially equivalent to a spacing of
the gate structures [120 and 130] measuring from the sidewalls of two most adjacent gate structures
[120].

AICP EX2025
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Therefore, the combination of Harley et al. and Chen et al. discloses “wherein at least one of the
strained source and drain regions has a bucket-shaped profile, and a top dimension of the at least one of
the strained source and drain regions is smaller than a width of the at least one of the strained source and
drain regions, and the width of the at least one of the strained source and drain regions is substantially
equivalent to a spacing of the gate structures.”

Further, one of ordinary skill in the art would have recognized the finite number of predictable
solutions for the relationship of the width of the at least one of the strained source and drain regions
measuring from the widest portion thereof with respect to a spacing of the gate structures measuring from
the sidewalls of two most adjacent gate structures: the width of the at least one of the strained source and
drain regions measuring from the widest portion thereof is less/equal/or greater than a spacing of the gate
structures measuring from the sidewalls of two most adjacent gate structures. Absent unexpected results,
it would have been obvious to try different width of the at least one of the strained source and drain
regions measuring from the widest portion thereof with respect to a spacing of the gate structures
measuring from the sidewalls of two most adjacent gate structures to yield a device having desired

performance.

Regarding claims 10 and 22, Harley et al. and Chen et al. discloses wherein a material of the
strained source and drain regions comprises boron-doped silicon germanium and a material of the
capping layers comprises silicon doped with boron; wherein a material of the strained source and drain
regions comprises boron-doped silicon germanium and a material of the contact terminals comprises a
silicon-containing material doped with boron [paragraph [0015], paragraph [0026] and paragraph [0031] of

Chen et al., column 6, lines 8-20 of Harley et al.].

Regarding claim 11, Harley et al. further discloses in Fig. 7, column 3, lines 55-67 and column 4,
lines 1-38 wherein the gate structure [120 and 130] comprises:
a gate dielectric strip disposed on the substrate [100];

a gate electrode strip disposed on the gate dielectric strip; and

AICP EX2025
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a hard mask strip [130] disposed on the gate electrode strip.

Regarding claim 21, Harley et al. discloses in Fig. 6- Fig. 7 a field effect transistor, comprising:

a substrate [100] having isolation structures [200] and recesses [165] located between the
isolation structures [200][column 3, lines 34-44, column 5, lines 30-48];

gate structures [120 and 130], disposed on the substrate [100] and between the isolation
structures [200][column 3, lines 55-67 and column 4, lines 1-38];

spacers [140 and 160] disposed on sidewalls of the gate structures [120][column 4, lines 39-46
and column 5, lines 8-21];

strained source and drain regions [170], disposed on opposite sides of the gate structures [120],
disposed in the recesses [165] of the substrate [100] and located between the isolation structures [200],
wherein portions of the strained source and drain regions [170] are located right beneath the spacers [140
and 160] and are in contact with the spacers [170], and portions of the strained source and drain regions
[170] adjacent to the isolation structures [200] have top surfaces coplanar with and levelled with a top
surface of the substrate [100][column 6, lines 8-29]; and

Harley et al. fails to disclose

contact terminals located on the strained source and drain regions.

Chen et al. discloses in Fig. 5 and paragraph [0031]

contact terminals [45] located on the strained source and drain regions [22 and 24].

It would have been obvious to one of ordinary skill in the art at the time of the effective filling date
of the invention to incorporate the teachings of Chen et al. into the method of Harley et al. to include
contact terminals located on the strained source and drain regions. The ordinary artisan would have been
motivated to modify Harley et al. in the above manner for the purpose of lowering the sheet resistance of
the SiGe/the strained source and drain regions to provide excellent contact characteristics for a contact to

be formed to the source and drain regions [paragraph [0031] of Chen et al.].

AICP EX2025
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Regarding claim 23, Harley et al. and Chen et al. discloses wherein at least one of the strained
source and drain regions has a bucket-shaped profile, and a top dimension of the at least one of the
strained source and drain regions is smaller than a width of the at least one of the strained source and
drain regions measuring from a widest portion thereof [Fig. 7, column 5, lines 30-49 of Harley et al., Fig.

1, Fig. 5 of Chen et al.].

Regarding claim 24, Harley et al. discloses in Fig. 7 wherein the width of the at least one of the
strained source and drain regions [170] measuring from the widest portion thereof is substantially
equivalent to a spacing of the gate structures [120 and 130] measuring from the sidewalls of two most

adjacent gate structures [120].

Regarding claim 25, Harley et al. fails to explicitly disclose wherein the width of the at least one of
the strained source and drain regions measuring from the widest portion thereof is less than a spacing of
the gate structures measuring from the sidewalls of two most adjacent gate structures.

However, Harley et al. discloses in column 5, lines 34-44 that “[p]recise placement of the angled
recessed region 167 may be beneficial to device performance, as small (0.1 nm) changes could lead to
relatively large changes in voltage across the channel. By precisely defining the undercut recess 162,
anisotropically etching the source/drain recesses 165 can lead to a predictable and repeatable placement
of the angled recessed region 167. The substrate 100 may be etched to form the angled recessed corner
167 beneath the first spacers 140. In some embodiments, the angled recessed region 167 may extend
beneath the gate 110.” Harley et al. further discloses in column 6, lines 53-65 that “precise placement of
the source/drain recesses 165 may be beneficial because the predictability of placement may allow the
angled recessed corner 167 to be placed in a predetermined and repeatable position for each gate on a
semiconductor chip, and between each semiconductor chip. This may lead to better device performance,
as the position for the angled recessed corner 167 may be placed in an optimal position without fear that
variability will inhibit device performance. Such placement may allow for control of where sharp material

gradients are located, which may allow improved control of strain across the channel, as well as control
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for the amount of resistance in the source/drain regions.” Thus, Harley et al. suggests that the width of the
at least one of the strained source and drain regions [170] measuring from the widest portion thereof can
be adjusted and optimized by placing the position for the angled recessed corner in an optimal position to
allow improved control of strain across the channel, as well as to control for the amount of resistance in
the source/drain regions. Thus, it would have been obvious to one of ordinary skill in the art at the time of
the effective filling date of the invention to modify the method of Harley et al. to include wherein the width
of the at least one of the strained source and drain regions measuring from the widest portion thereof is
less/equal/or greater than a spacing of the gate structures measuring from the sidewalls of two most
adjacent gate structures. The ordinary artisan would have been motivated to modify Harley et al. in the
above manner for the purpose of placing the position for the angled recessed corner in an optimal
position to allow improved control of strain across the channel, as well as to control for the amount of
resistance in the source/drain regions and thus providing a device having desired performance. Further,
one of ordinary skill in the art would have recognized the finite number of predictable solutions for the
relationship of the width of the at least one of the strained source and drain regions measuring from the
widest portion thereof with respect to a spacing of the gate structures measuring from the sidewalls of two
most adjacent gate structures: the width of the at least one of the strained source and drain regions
measuring from the widest portion thereof is less/equal/or greater than a spacing of the gate structures
measuring from the sidewalls of two most adjacent gate structures. Absent unexpected results, it would
have been obvious to try different width of the at least one of the strained source and drain regions
measuring from the widest portion thereof with respect to a spacing of the gate structures measuring from

the sidewalls of two most adjacent gate structures to yield a device having desired performance.

Regarding claim 26, Harley et al. and Chen et al. further discloses wherein the gate structures are
polysilicon gate structures or replacement metal gate structures [column 3, lines 55-62, column 4, lines

19-29 of Harley et al., paragraph [0019] of Chen et al.].
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Regarding claim 27, Harley et al. and Chen et al. further discloses wherein the isolation structures

are trench isolation structures [paragraph [0017] of Chen, column 3, lines 51-54 of Harley et al ].

Regarding claim 28, Harley et al. further discloses in Fig. 7 wherein the spacers [140 and 160]

are multi-layered structures.

Response to Arguments
7. Applicant’s arguments with respect to claims 1-4, 6-8, 10-11, 21-28 have been considered but are
moot in view of the new ground of rejection and because the arguments do not apply to the new
references being used in the current rejection.
Overall, Applicant’s arguments are not persuasive. The claims stand rejected and the Action is

made FINAL.

Conclusion
8. Applicant's amendment necessitated the new ground(s) 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.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to SOPHIA NGUYEN whose telephone number is (571)272-1686. The examiner can

normally be reached on Monday/Friday: 7:30am- 5:00pm.
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Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
BRETT A. FEENEY can be reached on (571)2705484. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
gither Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/S. N./
Examiner, Art Unit 2822

/BRETT FEENEY/
Supervisory Patent Examiner, Art Unit 2822
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